
1Choi JM, et al. BMJ Open 2022;12:e056972. doi:10.1136/bmjopen-2021-056972

Open access�

Ten-year trends of clinical outcomes 
after percutaneous coronary 
intervention: a Korean nationwide 
longitudinal cohort study

Jung Min Choi  ‍ ‍ ,1,2 Seung-Hwa Lee,3 Jin-Ho Choi  ‍ ‍ 4,5

To cite: Choi JM, Lee S-H, 
Choi J-H.  Ten-year trends 
of clinical outcomes after 
percutaneous coronary 
intervention: a Korean 
nationwide longitudinal 
cohort study. BMJ Open 
2022;12:e056972. doi:10.1136/
bmjopen-2021-056972

	► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/​
bmjopen-2021-056972).

JMC and S-HL contributed 
equally.

Received 08 September 2021
Accepted 06 April 2022

For numbered affiliations see 
end of article.

Correspondence to
Dr Jin-Ho Choi;  
​jhchoimd@​gmail.​com

Original research

© Author(s) (or their 
employer(s)) 2022. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives  Mortality following percutaneous coronary 
intervention (PCI) is a key quality measurement in clinical 
practice. This study investigated the 10-year trends of 
mortality following PCI in an unselected nationwide cohort.
Design  Retrospective cohort study.
Setting  A nationwide study in South Korea.
Participants  PCI claim data from 2006 to 2015 of the 
National Health Insurance Service and the Statistics of 
Korea.
Measures  1-year cardiovascular or non-cardiovascular 
death.
Results  In total, 437 436 patients were included. The 
annual number of PCI cases increased from 32 098 to 
51 990 over the decade studied (p<0.001). Patients 
were divided into quartile subgroups according to an 
estimated adjusted probability for predicting 1-year all-
cause death. The proportion of patients in the high-risk 
quartiles increased whereas those in the low-risk quartiles 
decreased (p<0.001). The 1-year cumulative incidence 
rate of all-cause death did not change in the population 
with risk scores in the 1st (0.9% to 0.8%) and 2nd (1.3% 
to 1.3%) quartiles, whereas it increased in the population 
with risk scores in the 3rd (3.4% to 5.1%) and 4th (15.5% 
to 19.4%) quartiles (p<0.001). Compared with year 
2006, the mean survival time in year 2015 was shorter 
by 0, 3.3 and 12.4 days in patients with risk scores in 
the 1st or 2nd, 3rd and 4th quartiles, respectively. These 
findings were also consistent for cardiovascular or non-
cardiovascular deaths.
Conclusion  The number, proportion and the overall risk of 
patients with a high risk for mortality after PCI increased 
over the decade in Korea.

INTRODUCTION
Percutaneous coronary intervention (PCI) is 
the most common procedure for revasculari-
sation of coronary artery disease. Substantial 
advancements in the management of obstruc-
tive coronary artery disease have been made 
with PCI over the last decades.1 Primary PCI 
is a well-established and recommended treat-
ment for acute myocardial infarction (AMI). 
Advances and innovations in technology have 
led to the expansion of indications for PCI 

to include complex coronary artery disease, 
such as left main disease, multivessel disease 
and chronic total occlusion.2 3

The clinical circumstances associated with 
PCI have changed in the contemporary era. 
The incidence rates of AMI have decreased as 
a result of improvement in the management 
for primary or secondary prevention of coro-
nary artery disease.4 Among AMI types, the 
prevalence of non-ST-elevation myocardial 
infarction (NSTEMI) is increasing compared 
with that of ST-elevation myocardial infarc-
tion (STEMI).5 6 Moreover, PCI is increasingly 
being used in high-risk patients, including 
elderly patients, cardiogenic shock with 
the use of mechanical circulatory support 
devices and patients with multiple clinical 
comorbidities.7–9

The mortality rate following PCI is a key 
quality measure in clinical practice. If the 
mortality rate changes over time, it is neces-
sary to investigate the extent to which the 
changes are related to the patient-specific 
baseline risk. Therefore, it is important to 
access the trends related to clinical outcome 

Strengths and limitations of this study

	► Almost all percutaneous coronary interventions (PCI) 
performed in a nation for 10 years were included 
with 100% 1-year follow-up rate, which virtually 
eliminated selection bias.

	► This study is a good real-world example that shows 
the increasing number of high-risk patients in a 
country with ageing population.

	► The results of this study do not reflect the changes 
in the outcome of patients with coronary artery dis-
ease, because only patients who underwent PCI but 
not patients who were treated by optimal medical 
therapy without PCI were investigated.

	► Advances in optimal medical therapy or applying op-
timal medical therapy instead of PCI might result in 
apparently higher risk of PCI, which was not covered 
in this study.
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as well as the clinical characteristics based on real-world 
data. These changes in trends may influence the inter-
pretation of the clinical outcomes of PCI in randomised 
clinical trials as well as in registry studies.

This study aimed to investigate 10-year trends of the 
mortality rate after PCI in the context of changing clinical 
comorbidities using real-world data from a nationwide 
whole PCI registry.

METHODS
Study population
This study was a retrospective cohort analysis of admin-
istrative claims data from the National Healthcare Insur-
ance Service, which is a unique healthcare insurance 
system that is mandatory for almost all residents in the 
Republic of Korea. Data on all individual claims for PCI 
using stents between January 2006 and December 2015 
were retrieved. Repeated PCI for the same patient was 
regarded as revascularisation, not the index PCI. The 
medical service claims, diagnostic codes of the 10th 
Revision of the International Statistical Classification 
of Diseases and Related Health Problems (ICD-10) and 
death records issued between January 2004 and December 
2016 were also retrieved to assess baseline clinical charac-
teristics and clinical events after PCI.

All results are reported in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology reporting guidelines.

Study definitions and endpoints
The index PCI date was the first date of PCI. Cardiogenic 
shock was defined in cases where claims related to the 
following were used: resuscitation, endotracheal intuba-
tion, mechanical ventilation and use of haemodynamic 
support devices including intra-aortic balloon counter-
pulsation or extracorporeal membrane oxygenation. 
Cardiovascular or non-cardiovascular death was defined 
based on ICD-10 codes used in the death certificate 
records retrieved from the Statistics of Korea. Other defi-
nitions of clinical characteristics based on ICD-10 codes 
are listed in the online supplemental data. No patient 
was lost to follow-up with respect to death. The primary 
outcome was all-cause death within 1 year.

Statistical analysis
The entire cohort was divided into 10 subcohorts 
according to the calendar year of the index PCI. Trends 
of annual changes in baseline clinical characteristics were 
investigated using Cochran-Armitage test.

The cumulative incidence of 1-year death was evalu-
ated using Kaplan-Meier curves for each year cohort. 
Hence, the rate of death rapidly decreased over time, the 
1-year death risk of each year cohort was compared using 

Figure 1  Study flow. To assess the impact of baseline comorbidities on the risk of 1-year death, trends in the change of 1-year 
death risk were investigated according to the cohort year and quartiles of estimated adjusted probability of 1-year death. PCI, 
percutaneous coronary intervention.
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restrictive mean survival time (RMST) as well as Cox 
proportional hazards model. In brief, RMST represents 
the area under the survival curve and can be interpreted 
as ‘life expectancy’ in the predefined follow-up period. 
Unlike the Cox model, RMST is statistically valid even 
when the HR varies according to the distribution of 
time to event. The ratio of restrictive mean time lost is 
comparable to the HR in the Cox model. The difference 
of RMST approximates absolute effect sizes that are not 
available from the Cox model.10 Restrictive cubic spline 
plots were also shown to summarise the trends of annual 
changes of cumulative incidence of death.11

To assess the impact of baseline clinical comorbidities 
on the risk of 1-year death, an estimated adjusted proba-
bility of all-cause death for 1-year death was established 
by generalised linear model using representative clinical 
parameters including age, sex, hypertension, diabetes, 
hyperlipidaemia, chronic kidney disease, stroke, cancer, 
myocardial infarction (MI) and cardiogenic shock. Age 
was treated as a dichotomous parameter of≥69 or <69 
years, which was the optimal cut-off for 1-year death risk 
based on Youden’s J statistic (c-statistics=0.725). The esti-
mated adjusted probability of 1-year death was derived 
from 191 909 patients in the year 2006–2010 cohorts, and 
was validated in 245 227 patients in the year 2011–2015 
cohorts. This model showed a good predictive perfor-
mance in both the derivation cohort (c-statistics=0.840, 

95% CI 0.836 to 0.844) and validation cohort (c-statis-
tics=0.849, 95% CI 0.846 to 0.852) (online supplemental 
figure 1).

Each year, cohort was divided into the 1st quartile 
(the lowest risk), 2nd quartile (low risk), 3rd quartile 
(high risk) and 4th quartile (the highest risk) subgroups 
according to the estimated adjusted probability of 1-year 
death quartiles. The cumulative incidence of death was 
evaluated using Kaplan-Meier curves for the subgroups. 
The 1-year death risk of each subcohort was compared 
using RMST or Cox proportional hazards model, with the 
first year cohort as a reference.

Statistical significance in the survival analyses was 
defined by two-sided p value <0.05. All analyses were 
performed using SAS V.9.4 (SAS Institute) and R V.4.0 (R 
Foundation for Statistical Computing).

RESULTS
Baseline clinical characteristics
A total of 520 377 PCI cases were identified between 
January 2006 and December 2015. After exclusion of 82 
941 PCI cases that were repeatedly performed for the 
same patient, 437 436 PCI cases were enrolled in the anal-
ysis (figure 1).

The number of annual PCI cases increased consis-
tently from 32 098 in 2006 to 51 990 in 2015. There were 

Figure 2  Kaplan-Meier plots for the cumulative incidence of 1-year death: entire cohort. The unadjusted cumulative incidence 
of 1-year (A) all-cause death, (B) cardiovascular death, and (C) non-cardiovascular death consistently increased over the 
decade.
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trends of significant changes in the proportions of older 
and male patients and frequency of clinical comorbidi-
ties over the decade from 2006 to 2015. The mean age 
increased from 62.3±10.9 to 64.7±11.6 years. The propor-
tion of men increased from 65.8% to 70.5%. The propor-
tion of STEMI decreased from 26.4% to 15.6% whereas 
that of NSTEMI increased from 14.5% to 23.9%. The 
frequencies of comorbidities including diabetes, hyper-
lipidaemia, history of stroke, chronic kidney disease, dial-
ysis and cancer also increased significantly (p<0.001, all) 
(table 1).

Trends of the annual risk of death
The unadjusted cumulative incidence of 1-year all-
cause death consistently increased over the decade from 
4.9% in 2006 to 6.8% in 2015. The unadjusted cumula-
tive incidence of 1-year cardiovascular death and non-
cardiovascular death also increased from 3.1% to 4.1% 
and 1.8% to 2.7%, respectively (p<0.001, all) (figure 2) 
(online supplemental figure 2). The increasing trends of 
the cumulative incidence of 1-year all-cause death were 

consistent in subgroup analyses according to clinical 
characteristics (online supplemental figure 3).

To assess the changes in the clinical characteristics of 
the death risk, patients were classified into four groups 
according to the estimated adjusted probability of 1-year 
death quartiles (online supplemental figure 1). From 
2006 to 2015, the proportion of patients with risk scores 
in the 1st or 2nd quartile decreased (25.6% to 24.9% and 
28.4% to 23.6%, respectively; p<0.001, all), whereas that 
of patients with risk scores in the 3rd and 4th quartiles 
increased (24.2% to 25.7% and 21.9% to 25.8%, respec-
tively; p<0.001, all) (figure 3).

From 2006 to 2015, the cumulative incidence of 1-year 
all-cause death did not change significantly in patients 
with risk in the 1st or 2nd quartile (0.9% to 0.8% and 
1.3% to 1.3%, respectively; p value for trend >0.05, all), 
but it increased in patients with risk in the 3rd or 4th 
quartile (3.8% to 5.1% and 15.5% to 19.4%, respectively; 
p value for trend <0.001, all). The cumulative incidence 
of 1-year cardiovascular death (risk in the 1st quartile, 
0.5% to 0.5%; 2nd quartile, 0.7% to 0.6%; 3rd quartile, 

Figure 3  Ten-year trends of the changes in clinical characteristics based on the estimated adjusted probability of 1-year death 
quartiles. Patients were grouped into four categories according to the quartiles of estimated adjusted probability of 1-year death 
risk (online supplemental figure 1). (A) From 2006 to 2015, the number of patients undergoing PCI increased from 2006 to 2015. 
(B) In the same period, the proportion of patients with lower estimated adjusted probability of 1-year death (1st or 2nd quartile) 
decreased, whereas that of patients with higher estimated adjusted probability of 1-year death (3rd and 4th quartiles) increased.
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Figure 4  Kaplan–Meier plots for the cumulative incidence of 1-year death: subgroups according to estimated adjusted 
probability of 1-year death quartiles. From 2006 to 2015, the cumulative incidence of 1-year all-cause, cardiovascular and 
non-cardiovascular deaths did not change in patients with lower estimated adjusted probability of 1-year death (1st or 2nd 
quartile) but increased in patients with higher estimated adjusted probability of 1-year death (3rd or 4th quartile) (3.8% to 
5.1% and 15.5% to 19.4%, respectively; p value for trend <0.001, all). These changes in the trends of the 1-year death risk are 
summarised in the restrictive cubic spline curves in online supplemental figure 4.
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2.1% to 2.7%; 4th quartile, 10.1% to 12.3%) and non-
cardiovascular death (risk in the 1st quartile, 0.3% to 
0.3%; 2nd quartile, 0.6% to 0.7%; 3rd quartile, 1.6% to 
2.4%; 4th quartile, 5.4% to 7.1%) also showed consis-
tent findings (figure  4) (online supplemental table 1). 
These changes in the trends of the 1-year death risk are 
summarised in the restrictive cubic spline curves (online 
supplemental figure 4).

In the RMST analysis, the loss of survival time in 2015 
compared with 2006 was 0 day in patients with risk in the 
1st or 2nd quartile, whereas it was 3.3 days in patients with 
risk in the 3rd quartile, and 12.4 days in patients with risk 
in the 4th quartile (online supplemental table 2).

DISCUSSION
This study had three major findings. First, there was an 
overall 62.0% increase in the index PCI volume in Korea 
from 2006 to 2015. Second, the proportion of patients with 
clinical comorbidities increased. Third, the 1-year death 
risk did not change in patients with lower risk, whereas it 
increased in patients with higher risk and consequently 
resulted in an overall increase in 1-year death risk of 
PCI. These results were derived from a nationwide whole 
registry that included almost all PCI cases performed in 
the Republic of Korea.

The 1.6-fold increase in the number of PCI cases for 
the studied decade was mainly driven by 1.7-fold increase 
in angina and 2.7-fold increase in NSTEMI, whereas 
the number of STEMI cases was stationary throughout 
the decade. The relatively increased number of angina 
or NSTEMI cases compared with that of STEMI was 
presumed to be the result of increasing age and clinical 
comorbidities in the population, which would increase 
the burden of atherosclerotic coronary artery disease.12 
As Korea is one of the world’s fastest ageing countries, 
the increasing trend of angina or NSTEMI incidence is 
expected to continue for the time being.13

Our study revealed a small but consistent increase 
in the risk after PCI, which is consistent with the find-
ings of other large or nationwide studies.14–18 Although 
speculative, reasons for this phenomenon may include 
a preference for conservative medical therapy based on 
the clinical trials reporting comparable effectiveness of 
optimal medical management for stable coronary artery 
disease, improved efficacy of medical therapy and wide-
spread application of appropriate use criteria.19–22 The 
relative risk of patients undergoing PCI may increase 
because patients with lower risk are treated with optimal 
medical therapy. Advances in technology and accumula-
tion of experience might also contribute to expanding the 
indications for complex procedures or high-risk patients.

In this study, cardiovascular death and non-cardiovascular 
death accounted for 61.0% and 39.0% of all causes of 
death, respectively. Prior studies reported highly variable 
rates for cardiovascular or non-cardiovascular death after 
PCI from 40% to 92%.18 23–25 Cardiovascular death may 
dominate the reason for mortality in the short term, but 

their prevalence decreases in the long term follow as the 
incidence of malignancy and non-cardiovascular diseases 
increase.

Limitations
The results are based on the retrospective analysis of 
administrative data and need to be interpreted as descrip-
tive findings. The source data were administrative claims 
and death records, and did not include patient-reported 
outcomes. Cardiovascular death was defined using ICD-10 
codes in death certificates. Jurisdiction of the undeter-
mined cause of death, which was reportedly found to be up 
to 25%, might have affected the proportion of cardiovas-
cular deaths.23 The relative timing of cardiovascular and 
non-cardiovascular deaths may change according to the 
follow-up period.24 This study did not include coronary 
artery bypass surgery, which accounted for 4.9%–8.1% 
of all coronary revascularisation procedures during the 
study period.26 MI was defined by the administrative claim 
of ‘acute myocardial infarction’, which was submitted by 
the diagnosis of attending physicians. The definition of 
MI is evolving constantly. The latest 4th definition of MI 
has been introduced in 2018 after the inclusion period 
of this study.27 Non-fatal clinical events including MI, 
stent thrombosis, revascularisation or bleeding were 
not assessed because data related to laboratory tests, 
cardiac biomarkers, electrocardiography or coronary 
angiography were not available in the administrative 
database. Despite the potential importance, metrics for 
medications, sophisticated analysis of procedural details 
and non-laboratory-based risk factors including obesity, 
smoking, mental health and socioeconomic status were 
not investigated.28 The results were derived from the 
data related to clinical practice in Korean hospitals and 
need to be compared with those in non-Korean or non-
Asian settings as significant differences in PCI procedural 
characteristics and mortality have been reported between 
Japan and the USA.16

CONCLUSIONS
In this real-world nationwide data analysis study, the 
number, proportion and overall 1-year death risk of high-
risk patients increased over the studied decade in Korea. 
Interpretation and understanding of these changes in 
real-world clinical practice may be crucial to the transla-
tion of clinical evidence to real-world practice.
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