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BACKGROUND The mortality rate of acute myocardial infarction (AMI) has improved dramatically because of reper-

fusion therapy during the last 40 years; however, recent temporal trends for AMI have not been fully clarified in Japan.

OBJECTIVES The purpose of this study was to elucidate the temporary trend in in-hospital mortality and treatment of

AMI for the last decade in the Tokyo Metropolitan area.

METHODS We enrolled 30,553 patients from the Tokyo Cardiovascular Care Unit Network Registry, diagnosed with AMI

from 2007 to 2016, as part of an ongoing, multicenter, cohort study. We analyzed the temporal trends in basic char-

acteristics, treatment, and in-hospital mortality of AMI.

RESULTS The overall emergency percutaneous coronary intervention (PCI) rate significantly increased (P < 0.001). In

particular, it remarkably increased in patients older than 80 years of age (58.3% to 70.3%, P < 0.001) and patients with

Killip III or IV (Killip III, 46.9% to 65.7%; Killip IV, 65.2% to 76.6%, P < 0.001 for both). The crude and age-adjusted in-

hospital mortality remained low (5.2% to 8.2% and 3.4% to 5.5%, respectively) and significantly decreased during the

decade (P < 0.001). The in-hospital mortality remarkably decreased in patients older than 80 years of age (17.3% to

12.7%, P < 0.001) and in those with cardiogenic shock (38.5% to 27.3%, P < 0.001).

CONCLUSIONS This large cohort study from Tokyo revealed that in-hospital mortality of AMI significantly decreased

with the increase in emergency percutaneous coronary intervention rate over the decade, particularly for high-risk pa-

tients such as older patients and those with cardiogenic shock. (JACC: Asia 2022;2:677–688) © 2022 The Authors.
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ABBR EV I A T I ON S

AND ACRONYMS

AMI = acute myocardial

infarction

CABG = coronary artery bypass

grafting

CAG = coronary angiography

CCU = cardiovascular care unit

D2B = door to balloon

ECMO = extracorporeal

membrane oxygenation

FMC = first medical contact

PCI = percutaneous coronary

intervention

STEMI = ST-segment elevation

myocardial infarction
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A cute myocardial infarction (AMI) re-
mains a major cause of morbidity
and mortality, with approximately

805,000 new attacks and recurrent AMI
every year in the United States, and
decreasing trends in the incidence and mor-
tality of AMI have been reported over the
past decade.1 Although decreasing trends in
the incidence and mortality of AMI have
been reported over the past decade in the
United States and Europe, the temporal
trends of AMI in Japan have not been fully
clarified.1,2

Japan has one of the most advanced aging
populations in the world. According to the
Ministry of Health, Labour and Welfare of
Japan, life expectancy at birth in 2018 was 81.3 and
87.3 years for males and females, respectively.3 Thus,
AMI data from Japan may provide important infor-
mation about the future of other countries.

A few regional Japanese registries have shown that
in-hospital mortality has plateaued in the last
decade.4,5 In contrast, the Tokyo Cardiovascular Care
Unit (CCU) network recently revealed that in-hospital
mortality decreased slightly but significantly during
the last decade using the AMI demographic survey.6

However, detailed data regarding the characteristics
and treatment of patients in that survey have not yet
been analyzed. Thus, the purpose of this study was to
elucidate the temporary trends in in-hospital mor-
tality, emergency percutaneous coronary interven-
tion (PCI), and sex differences among patients with
AMI over the last decade in the Tokyo metropolitan
area.

METHODS

STUDY POPULATION. The Tokyo CCU network data-
base is an ongoing, multicenter, population-based
registry. As described above, the AMI demographic
survey is the all-comer database that includes only
patients’ age, sex, Killip classification, and in-hospital
mortality. In contrast, the Tokyo CCU network data-
base also includes their vital signs, medical history,
cardiovascular risk factors, comorbidities, clinical
course information, outcomes, and complications.7,8

All 73 hospitals participating in the Tokyo CCU
network aim to offer 24 hours/7days a week service
for emergency PCI within 1 hour of the arrival of the
patient at the hospital. Because emergency medical
services in the Tokyo metropolitan area do not have a
pre-hospital electrocardiogram system, all patients
suspected to have emergency cardiovascular diseases
were transported to the nearest of the 73 hospitals
participating in the Tokyo CCU network as promptly
as possible using emergency medical services dis-
patched through the Tokyo Fire Department with the
support of the Tokyo Metropolitan Government.9 The
diagnosis of AMI was based on the fourth universal
definition.10 The World Health Organization moni-
toring cardiovascular disease diagnostic criteria were
permitted when troponin levels were difficult to
assess.11 The management and treatment of AMI were
performed by individual cardiologists in each CCU
based on guidelines set forth by the Japanese Circu-
lation Society, European Society of Cardiology, and
the American College of Cardiology Foundation/
American Heart Association.12-14 Because the Tokyo
CCU network is an urban network comprised of PCI-
capable hospitals in a relatively small area and PCI
can be performed within 120 minutes, in accordance
with the guidelines, primary PCI was recommended
as the invasive treatment of choice. Patients diag-
nosed with AMI in each hospital were prospectively
registered to the Tokyo CCU network registry.
Deducing from the regional distribution of these 73
hospitals, the Tokyo CCU network probably covers
95% of all patients who have had AMI within the
greater Tokyo metropolitan area, which has shown
the uniformity of high hospital performance among
all hospitals.7,15

ETHICAL PRINCIPLES. The study protocol conforms
to the ethical guidelines of the Declaration of Helsinki
and is in line with the Ethical Guidelines for Epide-
miological Research by the Japanese government.
This study was approved by the institutional review
board of the Tokyo CCU Network Scientific Commit-
tee. According to the guidelines, the study satisfied
the conditions for waiving the requirement for
informed consent from individual participants.

STATISTICAL ANALYSIS. To adjust for age distribu-
tion between the time periods, we used the 2010
Japanese population census as the standard popula-
tion and the Tokyo metropolitan population per year
reported by the Tokyo Metropolitan Municipality.16

The significance of trends in the following were
analyzed using the Cochran-Armitage test for cate-
gorical data or the Jonckheere-Terpstra test for
continuous data: age distribution, Killip class distri-
bution, in-hospital mortality, emergency coronary
angiography (CAG), emergency PCI, emergency coro-
nary artery bypass grafting (CABG), time to treat-
ment, mechanical complications, mechanical support
devices, and ventilators. Emergency CAG, PCI, and
CABG were defined as those performed within
24 hours of arrival at the hospital. Analyses were
performed using XLSTAT software version 2017
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(Addinsoft) and SPSS software version 25.0 (IBM). A
value of P < 0.05 was considered statistically
significant.

RESULTS

CLINICAL CHARACTERISTICS. From 2007 to 2016,
30,553 patients with AMI were registered in the
database. The median age was approximately 69
years, and the width of the IQR increased during the
decade (Table 1). Patients with AMI who were older
than 70 years of age accounted for approximately
40% and 70% of men and women, respectively
(Figures 1A and 1B); however, the proportion of these
patients did not increase. Furthermore, female
patients who were older than 90 years of age
accounted for approximately 10% of patients with
AMI, and the temporal trend showed a gradual in-
crease over the last decade (from 6.9% in 2007 to 9.1%
in 2016, P ¼ 0.027). The proportion of patients who
were younger than 55 years old and had AMI also
increased over these years (from 4.3% in 2007 to 7.1%
in 2016, P < 0.001 and from 17.5% in 2007 to 21.6% in
2016, P ¼ 0.043 in men and women, respectively).
The proportion of men was approximately 75% and
increased from 73.4% in 2007 to 76.0% in 2016
(Table 1). The prevalence of cardiovascular risk fac-
tors including hypertension, dyslipidemia, diabetes,
smoking, and hyperuricemia increased significantly
during the decade. Several types of medical histories,
such as those of previous PCI or stroke, showed
increasing trends over time (previous PCI: from 5.0%
in 2009 to 8.9% in 2016 and stroke: 4.2% in 2009 to
6.1% in 2016). Patients with Killip I and IV accounted
for approximately 70% and <10%, respectively, in
both sexes (Table 1, Figures 1C and 1D). The proportion
of Killip IV patients significantly increased each year,
especially among men (from 8.7% in 2007 to 10.6 in
2016, P < 0.001). The same measure did not increase
among women (from 11.0% in 2007 to 10.42% in 2016,
P ¼ 0.121).

TEMPORAL TRENDS IN THERAPEUTIC APPROACH.

The rate of emergency CAG increased from 84.3% in
2007 to 95.9% in 2016 (men), from 76.3% to 91.6%
(women), and from 82.2% to 94.8 (all) (P < 0.001,
respectively) (Figure 2A). The emergency CAG rate in
women was lower than that in men at any year.
Similarly, the rate of emergency PCI also increased
from 74.2% in 2007 to 80.5% in 2016 (men), from
65.0% to 70.9% (women), and from 71.7% to 78.2%
(all) (P < 0.001, respectively) (Figure 2B). The rate in
women was also lower than that in men at any year.
In contrast, the rates of emergency CABG did not
increase and were approximately 5% in both sexes
(Figure 2C). When the patients were divided into 4
age groups, the emergency PCI rates were found to be
increased in all groups (from 77.7% to 83.6%,
P ¼ 0.001 in the <60-year-old age group; from 76.8%
to 81.2%, P < 0.001 in the 60- to 69-year-old
age group; from 81.7% to 76.8%, P < 0.001 in the 70-
to 79-year-old age group; and from 58.3% to 70.3%,
P < 0.001 in the $80-year-old age group)
(Figure 2D-1). The emergency PCI rate drastically
increased in patients aged $80 years. In female pa-
tients aged $80 years, it increased from 55.0% to 69.
0% (Figure 2D-3). Further, it significantly increased
among the patients belonging to Killip classes II, III,
and IV (Killip II: from 64.3% in 2007 to 72.9% in 2016;
Killip III: from 46.2% to 65.7%; and Killip IV: from
65.2% to 76.6%; P < 0.001, respectively) (Figure 2E-1).
The tendency was similar among sexes (Figures 2E-2
and 2E-3). The usage rate of intra-aortic balloon
pumps and/or venoarterial (VA) extracorporeal
membrane oxygenation (ECMO) increased from 21.2%
to 36.2% in patients with Killip class III AMI.
Furthermore, the usage rate of ventilators decreased
in patients with Killip I, II, and IV (Supplemental
Figure 1). Limited to ST-segment elevation myocar-
dial infarction (STEMI) patients, the temporal trends
of emergency PCI rate were divided into 4 age
groups, and Killip classification was similar to that of
AMI patients (Supplemental Figure 2).

TEMPORAL TRENDS OF IN-HOSPITAL MORTALITY.

There were decreasing trends in both crude and age-
adjusted in-hospital mortality among the overall
(crude: from 7.5% to 6.1%, age-adjusted: from 4.13%
to 4.07%), male (crude: 6.2% to 5.5%, age-adjusted:
from 3.7% to 4.0%), and female patient groups
(crude: 11.0% to 7.8%, age-adjusted: from 5.1% to
4.3%) (P < 0.001, all) (Figure 3A, bar and line graphs).
Among STEMI patients, the trends of crude and age-
adjusted in-hospital mortalities decreased and were
similar to those of AMI patients (Supplemental
Figure 3).

Age-specific mortality significantly decreased from
17.3% to 12.7% in older patients aged $80 years
(P < 0.001), from 7.1% to 5.9% in patients aged 70 to
79 years (P ¼ 0.001), and from 4.4% to 3.8% in pa-
tients aged 60 to 69 years (P ¼ 0.001) (Figure 3B-1). In
female patients, the mortality decreased from 20.5%
to 12.5% (Figure 3B-3). Further, the in-hospital mor-
tality significantly decreased in patients with Killip I
(from 2.1% to 2.0%, P ¼ 0.006), Killip II (from 9.4% to
7.2%, P ¼ 0.004), and Killip IV (from 38.5% to 27.2%,
P < 0.001) (Figure 3C-1). In female patients, the mor-
tality in Killip IV significantly decreased from 47.1%
to 33.7% (Figure 3C-3). Similar trends were observed
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TABLE 1 Clinical Characteristics Over Time

2007 (n ¼ 2,096) 2008 (n ¼ 1,832) 2009 (n ¼ 2,094) 2010 (n ¼ 2,744) 2011 (n ¼ 2,809)

Demographics

Age, y 69 (60-78) 68 (59-77) 69 (60-78) 69 (60-78) 69 (60-78)

Male 1,539 (73.4) 1,367 (74.6) 1,558 (74.4) 2,087 (76.1) 2,135 (76.0)

BMI, kg/m2 Not available Not available 23.4 (21.2-25.5) 23.4 (21.3-25.8) 23.5 (21.3-26.0)

STEMI 1,602 (76.4) 1,450 (79.1) 1,428 (68.2) 1,856 (67.6) 1,975 (70.3)

Risk factor

Hypertension Not available Not available 949 (45.3) 1,581 (57.6) 1,652 (58.8)

Diabetes mellitus Not available Not available 494 (23.6) 865 (31.5) 899 (32.0)

Dyslipidemia Not available Not available 654 (31.2) 1,119 (40.8) 1,259 (44.8)

Current smoker Not available Not available Not available Not available Not available

Hyperuricemia Not available Not available 103 (4.9) 97 (3.5) 129 (4.6)

Cardiovascular and renal disease

Previous MI Not available Not available 135 (6.4) 241 (8.8) 259 (9.2)

Previous PCI Not available Not available 105 (5.0) 241 (8.8) 273 (9.7)

Previous CABG Not available Not available 23 (1.1) 50 (1.8) 50 (1.8)

Previous CHF Not available Not available 28 (1.3) 51 (1.9) 38 (1.4)

Previous stroke Not available Not available 88 (4.2) 142 (5.2) 174 (6.2)

Previous PAD Not available Not available 32 (1.5) 82 (3.0) 73 (2.6)

Hemodialysis Not available Not available 22 (1.1) 34 (1.2) 43 (1.5)

Killip classification

n 1,724 1,550 1,753 2,382 2,448

I 1,237 (71.8) 1,138 (73.4) 1,315 (75.0) 1,741 (73.1) 1,844 (75.3)

II 213 (12.4) 191 (12.3) 200 (11.4) 307 (12.9) 264 (10.8)

III 113 (6.6) 108 (7.0) 83 (4.7) 151 (6.3) 162 (6.6)

IV 161 (9.3) 113 (7.3) 155 (8.8) 183 (7.7) 178 (7.3)

TABLE 1 Continued

2012 (n ¼ 3,192) 2013 (n ¼ 3,440) 2014 (n ¼ 4,080) 2015 (n ¼ 4,079) 2016 (n ¼ 4,187) P Value

Demographics

Age, y 69 (59-79) 69 (59-78) 69 (59-79) 69 (59-78) 69 (59-79) 0.035

Male 2,335 (73.2) 2,609 (75.8) 3,088 (75.7) 3,122 (76.5) 3,180 (76.0) 0.009

BMI, kg/m2 23.5 (21.1-25.9) 23.5 (21.3-26.0) 23.4 (21.2-25.9) 23.4 (21.2-26.0) 23.5 (21.3-26.0) 0.736

STEMI 2,234 (70.0) 2,561 (74.4) 3,012 (73.8) 3,134 (76.8) 3,129 (74.7) <0.001

Risk factor

Hypertension 1,813 (56.8) 2,069 (60.1) 2,353 (57.7) 2,484 (60.9) 2,521 (60.2) <0.001

Diabetes mellitus 973 (30.5) 1,043 (30.3) 1,241 (30.4) 1,294 (31.7) 1,304 (31.1) <0.001

Dyslipidemia 1,279 (40.1) 1,386 (40.3) 1,633 (40.0) 1,726 (42.3) 1,780 (42.5) <0.001

Current smoker Not available 774 (24.0) 1,134 (27.9) 1,204 (29.5) 1,185 (28.3) <0.001

Hyperuricemia 164 (5.1) 183 (5.3) 206 (5.0) 240 (5.9) 269 (6.4) <0.001

Cardiovascular and renal disease

Previous MI 274 (8.6) 293 (8.5) 338 (8.2) 328 (8.0) 298 (7.1) 0.238

Previous PCI 278 (8.7) 334 (9.7) 410 (10.0) 425 (10.4) 373 (8.9) <0.001

Previous CABG 44 (1.4) 50 (1.5) 63 (1.5) 48 (1.2) 80 (1.9) 0.612

Previous CHF 70 (2.2) 57 (1.7) 99 (2.4) 79 (1.9) 75 (1.8) 0.091

Previous stroke 177 (5.5) 225 (6.5) 247 (6.1) 274 (6.7) 254 (6.1) <0.001

Previous PAD 99 (3.1) 79 (2.3) 118 (2.9) 97 (2.4) 135 (3.2) 0.050

Hemodialysis 54 (1.7) 50 (1.5) 67 (1.6) 53 (1.3) 71 (1.7) 0.136

Killip classification

n 2,960 3,293 3,954 4,011 4,140

I 2,180 (73.6) 2,446 (74.3) 2,891 (73.1) 2,957 (73.7) 2,999 (72.4) 0.598

II 391 (13.2) 390 (11.8) 488 (12.3) 470 (11.7) 498 (12.0) 0.734

III 138 (4.7) 205 (6.2) 221 (5.6) 179 (4.5) 207 (5.0) <0.001

IV 251 (8.5) 252 (7.7) 354 (9.0) 405 (10.1) 436 (10.5) <0.001

Values are median (IQR) or n (%). P values were tested by Jonckheere-Terpstra trend test for continuous data and Cochran-Armitage trend test for categorical data.

BMI ¼ body mass index; CABG ¼ coronary artery bypass graft; CHF ¼ congestive heart failure; MI ¼ myocardial infarction; PAD ¼ peripheral artery disease;
PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction.
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FIGURE 1 Age and Killip Class Distribution of AMI Patients

(A, B) The temporal trend of age distribution in male and female patients with acute myocardial infarction (AMI), respectively. (C, D) The temporal trend of Killip class

distribution in males and females, respectively.
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in patients with STEMI (Supplemental Figure 4). In
patients with AMI, the incidence of mechanical
complications (ie, free wall rupture, ventricular septal
rupture, or papillary muscle rupture) significantly
decreased from 1.2% to 0.9% during the decade
(P ¼ 0.029) (Supplemental Figure 5).
TRENDS OF TIME TO TREATMENT IN STEMI PATIENTS.

In patients with STEMI who underwent PCI within
24 hours from onset of symptoms, the temporal
trends of onset-to-first medical contact (FMC),
FMC-to-door, door-to-balloon (D2B), and FMC-to-
balloon time did not decrease during the decade
(from 42.0 [IQR: 18.0-119.0] minutes in 2007 to 33.5
[IQR: 11.0-110.0] minutes in 2016, from 34.0 [IQR:
27.3-42.0] minutes to 33.0 [IQR: 28.0-48.0] minutes,
from 68.0 [IQR: 49.0-103.0] minutes to 65.0 [IQR:
46.0-91.0] minutes, and from 101.0 [IQR: 80.0-132.0]
minutes to 98.0 [IQR: 80.0-125.5] minutes, respec-
tively) (Figures 4A and 4B). The trends were similar
in both sexes (Supplemental Figures 6A and 6B).

https://doi.org/10.1016/j.jacasi.2022.06.005
https://doi.org/10.1016/j.jacasi.2022.06.005
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FIGURE 2 Temporal Trends of Emergency PCI, Emergency CAG, and CABG

(A to C) The temporal trend of emergency percutaneous coronary intervention (PCI), emergency coronary angiography (CAG), and coronary artery bypass grafting

(CABG), respectively. (D) The temporal trends of emergency PCI rates classified by 4 age groups. (E) The temporal trends of emergency PCI rates according to Killip

classification. y.o. ¼ years old.
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The proportion of patients achieving D2B
time <60 minutes and FMC-to-balloon time
<90 minutes also did not increase during the decade
(Supplemental Figures 6C and 6D). However, when
all STEMI patients who underwent PCI within 24
hours of onset were categorized according to Killip
classification in all years, the longer D2B time and
FMC-to-balloon time tended to increase with higher
Killip classes (D2B: from 62 [IQR: 43-88] minutes in
Killip I to 77 [IQR: 52-111] minutes in Killip IV; FMC-
to balloon: from 96 [IQR: 77-123] minutes to 113 [IQR:
86-146] minutes) (Figures 4C and 4D). Regarding the
association of in-hospital mortality with D2B time
and FMC-to-balloon, D2B time and FMC-to-balloon
time showed a significant positive association with
in-hospital mortality in Killip IV patients (Figures 4E
and 4F). In-hospital mortality in patients with Killip
IV significantly increased with D2B time (from 21.3%
in <45 minutes to 32.0% in >90 minutes) and
FMC-to-balloon time (from 18.4% to 31.3%).
Furthermore, the D2B and FMC-to-balloon times
tended to be associated with in-hospital mortality
in patients older than 60 years of age (Figures 4G
and 4H).

https://doi.org/10.1016/j.jacasi.2022.06.005


FIGURE 3 Temporal Trends of In-Hospital Mortality

(A) The temporal trends of crude and age-adjusted in-hospital mortality (A-1, all; A-2, male; A-3, female). The crude in-hospital mortality showed decreasing trends in

the overall, male, and female (all; P < 0.001). The age-adjusted in-hospital mortality also showed decreasing trends in the overall (black), male (blue), and female

(red) (all; P < 0.001). (B) The temporal trends of age-specific in-hospital mortality in all (B-1), male (B-2), and female (B-3). (C) The temporal trends of in-hospital

mortality classified by Killip class in all (C-1), male (C-2), and female (C-3).

J A C C : A S I A , V O L . 2 , N O . 6 , 2 0 2 2 Miyachi et al
N O V E M B E R 2 0 2 2 : 6 7 7 – 6 8 8 10-Year AMI Mortality and Treatment in Tokyo

683
In particular, in-hospital mortality in patients aged
80 years or older increased with D2B time (from 10.1%
in <45 minutes to 14.9% in >90 minutes) and FMC-to-
balloon time (from 3.3% to 13.4%), but the difference
was not significant.

DISCUSSION

Several important findings were obtained from this
large contemporary observational study regarding
in-hospital mortality and invasive therapy for pa-
tients with AMI in the Tokyo metropolitan area. First,
the frequency of invasive procedures has significantly
increased over the last decade. Emergency PCI
remarkably increased among female patients who
were older than 80 years of age, and in those with
acute pulmonary edema or cardiogenic shock.
Second, although the crude and age-adjusted in-
hospital mortalities were already low, mortality
further decreased gradually. In-hospital mortality



FIGURE 4 Temporal Trends of Time to Treatment in Patients With STEMI

Continued on the next page
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remarkably decreased in older patients (aged $80
years) and in those with cardiogenic shock (Killip IV)
(Central Illustration). Third, although temporal trends
for time to treatment did not improve among patients
with STEMI who underwent emergency PCI, the D2B
time and FMC-to-balloon time among patients with
STEMI and in those with cardiogenic shock and/or
older than 60 years of age were strongly related to in-
hospital mortality.

Similar to a previous Swedish study, the present
study revealed that the prevalence of cardiovascular
risk factors, increasing hypertension, dyslipidemia,
diabetes, smoking, and hyperuricemia, increased
significantly throughout the decade (Table 1).2 Hence,
prevention and strict management of cardiovascular
risk factors are necessary.

In a previous study, we revealed that age-adjusted
hospitalized AMI numbers were unchanged, and age-
adjusted in-hospital mortality decreased slightly
during the decade, consistent with the results of the
present study.6 In this study, we elucidated the
remarkable decrease in in-hospital mortality of pa-
tients with AMI among older patients and in those
with cardiogenic shock and the inverse relation to the
rate of emergency PCI. However, multiple studies
have reported an upward trend in primary PCI in
older patients with STEMI.17-21 This global upward
trend in the use of PCI in older patients with AMI is
associated with the evolution of PCI devices and the
advancement of operator skills. Current guidelines
recommend a primary PCI strategy in all patients with
symptoms of ischemia of <12-hour duration and
persistent ST-segment elevation independent of age
and/or severity.13,22 In Japan, as more patients enter
advanced age without frailty and as increases in the
average life expectancy are observed, operators tend
to perform PCI without hesitation in older patients
compared to the previous decade.23 This study
revealed that adherence to guideline-recommended
therapy, such as emergency PCI, is increasing over
time, but it is still suboptimal in the course of treat-
ment. Similarly, previous studies have also revealed
FIGURE 4 Continued

(A) The temporal trends of onset-to-first medical contact (FMC) (green li

FMC-to-balloon time (blue line) in all patients with ST-segment elevatio

all years. (C, D) The time to treatment and time course according to the K

mortality with D2B and FMC-to-balloon times according to four Killip c
that guideline-recommended therapy was suboptimal
in older patients.20,24

Among many attempts to reduce mortality in
cardiogenic shock, early revascularization was the
only method with proven efficacy in randomized
clinical trials.25 The SHOCK (Should We Emergently
Revascularize Occluded Coronaries for Cardiogenic
Shock) registry, which included 277 patients >75
years of age, showed that selected elderly patients
had a lower 30-day mortality with early revasculari-
zation vs medical stabilization (which included
delayed revascularization) with an adjusted odds
ratio of 0.46 (95% CI: 0.28-0.75).26,27 In this study, the
age-specific in-hospital mortality of Killip IV patients
decreased during the decade, and the rate of emer-
gency PCI in these patients remarkably increased.
Thus, emergency PCI in Killip IV patients may
contribute to the decrease in mechanical complica-
tions and in-hospital mortality.

Reperfusion time is also especially important for
survival in patients with cardiogenic shock compared
with those who were hemodynamically stable. How-
ever, this study did not reveal a significant improve-
ment in time to treatment for patients with STEMI.
Similarly, the American Heart Association Mission:
Lifeline STEMI System Accelerator project did not
observe improvements in the FMC-to-device times
for patients directly presenting with cardiogenic
shock.28 The increased use of emergency PCI in older
and Killip IV patients may have prolonged the time to
treatment because those patients often have complex
lesions and require mechanical support devices for
hemodynamic stability. The present study showed
that D2B and FMC-to-balloon times were associated
with in-hospital mortality in Killip IV and older pa-
tients. In a previous study, we revealed that the
combined use of VA-ECMO and intra-aortic balloon
pump was associated with better neurological out-
comes in patients in acute coronary syndrome after
the return of spontaneous circulation than was
VA-ECMO alone.29 Therefore, when clinicians treat
older STEMI patients and/or those with cardiogenic
ne), FMC-to-door (yellow line), door to balloon (D2B) (red line), and

n myocardial infarction (STEMI). (B) The time course of treatment in

illip classification, respectively. (E to H) The association of in-hospital
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The crude and age-adjusted in-hospital mortality of acute myocardial infarction (AMI) tended to decrease during the last decade in both sexes. The in-hospital

mortality of AMI to high-risk patients such as older and Killip IV significantly decreased over time with the increase of emergency percutaneous coronary intervention

(PCI) rate.
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shock, they must provide mechanical circulatory
support devices and/or administer vasopressors and
perform emergency PCI as soon as possible.

STUDY LIMITATIONS. First, this is a nonrandomized
and observational study; therefore, it is impossible to
prove causality. Furthermore, the association in the
trends of in-hospital mortality and PCI rate may be
affected by confounders. Second, selection bias
should be considered. Low-risk patients with AMI
that were admitted to a general ward or a part of
patients with non-STEMI may have been excluded.
Because the ratio of STEMI was extremely high at any
year in this study, which was 70% to 80% (Table 1),
the results of the present study might have been
strongly influenced by STEMI. Third, important in-
formation such as medical therapy, left ventricular
ejection fraction, and long-term mortality was not
assessed. Fourth, geographical factors and/or socio-
demographic factors, including income and educa-
tional situation, were not considered in the present
study. Finally, this study was based on data from
2007 to 2016 and might not reflect the latest results.

CONCLUSIONS

This study shows that in-hospital AMI mortality has
been decreasing with the increasing rate of



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: This study

revealed the decreasing tendency of in-hospital mortality among

patients with AMI and the increasing rate of emergency PCI, even

from 2017 to 2016, particular among older patients and patients

with cardiogenic shock.

TRANSLATIONAL OUTLOOK: Further studies are warranted

to certify the effectiveness of emergency PCI for Asian patients

at high risk for AMI, such as older patients and those with

cardiogenic shock.
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emergency PCI, particularly in older patients and in
those with cardiogenic shock. Furthermore, shorter
D2B and FMC-to-balloon times in patients with
STEMI, cardiogenic shock, and those older than 60
years of age were associated with lower in-hospital
mortality rates. Thus, the increase in emergency PCI
performed on such patients may correlate with
favorable early outcomes. Further improvements in
adherence to guideline-recommended therapy and
reductions in time to treatment are required to
improve outcomes.
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