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Abstract
Healthcare systems worldwide have been overburdened by the coronavirus disease 2019 (COVID-19) outbreak. Accord-
ingly, hospitals have had to implement strategies to profoundly reorganize activities, which have affected procedures such 
as primary percutaneous coronary interventions (PCIs). This study aimed to describe changes in PCI practices during the 
health emergency at the national level. The Japanese Association of Cardiovascular Intervention and Therapeutics performed 
provided serial surveys of institutions throughout Japan during the pandemic. The data obtained on December, 2020 and 
February 2021 (during the 2nd wave of pandemic) were compared with the data obtained on August 2020 (1st wave). Primary 
PCI for STEMI was performed as usual in 99.1%, 98.7%, and 97.5% of institutions in mid-August, mid-December, 2020 and 
mid-February, 2021, respectively. The COVID-19 screening tests rates in patients were significantly higher during the third 
wave than during the second wave (54.0% in mid-August, 2020 and 64.6% in mid-February, 2021, P = 0.002). In addition, 
hospitals reported that personal protective equipment was more available over time (66.4% in mid-August, 2020 and 83.8% 
in mid-February, 2021, P < 0.001). In conclusion, most institutions surveyed in Japan continued to perform primary PCI 
as usual for STEMI patients during the second and third waves of the COVID-19 pandemic. In addition, the COVID-19 
screening tests were more frequently performed over time.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
has been an unprecedented challenge for health care sys-
tems. Initial reports from Wuhan, China, suggested that the 
SARS-CoV-2 was highly transmissible, posing significant 
challenges to prevention, containment, and treatment. Hospi-
tal systems worldwide, therefore, had to brace for the impact 
of COVID-19 [1, 2].

In Japan, the first wave of COVID-19 infection ini-
tially peaked in April 2020, and significantly decreased 
by mid–late May [3]. However, the situation worsened 
again in late June (the beginning of the second wave) and 
decreased in late August, 2020. Unfortunately, the number 
of COVID-19 patients began to rise again in November 
2020, and this has been termed the third wave of COVID-
19. On January 7, 2021, Prime Minister Yoshihide Suga 
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declared a state of emergency for Tokyo Metropolis, 
Kanagawa, Saitama, and Chiba prefectures, and expanded 
the state of emergency to Tochigi, Osaka, Hyogo, Kyoto, 
Aichi, Gifu and Fukuoka prefectures on January 13 [4]. 
In some regions of Japan, medical care systems were on 
the verge of collapsing owing to the increasing number of 
COVID-19 patients [5]. Therefore, collecting data on the 
performance of direct PCIs and care of ST elevation myo-
cardial infarction (STEMI) patients is warranted across 
the country.

The present study aimed to describe any changes in direct 
PCI practices in STEMI patients during this health crisis at 
the national level. During the first wave of the pandemic, 
three serial surveys were distributed (in mid-April, late-
April and mid-May 2020) by the Japanese Association of 
Cardiovascular Intervention and Therapeutics (CVIT) on 
decision-making for elective and direct PCIs from institu-
tions throughout Japan. Similar additional serial surveys 
were distributed during the second and third waves of the 
COVID-19 pandemic.

Methods

Survey

After CVIT surveyed institutions throughout Japan dur-
ing the first wave of the COVID-19 pandemic [6], serial 
surveys were distributed during the second and third waves 
in mid-August and mid-December 2020 and mid-February 
2021). The surveys were sent to a total of 680 representative 
PCI centers with an annual PCI case volumes of at least 50 
procedures from all 47 prefectures in Japan and included 
the following three types of queries regarding direct PCI in 
STEMI patients:

1. Preferences regarding performing primary PCI in 
STEMI patients.

2. Use of screening tests such as polymerase chain reaction 
(PCR) and chest computed tomography (CT) to detect 
COVID-19.

3. Availability of protective personal equipment (PPE) such 
as particulate respirator type N95 (N95 mask) and dis-
posable non-woven gowns.

Only in the mid-February 2021 survey did we addition-
ally include a question regarding whether the general emer-
gency medical service at each institution was affected by 
the COVID-19 pandemic. The status in mid-December 2020 
was simultaneously collected as part of the survey distrib-
uted in mid-February 2021. Definition of STEMI has been 
described in detail elsewhere [7].

Statistical analysis

SPSS v22 was used for all the analyses. Categorical vari-
ables were compared using the Pearson’s Chi-square test. 
For questions regarding preferences in performing primary 
PCI and the application of screening tests, the serial surveys 
conducted during the first wave of the pandemic (in mid-
April, late-April and mid-May 2020) [6] were compared to 
the surveys conducted during the second and third waves. A 
P value < 0.05 was considered statistically significant.

Results

Primary PCI for STEMI patients

A total of 426 and 395 institutions responded in mid-
August 2020 and mid-February 2021, respectively 
(Table 1). Among, 395 institutions that responded in mid-
February 2021, 237 (60.0%) reported that they were over-
whelmed by COVID-19 patients (e.g. there were limita-
tions in emergency services). Regardless, primary PCI for 

Table 1  Answers to the questions

CT computed tomography, N95 particulate respirator type N95, PCI 
percutaneous coronary intervention, PCR polymerase chain reaction, 
PPE personal protective equipment, STEMI ST elevation myocardial 
infarction

Mid-Aug, 
2020 
(n = 426)

Mid-Dec, 
2020 
(n = 395)

Mid-Feb, 
2021 
(n = 395)

Number
 PCI in high risk ACS (%)
  As usual 99 99 97
  Any limitation 1 1 3

 Screening for COVID-19 in STEMI (%)
  Physical examination 

only
46 41 35

  PCR, chest CT, and 
others

54 59 65

   PCR for COVID-19 18 35 48
   Chest CT 39 34 36
   Anti-gen for COVID-

19
13 47 49

   Anti-body for COVID-
19

0 2 2

  Fill rate of PPE
   Fully filled 66 N/A 84
   Filled but limited stock 15 N/A 12
   Not filled 19 N/A 4
   N 95 8 N/A 2
   Gown 11 N/A 2
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STEMI patients was performed as usual in 99.1%, 98.7%, 
and 97.5% of institutions in mid-August 2020 mid-Decem-
ber 2020 and mid-February 2021, respectively (Table 1).

Serial data for all three waves of the pandemic are 
shown in Fig. 1. In mid-August 2020, the limitations for 
direct PCI was the lowest (0.9%). There was a statisti-
cally significant difference (P = 0.002) over time. How-
ever, there was no significant difference between mid-
August and mid-December 2020 (P = 0.65) or between 

mid-August 2020 and mid-February 2021 (P = 0.078) 
regarding direct PCI performance rates (Fig. 1).

The COVID‑19 screening test

The COVID-19 screening test rate in STEMI patients 
increased over time (P < 0.0001) (Table 1; Fig. 2). In mid-
August 2020, the rate was 54.0%, and it increased to 64.6% 
in mid-February 2021 (P = 0.002). PPE resources were fully 
available in only 66.4% of institutions in mid-August 2020, 

Fig. 1  Performance rates of 
primary percutaneous coronary 
intervention in patients with 
ST elevation acute myocardial 
infarction
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Fig. 2  Proportion of screening 
tests to detect COVID-19
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however, the percentages increased to 83.8% by mid-Febru-
ary 2021 (P < 0.001).

Discussion

The USA, Europe, Russia, India and other countries have 
been experiencing a high percentage of COVID-19 cases 
relative to their populations. Although the number in Japan 
is also increasing, as of March 19, 2021, the incidence of 
COVID-19 was only 359 per 100,000 people in Japan, mak-
ing Japan 120th in the world for the number of infections 
per 100,000 [1, 8]. However, the number available hospital 
beds for COVID-19 patients has been limited in Japan [5] 
Therefore, the number of therapeutic procedures performed 
could likely have been affected during the second and third 
waves of the pandemic. After November 2020, the occu-
pancy rates for COVID-19-designated hospital beds had 
markedly increasing, and emergency medical systems were 
nearly collapsing in some regions in Japan. However, our 
results showed that the most institutions continued to per-
form primary PCI as usual for STEMI patients during the 
second and third waves of the COVID-19 pandemic. Doc-
tors and medical staff had to grapple with the great surge in 
infections.

Our surveys showed that COVID-19 screening tests were 
more frequently performed over time, especially the PCR 
tests. During the first wave of the pandemic, PCR tests for 
COVID-19 were only available in a limited number of insti-
tutions and the supply was low, presenting a particular chal-
lenge for testing and detecting COVID-19 patients [9]. How-
ever, the number of PCR tests available increased during the 
second and third waves of the pandemic. Although it might 
seem difficult to keep time fast when screening tests were 
performed, shortening time to confirm or rule-out COVID-
19 is simultaneously important in patients with STEMI. At 
the point, determining the ideal trade-off is essential.

The proportion of hospital admissions was lower, and 
the rate of in-hospital mortality was higher for acute coro-
nary syndrome (ACS) patients in Western countries, dur-
ing the COVID-19 pandemic compared to previous peri-
ods. In addition, direct PCI for STEMI was reported to 
have decreased by nearly 25–40% [10–12]. To date, only a 
few studies have assessed the number of new cases of ACS 
and PCI procedures in Japan. A study from Tokai region 
in Japan has suggested that during the first wave, a decline 
of 11.5% was observed in the incidence of ACS, com-
pared to the equivalent period in 2019 and that in-hospital 
parameters of ACS cases, including door-to-balloon (D2B) 
time, were comparable between the periods [13]. In con-
trast, the rate of delayed admission after symptom onset 
in ACS patients was found to have significantly increased 
in Shimane and Osaka prefectures during the pandemic 

compared to the control period [14, 15]. It is possible that 
more patients may have been denied access to the hospital 
since the onset of the pandemic. From this point of view, 
a strategy to reduce the prehospital delay in ACS cases is 
warranted in the critical circumstance.

In Japan, the mortality rate of acute myocardial infarc-
tion (AMI) patients, including both in-hospital and out-
of-hospital deaths, was reported to be 31.3% in 2019 and 
37.1% in 2015 [16]. However, in the critical situations 
during the COVID-19 pandemic, the prehospital delay and 
delayed D2B time owing to the need for screening tests 
or wearing PPE may affect clinical prognosis in STEMI 
patients. Until now, there have been no current data on in-
hospital mortality, or prognosis in STEMI patients based 
on large scale or national registry. J-ROAD, J-PCI and its 
follow-up registry may soon address the issues described 
above. On the other hand, it is noteworthy that in Japan, 
the number of deaths in 2020 decreased to approximately 
138,5000, which means a reduction of approximately 9400 
deaths compared to 2019 [17]. We should evaluate how 
the performance of PCI affected the decline in mortality 
in Japan.

Needless to say, shortening the duration of D2B time is 
important to improve prognosis of AMI patients [18]. Apart 
from the point, the Japanese health insurance charges higher 
medical fees for direct PCI with a D2B time ≤ 90 min com-
pared to that with a D2B time > 90 min. Therefore, hospitals 
may be concerned about these issues because of delayed 
D2B time in some cases. Further investigations are also 
needed for the point.

Limitations should be discussed. First, the surveys were 
completed voluntarily, and some hospitals did not complete 
the survey. Therefore, the results of the study cannot be gen-
eralized to all regions of Japan. Second, the circumstance 
of each medical system may have differed depending on 
the severity of the COVID-19 outbreak or the prevalence of 
COVID-19 in each area. Third, the participating hospitals 
covered all 47 prefectures within Japan, however, the roles 
and characteristics of each hospital may have differed even 
within one region.

Conclusion

Japanese hospitals tended to perform primary PCI for 
STEMI patients as usual during the second and third waves 
of the COVID-19 pandemic. An increase in COVID-19 
screening tests, particularly PCR, was more frequently 
observed over time. In addition, the percentage of hospi-
tals where PPE resources were fully available gradually 
increased, however, approximately 15% of institutions con-
tinued to report a lack of PPE as of mid-February, 2021.
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