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bDepartment of Cardiology, Keio University School of Medicine, Tokyo, Japan
cDepartment of Cardiology, Japanese Red Cross Ashikaga Hospital, Ashikaga, Japan
dDepartment of Cardiology, Aichi Medical University, Nagakute, Japan
eDepartment of Cardiovascular Medicine, Juntendo University Shizuoka Hospital, Izunokuni, Japan
fDepartment of Cardiovascular Medicine, Gunma University Graduate School of Medicine
gDepartment of Healthcare Quality Assessment, The University of Tokyo Graduate School of Medicine, Tokyo Japan
hDepartment of Cardiology, Tokai University School of Medicine, Kanagawa, Japan

Summary
Background Coronavirus disease 2019 (COVID-19) has negatively affected access to healthcare systems and treat-
ment timelines. This study was designed to explore the impact of the COVID-19 pandemic on patients who under-
went percutaneous coronary intervention (PCI).

Methods From January 2019 to December 2020, 489,001 patients from 1068 institutions were registered in the
Japanese nationwide PCI (J-PCI) registry. We constructed generalized linear models to assess the difference in the
daily number of patients and in-hospital outcomes between 2019 and 2020.

Findings In total, 207 institutions (19¢3%) had closed or restricted access during the first COVID-19 outbreak in May
2020; the number of closed or restricted institutions had plateaued at a median of 121 institutions (11¢3%). The daily
case volume of PCI significantly decreased in 2020 (by 6¢7% compared with that in 2019; 95% confidence interval
[CI], 6¢2−7¢2%; p < 0¢001). Marked differences in the presentation of PCI patients were observed; more patients
presented with ST-segment elevation myocardial infarction (18¢3% vs. 17¢5%; p < 0¢001), acute heart failure (4¢49%
vs. 4¢30%; p = 0¢001), cardiogenic shock (3¢79% vs. 3¢45%; p < 0¢001), and cardiopulmonary arrest (2¢12% vs.
2¢00%; p = 0¢002) in 2020. The excess adjusted in-hospital mortality rate in patients treated in 2020 relative to
those treated in 2019 was significant (adjusted odds ratio, 1¢054; 95% CI, 1¢004−1¢107; p = 0¢03).

Interpretation While the number of patients who underwent PCI substantially decreased during the COVID-19
pandemic, more patients presented with high-risk characteristics and were associated with significantly higher
adjusted in-hospital mortality.

Funding The J-PCI registry is a registry led and supported by the Japanese Association of Cardiovascular Interven-
tion and Therapeutics. The present study was supported by the Grant-in-Aid from the Ministry of Health and Labour
(No. 20IA2002 and 21FA1015), the Grants-in-Aid for Scientific Research from the Japan Society for the Promotion of
Science (KAKENHI; No. 21K08064), and the Japan Agency for Medical Research and Development (No.
17ek0210097h000).
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Introduction
Coronavirus disease 2019 (COVID-19) presents a global
health threat and has caused substantial mortality.1

Many countries have imposed restrictions based on
social distancing and movement, with the aim of miti-
gating and managing the spread of COVID-19. In
2020, the Japanese government declared a ‘State of
Emergency’ for major metropolitan areas on April 7 and
subsequently expanded the declaration to a nationwide
level on April 16. As the number of confirmed COVID-
19 patients increased, some major cardiovascular cen-
ters were mandated to reserve their emergency and
acute medical service capacity for an increasing number
of critically ill patients with COVID-19. This has neces-
sitated the need for restructuring of resources to meet
those needs.

For patients with cardiovascular diseases, particu-
larly those with acute coronary syndrome, timely treat-
ment reduces mortality and related complications.
The most common form of coronary revascularization
is percutaneous coronary intervention (PCI) with

approximately 250,000 procedures undertaken in Japan
annually.2 Previous surveys have indicated that more
than half of the members of the Japanese Association of
Cardiovascular Intervention and Therapeutics (CVIT)
reported postponing PCI procedures during the
pandemic.3,4 Understanding the consequences of the
COVID-19 pandemic on public health and future plan-
ning in terms of PCI is crucial because PCI requires
accurate triaging and timely application. COVID-19 has
influenced the ways in which patients with cardiovascu-
lar diseases interact with healthcare services; studies
have reported decreases in admissions and diagnosis of
health conditions.5−11 However, these studies that char-
acterized cardiovascular practice patterns remain lim-
ited to a local or regional level; there is a lack of data on
activity and outcomes for PCI surrounding the impact
of COVID-19 from a national perspective. Furthermore,
the reports are limited to demonstrating reductions
in the procedural volume during the pandemic, and
longer-term assessment (e.g., year-round) remains
unknown.

This study was designed to investigate the impact of
COVID-19 pandemic on activity and postprocedural out-
comes of PCI on Japanese population and estimate the
effects of various political and social restrictions on the
PCI practice pattern.

Methods

Japanese percutaneous coronary intervention (J-PCI)
registry
The J-PCI registry is an ongoing prospective multicen-
ter nationwide PCI registry maintained by CVIT.12,13 It
has been incorporated into the National Clinical Data
(NCD), a Japanese nationwide prospective web-based
registry linked to medical and surgical board certifica-
tion. Inclusion criteria for the registration of J-PCI were
any patients who underwent PCI, irrespective of their
indications. The primary aim of this study is to assess
descriptive analyses; and the primary clinical outcome
measure was in-hospital mortality, which was defined
as death either until discharge or within 30 days after
PCI for patients with prolonged hospitalization. ST-seg-
ment elevation myocardial infarction (STEMI) was
defined as acute myocardial infarction with ST-segment
elevation on two or more contiguous 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 myo-
cardial infarction on a 12-lead electrocardiogram accom-
panied by elevated cardiac biomarkers. Elevated cardiac
biomarkers were defined as elevated creatine kinase or
creatine kinase myocardial band levels (two-fold higher
than the normal values) or elevated troponin levels (≥
99th percentile). Other detail definitions of patient
background, clinical presentation, and angiographic
and procedural details are available at the J-PCI registry

Research in context

Evidence before this study

Coronavirus disease 2019 (COVID-19) presents a global
health threat and has caused substantial mortality. The
number of hospital admissions for acute coronary syn-
drome decreased during the COVID-19 pandemic, while
patients with STEMI did not undergo primary PCI in a
timely manner. Excess deaths in 2020 substantially
exceeded the reported deaths from COVID-19 worldwide.

Added value of this study

The most significant decrease in PCI volumes both for
overall patients and those with ST-segment elevation
myocardial infarction occurred during the first wave of
COVID-19 outbreak and coincided with an increased in
mortality. Yet, this was the least severe of the COVID-19
waves as judged by the number of cases.

Statistically significant differences in the presenta-
tion pattern of PCI patients were observed; higher pro-
portion of patients presented with STEMI, acute heart
failure, cardiogenic shock, and cardiopulmonary arrest.

Adjusted in-hospital mortality was significantly
higher in patients treated in 2020 than those treated in
2019, while the adjusted in-hospital mortality for STEMI
patients was similar between 2019 and 2020.

Implications of all the available evidence

We observed the substantial decrease in the number of
patients who underwent PCI and corresponding
increase in adjusted in-hospital mortality during the
COVID-19 pandemic. Careful monitoring of cardiovascu-
lar mortality is warranted to assess the true impact of
COVID-19.
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website (http://cvit.jp/registry/jpci_definition.pdf). The
J-PCI registry 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). The requirement
for written informed consent was waived due to the
cross-sectional retrospective study design.

COVID-19
In Japan, the first COVID-19 patient was reported on
January 15, 2020. As of December 31, 2020, 239,192
COVID-19 patients had been reported, and 3,501
COVID-19 patients died. In 2020, there were three
waves of COVID-19 outbreak (Figure 1). In response to
the first rapid spread of COVID-19 patients and their
mortality, a ‘State of Emergency’ had been declared
from April 07 to May 25. The details of a ‘State of
Emergency’ are shown in Online Methods and Online
Figure 1. On a per prefecture basis, the daily numbers
of COVID-19 patients and deaths from COVID-19 were
obtained from the COVID-19 portal website (https://

covid19japan.com/ accessed on May 10, 2021). These
data are based on national and prefectural government
reports in Japan; original data sources included the Min-
istry of Health, Labour, and Welfare and reports from
prefectural/city government offices. The data were used
under the non-commercial public use clause under the
Creative Commons by Attribution Non-Commercial 4¢0
International License.

Status of participating institutions
Using the Gathering Medical Information System (G-
MIS), the daily status of institutions was surveyed by
the Ministry of Health, Labour, and Welfare, and was
reported from May 18, 2020 as regular, restricted,
closed, or not reported for outpatient care, emergency
care, inpatient care, dialysis, and chemotherapy depart-
ments. We obtained the data on the daily status of insti-
tutions from the Cabinet Secretariat portal website
(https://corona.go.jp/dashboard/ accessed on April 17,
2021). We classified institutions as closed when at least
one of the departments among outpatient care, emer-
gency care, and inpatient care departments was reported
to be closed, and we classified institutions as restricted

Figure 1. The daily number of newly reported coronavirus disease 2019 (COVID-19) patients and the daily number of deaths from
COVID-19.

The blue line indicates the 7-day average of daily numbers.
COVID-19, coronavirus disease 2019.
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when any department among outpatient care, emer-
gency care, and inpatient care departments was reported
to be restricted.

Statistical analysis
Categorical variables, which were presented as numbers
with relative percentages, were compared using the chi-
square test, whereas continuous variables, which were
expressed as mean § standard deviation, were com-
pared using Student’s t-test. We developed generalized
linear models to assess the difference in the daily num-
ber of patients between 2019 and 2020 under the
assumption that the daily number of patients follows a
Poisson distribution with log link function. Since off
days (i.e., Saturday, Sunday, and national holidays) are
associated with the daily number of patients and in-hos-
pital mortality, we included a presentation on off days
in all models as an explanatory variable. To assess the
difference in the number of PCI procedures per institu-
tion and per prefecture between 2019 and 2020, we
used univariate linear regression models in which inter-
cepts were set to zero. We constructed logistic regres-
sion models to calculate odds ratios (ORs) and their
95% confidence intervals (95% CIs) for the risk of in-
hospital mortality between patients treated in 2019 and
those treated in 2020. To account for differences in
patient characteristics, all clinical variables listed in
Table 1 in addition to off days were simultaneously
included in the multivariable models as explanatory var-
iables. In case of missing values, we excluded the
patients from the multivariable models. To clarify
whether there were regional disparities of the impact of
COVID-19, we divided prefectures into three groups
according to the percent COVID-19 cases (total reported
number of COVID-19 cases until December 31, 2021)
per population as a sensitivity analysis (Online Figure
2). Two-sided p-values of less than 0¢05 were used to
denote statistical significance. All data were analyzed
using the R statistical software version 4¢0¢2 (R Founda-
tion for Statistical Computing, Vienna, Austria).

Role of the funding source
The funders had no role in study design, data collection,
data analysis, interpretation, and writing of the report.

Results

Overall PCI volume
From January 2019 to December 2020, 492,717 conse-
cutive patients undergoing PCI in 1159 institutions
were registered in the J-PCI registry. Among them, we
excluded 3716 patients from the institute in which PCI
was registered only in one years in either 2019 or 2020
(2019: 1033 patients from 28 institutions; 2020: 2683
patients from 46 institutions). In the final analysis, we

included 489,001 patients from 1068 institutions in
which at least one patient was registered in both 2019
and 2020.

The total number of patients who underwent PCI
decreased from 252,194 in 2019 to 236,807 in 2020.
From 2019 to 2020, the daily number of patients
decreased significantly by 6¢7% (95% CI, 6¢2−7¢2%;
p < 0¢001), mainly during the first wave of COVID-19
outbreak (April: 20¢7%, 95% CI 19¢1−22¢2%,
p < 0¢001; May: 25¢2%, 95% CI 23¢6−26¢8%,
p < 0¢001) (Figure 2A). Moreover, the daily number of
patients who underwent PCI for STEMI significantly
decreased by 2¢3% (95% CI, 1¢0−3¢6%; p < 0¢001). We
observed a significant decrease in the number of
patients with STEMI who underwent PCI during the
first wave of COVID-19 outbreak (April: 15¢0%, 95% CI
10¢8−19¢0%, p < 0¢001; May: 9¢7%, 95% CI 5¢3
−13¢9%, p < 0¢001) (Figure 2B).

Percent COVID-19 cases per population varied
widely among prefectures from 0¢015% (Akita prefec-
ture) to 0¢454% (Tokyo prefecture). We divided prefec-
tures into three groups according to the percent
COVID-19 cases per population (> 0¢229%, 5 prefec-
tures, 171,347 patients; 0¢120% to 0¢229%, 9 prefec-
tures, 160,002 patients; and ≤0¢120%, 33 prefectures,
157,652 patients) (Online Figure 2). The daily number
of patients who underwent PCI during the first wave of
COVID-19 outbreak decreased to a similar extent in
each group (Online Figure 3).

Scattered plots for the number of overall patients and
patients with STEMI between 2019 and 2020 showed
that the PCI volume decreased, irrespective of institu-
tional and prefectural volumes (Online Figure 4).

Institutional status
The daily status of 1068 institutions is shown in Online
Figure 5 (since the survey was performed after May 18,
the maximal number of closed or restricted institutions
before or during the first wave of COVID-19 outbreak
was not captured). We confirmed that at least 207 insti-
tutions (19¢3%) were closed or restricted during the first
wave of COVID-19 outbreak. The number of closed or
restricted institutions decreased after the first wave of
COVID-19 outbreak but plateaued after June (median:
121 institutions [11¢3%]). Slight increases in the number
of closed or restricted institutions were observed during
the second and third waves of COVID-19 outbreak (sec-
ond wave: 142 institutions [13¢2%] on August 17; third
wave: 146 institutions [13¢6%] on December 17).

Patient characteristics
Patient characteristics differed significantly between
patients treated in 2019 and those treated in 2020
(Table 1). While the observed difference was numeri-
cally minimal for most of the variables, patients treated
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2020 (N = 236,807) 2019
(N = 252,194)

P value
(2020 versus
2019)Overall During the declaration

of a ‘State of Emergency’
(N = 19,603)

Not during the
declaration of a ‘State
of Emergency’
(N = 217,204)

P value
(during versus
not during)

Age, year* 71¢2 § 11¢3 71¢0§ 11¢4 71¢2§ 11¢3 0¢02 71¢0§ 11¢2 <0¢001
Male* 181,131 (76¢5%) 15,092 (77¢0%) 166,039 (76¢4%) 0¢09 192,866 (76¢5%) 0¢91
Hypertension* 179,265 (75¢7%) 14,802 (75¢5%) 164,463 (75¢7%) 0¢52 189,538 (75¢2%) <0¢001
Hyperlipidemia* 159,040 (67¢2%) 13,079 (66¢7%) 145,961 (67¢2%) 0¢17 166,699 (66¢1%) <0¢001
Diabetes* 107,180 (45¢3%) 8972 (45¢8%) 98,208 (45¢2%) 0¢14 112,240 (44¢5%) <0¢001
Smoker* 71,749 (30¢3%) 6188 (31¢6%) 65,561 (30¢2%) <0¢001 75,744 (30¢0%) 0¢04
Renal failure* 55,370 (23¢4%) 4529 (23¢1%) 50,841 (23¢4%) 0¢34 53,675 (21¢3%) <0¢001
Dialysis* 17,272 (7¢29%) 1,481 (7¢55%) 15,791 (7¢27%) 0¢15 17,396 (6¢90%) <0¢001
Prior percutaneous coronary intervention* 106,176 (45¢6%) 8,461 (44¢1%) 97,715 (45¢7%) <0¢001 113,351 (45¢6%) 0¢63
Prior coronary artery bypass grafting* 7,889 (3¢39%) 639 (3¢33%) 7,250 (3¢39%) 0¢68 8,209 (3¢30%) 0¢12
Prior heart failure* 37,340 (16¢1%) 3,260 (17¢1%) 34,080 (16¢0%) <0¢001 37,424 (15¢2%) <0¢001
Prior myocardial infarction* 53,067 (22¢9%) 4,269 (22¢4%) 48,798 (22¢9%) 0¢10 55,322 (22¢4%) <0¢001
Chronic obstructive pulmonary disease* 7,272 (3¢07%) 619 (3¢16%) 6653 (3¢06%) 0¢48 6630 (2¢63%) <0¢001
Peripheral vascular disease* 19,320 (8¢16%) 1679 (8¢57%) 17,641 (8¢12%) 0¢03 19,632 (7¢78%) <0¢001
Cardiopulmonary arrest* 4935 (2¢12%) 403 (2¢11%) 4532 (2¢12%) 0¢91 4939 (2¢00%) 0¢002
Cardiogenic shock* 8808 (3¢79%) 749 (3¢92%) 8059 (3¢78%) 0¢33 8547 (3¢45%) <0¢001
Heart failure at presentation* 10,435 (4¢49%) 931 (4¢88%) 9504 (4¢46%) 0¢008 10,635 (4¢30%) 0¢001
Clinical presentation <0¢001 <0¢001
ST-segment elevation myocardial infarction 43,314 (18¢3%) 3758 (19¢2%) 39,556 (18¢2%) 44,172 (17¢5%)

Non-ST-segment elevation myocardial infarction 15,320 (6¢47%) 1388 (7¢08%) 13,932 (6¢41%) 14,651 (5¢81%)

Unstable angina pectoris 32,787 (13¢8%) 2922 (14¢9%) 29,865 (13¢7%) 35,794 (14¢2%)

Stable coronary artery disease 145,386 (61¢4%) 11,535 (58¢8%) 133,851 (61¢6%) 157,577 (62¢5%)

Extent of coronary artery disease 0¢21 <0¢001
Single-vessel disease 147,629 (62¢3%) 12,092 (61¢7%) 135,537 (62¢4%) 159,193 (63¢1%)

Double-vessel disease 54,950 (23¢2%) 4613 (23¢5%) 50,337 (23¢2%) 57,503 (22¢8%)

Triple-vessel disease 24,668 (10¢4%) 2104 (10¢7%) 22,564 (10¢4%) 25,674 (10¢2%)

Left main disease 9560 (4¢04%) 794 (4¢05%) 8766 (4¢04%) 9824 (3¢90%)

Lesion location

Right coronary artery 78,121 (33¢0%) 6370 (32¢5%) 71,751 (33¢0%) 0¢13 83,427 (33¢1%) 0¢50
Left anterior descending or left main coronary artery 127,073 (53¢7%) 10,633 (54¢2%) 116,440 (53¢6%) 0¢09 134,502 (53¢3%) 0¢02
Left circumflex coronary artery 57,193 (24¢2%) 4813 (24¢6%) 52,380 (24¢1%) 0¢17 61,512 (24¢4%) 0¢052
Bypass graft 986 (0¢416%) 93 (0¢474%) 893 (0¢411%) 0¢21 989 (0¢392%) 0¢19

Table 1 (Continued)
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2020 (N = 236,807) 2019
(N = 252,194)

P value
(2020 versus
2019)Overall During the declaration

of a ‘State of Emergency’
(N = 19,603)

Not during the
declaration of a ‘State
of Emergency’
(N = 217,204)

P value
(during versus
not during)

In-hospital outcomes

Death 4588 (1¢94%) 393 (2¢00%) 4195 (1¢93%) 0¢49 4364 (1¢73%) <0¢001
Procedure related cardiac death 341 (0¢144%) 32 (0¢163%) 309 (0¢142%) 0¢52 324 (0¢128%) 0¢15
Non-procedure related cardiac death 3370 (1¢42%) 285 (1¢45%) 3085 (1¢42%) 0¢73 3178 (1¢26%) <0¢001
Non-cardiac death 877 (0¢370%) 76 (0¢388%) 801 (0¢369%) 0¢72 862 (0¢342%) 0¢10
Myocardial infarction 1375 (0¢581%) 105 (0¢536%) 1270 (0¢585%) 0¢41 1341 (0¢532%) 0¢02
Bleeding 935 (0¢395%) 74 (0¢377%) 861 (0¢396%) 0¢73 891 (0¢353%) 0¢02
Access site 504 (0¢213%) 38 (0¢194%) 466 (0¢215%) 0¢60 494 (0¢196%) 0¢20
Non-access site 447 (0¢189%) 37 (0¢189%) 410 (0¢189%) 1¢00 415 (0¢165%) 0¢047
Tamponade 349 (0¢147%) 28 (0¢143%) 321 (0¢148%) 0¢94 403 (0¢160%) 0¢28
Cardiogenic shock 2287 (0¢966%) 178 (0¢908%) 2109 (0¢971%) 0¢41 2166 (0¢859%) <0¢001
Stent thrombosis 348 (0¢147%) 28 (0¢143%) 320 (0¢147%) 0¢95 380 (0¢151%) 0¢76
Emergent surgery 184 (0¢0777%) 15 (0¢0765%) 169 (0¢0778%) 1¢00 245 (0¢0971%) 0¢02

Table 1: Patient characteristics in overall patients.
Categorical variables were compared using the chi-square test, whereas continuous variables were compared using Student's t-test.
Values were missing for prior percutaneous coronary intervention in 7451 patients; prior coronary artery bypass grafting in 7639 patients; prior heart failure in 10664 patients; prior myocardial infarction in 9885 patients; cardio-

pulmonary arrest in 9058 patients; cardiogenic shock in 9189 patients; and heart failure at presentation in 9334 patients.

* variables included in the multivariable logistic regression models.
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in 2020 more often presented with STEMI (18¢3% vs.
17¢5%; p < 0¢001) than those treated in 2019. Moreover,
patients treated in 2020 more often presented with car-
diopulmonary arrest (2¢12% vs. 2¢00%; p = 0¢002), car-
diogenic shock (3¢79% vs. 3¢45%; p < 0¢001), and heart
failure (4¢49% vs. 4¢30%; p = 0¢001). The higher preva-
lence rates of acute myocardial infarction and heart

failure were particularly profound during the declara-
tion of a ‘State of Emergency’.

Patients who underwent PCI for STEMI in 2020
more often had comorbidities, such as hyperlipidemia,
diabetes, and renal failure, and more often had a history
of PCI, heart failure, and myocardial infarction than
those treated in 2019 (Table 2). In patients who

Figure 2. Ratios between 2019 and 2020 for the daily number of patients who underwent percutaneous coronary intervention (PCI)
in the overall patients (A) and patients with ST-segment elevation myocardial infarction (STEMI) (B).

In the upper panel, the horizontal lines indicate ratios, whereas the vertical lines indicate their 95% confidence intervals. In the
lower panel, the daily numbers of overall patients who underwent PCI in 2019 and 2020 are shown. A presentation on off days (i.e.,
Saturday, Sunday, and national holidays) was included in the models as an explanatory variable.

PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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2020 (N = 43,314) 2019
(N = 44,172)

P value (2020
versus 2019)

Overall During the declaration
of a ‘State of Emergency’
(N = 3758)

Not during the
declaration of a
‘State of Emergency’
(N = 39,556)

P value
(during versus
not during)

Age, year 69¢6 § 13¢0 69¢4 § 12¢9 69¢7 § 13¢0 0¢20 69¢5§ 13¢0 0¢09
Male 32,649 (75¢4%) 2839 (75¢5%) 29,810 (75¢4%) 0¢82 33,502 (75¢8%) 0¢11
Hypertension 29,225 (67¢5%) 2573 (68¢5%) 26,652 (67¢4%) 0¢18 29,741 (67¢3%) 0¢66
Hyperlipidemia 25,312 (58¢4%) 2240 (59¢6%) 23,072 (58¢3%) 0¢13 25,449 (57¢6%) 0¢01
Diabetes 15,503 (35¢8%) 1371 (36¢5%) 14,132 (35¢7%) 0¢37 15,486 (35¢1%) 0¢02
Smoker 16,368 (37¢8%) 1478 (39¢3%) 14,890 (37¢6%) 0¢04 16,653 (37¢7%) 0¢79
Renal failure 7870 (18¢2%) 677 (18¢0%) 7193 (18¢2%) 0¢81 7204 (16¢3%) <0¢001
Dialysis 977 (2¢26%) 101 (2¢69%) 876 (2¢21%) 0¢07 957 (2¢17%) 0¢38
Prior percutaneous coronary intervention 5993 (13¢9%) 527 (14¢1%) 5466 (13¢9%) 0¢76 5849 (13¢3%) 0¢01
Prior coronary artery bypass grafting 427 (0¢990%) 37 (0¢990%) 390 (0¢990%) 1¢00 383 (0¢872%) 0¢07
Prior heart failure 2787 (6¢52%) 258 (6¢97%) 2529 (6¢48%) 0¢27 2643 (6¢07%) 0¢007
Prior myocardial infarction 4570 (10¢6%) 422 (11¢3%) 4148 (10¢6%) 0¢16 4333 (9¢92%) <0¢001
Chronic obstructive pulmonary disease 1146 (2¢65%) 107 (2¢85%) 1039 (2¢63%) 0¢45 1016 (2¢30%) 0¢001
Peripheral vascular disease 1432 (3¢31%) 136 (3¢62%) 1296 (3¢28%) 0¢28 1327 (3¢00%) 0¢01
Cardiopulmonary arrest 2997 (6¢97%) 245 (6¢58%) 2752 (7¢00%) 0¢35 2969 (6¢77%) 0¢26
Cardiogenic shock 5861 (13¢6%) 497 (13¢3%) 5364 (13¢7%) 0¢61 5547 (12¢7%) <0¢001
Heart failure at presentation 5798 (13¢5%) 507 (13¢6%) 5291 (13¢5%) 0¢81 5783 (13¢2%) 0¢21
Extent of coronary artery disease 0¢60 0¢01
Single-vessel disease 26,535 (61¢3%) 2319 (61¢7%) 24,216 (61¢2%) 27,224 (61¢6%)

Double-vessel disease 10,044 (23¢2%) 879 (23¢4%) 9165 (23¢2%) 10,167 (23¢0%)

Triple-vessel disease 5242 (12¢1%) 443 (11¢8%) 4799 (12¢1%) 5168 (11¢7%)

Left main disease 1493 (3¢45%) 117 (3¢11%) 1376 (3¢48%) 1613 (3¢65%)

Lesion location

Right coronary artery 17,844 (41¢2%) 1541 (41¢0%) 16,303 (41¢2%) 0¢82 18,127 (41¢0%) 0¢64
Left anterior descending or left main coronary artery 23,431 (54¢1%) 2049 (54¢5%) 21,382 (54¢1%) 0¢59 23,872 (54¢0%) 0¢88
Left circumflex coronary artery 6394 (14¢8%) 533 (14¢2%) 5861 (14¢8%) 0¢31 6596 (14¢9%) 0¢48
Bypass graft 81 (0¢187%) 7 (0¢186%) 74 (0¢187%) 1¢00 74 (0¢168%) 0¢55
In-hospital outcomes

Death 2653 (6¢13%) 214 (5¢69%) 2439 (6¢17%) 0¢26 2512 (5¢69%) 0¢006
Procedure related cardiac death 167 (0¢386%) 12 (0¢319%) 155 (0¢392%) 0¢58 160 (0¢362%) 0¢61
Non-procedure related cardiac death 2076 (4¢79%) 165 (4¢39%) 1911 (4¢83%) 0¢24 1983 (4¢49%) 0¢03
Non-cardiac death 410 (0¢947%) 37 (0¢985%) 373 (0¢943%) 0¢87 369 (0¢835%) 0¢09

Table 2 (Continued)
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underwent PCI for STEMI, the prevalence of cardio-
genic shock was significantly higher in 2020 than that
in 2019 (13¢6% vs. 12¢7%; p < 0¢001), whereas no signif-
icant differences in the presentation of cardiopulmo-
nary arrest (6¢97% vs. 6¢77%; p = 0¢26) and heart
failure (13¢5% vs. 13¢2%; p = 0¢21) were observed. In
patients with STEMI, data on the door-to-balloon time
were available in 35,319 patients (80¢0%) in 2019 and
35,579 patients (82¢1%) in 2020. No significant differ-
ence in the door-to-balloon time was observed between
2019 (83¢2 § 55¢8 min) and 2020 (83¢3 § 53¢6 min;
p = 0¢78). The door-to-balloon time was numerically lon-
ger, but comparable between patients who underwent
PCI during the declaration of a ‘State of Emergency’
(84¢6 § 53¢9 min) and those who underwent PCI not
during the declaration of a ‘State of Emergency’
(83¢2 § 53¢6 min; p = 0¢15).

In-hospital outcomes
The crude in-hospital mortality rate was significantly
higher in 2020 (4588 deaths, 1¢78%; 95% CI, 1¢74
−1¢81%) than in 2019 (4364 death, 1¢57%; 95% CI, 1¢55
−1¢61%; crude OR, 1¢128; 95% CI, 1¢081−1¢176;
p < 0¢001), mainly driven by a significantly higher
crude in-hospital mortality in May, June, and August
(Figure 3A). There was no significant difference in
causes of death between 2020 and 2019 (procedure
related cardiac death: 7¢1% versus 7¢8%; non-procedure
related cardiac death: 73¢5% versus 72¢8%; and non-car-
diac death: 19¢1% versus 19¢8%; p = 0¢75). After adjust-
ing for patient characteristics, the excess adjusted in-
hospital mortality rate in patients treated in 2020
(0¢60%; 95% CI, 0¢59−0¢62%) relative to those treated
in 2019 (0¢57%; 95% CI, 0¢56−0¢58%) was significant
(adjusted OR, 1¢054; 95% CI, 1¢004−1¢107; p = 0¢03)
(Figure 3B). In patients with STEMI, the crude in-hospi-
tal mortality rate was also significantly higher in
patients treated in 2020 (2653 deaths; 6¢12%, 95% CI,
5¢96−6¢29%) than those treated in 2019 (2512 death,
5¢68%; 95% CI, 5¢54−5¢84%; crude OR, 1¢082; 95% CI,
1¢023−1¢145; p = 0¢006) (Figure 3C), whereas the
observed difference was no longer significant after
adjusting for patient characteristics (2020: 2¢69%, 95%
CI 2¢61−2¢78% vs. 2019: 2¢64%, 95% CI 2¢56−2¢72%;
adjusted OR, 1¢022, 95% CI 0¢958−1¢091; p = 0¢51)
(Figure 3D). There were no clear regional disparities in
the crude and adjusted in-hospital mortality rates in the
stratified analysis (Online Figure 6).

Discussion
This analysis of a Japanese nationwide PCI registry
describes insights regarding the impact of the COVID-
19 pandemic on procedural volume, patient presenta-
tion, and adjusted in-hospital outcomes. The daily case
volume of PCI decreased by 6¢7% during the pandemic
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Figure 3. The crude and adjusted odds ratios between 2019 and 2020 and the crude and adjusted in-hospital mortality rates in the overall patients (A and B) and patients with ST-segment
elevation myocardial infarction (STEMI) (C and D).

In the upper panel, the horizontal lines indicate odds ratios, whereas the vertical lines indicate their 95% confidence intervals. In the lower panel, the crude and adjusted in-hospital mor-
tality rates with 95% confidence intervals are shown. To calculate the adjusted odds ratios, variables listed in Table 1 were included in the multivariate models. A presentation on off days
(i.e., Saturday, Sunday, and national holidays) was also included in all models as an explanatory variable.

STEMI, ST-segment elevation myocardial infarction.
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in 2020 with 207 of 1068 institutions closed or
restricted during the first wave of COVID-19 outbreak
in May 2020. Moreover, statistically significant differen-
ces in the presentation pattern of PCI patients were
observed; higher proportion of patients presented with
STEMI, acute heart failure, cardiogenic shock, and car-
diopulmonary arrest. Adjusted in-hospital mortality was
significantly higher in patients treated in 2020 than
those treated in 2019, while the adjusted in-hospital
mortality for STEMI patients was similar between 2019
and 2020.

Our observations are in agreement with those of pre-
vious reports from various countries in which the num-
ber of hospital admissions for acute coronary syndrome
decreased during the COVID-19 pandemic.5−11 In our
registry, the number of patients who underwent PCI
decreased from 2019 to 2020, not only for those who
presented with STEMI but also for patients with broader
range of PCI indications. Although there was a substan-
tial decrease in the number of patients who received
PCI during the first wave of COVID-19 outbreak, no
clear signs of decrease during the second and third
waves of COVID-19 outbreak. At least more than 20%
of J-PCI institutions were either closed or restricted
under the declaration of a ‘State of Emergency’, whereas
the percentage of closed or restricted institutions
remained stable at approximately 10−15% during the
second and third waves of COVID-19 outbreak. Owing
to the first-ever outbreak of COVID-19 with an unparal-
leled pressure on the healthcare system, some institu-
tions depleted their resources to accept patients with
cardiovascular concerns who might be potentially trans-
missible of COVID-19, resulting in a substantial
decrease in the number of patients who underwent PCI
during the first wave of COVID-19 outbreak. Of note,
the first wave was the least severe of the three COVID-
19 waves as judged by the number of cases. Our find-
ings suggest that restricting access to healthcare facili-
ties, and not absolute COVID-19 case volume, was
largely responsible for the decrease in the PCI volume
and increased mortality. In retrospect, the second and
third wave of the pandemic were managed more suc-
cessfully despite significantly higher cases of COVID-19
compared to the first wave. Standardized guidance for
COVID-19 precautions in the cardiovascular care sys-
tem had been established during these periods.14 Poly-
merase chain reaction testing for COVID-19 became
widely available in cardiovascular centers by the later
part of 2020. These approaches in the healthcare sys-
tem might have mitigated the depletion of resources
after the first wave of COVID-19 outbreak. It should
also be noted that the reduction in the number of
patients who underwent PCI during the first wave of
COVID-19 pandemic may very well be multifactorial.
For instance, it is possible that patients refrained from
visiting healthcare facilities due to fear of COVID-19
contagion in the setting of the first rapid spread of

COVID-19. During the declaration of a ‘State of
Emergency’, patients who underwent PCI more often
had comorbidities and presented with more severe con-
ditions, indicating that patients with less severe symp-
toms hesitated to undergo PCI under the stay-at-home
mandate.

The previous reports from the New York State hospi-
tals have indicated that decrease in STEMI-related PCIs
were mainly confined to counties with high density of
COVID-19 deaths.10 Rather than avoided PCIs or a
reduction in the incidence of STEMI, this decrease in
STEMI-related PCIs was primarily related to patients
not presenting to hospitals or delay in their admissions.
Further, in a study of 18 sites representing primary PCI
hospitals and healthcare systems across the US, there
was marked reduction in the number of activations for
STEMI leading to the reductions in angiography and
primary PCI volumes after initiation of pandemic miti-
gation measures with door-to-balloon time increasing
on average by 20%.11 These studies, together with ours,
drive the common message; the COVID-19 pandemic
has adversely affected many aspects of STEMI care.
However, reginal difference does exist, since STEMI
hospitals and healthcare systems have different configu-
rations, transfer, and time to treatment protocols. For
instance, door-to-balloon time was not significantly
affected in our study. Japan has a universal healthcare
system and ambulance services are administered by a
government�based system, with minimum fee applied
to the insurers. In addition, a greater number of opera-
tors per institution in Japan may have aided patients
with STEMI undergo primary PCI in a timely manner.

The crude in-hospital mortality rate increased from
2019 to 2020 by 12¢8% for the overall patients and by
8¢2% for patients with STEMI. After adjusting for
patient characteristics, the higher excess mortality risk
in 2020 relative to that in 2019 was significant for over-
all patients, whereas it was attenuated for patients with
STEMI. Our findings suggested that the more severe
patient characteristics in 2020 than in 2019 were a
main driver for the observed difference in crude in-hos-
pital mortality. The COVID-19 pandemic might prevent
patients from visiting healthcare facilities or prevent
PCI-capable institutions from accepting patients; thus,
patients presented with more severe clinical status that
caused a higher crude in-hospital mortality rate. Not
only the depletion of healthcare resources and patients’
hesitation of visiting healthcare facilities but also the
direct cardiotoxicity and thrombogenicity of COVID-19
might have increased the in-hospital mortality.15

Excess deaths in 2020 substantially exceeded the
reported deaths from COVID-19 worldwide.16,17 In our
registry, although a significantly smaller number of
patients underwent PCI in 2020 than in 2019, the abso-
lute number of in-hospital deaths in 2020 was 224
more than that in 2019, which might at least in part
contribute to the increase in excess deaths in 2020 on
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top of the 3501 reported deaths from COVID-19 in
Japan. Several reports have shown that patients with
STEMI did not undergo primary PCI in a timely man-
ner during the COVID-19 pandemic,8,18,19 significantly
increasing myocardial damage.20 Moreover, physical
activity and dietary patterns may be adversely affected
by the COVID-19 pandemic, which might have further
increased the atherosclerotic disease burden. Recently,
vaccines and novel antagonist therapies successfully
reduced the number of COVID-19 patients and
improved the clinical outcomes after COVID-19 infec-
tion21−23; however, careful monitoring of cardiovascular
mortality is warranted to assess the true impact of
COVID-19.

Limitations
This study has several important limitations. First, the
study was observational, and thus, we cannot conclude
that the reported associations are causative. Second,
since the registry is based on patient-level data, a survi-
vor bias cannot be excluded. Some patients might have
longer symptom onset to balloon time because of
COVID-19 outbreaks; and did not undergo primary
PCI. While primary PCI was performed in approxi-
mately 95% of STEMI patients before COVID-19 out-
break in Japan,24,25 there might be a possibility that rate
of primary PCI in STEMI patients decreased during the
COVID-19 outbreak. Our analysis could have underesti-
mated the true impact of COVID-19 on myocardial dam-
age since data on those who died before cardiac
catheterization or those who refrained from seeking
emergent treatment cannot be analyzed. Although the
J-PCI registry mandates consecutive registration, audit-
ing of the data was limited during the COVID-19 pan-
demic, and there may be inconsistency in the collected
data between 2019 and 2020. Although the pandemic
had a negative impact on healthcare systems worldwide,
it should be noted that they were affected differently
(including differences in the timing and extent of
restrictions imposed), which may limit the generaliz-
ability of our results.

Conclusions
During the COVID-19 pandemic, while the number of
patients who underwent PCI substantially decreased,
patients who underwent PCI in 2020 more often pre-
sented with high-risk characteristics than those treated
in 2019 and were associated with significantly higher
in-hospital mortality.
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