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Population Density Analysis of 
Percutaneous Coronary Intervention for  
ST-Segment–Elevation Myocardial Infarction 
in Japan
Kyohei Yamaji , MD; Shun Kohsaka , MD; Taku Inohara , MD; Yohei Numasawa , MD;  
Hideki Ishii , MD; Tetsuya Amano , MD; Yuji Ikari , MD

BACKGROUND: Despite recent progress in the treatment of ST-segment–elevation myocardial infarction, data on geographic 
disparities application of the evidence-based therapy remain limited.

METHODS AND RESULTS: The J-PCI (Japanese Percutaneous Coronary Intervention) registry is a nationwide registry to assure 
the quality of delivered care. Between January 2014 and December 2018, 209 521 patients underwent percutaneous coro-
nary intervention for ST-segment–elevation myocardial infarction in 1126 institutions. The patients were divided into tertiles 
according to the population density (PD) of the percutaneous coronary intervention institution location (low: <951.7/km2, 
n = 69 797; medium: 951.7–4729.7/km2, n = 69 750; high: ≥4729.7/km2, n = 69 974). Patients treated in high PD administrative 
districts were younger and more likely to be male. No significant correlation was observed between PD and door-to-balloon 
time (regression coefficients: 0.036 per 1000 people/km2; 95% CI, −0.232 to 0.304; P = 0.79). Patients treated in low-PD 
areas had higher crude in-hospital mortality rates than those treated in high-PD areas (low: 2.89%; medium: 2.60%; high: 
2.38%; P < 0.001); PD and in-hospital mortality had a significantly inverse association, before and after adjusting for baseline 
characteristics (crude odds ratio [OR], 0.983 per 1000/km2; 95% CI, 0.973–0.992; P < 0.001; adjusted OR, 0.980 per 1000/
km2; 95% CI, 0.964–0.996; P = 0.01, respectively). Higher-PD districts had more operators per institution (low: 6; interquartile 
range, 3–10; medium: 7; IQR, 3–13; high: 8; IQR, 5–13; P < 0.001), suggesting an inverse association with in-hospital mortality 
(OR, 0.992; 95% CI, 0.986–0.999; P = 0.03).

CONCLUSIONS: Geographic inequality was observed in in-hospital mortality of patients with ST-segment–elevation myocardial 
infarction who underwent percutaneous coronary intervention. Variation in the number of operators per institution, rather than 
traditional quality indicators (eg, door-to-balloon time) might explain the difference in in-hospital mortality.
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Over the past decades, the outcome of patients 
with acute myocardial infarction (AMI) has im-
proved considerably.1,2 Post-AMI outcome largely 

depends on the access to immediate and special-
ized medical interventions and implementation of 
evidence-based clinical practice guideline recommen-
dations.3–5 Such accessibility and implementation are 
greatly influenced by the geographic location and the 

level of facilities available within the community and the 
hospital to which a patient initially presents.

Japan has a universal healthcare system that is op-
erated by the federal government,6 and ambulance ser-
vices are administered by a government-based system 
and include professional emergency care providers, 
with minimum fee applied to the insurers.7 However, the 
access to and delivery of healthcare services still exhibit 
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inequalities. This gap may have widened over the recent 
years, given that small-sized hospitals are downgraded 
or closing in recent years. In the past decades, the 
population and industry in Japan have shifted to urban 
areas, paralleling with depopulation and aging of rural 
areas; consequently, access to medical services in less 
population-dense areas has become limited.8–10

In this study, we aimed to assess the discrepancy 
by population density (PD) on the quality and clinical 
outcomes of patients who underwent primary percu-
taneous coronary intervention (PCI) after experiencing 
ST-segment–elevation MI (STEMI), using a nationwide 
procedural registry and a data set from complete popu-
lation census data in Japan. Identifying the association 
between PD and the outcome of PCI may aid in improv-
ing the political and administrative strategy for AMI.

METHODS
The J-PCI (Japanese Percutaneous Coronary 
Intervention) registry is an ongoing prospective mul-
ticenter nationwide PCI registry maintained by the 

Japanese Association of Cardiovascular Intervention 
and Therapeutics. The J-PCI registry aims to provide 
national, regional, and institutional information on the 
general view of the patient background, clinical pres-
entation, angiographic and procedural details, and 
in-hospital outcomes (full variable definitions are avail-
able at cvit.jp/regis​try/jpci_defin​ition.pdf) as a founda-
tion for further quality improvement.11,12 In addition, the 
J-PCI registry has been incorporated into the National 
Clinical Data system, a nationwide prospective web-
based registry linked to medical and surgical board 
certification since 2013. Cardiac catheterization pro-
cedures are carried out in both publicly and privately 
funded hospitals in Japan, but because registration 
in the J-PCI database is mandatory for both systems, 
data completeness is high; approximately 85% to 90% 
of all PCI procedures in Japan were estimated to be 
registered in the J-PCI registry, when compared with 
the annual reports from the insurance claims data. The 
J-PCI study protocol conformed to the principles out-
lined in the Declaration of Helsinki and was approved 
by the Institutional Review Board of the Network for 
Promotion of Clinical Studies (a specialized nonprofit 
organization affiliated with Osaka University Graduate 
School of Medicine in Osaka, Japan). Written informed 
consent was waived because of the retrospective 
study design.

In the present analysis, we included 1  199  008 
patients undergoing PCI in 1156 institutions between 
January 2014 and December 2018. STEMI was de-
fined as AMI with ST-segment elevation on ≥ 2 contig-
uous leads (≥0.2 mV in a precordial lead at the J point 
or ≥ 0.1 mV in a limb lead), new left bundle branch block, 
or posterior myocardial infarction on a 12-lead ECG ac-
companied by elevated cardiac biomarkers. Elevated 
cardiac biomarkers were defined as elevated creatine 
kinase or creatine kinase myocardial band levels (2-fold 
higher than the normal values) or elevated troponin lev-
els (≥99th percentile). Cardiogenic shock was defined 
as an episode of systolic blood pressure < 80 mm Hg, 
cardiac index < 1.8 L/min/m2, or the requirement for 
parenteral inotropic or vasopressor agents or mechan-
ical support to maintain blood pressure and cardiac in-
dexes above those levels. Cardiopulmonary arrest was 
defined as cardiac arrest or respiratory arrest requiring 
cardiopulmonary resuscitation within 24 hours before 
the PCI procedure.

In accordance with the Transparency and Openness 
Promotion Guidelines, the data that support the find-
ings of this study are available from the corresponding 
author upon reasonable request.

Geographic and Population Data
In Japan, a complete population census was con-
ducted every 5 years to clarify the population status. 

CLINICAL PERSPECTIVE

What Is New?
•	 In this nationwide prospective registry including 

209 521 patients who underwent percutaneous 
coronary intervention for ST-segment–eleva-
tion myocardial infarction in 1126 institutions, 
population density and in-hospital mortality had 
a significantly inverse association, before and 
after adjusting for baseline characteristics.

•	 Higher–population density districts had more 
operators per institution, which might explain 
the difference in in-hospital mortality.

What Are the Clinical Implications?
•	 Marked geographic inequality was observed 

in immediate case fatality; patients treated in 
population-dense areas had a lower in-hospital 
mortality than those treated in less dense areas.

Nonstandard Abbreviations and Acronyms

AMI	 acute myocardial infarction
IQR	 interquartile range
NCDR	 National Cardiovascular Data Registry
OR	 odds ratio
PCI	 percutaneous coronary intervention
PD	 population density
STEMI	 �ST-segment–elevation myocardial infarction

https://cvit.jp/registry/jpci_definition.pdf
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Geographic and population data of the administra-
tive county districts were collected from the com-
plete population census in 2015 provided by the 
Statistics Bureau, Ministry of Internal Affairs and 
Communications.13 In 2015, Japan was inhabited by 
approximately 127 million people per 378  000  km2 
area. Within 3 levels of the administrative district (eg, 
national, prefectural, and municipal), we compared 
the PD municipally, comprising cities, towns, and vil-
lages. For the present analysis, the patients were di-
vided into tertiles according to the PD at the location 
of PCI institution (low: <951.7/km2, n = 69 797; me-
dium: 951.7–4729.7/km2, n = 69 750; high: ≥4729.7/
km2, n = 69 974).

Outcomes
The primary outcome of this study was in-hospital death 
(either until discharge, or within 30  days after PCI for 
patients with prolonged hospitalization). In each partici-
pating hospital, a data manager collects the in-hospital 
outcome. The Japanese Association of Cardiovascular 
Intervention and Therapeutics holds an annual meeting 
of data managers and visits 30 to 40 randomly cho-
sen participating institutions yearly to check the qual-
ity of submitted data, which revealed a high accuracy, 
with < 1% inconsistency from auditing visits.

We also examined the institutional and operator 
volume and door-to-balloon time to evaluate their dis-
parity in different PD tertiles for data sets collected 
after January 2016 (76.7% of the studied patients; 
collection on door-to-balloon time was initiated after 
this time). Door-to-balloon time was defined as the 
time starting from the patient’s arrival at the institution 
to the first balloon inflation during PCI. Institutions and 
operators have unique identifiers, and institutional and 
operator volume were calculated as the mean annual 
number of patients with STEMI per institution or per 
operator.

Statistical Analysis
Figure  1 illustrates the study flowchart. Of the 
1 199 008 patients that underwent PCI from 1126 insti-
tutions, 209 521 (17.4%) were diagnosed with STEMI. 
PDs of administrative districts in Japan are shown in 
Figure 2A. We classified the patients into tertiles ac-
cording to the PD of the PCI institution location (low: 
<951.7/km2, n  =  69  797; medium: 951.7–4729.7/km2, 
n = 69 750; high: ≥4729.7/km2, n = 69 974).

Categorical variables, which were reported as num-
bers with relative percentage, were compared using 
the chi-square test, whereas continuous variables, 
which were expressed as mean  ±  SD or median 
and interquartile range (IQR), were compared using 
1-way ANOVA or the Kruskal-Wallis rank-sum test. We 

constructed generalized linear mixed models or gen-
eralized additive mixed models to assess the effect 
of explanatory variables on in-hospital mortality (bi-
nomial with logit link function) or door-to-balloon time 
(Gaussian with identity link function). In the multivari-
able models, the variables listed in Table 1 were also 
included as explanatory variables to adjust for baseline 
characteristics. To assess the interaction of PD and 
door-to-balloon time on in-hospital mortality, the inter-
action variable was further added to the models. The 
PCI institutions were included as a random intercept. 
Odds ratios (ORs) or regression coefficients and their 
95% CI were reported. Two-sided P values of < 0.05 
indicates significance. All data were analyzed using the 
R statistical software version 3.6.2 (R Foundation for 
Statistical Computing, Vienna, Austria) with glmmML 
and gamm4 packages.

RESULTS
Baseline Characteristics
Overall, majority of studied patients had hypertension 
(71.2%), followed by hyperlipidemia (60.2%), smok-
ing (41.8%), and diabetes mellitus (37.3%). In addition, 
14.2% had renal failure, 12.4% had previous myocardial 
infarction, 5.9% had heart failure, and 2.3% were on 
maintenance dialysis. PCI was previously performed 
in 16.2% and coronary bypass grafting in 1.0% of the 
patients.

The baseline characteristics of patients in each 
PD tertile are summarized in Table  1. Patients 
treated in high-PD administrative districts were, in 
general, younger (low: 69.1  ±  12.9  years; medium: 
68.7 ± 12.9 years; high: 68.0 ± 13.1 years) and likely 
to be men (low: 75.6%; medium: 76.0%; high: 76.6%). 
Patients in the higher PD group more often exhibited 
cardiopulmonary arrest (low: 5.3%; medium: 6.0%; 
high: 7.0%) and cardiogenic shock (low: 11.6%; me-
dium: 11.7%; high: 12.7%).

Geographic and population data are summarized 
in Table 2. PCI institutions were located in 615 out of 
the 1896 administrative districts in Japan (32.4%), cov-
ering 94 240 396 people (74.1%) with 127 064.5 km2 
(34.1%). Compared with the high-PD area, the medi-
um-PD area had a total area of approximately 4.6 times 
larger, and the low-PD area had 26 times larger. The 
low-, medium-, and high-PD tertiles had a mean age of 
47.0 ± 24.3, 45.0 ± 23.8, and 44.3 ± 23.0 years; a male 
proportion of 48.3%, 48.6%, and 49.0%; annual num-
ber of deaths of 315 477 (1.15%/y), 285 614 (0.92%/y), 
and 296 884 (0.83%/y), respectively.

In-Hospital Mortality
Distribution of mean in-hospital mortality accord-
ing to the PD is illustrated in Figure  2B. Patients 
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treated in the low-PD administrative districts had 
higher in-hospital mortality rates than those treated 
in the high-PD administrative districts (low: 2.89%; 
medium: 2.60%; high: 2.38%; P < 0.001; Figure 3). 
In the multivariable logistic regression mixed model 
adjusting for baseline characteristics, the risk of 
in-hospital mortality was significantly lower in the 
highest-PD tertile than in the lowest-PD tertile (low: 
reference; medium: OR, 0.879; 95% CI, 0.794–1.067; 
P  =  0.19; high: OR, 0.747; 95% CI, 0.616–0.970; 
P = 0.003). According to the univariate and multivar-
iable logistic regression mixed models including PD 
as a continuous variable, a significant inverse asso-
ciation was observed between PD and in-hospital 
mortality, before and after adjusting for baseline 
characteristics (crude OR, 0.983 per 1000 people/
km2; 95% CI, 0.973–0.992; P < 0001; adjusted OR, 
0.980 per 1000 people/km2; 95% CI, 0.964–0.996;  
P = 0.01).

Door-to-Balloon Time

Door-to-balloon time was < 60 minutes in 31.7%, 60 
to 90 minutes in 40.9%, 91 to 120 minutes in 12.9%, 
and ≥ 120 minutes in 14.5%. The generalized additive 
mixed model demonstrated that in-hospital mortality 
increased from a door-to-balloon time of 60 minutes 
up to 120 minutes (Figure 4A). A significant linear asso-
ciation was also found in the generalized linear mixed 
model (OR, 1.042 per 10 minutes; 95% CI, 1.037–1.048; 
P  <  0.001). While median door-to-balloon time was 
minimally but significantly different among PD tertiles 
(low: 72; IQR, 55–93; medium: 70; IQR, 53–90; high: 
72; IQR, 55–92; P  <  0.001), PD and door-to-balloon 
time had no significant correlations (regression coef-
ficients: 0.036 per 1000 people/km2; 95% CI, –0.232 
to 0.304; P = 0.79). The inverse association between 
PD and in-hospital mortality remained significant in the 
model adjusting for door-to-balloon time (adjusted OR, 

Figure 1.  Study flowchart.
PCI indicates percutaneous coronary intervention.
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Figure 2.  (A) Population density and (B) mean in-hospital mortality according to 
the administrative districts.
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0.981 per 1000 people/km2; 95% CI, 0.970–0.993; 
P  =  0.001) and in the multivariable model adjusting 
for baseline characteristics and door-to-balloon time 
(adjusted OR, 0.979 per 1000 people/km2; 95% CI, 
0.960–0.998; P  =  0.03). No significant interactions 
were observed between PD and door-to-balloon time 
on in-hospital mortality in the former model (P for 

interaction 0.23) and in the latter multivariable model (P 
for interaction 0.67).

Institutional and Operator Volume
The annual number of patients with STEMI per insti-
tution was significantly associated with in-hospital 

Table 2.  Geographic and Population Data According to the Tertiles of Population Density

Population Density Overall
Low 

<951.7 People/km2
Medium 

951.7–4729.7 People/km2
High 

≥4729.7 People/km2

No. of administrative districts 615 267 184 164

Total area, km2 127 064.5 104 554.6 18 497.96 4011.99

Total population 94 240 396 27 468 751 31 141 796 35 629 849

Age, y* 45.3 ± 23.7 47.0 ± 24.3 45.0 ± 23.8 44.3 ± 23.0

≥70 y, n (%) 16 862 402 (18.1) 5 602 416 (20.6) 5 486 370 (17.8) 5 773 616 (16.5)

Male, n (%) 45 885 435 (48.7) 13 268 684 (48.3) 15 150 304 (48.6) 17 466 447 (49.0)

Annual number of deaths, n (%/y) 897 975 (0.95/y) 315 477 (1.15/y) 285 614 (0.92/y) 296 884 (0.83/y)

Cardiogenic† 134 735 (0.14/y) 48 596 (0.18/y) 42 317 (0.14/y) 43 822 (0.12/y)

Acute myocardial infarction† 24 774 (0.026/y) 9702 (0.035/y) 7930 (0.025/y) 7142 (0.020/y)

*People aged ≥ 100 years were excluded.
†Cause of death of residents in each district was determined through the official death certificates.

Table 1.  Baseline Characteristics According to the Tertiles of Population Density

Population Density Overall

Low 
<951.7  

People/km2

Medium 
951.7–4729.7  
People/km2

High 
≥4729.7  

People/km2 P Value

Number of patients 209 521 69 797 69 750 69 974

Age, y* 68.6 ± 13.0 69.1 ± 12.9 68.7 ± 12.9 68.0 ± 13.1 <0.001

Male, n (%)* 158 866 (76.1 52 462 (75.6) 52 789 (76.0) 53 615 (76.6) <0.001

Hypertension, n (%)* 138 637 (71.2%) 46 863 (72.2) 46 085 (70.9) 45 689 (70.4) <0.001

Hyperlipidemia, n (%)* 117 332 (60.2) 38 315 (59.0) 39 150 (60.2) 39 867 (61.4) <0.001

Diabetes mellitus, n (%)* 72 587 (37.3) 24 533 (37.8) 24 288 (37.4) 23 766 (36.6) <0.001

Smoker, n (%)* 81 468 (41.8) 26 702 (41.1) 26 469 (40.7) 28 297 (43.6) <0.001

Renal failure, n (%)* 27 620 (14.2) 8820 (13.6) 9517 (14.6) 9283 (14.3) <0.001

Dialysis, n (%)* 4532 (2.33) 1341 (2.07) 1596 (2.45) 1595 (2.46) <0.001

Prior percutaneous coronary intervention, n (%)* 33 741 (16.2) 11 055 (15.9) 11 108 (16.0) 11 578 (16.6) <0.001

Prior coronary artery bypass grafting, n (%)* 2131 (1.02) 612 (0.882) 737 (1.06) 782 (1.12) <0.001

Prior heart failure, n (%)* 12 183 (5.92%) 4100 (6.00) 4436 (6.47) 3647 (5.30) <0.001

Prior myocardial infarction, n (%)* 25 624 (12.4) 8452 (12.2) 8368 (12.1) 8804 (12.7) 0.002

Cardiopulmonary arrest, n (%)* 12 704 (6.12) 3661 (5.30) 4172 (6.03) 4871 (7.01) <0.001

Cardiogenic shock, n (%)* 24 887 (12.0) 7974 (11.6) 8068 (11.7) 8845 (12.7) <0.001

Access site, n (%)

Femoral 87 823 (41.9) 29 476 (42.2) 28 040 (40.2) 30 307 (43.3) <0.001

Radial 115 834 (55.3) 38 230 (54.8) 39 775 (57.0) 37 829 (54.1)

Others 5863 (2.80) 2091 (3.00) 1935 (2.77) 1837 (2.63)

Target vessels, n (%)

Single-vessel disease 122 850 (58.6) 40 376 (57.8) 41 209 (59.1) 41 265 (59.0) <0.001

Double-vessel disease 52 126 (24.9) 17 850 (25.6) 16 969 (24.3) 17 307 (24.7)

Triple-vessel disease 26 833 (12.8) 9184 (13.2) 8790 (12.6) 8859 (12.7)

Left main disease 7712 (3.68) 2387 (3.42) 2782 (3.99) 2543 (3.63)

*Included as explanatory variables in the multivariable models.
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mortality in the overall population (OR, 0.998; 95% 
CI, 0.997–0.999; P  =  0.006; Figure  4B), but no sig-
nificant difference was observed within the individual 
PD groups (low: 27.6; IQR, 9.65–49.0; medium: 27.6; 
IQR, 7.90–55.5; high: 32.8; IQR, 12.2–58.6; P = 0.13; 
Table 3).14 The annual number of patients with STEMI 
per operator was not associated with in-hospital mor-
tality in the overall population (OR, 1.002; 95% CI, 
0.998–1.006; P = 0.32; Figure 4C).

The number of patients with STEMI per operator 
was significantly higher in the lower-PD area than in 
the higher- and medium-PD areas (low: 3.8; IQR, 1.4–
8.0; medium: 3.4; IQR, 1.2–7.0; high: 3.2; IQR, 1.2–
6.6; P < 0.001). Of note, the number of operators per 

institution was greater in the higher-PD administrative 
districts (low: 6; IQR, 3–10; medium: 7; IQR, 3–13; 
high: 8; IQR, 5–13; P < 0.001), and it was inversely as-
sociated with in-hospital mortality overall (OR, 0.992; 
95% CI; 0.986–0.999; P = 0.03, Figure 4D).

In the exploratory analyses, the annual number of pa-
tients with STEMI per institution (regression coefficients, 
−0.130; 95% CI, −0.169 to − 0.091; P < 0.001), the num-
ber of patients with STEMI per operator (regression coef-
ficients, −0.083; 95% CI, −0.014 to − 0.026; P = 0.004), 
and the number of operators per institution (regression co-
efficients, −0.446; 95% CI, −0.657 to − 0.234; P < 0.001) 
were inversely associated with door-to-balloon time, 
respectively.

Figure 3.  In-hospital mortality according to population density.
In the upper panel, odds ratios were assessed by the univariate or multivariable generalized linear mixed 
model including population density of administrative districts as the exploratory variable and in-hospital 
mortality as the response variable. Circles represents mean in-hospital mortality over population density 
at each administrative district, while their size indicates number of patients with STEMI per administrative 
district. In the lower panel, the bar graph demonstrates in-hospital mortality according to the population 
density tertiles. STEMI indicates ST-segment–elevation myocardial infarction.
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DISCUSSION
In the present analysis of a nationwide database that 
comprised more than 200  000 patients with STEMI 
who underwent primary PCI, a marked geographic in-
equality was observed in in-hospital mortality. Patients 
treated in a population-dense area had a lower in-
hospital mortality than those treated in a less dense 
area. In-hospital mortality and the number of operators 
per institution were inversely associated. Furthermore, 
PD and door-to-balloon time significantly correlated, 

and a difference was observed in the number of op-
erators per institution rather than the traditional quality 
indicators.

The overall in-hospital mortality of 2.62% after 
PCI for STEMI in our study was comparable with 
that in Western countries. In the NCDR (National 
Cardiovascular Data Registry) CathPCI registry, the 
in-hospital mortality of patients with STEMI treated 
with primary PCI was 4.5% to 5.0% between 2005 
and 2011,1 whereas that in the European Society of 
Cardiology countries ranged from 2.2% to 6.1% in 

Figure 4.  In-hospital mortality in patients with STEMI according to (A) door-to-balloon time, (B) number of patients per 
institution, (C) number of patients per operator, and (D) number of operators per institution.
STEMI indicates ST-segment–elevation myocardial infarction.
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2010 or 2011.2 However, the mortality rate varied from 
2.38% in the highest-PD tertile to 2.88% in the low-
est-PD tertile, and an inverse association was also 
found between the PD and the in-hospital mortality 
after PCI for STEMI in the patient-level analysis. This 
finding is in line with the fact that a greater annual num-
ber of deaths in the lower-PD tertile were registered 
in the population census data with regard to all-cause 
deaths, cardiogenic deaths, and deaths from AMI. 
Meanwhile, patients with STEMI in the lower-PD ad-
ministrative districts had an older mean age than those 
in other districts. Furthermore, the proportion of car-
diovascular risk factors was minimal but significantly 
different among the 3 groups. These differences in 
baseline characteristics might explain the observed 
inverse association between in-hospital mortality and 
PD. Of note, the proportions of cardiopulmonary arrest 
and cardiogenic shock, which are well-known predic-
tors for in-hospital mortality, were greater in patients 
treated in the higher PD than the other areas.

We also assessed the institutional and operator 
volume to clarify the hypothesis that imbalance in in-
stitutional or operator volume could be an underlying 
mechanism of urban-rural difference in in-hospital 
mortality. We confirmed that institutional volume and 
in-hospital mortality had a volume-outcome relation-
ship, conforming to previous reports.15–17 However, 
the institutional volume among the 3 groups had no 
significant differences, suggesting that institutional 
volume per se was not the main reason for the ob-
served inverse association between PD and in-hospi-
tal mortality. Moreover, the operator volume-outcome 
relationship was unclear in the previous report from 
our registry16 and in the British Cardiovascular 
Intervention Society registry,18 but it was significant 
in the Nationwide Inpatient Sample database,15 in 
NCDR,19 and in a large-scale meta-analysis.20 In the 

present analysis, the annual number of patients with 
STEMI per operator was not associated with in-hos-
pital mortality, and it was even lower in the high-PD 
tertile. Taken together, institutional and operator vol-
ume was not the direct reason for the difference in 
in-hospital mortality among PD tertiles. Meanwhile, 
the number of operators per institution was greater in 
higher-PD tertiles than in other tertiles, and it was as-
sociated with a lower in-hospital mortality. Although 
the correlation does not simply imply causation, re-
arrangement of operators between urban and rural 
areas may improve the outcomes in the lower-PD 
administrative districts.

PD had no clear correlation with door-to-balloon 
time. However, patients with AMI in rural areas were 
reportedly associated with a longer onset-to-bal-
loon time than those in urban areas, while time from 
emergency medical service contact-to-balloon time 
was comparable between urban and rural areas.21,22 
Considering that a short onset-to-balloon time was as-
sociated with a lower in-hospital mortality,1,23 a greater 
number of operators per institution in the greater-PD 
administrative districts might help patients with STEMI 
undergo primary PCI in a timely manner, resulting in a 
lower risk of in-hospital mortality. While current guide-
lines for the treatment of STEMI recommend a door-to-
balloon time of ≤ 90 minutes for patients undergoing 
primary PCI, we observed a clear dose-response rela-
tionship between shorter patient-specific door-to-bal-
loon time with lower in-hospital mortality between 60 
and 120 minutes, which was in line with the previous 
reports from the NCDR CathPCI registry.1,24 Additional 
data collection is needed to test whether a more ag-
gressive target of door-to-balloon time of ≤ 60 minutes 
reduce the in-hospital mortality at the population level 
and to clarify the correlation between onset-to-balloon 
time and PD and its impact on clinical outcomes.

Table 3.  Institution and Operator Volumes According to the Tertiles of Population Density

Population Density Overall
Low <951.7  
People/km2

Medium 951.7–4729.7  
People/km2

High ≥4729.7  
People/km2 P Value

No. of patients 209 521 69 797 69 750 69 974

No. of institutions 1126 406 359 361

Annual number of patients with STEMI  
per institution

29.0 (9.60–53.2) 27.6 (9.65–49.0) 27.6 (7.90–55.5) 32.8 (12.2–58.6) 0.13

Annual number (%) of patients with STEMI 
per institution> 36*

478 (42.5) 156 (38.4) 157 (43.7) 165 (45.7) 0.11

No. of operators per institution 7 (4–12) 6 (3–10) 7 (3–13) 8 (5–13) <0.001

No. of operators 7095 2518 2761 2951

Annual number of patients with STEMI  
per operator

3.4 (1.2–7.2) 3.8 (1.4–8.0) 3.4 (1.2–7.0) 3.2 (1.2–6.6) <0.001

Annual number (%) of patients with STEMI 
per operators> 11*

989 (12.0) 353 (14.0) 319 (11.5) 317 (10.7) <0.001

STEMI indicates ST-segment–elevation myocardial infarction.
*Specific cutoff values were chosen according to the ACCF/AHA/SCAI 2013 Update of the Clinical Competence Statement on Coronary Artery Interventional 

Procedures.14
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Limitations
The present study has several important limitations. 
First, given that we registered only PCI procedures 
in the J-PCI registry, patients who manifested STEMI 
but did not undergo PCI were not evaluated. However, 
most patients with STEMI (97.2%) underwent primary 
PCI rather than coronary artery bypass grafting or 
medical therapy in Japan.25 Second, we assessed the 
PD only in the administrative districts with PCI-capable 
centers (n = 92 920 691; 73.1% of the entire Japanese 
population). Patients living in the administrative districts 
without PCI-capable centers would be transferred to 
other administrative districts. However, we could as-
sume that (1) patients with STEMI were transferred to 
the nearest PCI-capable centers and (2) the PD of the 
nearest administrative districts was comparable with 
the patient’s administrative districts according to the 
geographic distribution of PD (Figure 2). Third, we did 
not adjust for common socioeconomic factors that 
could be associated with outcomes and represent im-
portant confounders. Fourth, door-to-balloon time was 
available only in 76.7% of the eligible patients. Fifth, the 
generalizability of our observation to other countries re-
mains uncertain, especially for the analyses of annual 
number of patients with STEMI per operator and per 
institution. Finally, while number of operators per insti-
tution might explain the difference in in-hospital mor-
tality among PD tertiles, the underlying mechanisms 
for the observed difference were largely unknown.

CONCLUSIONS
Marked geographic inequality was observed in in-hos-
pital mortality of patients with STEMI who underwent 
PCI; patients treated in population-dense areas had a 
lower in-hospital mortality than those treated in less 
dense areas. Variation in the number of operators per 
institution, rather than traditional quality indicators (eg, 
door-to-balloon time) might explain the difference in in-
hospital mortality.
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