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Abstract

IMPORTANCE Despite a rapid increase in percutaneous coronary intervention (PCI) procedures in
China, little is known about patient-reported health status before and after PCI in patients without
acute myocardial infarction (AMI).

OBJECTIVE To describe self-perceived angina-specific health status prior to PCI and 1 year after the
procedure in patients without AMI in China.

DESIGN, SETTING, AND PARTICIPANTS The China Patient-Centered Evaluative Assessment of
Cardiac Events (PEACE) Prospective Study of PCI was a population-based, multicenter cohort study
of a consecutive sample of 1611 patients without AMI undergoing elective PCI. Participants were
enrolled from 40 hospitals in 18 provinces in China from December 2012 to August 2014. Participants
were eligible if they underwent PCI for stable and unstable angina and did not have AMI. Participants
were excluded if they died in hospital, withdrew from follow-up, or had missing data on self-
reported health status at baseline or at 1 year after PCI. The date of the analysis was September
15, 2018.

EXPOSURES Percutaneous coronary intervention for ischemic heart disease.

MAIN OUTCOMES AND MEASURES Angina frequency and angina-related quality of life were
assessed with the Seattle Angina Questionnaire (SAQ) immediately prior to PCI and 1 year after the
procedure. Either (1) an increase in the SAQ Angina Frequency score of 10 or more points or (2) an
increase in the SAQ Quality-of-Life score of 10 or more points was considered to represent clinically
significant improvement.

RESULTS Of 1611 patients, 520 (32.3%) were women; mean (SD) age was 61.3 (9.8) years. Among
these patients, 443 (27.5%) had stable coronary artery disease and 1168 (72.5%) had unstable
angina. One hundred fourteen of 443 patients undergoing PCI for stable coronary artery disease
(25.7%) and 175 of 1168 undergoing PCI for unstable angina (15.0%) had no reported angina
symptoms at the time of the procedure (SAQ Angina Frequency score = 100). Moreover, 18% of all
patients (290) had minimal angina symptoms (SAQ Angina Frequency score >90) and, thus, no
potential for substantial clinical improvement. Patients with smaller clinical improvements in angina
symptom burden at 1 year following PCI had significantly higher baseline SAQ scores for all scales
than patients with greater clinical improvement, but generally similar sociodemographic and
procedural characteristics.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this study, 25.7% of patients undergoing PCI for stable
coronary artery disease had no reported angina symptoms at the time of the procedure. Patients
with smaller clinical improvements in angina symptom burden had higher baseline SAQ scores, which
highlights the importance of ascertaining impairment from angina among patients without AMI prior
to performing PCI.
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Introduction

Percutaneous coronary intervention (PCI), one of the most commonly performed cardiac
procedures, is primarily indicated to improve symptoms and quality of life when performed for
chronic coronary artery disease (CAD).1-3 Systematically describing patients’ symptom burden before
and after PCI can provide important insights on the contemporary selection of patients for the
procedure and provide clinicians with the information needed to better set expectations for what
patients experience after the procedure. To date, there have been few contemporary descriptions of
the symptom burden and quality of life of patients without acute myocardial infarction (AMI)
undergoing PCI in routine clinical care globally, and no reports from China, where more than
300 000 procedures were performed in 2011, an 18-fold increase compared with 2001.4

Some prior studies have assessed patient selection and PCI appropriateness in high-income
countries.5-9 These studies have shown that a lack of preprocedural symptoms is associated with an
increased rate of inappropriate PCI for nonacute indications. Improvement in patient selection,
particularly a decline in the proportions of patients undergoing nonacute PCI who were
asymptomatic or had minimal symptoms, has partially led to a reduction in inappropriate PCI in the
United States.5 However, data are limited from China, where patients may have different
demographic and clinical characteristics compared with those in the United States. Furthermore,
previous studies have rarely examined the benefits in symptoms and quality of life after the PCI
procedure and factors associated with more or less improvement in these patient-centered
outcomes. Given the growing emphasis on proper patient selection for coronary procedures to avoid
unnecessary procedural risks and improve the value of care, we sought to perform a contemporary
analysis of self-perceived health status (angina symptom burden and quality of life) before and after
PCI among patients without AMI in China.

In this article, we used data from the China Patient-Centered Evaluative Assessment of Cardiac
Events (PEACE) Prospective Study. Our first aim was to describe the characteristics and
preprocedural angina-specific health status of patients without AMI who underwent PCI in China. We
then assessed these patients’ self-reported health status at 1 year after PCI and the change from
baseline.

Methods

Participants and Study Design
Details about the design of the China PEACE Prospective Study of PCI have been described
previously.10 In brief, the study consecutively enrolled 5038 patients undergoing PCI from 40
hospitals in 18 provinces in China from December 2012 to August 2014. Participants were eligible if
they received PCI for any indication in a participating hospital. Participants who gave informed
consent were then enrolled and followed up at 1, 6, and 12 months. For this analysis, we used data
from follow-up at 12 months. We excluded participants with AMI (n = 2317) to focus on those without
AMI (ie, stable and unstable angina), for whom relief of angina is a primary goal of PCI. We excluded
participants if they did not consent to the study (n = 477) or if they died in hospital or withdrew from
follow-up (n = 2). We also excluded participants if they had missing data on self-reported angina
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frequency or quality of life at baseline (n = 140) or at 1 year after PCI (n = 490). Therefore, a total of
1611 patients were included in the final analysis (eFigure 1 in the Supplement). Approximately 25% of
patients were excluded owing to missing data, and most characteristics were similar between
patients who were included and those who were excluded (eTable 1 in the Supplement).

The central ethics committee at the China National Center for Cardiovascular Diseases, local
internal ethics committees at study sites, and the Yale University institutional review board approved
the study. All patients provided written informed consent. The study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Clinical Data Collection
At baseline, we collected patients’ demographic and clinical characteristics, as well as self-reported
health status (ie, symptoms, functional status, and quality of life) through in-person patient
interviews. We obtained patients’ medical histories, treatments, and in-hospital outcomes through
central medical record abstraction. We defined unstable angina and stable CAD according to patients’
discharge diagnosis, which relied on physician diagnosis based on patients’ symptom pattern,
electrocardiogram results, and clinical status.11

We quantified patients’ socioeconomic status from marital status, highest level of education,
and health insurance information. We also recorded patients’ cardiovascular risk factors (diabetes
mellitus, hypertension, dyslipidemia, current smoker, body mass index, and waist circumference),
coexisting conditions (chronic renal dysfunction, acute heart failure, acute stroke, fluid retention, and
pneumonia), and medical history (prior MI, coronary artery bypass graft, prior PCI, heart failure,
angina pectoris, and stroke). We assessed patients’ baseline clinical presentation by obtaining
systolic blood pressure, heart rate, rhythm on electrocardiogram, glomerular filtration rate, Global
Registry of Acute Coronary Events risk score,12 left ventricular ejection fraction, and number of
symptoms at hospital admission. Furthermore, we collected detailed information on the PCI
procedure, including arterial access site, number of stents implanted, and the treatment refusal rate.
We recorded the medications used during hospitalization and at discharge, as well as patients’
in-hospital outcomes.

At 1 year after discharge from the initial hospital stay, we collected patients’ self-reported health
status via either in-person or telephone follow-up interviews. Telephone interviews were conducted
when in-person interviews were not feasible (eg, in elderly patients with mobility limitations).
Reasons for nonenrollment were documented. Research staff at the China National Center for
Cardiovascular Diseases randomly audited 5% of the medical records on an ongoing basis during the
enrollment period (between December 2012 and August 2014) and ensured 95% accuracy of the
medical record information abstraction.10

Health Status Outcomes
To quantify patients’ angina-specific symptoms and quality of life, we used the Seattle Angina
Questionnaire (SAQ), a 19-item, disease-specific questionnaire that has well-established validity and
reliability. Scores on the SAQ have proven to be strong predictors of outcomes such as long-term
survival, hospitalizations, and costs of care.13-15 The SAQ quantifies 5 clinically relevant domains of
health status, including physical limitation, angina stability, angina frequency, treatment satisfaction,
and quality of life. In this study, the SAQ Angina Frequency and Quality-of-Life scales were the
primary outcomes. These scales range from 0 to 100, with higher scores indicating fewer symptoms
and better quality of life. To facilitate clinical interpretability, ranges of SAQ Angina Frequency scores
can be translated qualitatively into daily (0-30), weekly (31-60), monthly (61-99), and no (100)
angina. The SAQ Quality-of-Life scores can be translated into very poor to poor (0-24), fair (25-49),
good (50-74), and excellent (75-100) quality of life. In our primary analysis, we considered an
increase in the SAQ Angina Frequency score of 10 or more points or an increase in the SAQ Quality-of-
Life score of 10 or more points as clinically significant improvement. In a sensitivity analysis, to be
consistent with prior literature, we considered an increase in the SAQ Angina Frequency score of 20
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or more points or an increase in the SAQ Quality-of-Life score of 16 or more points as clinically
significant improvement.16

Statistical Analysis
To describe patients’ angina symptom burden prior to PCI, we stratified patients into 4 groups by
their diagnosis and self-reported presence of angina: (1) patients with stable CAD and a baseline SAQ
Angina Frequency score of 100 (n = 114), (2) patients with unstable angina and a baseline SAQ Angina
Frequency score of 100 (n = 175), (3) patients with stable CAD and a baseline SAQ Angina Frequency
score of less than 100 (n = 329), and (4) patients with unstable angina and a baseline SAQ Angina
Frequency score of less than 100 (n = 993). A baseline SAQ Angina Frequency score of 100 indicated
that the patients reported no angina within the prior 4 weeks, whereas a baseline SAQ Angina
Frequency score of less than 100 indicated angina symptoms prior to PCI. We compared the
demographic and clinical characteristics between these 4 groups. We used χ2 tests for categorical
variables and Wilcoxon rank sum tests for continuous variables. We also reported the proportion of
patients with an SAQ Angina Frequency score greater than 90, as these patients had no potential for
clinically significant improvement.

Additionally, within each of these 4 groups, we described the SAQ scores at 1 year following PCI.
We described the median with interquartile ranges as well as the percentage of clinically relevant
categories for each SAQ score. We also created a scatterplot for patients’ baseline scores against their
1-year scores to visualize the distributions. To describe the 1-year change in patients’ health status,
we calculated the differences in baseline and 1-year scores for SAQ Angina Frequency and Quality-of-
Life scores. We reported the proportion of patients with clinically significant improvement in Angina
Frequency and Quality-of-Life scores.

To evaluate the influence of missing data at baseline, we conducted a sensitivity analysis by
creating a best-case scenario in which patients with missing SAQ scores at baseline are assumed to
have angina symptoms. To evaluate any potential bias introduced by missing data at 1 year, we
conducted a sensitivity analysis using a propensity method. Propensity scores were generated using
logistic regression to estimate the probability of missing 1-year SAQ Angina Frequency or Quality-
of-Life scores, incorporating baseline demographic and clinical characteristics as predictors.17 We
then used the inverse of the propensity score to provide 1-year SAQ Angina Frequency or Quality-of-
Life scores as a means of weighting the observed responses.18 All tests were 2-sided, and P < .05
was considered statistically significant. All analyses were done in SAS statistical software version 9.4
(SAS Institute Inc).

Results

Baseline Demographic and Clinical Characteristics
A total of 1611 patients from 38 hospitals were included in the analysis. The mean (SD) age was 61.3
(9.8) years and 32.3% (520) were women (Table 1). More than 90% were married and had health
insurance either through a public health service, medical insurance for urban workers or residents, or
a rural cooperative medical service. These patients had a high prevalence of cardiovascular risk
factors, including hypertension (68.5% [1103]), dyslipidemia (50.8% [819]), diabetes (29.1% [469]),
and smoking (37.6% [606]). A small proportion of patients had a history of MI (16.1% [260]) or stroke
(14.1% [227]), and one-third of patients had a history of heart failure (34.8% [560]).

Regarding the PCI procedure, the most common access site was through the radial artery
(89.8% [1446]), followed by the femoral artery (7.8% [125]) and other sites (1.4% [9]) (Table 2). The
mean (SD) number of stents implanted was 1.76 (0.95). More than 90% of patients received aspirin
and more than 95% received statins, clopidogrel, or heparin during their hospitalizations. A majority
of patients were administered antianginal medications such as β-blockers (73.3% [1181]) and nitrates
(90.2% [1453]) during hospitalization and a majority of patients were discharged with β-blockers
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Table 1. Baseline Demographic, Medical History, Clinical Presentation, and Health Status Characteristics by Diagnosis and Baseline SAQ AF Score

Characteristic Total (N = 1611)

Stable CAD Unstable Angina

P Value
Baseline SAQ
AF = 100 (n = 114)

Baseline SAQ
AF <100 (n = 329)

Baseline SAQ
AF = 100 (n = 175)

Baseline SAQ
AF <100 (n = 993)

Sociodemographic characteristics,
No. (%)

Age, mean (SD), y 61.3 (9.8) 58.8 (10.6) 62.5 (9.6) 60.1 (8.9) 61.4 (9.8) .002

Female 520 (32.3) 31 (27.2) 108 (32.8) 51 (29.1) 330 (33.2) .46

Marriage status

Married 1489 (92.4) 106 (93) 299 (90.9) 170 (97.1) 914 (92.0)

.41Divorced or separated 23 (1.4) 3 (2.6) 5 (1.5) 1 (0.6) 14 (1.4)

Widowed 93 (5.8) 5 (4.4) 23 (7.0) 4 (2.3) 61 (6.1)

High school education 239 (14.8) 23 (20.2) 40 (12.2) 32 (18.3) 144 (14.5) .27

Health insurance

Public health service 56 (3.5) 7 (6.1) 14 (4.3) 4 (2.3) 31 (3.1)

.14

Medical insurance for urban worker
or resident

1014 (62.9) 67 (58.8) 202 (61.4) 121 (69.1) 624 (62.8)

Rural cooperative medical service 461 (28.6) 35 (30.7) 101 (30.7) 39 (22.3) 286 (28.8)

Other 62 (3.8) 2 (1.8) 9 (2.7) 9 (5.1) 42 (4.2)

No insurance 16 (1.0) 2 (1.8) 2 (0.6) 2 (1.1) 10 (1.0)

Cardiovascular risk factors, No. (%)

Diabetes mellitus 469 (29.1) 45 (39.5) 98 (29.8) 65 (37.1) 261 (26.3) .002

Hypertension 1103 (68.5) 67 (58.8) 229 (69.6) 123 (70.3) 684 (68.9) .14

Dyslipidemia 819 (50.8) 64 (56.1) 166 (50.5) 89 (50.9) 500 (50.4) .71

Current smoker 606 (37.6) 42 (36.8) 116 (35.3) 84 (48.0) 364 (36.7) .03

Body mass index, median (IQR)a 25 (23.0-27.1) 25 (23.4-26.9) 25 (22.9-27.1) 26 (23.4-27.9) 25 (22.9-27.1) .02

Body mass indexa

≤28 1116 (69.3) 79 (69.3) 230 (69.9) 109 (62.3) 698 (70.3)
.16

>28 241 (15.0) 13 (11.4) 55 (16.7) 35 (20.0) 138 (13.9)

Waist circumference, median (IQR), cm 90 (83.0-95.5) 90 (85.0-97.0) 90 (83.0-95.0) 90 (83.0-97.0) 90 (82.5-95.5) .14

Coexisting conditions, No. (%)

Acute heart failure 15 (0.9) 0 6 (1.8) 0 9 (0.9) .14

Acute stroke 35 (2.2) 3 (2.6) 8 (2.4) 4 (2.3) 20 (2.0) .95

Fluid retention (lower extremity
edema)

84 (5.2) 5 (4.4) 24 (7.3) 4 (2.3) 51 (5.1) .11

Pneumonia 53 (3.3) 3 (2.6) 13 (4.0) 3 (1.7) 34 (3.4) .57

Medical history, No. (%)

Prior myocardial infarction 260 (16.1) 32 (28.1) 68 (20.7) 29 (16.6) 131 (13.2) <.001

Prior coronary artery bypass graft 12 (0.7) 0 3 (0.9) 1 (0.6) 8 (0.8) .78

Prior PCI 264 (16.4) 27 (23.7) 62 (18.8) 30 (17.1) 145 (14.6) .04

Prior heart failure 560 (34.8) 35 (30.7) 113 (34.3) 47 (26.9) 365 (36.8) .06

Prior angina pectoris 218 (13.5) 10 (8.8) 41 (12.5) 18 (10.3) 149 (15) .11

Prior stroke 227 (14.1) 12 (10.5) 42 (12.8) 29 (16.6) 144 (14.5) .44

Vital and laboratory results

Systolic blood pressure, median (IQR),
mm Hg

130
(120.0-146.0)

130
(120.0-140.0)

130
(120.0-145.0)

140
(125.0-150.0)

130
(120.0-145.0)

.15

Heart rate on admission, median (IQR),
beats/min

70 (64.0-78.0) 71 (65.0-79.0) 74 (66.0-80.0) 70 (64.0-78.0) 70 (63.0-78.0) .02

Electrocardiogram findings, No. (%)

Rhythm on electrocardiogram

Atrial fibrillation or flutter 37 (2.3) 4 (3.5) 9 (2.7) 2 (1.1) 22 (2.2) .55

Ventricular tachycardia 3 (0.2) 0 1 (0.3) 0 2 (0.2) .85

Left bundle branch block 10 (0.6) 0 0 0 10 (1.0) .10

Left ventricular ejection fraction,
median (IQR), %

62 (57-67) 60 (57-66) 62 (58-67) 61 (55-65) 62 (58-66) .21

Glomerular filtration rate, median (IQR),
mL/min/1.73 m2

79 (69.3-91.2) 80 (66.8-94.5) 80 (69.9-89.5) 81 (67.8-94.4) 79 (69.3-90.9) .50

(continued)

JAMA Network Open | Cardiology Percutaneous Coronary Intervention in Patients Without Acute Myocardial Infarction in China

JAMA Network Open. 2018;1(8):e185446. doi:10.1001/jamanetworkopen.2018.5446 (Reprinted) December 14, 2018 5/14

Downloaded From: https://jamanetwork.com/ on 05/22/2023



(60.6% [976]). Nitrates, calcium channel blockers, glycoprotein IIb/IIIa inhibitors, low-molecular-
weight heparin, and fondaparinux were less commonly prescribed during hospitalizations and were
received by 29.2% (471), 28.8% (464), 20.9% (337), 29.1% (468), and 17.6% (283) of patients,
respectively. In-hospital complication rates were low: 3.5% of patients (57) had bleeding of some
degree while hospitalized, 1.4% (22) experienced recurrent MI, 1.2% (19) experienced atrial
fibrillation, and 3.6% (58) experienced an ischemic stroke (Table 3). The mean (SD) length of hospital
stay was 11.2 (5.2) days.

Angina Symptoms Prior to PCI
Among all patients, 27.5% (443) had stable CAD and 72.5% (1168) had unstable angina. One hundred
fourteen of 443 patients with stable CAD (25.7%) and 175 of 1168 patients with unstable angina
(15.0%) had no reported angina symptoms within 4 weeks prior to the procedure (SAQ Angina
Frequency score = 100). Three hundred twenty-nine patients with stable CAD (74.3%) and 993 of
those with unstable angina (85.0%) had reported some degree of chronic symptoms (SAQ Angina

Table 1. Baseline Demographic, Medical History, Clinical Presentation, and Health Status Characteristics by Diagnosis and Baseline SAQ AF Score (continued)

Characteristic Total (N = 1611)

Stable CAD Unstable Angina

P Value
Baseline SAQ
AF = 100 (n = 114)

Baseline SAQ
AF <100 (n = 329)

Baseline SAQ
AF = 100 (n = 175)

Baseline SAQ
AF <100 (n = 993)

Disease severity

Global Registry of Acute Coronary
Events risk score, median (IQR)

103 (85.0-121.0) 99 (83.0-122.0) 106 (88.0-124.0) 96 (82.0-116.0) 103 (85.0-120.0) .05

Symptoms, median (IQR), No. 2 (1-4) 1 (1-4) 2 (1-4) 2 (1-3) 2 (1-3) <.001

Health status on admission, No. (%)

SAQ Physical Limitation score,
median (IQR)

83 (66.7-100.0) 100 (86.1-100.0) 83 (63.9-100.0) 92 (72.2-100.0) 83 (65.3-95.8) <.001

SAQ Physical Limitation, No. (%)

Minimal (>75) 950 (59.0) 91 (79.8) 188 (57.1) 122 (69.7) 549 (55.3)

<.001
Mild (>50 and ≤75) 412 (25.6) 14 (12.3) 77 (23.4) 42 (24.0) 279 (28.1)

Moderate (>25 and ≤50) 151 (9.4) 4 (3.5) 42 (12.8) 4 (2.3) 101 (10.2)

Severe (≤25) 98 (6.1) 5 (4.4) 22 (6.7) 7 (4.0) 64 (6.4)

SAQ Angina Stability score,
median (IQR)

25 (0-50.0) 50 (50.0-50.0) 25 (0-50.0) 50 (50.0-50.0) 25 (0-50.0) <.001

SAQ Angina Stability, No. (%)

Much better (>75) 149 (9.2) 4 (3.5) 40 (12.2) 17 (9.7) 88 (8.9)

<.001

Slightly better (>50 and ≤75) 46 (2.9) 1 (0.9) 18 (5.5) 3 (1.7) 24 (2.4)

Unchanged (50) 505 (31.3) 98 (86.0) 76 (23.1) 139 (79.4) 192 (19.3)

Slightly worse (≥25 and <50) 408 (25.3) 3 (2.6) 85 (25.8) 12 (6.9) 308 (31.0)

Much worse (<25) 503 (31.2) 8 (7.0) 110 (33.4) 4 (2.3) 381 (38.4)

SAQ Angina Frequency score,
median (IQR)

60 (40-80) 100 (100-100) 50 (20-70) 100 (100-100) 60 (20-70) <.001

SAQ Angina Frequency, No. (%)

None (100) 289 (17.9) 114 (100) 0 175 (100) 0

<.001
Monthly (>60 and <100) 418 (25.9) 0 96 (29.2) 0 322 (32.4)

Weekly (>30 and ≤60) 514 (31.9) 0 127 (38.6) 0 387 (39.0)

Daily (≤30) 390 (24.2) 0 106 (32.2) 0 284 (28.6)

SAQ Quality-of-Life score,
median (IQR)

58 (41.7-75.0) 67 (58.3-91.7) 58 (41.7-75.0) 75 (50.0-83.3) 50 (33.3-66.7) <.001

SAQ Quality of Life, No. (%)

Excellent (>75) 447 (27.7) 54 (47.4) 96 (29.2) 89 (50.9) 208 (20.9)

<.001
Good (>50 and ≤75) 649 (40.3) 46 (40.4) 133 (40.4) 49 (28.0) 421 (42.4)

Fair (>25 and ≤50) 390 (24.2) 12 (10.5) 81 (24.6) 32 (18.3) 265 (26.7)

Poor to very poor (≤25) 125 (7.8) 2 (1.8) 19 (5.8) 5 (2.9) 99 (10.0)

Abbreviations: AF, angina frequency; CAD, coronary artery disease; IQR, interquartile
range; PCI, percutaneous coronary intervention; SAQ, Seattle Angina Questionnaire.

a Calculated as weight in kilograms divided by height in meters squared.
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Frequency score <100). For all patients, 18% (290) had minimal symptoms (SAQ Angina Frequency
score, 90-100) and, thus, no potential for substantial clinical improvement (Table 1, Table 2, and
Table 3). In a sensitivity analysis in which we used 20 points as the threshold for clinical
improvement, 24.8% of patients had an SAQ Angina Frequency score greater than 80 and, thus, no
potential for improvement.

Compared with patients who had no reported angina symptoms within the prior 4 weeks,
patients who had reported some degree of chronic symptoms were more likely to be older, be
female, and have prior angina, higher Global Registry of Acute Coronary Events scores, more
symptoms, more physical limitations, and lower quality of life.

A total of 4.6% of patients had missing data on baseline angina symptoms prior to PCI. In a
sensitivity analysis in which we assumed all such patients had clinically significant symptoms, 24.6%
of people undergoing PCI for stable CAD and 14.3% of people undergoing PCI for unstable angina
would have had no symptoms within 4 weeks prior to the procedure.

Angina Symptoms and Quality of Life 1 Year After PCI
At 1 year after PCI, considerable heterogeneity existed in the intraindividual changes in health status
(Figure and eFigure 2 in the Supplement). Among patients with stable CAD who reported no angina

Table 2. Percutaneous Coronary Intervention Procedure and Treatment Information by Diagnosis and Baseline SAQ AF Scorea

Characteristic

No. (%)

P ValueTotal (N = 1611)

Stable CAD Unstable Angina
Baseline SAQ
AF = 100 (n = 114)

Baseline SAQ
AF <100 (n = 329)

Baseline SAQ
AF = 100 (n = 175)

Baseline SAQ
AF <100 (n = 993)

Arterial access site

Femoral artery 125 (7.8) 10 (8.8) 26 (7.9) 15 (8.6) 74 (7.5)

.76

Radial artery 1446 (89.8) 103 (90.4) 295 (89.7) 153 (87.4) 895 (90.1)

Brachial artery 14 (0.9) 0 4 (1.2) 3 (1.7) 7 (0.7)

Other 9 (0.6) 0 0 1 (0.6) 8 (0.8)

Unrecorded 17 (1.1) 1 (0.9) 4 (1.2) 3 (1.7) 9 (0.9)

Stents implanted,
mean (SD), No.

1.8 (1.0) 1.7 (0.8) 1.8 (1.0) 1.8 (0.9) 1.8 (1.0) .65

Recommended and refused
treatments

Recommended PCI 1517 (94.2) 107 (93.9) 321 (97.6) 163 (93.1) 926 (93.3) .03

Recommended coronary
artery bypass graft

58 (3.6) 2 (1.8) 3 (0.9) 7 (4.0) 46 (4.6) .01

Refused coronary artery
bypass graft

64 (4.0) 4 (3.5) 6 (1.8) 9 (5.1) 45 (4.5) .14

In-hospital medication

Aspirin 1476 (91.6) 103 (90.4) 313 (95.1) 155 (88.6) 905 (91.1) .05

β-Blocker 1181 (73.3) 83 (72.8) 243 (73.9) 124 (70.9) 731 (73.6) .74

Statin 1574 (97.7) 109 (95.6) 319 (97.0) 173 (98.9) 973 (98.0) .24

Clopidogrel 1598 (99.2) 114 (100) 326 (99.1) 175 (100) 983 (99.0) .46

Glycoprotein IIb/IIIa inhibitor 337 (20.9) 27 (23.7) 57 (17.3) 46 (26.3) 207 (20.8) .21

Heparin 1534 (95.2) 104 (91.2) 316 (96.0) 166 (94.9) 948 (95.5) .13

Low-molecular-weight
heparin

468 (29.1) 24 (21.1) 93 (28.3) 43 (24.6) 308 (31.0) .12

Fondaparinux 283 (17.6) 20 (17.5) 52 (15.8) 33 (18.9) 178 (17.9) .74

Nitrates 1453 (90.2) 91 (79.8) 281 (85.4) 159 (90.9) 922 (92.8) <.001

Calcium channel blocker 464 (28.8) 31 (27.2) 103 (31.3) 46 (26.3) 284 (28.6) .63

Discharge medication

Aspirin 1196 (74.2) 98 (86.0) 274 (83.3) 118 (67.4) 706 (71.1) <.001

β-Blocker 976 (60.6) 77 (67.5) 227 (69.0) 102 (58.3) 570 (57.4) .002

Statin 1238 (76.8) 95 (83.3) 276 (83.9) 126 (72.0) 741 (74.6) .005

Nitrates 471 (29.2) 27 (23.7) 85 (25.8) 42 (24.0) 317 (31.9) <.001

Abbreviations: AF, angina frequency; CAD, coronary artery disease; PCI, percutaneous coronary intervention; SAQ, Seattle Angina Questionnaire.
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symptoms at baseline, 14% (16) had reported some degree of angina symptom burden at 1 year
(Table 4). The proportions of patients who reported excellent, good, fair, and poor to very poor
quality of life were 48.2% (55), 39.5% (45), 10.5% (12), and 1.8% (2), respectively. A third of patients
(32.5% [37]) had clinically improved quality of life (change in SAQ Quality-of-Life score �10 points)

Table 3. In-Hospital Outcomes by Diagnosis and Baseline SAQ AF Score

Outcome

No (%)

P ValueTotal (N = 1611)

Stable CAD Unstable Angina
Baseline SAQ AF
= 100 (n = 114)

Baseline SAQ AF
<100 (n = 329)

Baseline SAQ AF
= 100 (n = 175)

Baseline SAQ AF
<100 (n = 993)

Cardiac-related complication

Recurrent MIa 22 (1.4) 2 (1.8) 8 (2.4) 2 (1.1) 10 (1.0) .27

Chronic heart failure exacerbation 1 (0.1) 0 0 0 1 (0.1) .89

Cardiopulmonary resuscitation 1 (0.1) 0 1 (0.3) 0 0 .27

Atrial flutter or atrial fibrillation 19 (1.2) 3 (2.6) 6 (1.8) 0 10 (1.0) .13

Ventricular fibrillation 2 (0.1) 0 1 (0.3) 0 1 (0.1) .74

Bleeding

Major bleeding 0 0 0 0 0 NA

Minor bleeding 20 (1.2) 2 (1.8) 3 (0.9) 4 (2.3) 11 (1.1) .52

Other bleeding 37 (2.3) 1 (0.9) 13 (4.0) 1 (0.6) 22 (2.2) .06

Ischemic stroke 58 (3.6) 5 (4.4) 14 (4.3) 9 (5.1) 30 (3) .43

Acute renal failure 2 (0.1) 0 0 0 2 (0.2) .74

Dialysis 2 (0.1) 0 0 1 (0.6) 1 (0.1) .33

Deep venous thrombosis 1 (0.1) 0 0 0 1 (0.1) .89

Dissection 6 (0.4) 0 3 (0.9) 1 (0.6) 2 (0.2) .26

Hematoma 20 (1.2) 0 5 (1.5) 2 (1.1) 13 (1.3) .64

Length of stay, mean (SD), d 11.2 (5.2) 11.6 (6.2) 11.3 (4.8) 11.5 (7.1) 11.1 (4.8) .48

Abbreviations: AF, angina frequency; CAD, coronary artery disease; MI, myocardial
infarction; NA, not applicable; SAQ, Seattle Angina Questionnaire.

a Defined as acute MI that occurred during hospitalization among patients with a history
of MI.

Figure. Angina Frequency and Quality of Life
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Scatterplots of Seattle Angina Questionnaire Angina Frequency score (A) and Quality-of-
Life score (B) at baseline hospitalization and at 1 year after percutaneous coronary

intervention. The size of the dot indicates the number of patients, with smaller dots
indicating fewer than 16 patients and larger dots indicating 16 or more patients.
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at 1 year, while 67.5% (77) of the patients did not experience clinically improved quality of life. More
than 90% of patients reported unchanged angina stability and minimal physical limitation.

Among patients with unstable angina who reported no angina symptoms at baseline, 23% (40)
reported some degree of angina symptom burden at 1 year. The proportions of patients who
reported excellent, good, fair, and poor to very poor quality of life were 62.3% (109), 25.1% (44),
11.4% (20), and 1.1% (2), respectively. Of these patients, 38.9% (68) had clinically improved quality
of life (change in SAQ Quality-of-Life score �10 points) at 1 year, while 61.1% (107) did not experience
clinically improved quality of life. Slightly less than 80% of patients reported unchanged angina
stability and minimal physical limitation.

Among patients with stable CAD who reported some degree of angina symptoms at baseline,
67.8% (223) had no reported angina symptom burden, 23.1% (76) had monthly symptoms, and 8.1%
(30) had weekly or daily symptoms at 1 year following PCI. More than 90% of patients (90.9% [299])
had clinically improved angina frequency (change in SAQ Angina Frequency score �10 points) at 1
year, while 9.1% of the patients (30) did not experience clinically improved angina frequency. The
proportions of patients who reported excellent, good, fair, and poor to very poor quality of life were
52.9% (174), 35.6% (117), 10.3% (34), and 1.2% (4), respectively. About half of patients (53.2% [175])
had clinically improved quality of life (change in SAQ Quality-of-Life score �10 points) at 1 year, while
46.8% of patients (154) did not experience clinically improved quality of life. Of patients with stable
CAD who reported some degree of angina symptoms at baseline, 72.3% (238) reported unchanged

Table 4. Seattle Angina Questionnaire Health Status 1 Year After PCI by Diagnosis and Baseline SAQ AF Score

Health Status Total (N = 1611)

Stable CAD Unstable Angina

P Value
Baseline SAQ
AF = 100 (n = 114)

Baseline SAQ
AF <100 (n = 329)

Baseline SAQ
AF = 100 (n = 175)

Baseline SAQ
AF <100 (n = 993)

SAQ Physical Limitation score,
median (IQR)

100 (80.6-100.0) 100 (86.1-100.0) 94.4 (75.0-100.0) 100 (75.0-100.0) 100 (83.3-100.0) .04

SAQ Physical Limitation, No. (%)

Minimal (>75) 1227 (76.2) 91 (79.8) 234 (71.1) 128 (73.1) 774 (77.9)

.14
Mild (>50 and ≤75) 278 (17.3) 19 (16.7) 73 (22.2) 35 (20.0) 151 (15.2)

Moderate (>25 and ≤50) 44 (2.7) 1 (0.9) 8 (2.4) 7 (4.0) 28 (2.8)

Severe (≤25) 62 (3.8) 3 (2.6) 14 (4.3) 5 (2.9) 40 (4.0)

SAQ Angina Stability score,
median (IQR)

50 (50-50) 50 (50-50) 50 (50-50) 50 (50-50) 50 (50-50) .06

SAQ Angina Stability, No. (%)

Much better (>75) 290 (18.0) 12 (10.5) 60 (18.2) 26 (14.9) 192 (19.3)

.19

Slightly better (>50 and ≤75) 55 (3.4) 2 (1.8) 14 (4.3) 3 (1.7) 36 (3.6)

Unchanged (50) 1202 (74.6) 98 (86.0) 238 (72.3) 138 (78.9) 728 (73.3)

Slightly worse (≥25 and <50) 49 (3.0) 1 (0.9) 14 (4.3) 7 (4.0) 27 (2.7)

Much worse (<25) 15 (0.9) 1 (0.9) 3 (0.9) 1 (0.6) 10 (1.0)

SAQ Angina Frequency score,
median (IQR)

100 (90-100) 100 (100-100) 100 (90-100) 100 (100-100) 100 (90-100) <.001

SAQ Angina Frequency, No. (%)

None (100) 1167 (72.4) 98 (86) 223 (67.8) 135 (77.1) 711 (71.6)

.01
Monthly (>60 and <100) 344 (21.4) 12 (10.5) 76 (23.1) 31 (17.7) 225 (22.7)

Weekly (>30 and ≤60) 88 (5.5) 3 (2.6) 25 (7.6) 9 (5.1) 51 (5.1)

Daily (≤30) 12 (0.7) 1 (0.9) 5 (1.5) 0 6 (0.6)

SAQ Quality-of-Life score,
median (IQR)

66.7 (50.0-87.5) 66.7 (58.3-91.7) 75 (58.3-91.7) 75 (58.3-100.0) 66.7 (50.0-83.3) <.001

SAQ Quality of Life, No. (%)

Excellent (>75) 804 (49.9) 55 (48.2) 174 (52.9) 109 (62.3) 466 (46.9)

.01
Good (>50 and ≤75) 551 (34.2) 45 (39.5) 117 (35.6) 44 (25.1) 345 (34.7)

Fair (>25 and ≤50) 233 (14.5) 12 (10.5) 34 (10.3) 20 (11.4) 167 (16.8)

Poor to very poor (≤25) 23 (1.4) 2 (1.8) 4 (1.2) 2 (1.1) 15 (1.5)

Abbreviations: AF, angina frequency; CAD, coronary artery disease; IQR, interquartile range; SAQ, Seattle Angina Questionnaire.
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angina stability, followed by 22.5% (74) with better angina stability and 5.2% (17) with worse angina
stability. More than 90% of patients reported minimal or mild physical limitation.

Among patients with unstable angina who reported some degree of angina symptoms at
baseline, 71.6% (771) had no reported angina symptom burden, 22.7% (225) had monthly symptoms,
and 5.7% (57) had weekly or daily symptoms 1 year after PCI. More than 90% of patients (91.8%
[912]) had clinically improved angina frequency (change in SAQ Angina Frequency score �10 points)
at 1 year, while 8.2% of the patients (81) did not experience clinically improved angina frequency. The
proportions of patients who reported excellent, good, fair, and poor to very poor quality of life were
46.9% (446), 34.7% (345), 16.8% (167), and 1.5% (15), respectively. About half of patients (54%
[536]) had clinically improved quality of life (change in SAQ Quality-of-Life score �10 points) at 1
year, while 46% of patients (457) did not experience clinically improved quality of life. Of patients
with unstable angina who reported some degree of angina symptoms at baseline, 73.8% (728)
reported unchanged angina stability, followed by 22.9% (228) with better angina stability and 3.7%
(37) with worse angina stability. More than 90% of patients reported minimal or mild physical
limitation.

Compared with patients who had higher clinical improvements in angina symptoms, those with
smaller clinical improvements had significantly higher baseline SAQ scores for all scales (eTable 2 in
the Supplement). The sensitivity analysis accounting for missing data in SAQ scores at 1 year showed
similar results as the observed data, suggesting a lack of bias in the observed data (eTable 3 in the
Supplement).

Discussion

In this study, 25.7% of patients with stable CAD undergoing PCI in China reported no angina
symptoms at the time of the procedure. Moreover, many patients had minimal angina symptoms. In
our secondary analyses we showed that patients with smaller clinical improvements had significantly
higher baseline SAQ scores for all scales. While this may be expected, it also highlights the
importance of ascertaining impairment from angina prior to performing PCI among patients without
AMI, given that the primary goal of elective PCI is to improve patients’ symptoms.

Our study extends the prior literature in several important ways. Previous studies have primarily
focused on clinical outcomes such as death and adverse events and did not collect data on patient-
reported outcomes over time.19-29 Our study extends the work of Arnold et al,30 who explicitly
described the proportions of patients who derived both an angina and a quality-of-life benefit from
treatment, thereby demonstrating that baseline SAQ Angina Frequency and Quality-of-Life scores
were the strongest predictors of being angina free after PCI. We also found that a substantial
proportion of patients have minimal or no angina symptoms prior to PCI and, thus, no potential for
substantial clinical improvement. Although future research is needed to better quantify the
heterogeneity in the benefits of PCI, these results have implications not only for informing patients
without AMI about PCI’s benefits or lack thereof, in light of patients’ misconceptions and
overestimates of any potential benefits of PCI, but also for identifying opportunities to improve
patient outcomes.31,32

Our findings are clinically relevant and can help clinicians and patients understand which
patients are most likely to benefit (or not) from PCI, thereby strengthening clinicians’ ability to
convey the low likelihood of benefit to minimally symptomatic patients in the context of shared
decision making. These findings also suggest that the assessment of preprocedural health status
scores is critical for patient selection and for setting realistic expectations for patients. In addition,
our study evaluated a substantial range of patient characteristics (eg, demographic, clinical,
behavioral, medication, and hospital care) and hospital attributes that have not been collected in
previous studies. This allowed us to better characterize patients without AMI who derived fewer
quality-of-life benefits from PCI. Our finding will inform future multivariable analyses of baseline and
clinical characteristics independently associated with low benefits from PCI. Such information is
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particularly important in developing countries such as China, where there are relatively fewer
medical resources and not enough interventional cardiologists to perform these procedures.
Identifying patients who are not likely to benefit from PCI averts waste in the health system and the
potential risks associated with the procedure.

Limitations
Our findings should be interpreted in the context of several potential limitations. First, our study may
not be nationally representative. However, our enrollment of patients from 40 hospitals in 18
provinces encompasses disparate regions of China. Second, although only 75% of the patients
enrolled at baseline completed the 1-year follow-up, our rates of missing data were in line with other
high-quality studies such as TRIUMPH (Translational Research Investigating Underlying Disparities
in Acute Myocardial Infarction Patients’ Health Status)33 and PREMIER (Prospective Registry
Evaluating Myocardial Infarction: Events and Recovery).34 Our sensitivity analyses using an inverse
probability weighting approach showed that missing data introduced no significant bias to the
results, which suggests that the observed data were representative of the entire population that we
studied. Third, our study focused on angina-specific changes in symptom burden and did not
examine other nonanginal symptoms. For patients with a diagnosis of unstable angina who reported
no angina over the 4 weeks prior to PCI, 93% (163) had nonanginal symptoms, such as dyspnea,
nausea, fatigue, and pain radiation to the back, shoulder, arm, and finger. The presence of nonanginal
symptoms may lead to the diagnosis and management of unstable angina. It is also possible that
physicians misclassified patients’ diagnosis as unstable angina, which could not be independently
adjudicated.

Conclusions

Our findings identified 25.7% of patients undergoing PCI for stable CAD who had no reported angina
symptoms at the time of the procedure. Moreover, many patients had minimal angina symptoms.
Patients with smaller clinical improvements in angina symptom burden at 1 year following PCI had
significantly higher baseline SAQ scores for all scales, highlighting the importance of ascertaining
impairment from angina among patients without AMI prior to performing PCI.

ARTICLE INFORMATION
Accepted for Publication: October 8, 2018.

Published: December 14, 2018. doi:10.1001/jamanetworkopen.2018.5446

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2018 Lu Y et al. JAMA
Network Open.

Corresponding Author: Lixin Jiang, MD, PhD, State Key Laboratory of Cardiovascular Disease, China Oxford
Center for International Health Research, Fuwai Hospital, National Center for Cardiovascular Diseases, Chinese
Academy of Medical Sciences and Peking Union Medical College, 167 Beilishi Rd, Beijing 100037, People’s Republic
of China (jiangl@fwoxford.org).

Author Affiliations: Center for Outcomes Research and Evaluation, Yale University/Yale-New Haven Hospital,
New Haven, Connecticut (Lu, Wang, Zhou, Welsh, Krumholz); Section of Cardiovascular Medicine, Department of
Internal Medicine, Yale School of Medicine, New Haven, Connecticut (Lu, Wang, Krumholz); National Clinical
Research Center of Cardiovascular Diseases, State Key Laboratory of Cardiovascular Disease, Fuwai Hospital,
National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, People's Republic of China (Zhang, Liu, Guan, J. Li, X. Li, Zheng, Jiang); NHC Key Laboratory of
Clinical Research for Cardiovascular Medications, Beijing, People’s Republic of China (Zhang, Liu, Guan, J. Li, X. Li,
Zheng, Jiang); Health Outcomes Research, Saint Luke’s Mid America Heart Institute/University of Missouri-Kansas
City, Kansas City (Spertus); Division of Cardiology, University of Colorado Anschutz Medical Campus, Aurora
(Masoudi); Department of Health Policy and Management, Yale School of Public Health, New Haven, Connecticut
(Krumholz).

JAMA Network Open | Cardiology Percutaneous Coronary Intervention in Patients Without Acute Myocardial Infarction in China

JAMA Network Open. 2018;1(8):e185446. doi:10.1001/jamanetworkopen.2018.5446 (Reprinted) December 14, 2018 11/14

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2018.5446&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.5446
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.5446
mailto:jiangl@fwoxford.org


Author Contributions: Dr Jiang had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Lu and Zhang were co–first authors. Drs Krumholz
and Jiang were co–senior authors.

Concept and design: Zhang, Welsh, Liu, Guan, J. Li, X. Li, Zheng, Spertus, Masoudi, Jiang.

Acquisition, analysis, or interpretation of data: Lu, Zhang, Wang, Zhou, Welsh, X. Li, Zheng, Krumholz.

Drafting of the manuscript: Lu, Zhang, Zhou, Masoudi.

Critical revision of the manuscript for important intellectual content: Lu, Wang, Zhou, Welsh, Liu, Guan, J. Li, X. Li,
Zheng, Spertus, Krumholz, Jiang.

Statistical analysis: Lu, Wang, Welsh, X. Li.

Obtained funding: Jiang.

Administrative, technical, or material support: Zhang, Welsh, Liu, Zheng, Krumholz.

Supervision: J. Li, Krumholz, Jiang.

Conflict of Interest Disclosures: Dr Spertus reported receiving grants from Gilead, Genentech, Lilly, Amorcyte,
and EvaHeart, and has a patent for the Seattle Angina Questionnaire with royalties paid. He also owns the
copyright to the Seattle Angina Questionnaire. Dr Krumholz is a recipient of a research agreement from Johnson &
Johnson and Medtronic, through Yale University, to develop methods of clinical trial data sharing; received
research support through a grant from the US Food and Drug Administration and Medtronic to develop methods
for postmarket surveillance of medical devices; is the founder of Hugo, a personal health information platform;
chairs a cardiac scientific advisory board for UnitedHealth; is a member of the Advisory Board for Element Science
and the Physician Advisory Board for Aetna, and is a Participant/Participant Representative of the IBM Watson
Health Life Sciences Advisory Board. No other disclosures were reported.

Funding/Support: This study was supported by the National Key Research and Development Program (grants
2017YFC1310803 and 2017YFC1310801) from the Ministry of Science and Technology of China, the Major Public
Health Service Project from the Ministry of Finance and National Health and Family Planning Commission of China,
the CAMS Innovation Fund for Medical Science (grants 2017-I2M-2-002, 2017-I2M-B&R-02, 2016-I2M-1-006, and
2016-I2M-2-004), and the 111 Project from the Ministry of Education of China (grant B16005).

Role of the Funder/Sponsor: The funders had no role in design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Contributions: We appreciate the multiple contributions made by study teams at the China Oxford
Centre for International Health Research and the Yale-New Haven Hospital Center for Outcomes Research and
Evaluation in the realms of study design and operation, particularly the data collection. We are grateful for the
support provided by the Chinese government.

REFERENCES
1. Boden WE, O’Rourke RA, Teo KK, et al; COURAGE Trial Research Group. Optimal medical therapy with or without
PCI for stable coronary disease. N Engl J Med. 2007;356(15):1503-1516. doi:10.1056/NEJMoa070829

2. Sedlis SP, Hartigan PM, Teo KK, et al; COURAGE Trial Investigators. Effect of PCI on long-term survival in patients
with stable ischemic heart disease. N Engl J Med. 2015;373(20):1937-1946. doi:10.1056/NEJMoa1505532

3. Fihn SD, Gardin JM, Abrams J, et al; American College of Cardiology Foundation; American Heart Association
Task Force on Practice Guidelines; American College of Physicians; American Association for Thoracic Surgery;
Preventive Cardiovascular Nurses Association; Society for Cardiovascular Angiography and Interventions; Society
of Thoracic Surgeons. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management
of patients with stable ischemic heart disease: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines, and the American College of Physicians, American
Association for Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular
Angiography and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol. 2012;60(24):e44-e164. doi:
10.1016/j.jacc.2012.07.013

4. Gao R. Evolution and future perspectives for cardiovascular interventions in China. EuroIntervention. 2012;8
(7):773-778. doi:10.4244/EIJV8I7A119

5. Desai NR, Bradley SM, Parzynski CS, et al. Appropriate use criteria for coronary revascularization and trends in
utilization, patient selection, and appropriateness of percutaneous coronary intervention. JAMA. 2015;314(19):
2045-2053. doi:10.1001/jama.2015.13764

6. Bradley SM, Spertus JA, Kennedy KF, et al. Patient selection for diagnostic coronary angiography and hospital-
level percutaneous coronary intervention appropriateness: insights from the National Cardiovascular Data
Registry. JAMA Intern Med. 2014;174(10):1630-1639. doi:10.1001/jamainternmed.2014.3904

JAMA Network Open | Cardiology Percutaneous Coronary Intervention in Patients Without Acute Myocardial Infarction in China

JAMA Network Open. 2018;1(8):e185446. doi:10.1001/jamanetworkopen.2018.5446 (Reprinted) December 14, 2018 12/14

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://dx.doi.org/10.1056/NEJMoa070829
https://dx.doi.org/10.1056/NEJMoa1505532
https://dx.doi.org/10.1016/j.jacc.2012.07.013
https://dx.doi.org/10.4244/EIJV8I7A119
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.13764&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.5446
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2014.3904&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.5446


7. Chan PS, Rao SV, Bhatt DL, et al. Patient and hospital characteristics associated with inappropriate
percutaneous coronary interventions. J Am Coll Cardiol. 2013;62(24):2274-2281. doi:10.1016/j.jacc.2013.07.086

8. Inohara T, Kohsaka S, Miyata H, et al. Appropriateness ratings of percutaneous coronary intervention in Japan
and its association with the trend of noninvasive testing. JACC Cardiovasc Interv. 2014;7(9):1000-1009. doi:10.
1016/j.jcin.2014.06.006

9. Inohara T, Kohsaka S, Miyata H, et al. Appropriateness of coronary interventions in Japan by the US and
Japanese standards. Am Heart J. 2014;168(6):854-61.e11. doi:10.1016/j.ahj.2014.08.011

10. Du X, Pi Y, Dreyer RP, et al; China PEACE Collaborative Group. The China Patient-Centered Evaluative
Assessment of Cardiac Events (PEACE) Prospective Study of Percutaneous Coronary Intervention: study design.
Catheter Cardiovasc Interv. 2016;88(7):E212-E221. doi:10.1002/ccd.26461

11. Chinese Society of Cardiology of Chinese Medical Association; Editorial Board of Chinese Journal of Cardiology.
Guideline for diagnosis and treatment of patients with unstable angina and non-ST-segment elevation myocardial
infarction. Zhonghua Xin Xue Guan Bing Za Zhi. 2007;35(4):295-304.

12. Eagle KA, Lim MJ, Dabbous OH, et al; GRACE Investigators. A validated prediction model for all forms of acute
coronary syndrome: estimating the risk of 6-month postdischarge death in an international registry. JAMA.
2004;291(22):2727-2733. doi:10.1001/jama.291.22.2727

13. Spertus JA, Winder JA, Dewhurst TA, et al. Development and evaluation of the Seattle Angina Questionnaire:
a new functional status measure for coronary artery disease. J Am Coll Cardiol. 1995;25(2):333-341. doi:10.1016/
0735-1097(94)00397-9

14. Spertus JA, Salisbury AC, Jones PG, Conaway DG, Thompson RC. Predictors of quality-of-life benefit after
percutaneous coronary intervention. Circulation. 2004;110(25):3789-3794. doi:10.1161/01.CIR.0000150392.
70749.C7

15. Spertus JA, Jones P, McDonell M, Fan V, Fihn SD. Health status predicts long-term outcome in outpatients with
coronary disease. Circulation. 2002;106(1):43-49. doi:10.1161/01.CIR.0000020688.24874.90

16. Zhang Z, Kolm P, Boden WE, et al. The cost-effectiveness of percutaneous coronary intervention as a function
of angina severity in patients with stable angina. Circ Cardiovasc Qual Outcomes. 2011;4(2):172-182. doi:10.1161/
CIRCOUTCOMES.110.940502

17. Austin PC. An introduction to propensity score methods for reducing the effects of confounding in
observational studies. Multivariate Behav Res. 2011;46(3):399-424. doi:10.1080/00273171.2011.568786

18. Langkamp DL, Lehman A, Lemeshow S. Techniques for handling missing data in secondary analyses of large
surveys. Acad Pediatr. 2010;10(3):205-210. doi:10.1016/j.acap.2010.01.005

19. Gao RL, Xu B, Lu SZ, et al; CCSR Investigators. Safety and efficacy of the CYPHER Select Sirolimus-eluting stent
in the “Real World”—clinical and angiographic results from the China CYPHER Select registry. Int J Cardiol. 2008;
125(3):339-346. doi:10.1016/j.ijcard.2007.02.031

20. Han Y, Jing Q, Xu B, et al; CREATE (Multi-Center Registry of Excel Biodegradable Polymer Drug-Eluting Stents)
Investigators. Safety and efficacy of biodegradable polymer-coated sirolimus-eluting stents in “real-world”
practice: 18-month clinical and 9-month angiographic outcomes. JACC Cardiovasc Interv. 2009;2(4):303-309.
doi:10.1016/j.jcin.2008.12.013

21. Chen SL, Kwan TW. Twenty-four-month update on double-kissing crush stenting of bifurcation lesions. J Interv
Cardiol. 2009;22(2):121-127. doi:10.1111/j.1540-8183.2009.00440.x

22. Ge J, Han Y, Jiang H, et al; RACTS (Randomized Prospective Antiplatelet Trial of Cilostazol Versus Ticlopidine
in Patients Undergoing Coronary Stenting) Trial Investigators. RACTS: a prospective randomized antiplatelet trial
of cilostazol versus ticlopidine in patients undergoing coronary stenting: long-term clinical and angiographic
outcome. J Cardiovasc Pharmacol. 2005;46(2):162-166. doi:10.1097/01.fjc.0000167012.82930.8f

23. Han YL, Wang B, Li Y, et al. A high maintenance dose of clopidogrel improves short-term clinical outcomes in
patients with acute coronary syndrome undergoing drug-eluting stent implantation. Chin Med J (Engl). 2009;122
(7):793-797.

24. Jang Y, Zhu J, Ge J, Kim YJ, Ji C, Lam W. Preloading with atorvastatin before percutaneous coronary
intervention in statin-naïve Asian patients with non-ST elevation acute coronary syndromes: a randomized study.
J Cardiol. 2014;63(5):335-343. doi:10.1016/j.jjcc.2013.09.012

25. Zhang Q, Zhang RY, Qiu JP, et al. Prospective multicenter randomized trial comparing physician versus patient
transfer for primary percutaneous coronary intervention in acute ST-segment elevation myocardial infarction. Chin
Med J (Engl). 2008;121(6):485-491.

26. Zhang Q, Zhang RY, Zhang JS, et al. Outcomes of primary percutaneous coronary intervention for acute
ST-elevation myocardial infarction in patients aged over 75 years. Chin Med J (Engl). 2006;119(14):1151-1156.

JAMA Network Open | Cardiology Percutaneous Coronary Intervention in Patients Without Acute Myocardial Infarction in China

JAMA Network Open. 2018;1(8):e185446. doi:10.1001/jamanetworkopen.2018.5446 (Reprinted) December 14, 2018 13/14

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://dx.doi.org/10.1016/j.jacc.2013.07.086
https://dx.doi.org/10.1016/j.jcin.2014.06.006
https://dx.doi.org/10.1016/j.jcin.2014.06.006
https://dx.doi.org/10.1016/j.ahj.2014.08.011
https://dx.doi.org/10.1002/ccd.26461
https://www.ncbi.nlm.nih.gov/pubmed/17711651
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.291.22.2727&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.5446
https://dx.doi.org/10.1016/0735-1097(94)00397-9
https://dx.doi.org/10.1016/0735-1097(94)00397-9
https://dx.doi.org/10.1161/01.CIR.0000150392.70749.C7
https://dx.doi.org/10.1161/01.CIR.0000150392.70749.C7
https://dx.doi.org/10.1161/01.CIR.0000020688.24874.90
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.940502
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.940502
https://dx.doi.org/10.1080/00273171.2011.568786
https://dx.doi.org/10.1016/j.acap.2010.01.005
https://dx.doi.org/10.1016/j.ijcard.2007.02.031
https://dx.doi.org/10.1016/j.jcin.2008.12.013
https://dx.doi.org/10.1111/j.1540-8183.2009.00440.x
https://dx.doi.org/10.1097/01.fjc.0000167012.82930.8f
https://www.ncbi.nlm.nih.gov/pubmed/19493391
https://www.ncbi.nlm.nih.gov/pubmed/19493391
https://dx.doi.org/10.1016/j.jjcc.2013.09.012
https://www.ncbi.nlm.nih.gov/pubmed/18364130
https://www.ncbi.nlm.nih.gov/pubmed/18364130
https://www.ncbi.nlm.nih.gov/pubmed/16863605


27. Chen SL, Zhang JJ, Ye F, et al. Study comparing the double kissing (DK) crush with classical crush for the
treatment of coronary bifurcation lesions: the DKCRUSH-1 bifurcation study with drug-eluting stents. Eur J Clin
Invest. 2008;38(6):361-371. doi:10.1111/j.1365-2362.2008.01949.x

28. Gao RL, Xu B, Chen JL, et al; Chinese Registry of Unprotected Left Main Coronary Artery Stenting
Investigators. Prognosis of unprotected left main coronary artery stenting and the factors affecting the outcomes
in Chinese. Chin Med J (Engl). 2006;119(1):14-20.

29. Gao RL, Xu B, Chen JL, et al. Immediate and long-term outcomes of drug-eluting stent implantation for
unprotected left main coronary artery disease: comparison with bare-metal stent implantation. Am Heart J.
2008;155(3):553-561. doi:10.1016/j.ahj.2007.10.030

30. Arnold SV, Jang JS, Tang F, Graham G, Cohen DJ, Spertus JA. Prediction of residual angina after percutaneous
coronary intervention. Eur Heart J Qual Care Clin Outcomes. 2015;1(1):23-30. doi:10.1093/ehjqcco/qcv010

31. Rothberg MB, Sivalingam SK, Ashraf J, et al. Patients’ and cardiologists’ perceptions of the benefits of
percutaneous coronary intervention for stable coronary disease. Ann Intern Med. 2010;153(5):307-313. doi:10.
7326/0003-4819-153-5-201009070-00005

32. Ozkan O, Odabasi J, Ozcan U. Expected treatment benefits of percutaneous transluminal coronary
angioplasty: the patient’s perspective. Int J Cardiovasc Imaging. 2008;24(6):567-575. doi:10.1007/s10554-008-
9297-1

33. Arnold SV, Chan PS, Jones PG, et al; Cardiovascular Outcomes Research Consortium. Translational Research
Investigating Underlying Disparities in Acute Myocardial Infarction Patients’ Health Status (TRIUMPH): design and
rationale of a prospective multicenter registry. Circ Cardiovasc Qual Outcomes. 2011;4(4):467-476. doi:10.1161/
CIRCOUTCOMES.110.960468

34. Spertus JA, Peterson E, Rumsfeld JS, Jones PG, Decker C, Krumholz H; Cardiovascular Outcomes Research
Consortium. Prospective Registry Evaluating Myocardial Infarction: Events and Recovery (PREMIER)—evaluating
the impact of myocardial infarction on patient outcomes. Am Heart J. 2006;151(3):589-597. doi:10.1016/j.ahj.
2005.05.026

SUPPLEMENT.
eTable 1. Comparison of Patients Included in Analysis and Patients Excluded Due to Missing Data on SAQ Angina
Frequency and Quality-of-Life at 1 Year
eTable 2. Baseline Demographic, Medical History, Clinical Presentation, and Health Status Characteristics, Overall
and Compared Between Patients With and Without Clinically Significant Improvement of SAQ Angina Frequency
and Quality-of-Life Over 1 Year
eTable 3. SAQ Score With and Without Adjusting for Missing Data
eFigure 1. Flowchart of Study Population Selection
eFigure 2. Density Plot of 1-Year Change in SAQ Angina Frequency and Quality-of-Life Scores

JAMA Network Open | Cardiology Percutaneous Coronary Intervention in Patients Without Acute Myocardial Infarction in China

JAMA Network Open. 2018;1(8):e185446. doi:10.1001/jamanetworkopen.2018.5446 (Reprinted) December 14, 2018 14/14

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://dx.doi.org/10.1111/j.1365-2362.2008.01949.x
https://www.ncbi.nlm.nih.gov/pubmed/16454976
https://dx.doi.org/10.1016/j.ahj.2007.10.030
https://dx.doi.org/10.1093/ehjqcco/qcv010
https://dx.doi.org/10.7326/0003-4819-153-5-201009070-00005
https://dx.doi.org/10.7326/0003-4819-153-5-201009070-00005
https://dx.doi.org/10.1007/s10554-008-9297-1
https://dx.doi.org/10.1007/s10554-008-9297-1
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.960468
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.960468
https://dx.doi.org/10.1016/j.ahj.2005.05.026
https://dx.doi.org/10.1016/j.ahj.2005.05.026

