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Background: During the COVID-19 pandemic, cardiovascular hospitalizations decreased and in-hospital mortality for ST-elevation
myocardial infarction and heart failure increased. However, limited research has been conducted on hospitalization and mortality
rates for cardiovascular disease (CVD) other than ischemic heart disease and heart failure.

Methods and Results: We analyzed the records of 530 certified hospitals affiliated with the Japanese Circulation Society obtained
from the nationwide JROAD-DPC database between April 2014 and March 2021. A quasi-Poisson regression model was used to
predict the counterfactual number of hospitalizations for CVD treatment, assuming there was no pandemic. The observed number
of inpatients compared with the predicted number in 2020 was 88.1% for acute CVD, 78% for surgeries or procedures, 77.2% for
catheter ablation, and 68.5% for left ventricular assist devices. Furthermore, there was no significant change in in-hospital mortality,
and the decrease in hospitalizations for catheter ablation and valvular heart disease constituted 47.6% of the total decrease in annual
hospitalization costs during the COVID-19 pandemic.

Conclusions: Cardiovascular hospitalizations decreased by more than 10% in 2020, and the number of patients scheduled for left
ventricular assist device implantation decreased by over 30%. In addition, in response to the COVID-19 pandemic, annual cardio-
vascular hospitalization costs were reduced, largely attributed to decreased catheter ablation and valvular heart disease.
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ue to its high infection and mortality rates,
D COVID-19 adversely affected people’s lives world-
wide until effective vaccines were developed and
widely distributed. During the first year of the COVID-19
pandemic, poor access to testing and protective equipment

and insufficient knowledge about the disease hindered the
treatment of patients with non-communicable diseases.4

According to a meta-analysis,> the COVID-19 pandemic
was reportedly associated with a decrease in cardiovascu-
lar hospitalizations, reductions in surgical procedures, elec-
trophysiological interventions, and diagnostic procedures,
and an overall increase in in-hospital mortality for ST-
elevation myocardial infarction (STEMI) and heart failure
(HF). In addition, subgroup analyses indicated that many
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The JROAD-DPC (Japanese Registry of All Cardiac and
Vascular Diseases—Diagnosis Procedure Combination)
1119 hospitals

l

Facilities whose data from April 2014 to March 2021
could be continuously accessed
530 hospitals

l

From April 2014 to December 2019
Pre COVID-19 pandemic

Figure 1. Flowchart of data retrieval.

l

From January 2020 to March 2021
COVID-19 pandemic

low-income countries were adversely affected compared
with high-income countries.> However, limited research
has been conducted on hospitalizations and mortality rates
for conditions other than ischemic heart disease (IHD) and
HF, and detailed studies are lacking.

We have previously reported on acute cardiovascular
disease (CVD) hospitalizations and scheduled treatments
during the early stages of the COVID-19 pandemic.¢ Con-
sidering the seasonal variability in the incidence of CVDs,
it is crucial to compare the rates of hospitalization by year.
Therefore, the aim of this study was to examine changes in
cardiovascular hospitalizations and hospitalization costs
in Japan during the COVID-19 pandemic, focusing spe-
cifically on acute CVD hospitalizations and scheduled
treatments.

Methods

The JROAD-DPC (Japanese Registry of All Cardiac and
Vascular Diseases — Diagnosis Procedure Combination) is
a nationwide claims database comprising data collected
from 1,119 hospitals in Japan between April 2012 and
March 2021. From the JROAD-DPC database, we
selected 530 facilities and retrieved all their data from April
2014 to March 2021 (Figure 1). For each year, we used
International Classification of Diseases, Tenth Revision
(ICD-10) codes to extract the data of patients aged >20
years who were hospitalized for acute CVD (including
acute myocardial infarction [AMI], acute HF, ruptured
aortic aneurysm, or venous thromboembolism [VTE]),
scheduled surgeries or procedures for CVD (IHD, valvular
heart disease, aortic aneurysm, atrial septal defect, periph-
eral artery disease [PAD], or VTE), as well as other sched-
uled treatments (catheter ablation, permanent pacemaker
implantation, pacemaker generator exchange, or left ven-
tricular assist device [LVAD] implantation). The ICD-10
codes registered as the main, admission-precipitating, or
most resource-consuming diagnosis for each disease or
procedure are listed in Supplementary Table 1.

Statistical Analysis

At the start, we compared the inpatient and background
data of the participants for each CVD before and after the
COVID-19 pandemic, defined as the period from January
2020 to March 2021. We then used a quasi-Poisson regression
model on the data collected from 2015 to 2019 to predict
the weekly number of hospitalizations from 2015 to 2020.78
Notably, unlike the normal Poisson regression model, the
quasi-Poisson regression model can handle an overdis-
persed variable, which is frequently observed, especially in
pandemic situations. In the present study, our quasi-Pois-
son regression model consists of a trend and seasonality
expressed as Fourier terms with 2 sine and cosine waves,
considering 1-year and half-year cycles$10 as follows:

var(Y) = ¢E(Yr)

and

| By = . N . M.i + 14w
0g(E(Y))) = ap + aut + fi sin 36525 B2 cos 365.25

2 x l4im 2x 14w

A sm( 365.25 )+ﬁ“°°s( 36505 ) 7YY

where E is the expectation operator; Y: is the number of
hospitalizations at Week ¢; a, 3, and ¥ are the regression
parameters; ¢ is the dispersion parameter; and X is a
covariate vector. The covariates in X include: (1) monthly
dummy variables, which take 1 if ¢ is in March or April,
but otherwise are 0; and (2) end-of-month dummy vari-
ables, which take 1 if 7 is in the end of the day of March or
April, but otherwise are 0. The parameters, including ¢, are
estimated using the quasi-likelihood approach.

Using these equations, we calculated the ratio of
observed to predicted hospitalizations (observed/predicted
number of hospitalizations) in 2020 as the primary endpoint.
For comparison, we calculated the product of the median
cost and the hospitalization count for each hospitalization
group to estimate the proportion of that group in the total
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annual cost. In addition, we calculated their respective
proportions in reducing annual hospitalization expenses in
2020 based on the predicted and observed hospitalization
counts in 2020 and median costs during the COVID-19
pandemic.

All data are presented as the mean+SD, number (per-
centage), or median with interquartile range (IQR), as
appropriate. Between-group differences were evaluated

using Student’s t-test for normally distributed continuous
variables, the Mann-Whitney U test for non-normally dis-
tributed continuous variables, and the Chi-squared or
Fisher’s exact test for categorical variables. Data were
analyzed using the open-source statistical software R (ver-
sion 4.0.2; R Foundation for Statistical Computing;
www.R-project.org). Two-sided P<0.05 was considered

statistically significant.

Table 1. Background Data of the Participants

Hospitalization for acute CVDA
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Within 24 h (%)
Within 7 days (%)
Barthel Index score at discharge
Hospitalization costs (Japanese yen)

Age (years)
Male sex (%)
BMI (kg/m?)
Barthel Index score at admission
Charlson comorbidity index
Scheduled surgeries or procedures for CVD®
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)

Male sex (%)

BMI (kg/m?)

Barthel Index score at admission

Charlson comorbidity index
Scheduled catheter ablation

Total no. actual hospitalizations

Length of stay (days)

In-hospital mortality (%)

Hospitalization costs (Japanese yen)

Age (years)
Male sex (%)
BMI (kg/m?2)
Barthel Index score at admission
Charlson comorbidity index
Scheduled permanent pacemaker implantation
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)

Male sex (%)

BMI (kg/m?)

Barthel Index score at admission
Charlson comorbidity index

Pre-COVID-19¢ COVID-19¢ P value
304,523 72,846 =
18.94+18.51 17.41+16.48 <0.001
12.1 11.8 0.052
41 41 0.584
6.5 6.6 0.16
78.7+32.5 78.4+32.7 0.023
959,000 990,000 <0.001
[558,000-1,696,000] [602,000-1,635,000]
76.39+13.62 77.05+13.54 <0.001
57.3 58.5 <0.001
22.77+5.06 22.98+5.99 <0.001
46.4+41.8 49.0+42.0 <0.001
2.20+1.41 2.26+1.45 <0.001
279,244 64,046 —
9.31+15.66 8.65+14.08 <0.001
0.78 0.79 0.866
1,128,000 1,067,000 <0.001
[871,000-2,371,000] [818,000-2,747,000]
70.83+11.87 71.82+11.92 <0.001
73.8 73.2 <0.001
23.71+£5.54 23.73+4.36 0.261
95.1+16.2 94.5+17.3 <0.001
1.73+1.42 1.79+1.47 <0.001
86,979 27,142 =
4.35+4.93 3.78+3.83 <0.001
0.05 0.03 0.147
2,087,000 2,090,000 <0.001
[1,575,000-2,343,000] [1,801,000-2,288,000]
63.12+13.98 65.01+13.49 <0.001
66.4 66.7 0.468
23.96+5.11 24.13+4.91 <0.001
99.2+6.2 99.0+6.7 0.001
0.76+0.90 0.82+0.99 <0.001
23,586 5,787 =
14.35+14.80 12.79+12.56 <0.001
0.38 0.36 0.93
1,729,000 1,490,000 <0.001
[1,529,000-3,861,000] [1,368,000-4,109,000]
73.23+14.13 74.50+£13.29 <0.001
56.1 58.3 0.003
23.13+8.92 23.23+5.44 0.394
92.8+19.4 92.7£19.7 0.65
1.20+1.22 1.32+1.29 <0.001
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Pre-COVID-19¢ COVID-19¢ P value
Scheduled pacemaker generator exchange
Total no. actual hospitalizations 21,128 5,488 -
Length of stay (days) 7.65+7.21 7.02+6.63 <0.001
In-hospital mortality (%) 0.19 0.09 0.163
Hospitalization costs (Japanese yen) 1,168,000 1,098,000 <0.001
[1,036,000-1,386,000] [982,000-1,226,000]
Age (years) 76.41+14.89 78.26+14.40 <0.001
Male sex (%) 49.3 48.4 0.251
BMI (kg/m?2) 22.80+4.03 22.92+4.07 0.047
Barthel Index score at admission 87.8+26.0 87.0+26.4 0.055
Charlson comorbidity index 1.01+£1.08 1.21£1.15 <0.001
Scheduled left ventricular assist device implantation
Total no. actual hospitalizations 2,274 524 -
Length of stay (days) 28.81+34.26 26.58+32.91 0.176
In-hospital mortality (%) 1.76 1.15 0.42
Hospitalization costs (Japanese yen) 5,304,000 5,393,000 0.205
[1,955,000-6,365,000] [4,105,000-6,524,000]
Age (years) 58.92+17.23 61.79+16.39 0.001
Male sex (%) 63.4 64.9 0.561
BMI (kg/m?) 22.92+13.53 23.13+3.68 0.732
Barthel Index score at admission 93.9+18.1 93.1+20.6 0.368
Charlson comorbidity index 1.81+1.02 1.80+1.08 0.84

Unless indicated otherwise, data are given as the mean+SD or median [interquartile range]. #Acute cardiovascular disease (CVD) includes
acute myocardial infarction, acute heart failure, ruptured aortic aneurysm, and venous thromboembolism (VTE). Blncluding ischemic heart
disease, valvular heart disease, aortic aneurysm, atrial septal defect, peripheral artery disease, and VTE. ¢The pre-COVID-19 period was from
April 2014 to December 2019; the COVID-19 period was from January 2020 to March 2021. BMI, body mass index.
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Figure 2. Annual percentage changes in hospitalizations from 2017 to 2020 compared with predicted values.
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Table 2. Characteristics of Patients Hospitalized for Acute Cardiovascular Diseases
Pre-COVID-194 COVID-19A P value
Hospitalization for acute myocardial infarction
Total no. actual hospitalizations 86,117 21,150 -
Length of stay (days) 14.53+15.14 13.45+14.13 <0.001
In-hospital mortality (%) 13.0 12.8 0.486
Within 24 h (%) 6.7 6.3 0.074
Within 7 days (%) 9.4 9.4 0.956
Barthel Index score at discharge 89.1+26.2 88.6+26.7 0.032
Hospitalization costs (Japanese yen) 1,736,000 [1,271,000-2,401,000] 1,609,000 [1,183,000—-2,189,000] <0.001
Age (years) 70.37+13.28 71.28+13.22 <0.001
Male sex (%) 72.2 71.8 0.217
BMI (kg/m?) 23.59+4.72 23.71+5.02 0.002
Barthel Index score at admission 37.5+43.7 42.9+44.5 <0.001
Killip classification Ill or IV (%) 22.2 21.2 0.644
Charlson comorbidity index 2.11+1.19 2.14+1.25 0.027
Hospitalization for acute heart failure
Total no. actual hospitalizations 194,286 46,171 -
Length of stay (days) 21.15+19.42 19.46+17.00 <0.001
In-hospital mortality (%) 11.0 10.7 0.053
Within 24 h (%) 1.98 2.21 0.002
Within 7 days (%) 4.16 4.40 0.021
Barthel Index score at discharge 74.4+33.7 73.9+33.9 0.024
Hospitalization costs (Japanese yen) 780,000 [519,000-1,219,000] 825,000 [561,000-1,259,000] <0.001
Age (years) 79.63+12.34 80.33+12.23 <0.001
Male sex (%) 52.1 53.7 <0.001
BMI (kg/m2) 22.37+5.11 22.60+6.36 <0.001
Barthel Index score at admission 49.7+40.3 51.3+40.3 <0.001
NYHA Class lll or IV (%) 66.1 78.7 <0.001
Charlson comorbidity index 2.35+1.42 2.41+1.46 <0.001
Hospitalization for ruptured aortic aneurysms
Total no. actual hospitalizations 5,558 1,321 -
Length of stay (days) 15.19+24.77 15.21+24.28 0.98
In-hospital mortality (%) 56.6 54.3 0.13
Within 24 h (%) 42.2 40.5 0.268
Within 7 days (%) 49.9 47.5 0.138
Barthel Index score at discharge 66.6+40.1 63.1+42.1 0.055
Hospitalization costs (Japanese yen) 819,000 [160,000—4,499,000] 932,000 [175,000—4,878,000] 0.007
Age (years) 79.13+10.55 79.14+10.56 0.986
Male sex (%) 66.2 66.9 0.648
BMI (kg/m2) 21.81+4.98 21.97+5.00 0.375
Barthel Index score at admission 18.5+35.5 21.9+38.1 0.004
Charlson comorbidity index 1.68+1.07 1.74+1.16 0.107
Hospitalization for venous thromboembolism
Total no. actual hospitalizations 19,349 4,423 -
Length of stay (days) 17.83+17.42 16.03+15.14 <0.001
In-hospital mortality (%) 6.8 7.0 0.634
Within 24 h (%) 2.3 2.3 0.93
Within 7 days (%) 3.8 3.8 0.972
Barthel Index score at discharge 79.3+33.6 79.8+33.7 0.408
Hospitalization costs (Japanese yen) 704,000 [446,000-1,121,000] 717,000 [466,000—-1,088,000] 0.275
Age (years) 69.94+16.33 69.68+16.48 0.346
Male sex (%) 40.1 421 0.019
BMI (kg/m?2) 23.49+5.48 23.79+5.85 0.002
Barthel Index score at admission 58.4+41.0 59.4+41.2 0.139
Charlson comorbidity index 1.34+1.83 1.44+1.87 0.001

Unless indicated otherwise, data are given as the mean+SD or median [interquartile range]. AThe pre-COVID-19 period was from April 2014 to
December 2019; the COVID-19 period was from January 2020 to March 2021. BMI, body mass index; NYHA, New York Heart Association.
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Figure 3. Annual percentage changes in hospitalizations by disease from 2017 to 2020 compared with predicted values for acute
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Results

Table 1 summarizes the characteristics of the patients hos-
pitalized for acute CVD, scheduled surgeries or procedures
for CVD, and other scheduled treatments. During the
COVID-19 pandemic, the mean age of patients hospital-
ized for acute CVD was 77.1 years, with a mean length of
hospital stay of 17.4 days and a median hospitalization
cost of 990,000 yen, whereas patients scheduled for surger-
ies or procedures for CVD had a mean age of 71.8 years, a
mean length of hospital stay of 8.7 days, and a median
hospitalization cost of 1,067,000 yen. The in-hospital mor-
tality rates for these 2 groups were 11.8% and 0.79%,
respectively. However, even though patients hospitalized
during the COVID-19 pandemic were older than those
hospitalized before the COVID-19 pandemic, there was no
remarkable difference in in-hospital mortality. Except for
patients scheduled for LVAD implantation, a decrease in
length of hospital stay and a higher prevalence of comor-
bidities were observed across all patient groups. Notably,
inpatient costs per hospitalization increased significantly
for patients hospitalized for acute CVD and those sched-
uled for catheter ablation during the COVID-19 pandemic.
In contrast, there was a significant decrease in costs for
patients scheduled for surgeries or procedures for CVD,
permanent pacemaker implantation, and pacemaker gen-
erator exchange during the COVID-19 pandemic com-
pared with costs for patients hospitalized before the
COVID-19 pandemic.

In 2020, the observed number of inpatients compared
with the predicted number was 88.1% for patients hospital-
ized for acute CVD, 78% for surgeries or procedures for
CVD, 77.2% for catheter ablation, 84% for permanent
pacemaker implantation, 98.1% for pacemaker generator
exchange, and 68.5% for LVAD implantation. Figure 2
presents the observed number of inpatients compared with
the predicted number for each year, as shown by the quasi-

Poisson regression model. In 2020, the predicted number
of hospitalizations for scheduled pacemaker generator
exchanges closely matched the observed number. However,
there were >10% reductions from predicted values for the
other groups of hospitalizations, with the decline exceeding
20% for patients scheduled for surgeries or procedures for
CVD, catheter ablation, and LVAD implantation.
Supplementary Table 2 presents the predicted and observed
hospitalization counts for each year from 2015 to 2020.

Acute CVDs

Table 2 summarizes the characteristics of the patients hos-
pitalized for acute CVD. During the COVID-19 pandemic,
the mean age, length of hospital stay, and hospitalization
costs were 71.3 years, 13.5 days, and 1,609,000 yen, respec-
tively for AMI; 80.3 years, 19.5 days, and 825,000 yen,
respectively, for acute HF; 79.1 years, 15.2 days, and
932,000 yen, respectively, for ruptured aortic aneurysms;
and 69.7 years, 16 days, and 717,000 yen, respectively, for
VTE. The in-hospital mortality rates for AMI, acute HF,
ruptured aortic aneurysms, and VTE were 12.8%, 10.7%,
54.3%, and 7%, respectively. Compared with patients hos-
pitalized before the COVID-19 pandemic, those hospital-
ized during the COVID-19 pandemic for AMI and acute
HF were older and showed decreased activities of daily
living at discharge. However, no significant changes were
observed in the in-hospital mortality rates across all groups
during the COVID-19 pandemic.

Subgroup analyses showed that among patients with
acute HF, there was a significant increase in both 24-h
mortality (2.2% in 2020) and 1-week mortality (4.4% in
2020) compared with patients hospitalized before the
COVID-19 pandemic. This increase in mortality rates may
be attributed to the worsening severity of HF, as shown by
the increase in the number of patients classified as New
York Heart Association (NYHA) Class III/IV compared
at the time of admission (66.1% before and 78.7% during
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the COVID-19 pandemic). In addition, during the
COVID-19 pandemic, inpatient costs per hospitalization
increased significantly for patients hospitalized for acute
HF and ruptured aortic aneurysms compared with those
for patients hospitalized for AMI.

In 2020, among patients hospitalized for acute CVD, the
number of hospitalizations for AMI, acute HF, ruptured
aortic aneurysm, and VTE was 92.7%, 86%, 85%, and
90.7% of predicted values, respectively. Figure 3 shows the
observed number of inpatients compared with the pre-
dicted number for each year. Supplementary Table 3 pres-

ents the predicted and observed hospitalization counts for
each disease from 2015 to 2020.

Scheduled Hospitalizations for CVDs

Table 3 summarizes the characteristics of patients hospitalized
for scheduled treatments for CVD. During the COVID-19
pandemic, the mean age, length of hospital stay, and hos-
pitalization costs were 71 years, 5.7 days, and 937,000 yen,
respectively, for IHD; 75 years, 21.5 days, and 5,672,000
yen, respectively, for valvular heart disease; 73.5 years,
16.7 days, and 3,959,000 yen, respectively, for aortic aneu-

Scheduled surgery or procedures for ischemic heart disease
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)
Male sex (%)
BMI (kg/m?)
Barthel Index score at admission
Charlson comorbidity index
Scheduled surgeries or procedures for valvular heart disease
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)
Male sex (%)
BMI (kg/m?)
Barthel Index score at admission
Charlson comorbidity index
Scheduled surgeries or procedures for aortic aneurysm
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)
Male sex (%)
BMI (kg/m?2)
Barthel Index score at admission
Charlson comorbidity index
Scheduled surgeries or procedures for atrial septal defects
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)

Male sex (%)

BMI (kg/m?)

Barthel Index score at admission
Charlson comorbidity index

Table 3. Characteristics of the Patients Hospitalized for Scheduled Surgeries or Procedures for Cardiovascular Diseases

Pre-COVID-19~ COVID-194 P value
178,629 37,824 =
6.17+11.36 5.68+10.61 <0.001
0.43 0.49 0.111
1,035,000 937,000 <0.001
[857,000-1,359,000] [784,000-1,217,000]
70.36+10.11 70.98+10.36 <0.001
77.6 78.2 0.004
24.29+4.07 24.40+4.09 <0.001
97.4+11.5 97.3+11.6 0.26
1.48+1.33 1.51+1.39 <0.001
25,233 7,149 =
25.75+19.90 21.47+17.05 <0.001
2.33 2.14 0.366
5,614,000 5,672,000 <0.001
[4,851,000-6,409,000] [5,045,000-6,353,000]
73.11+13.86 75.01+13.73 <0.001
49.7 49.7 0.964
22.74+3.80 22.87+3.85 0.009
93.8+16.8 93.7£17.4 0.653
1.53+1.22 1.54+1.28 0.448
27,116 6,945 —
18.85+18.88 16.72+17.10 <0.001
1.85 1.50 0.055
3,937,000 3,959,000 0.396
[3,002,000-5,545,000] [2,981,000-5,595,000]
73.15+11.07 73.47+11.03 0.036
78.8 78.1 0.199
23.38+3.68 23.60+5.06 <0.001
95.4+15.6 95.6+15.3 0.326
2.02+1.20 2.03+1.24 0.552
3,426 675 =
10.01+9.57 8.71+6.90 0.001
0.09 0.15 >0.999
1,858,000 1,886,000 0.524
[1,596,000-2,540,000] [1,595,000-2,612,000]
29.62+26.71 30.27+27.10 0.566
39.5 39.1 0.876
19.72+33.68 19.50+4.62 0.863
92.9+21.4 91.6+23.0 0.2
0.65+0.77 0.67+0.81 0.548
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Scheduled surgeries or procedures for peripheral artery disease
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)
Male sex (%)
BMI (kg/m?2)
Barthel Index score at admission
Charlson comorbidity index
Scheduled surgeries or procedures for venous thromboembolism
Total no. actual hospitalizations
Length of stay (days)
In-hospital mortality (%)
Hospitalization costs (Japanese yen)

Age (years)

Male sex (%)

BMI (kg/m?)

Barthel Index score at admission
Charlson comorbidity index

Pre-COVID-194 COVID-194 P value
52,200 13,147 =
9.78+20.34 8.34+17.08 <0.001
1.27 1.16 0.305
967,000 977,000 0.008
[748,000-1,362,000] [762,000-1,357,000]
73.16+9.59 73.92+9.54 <0.001
72.2 70.6 <0.001
22.48+4.02 22.49+4.37 0.858
87.9+25.0 86.5+26.2 <0.001
2.65+1.47 2.70+1.50 0.002
1,164 221 =
33.63+35.27 26.82+26.20 0.007
4.47 2.71 0.233
1,887,000 1,923,000 0.648
[1,111,000-2,862,000] [1,306,000-2,496,000]
67.82+14.36 68.97+14.31 0.282
42.2 36.6 0.14
23.34+4.55 23.03+4.51 0.353
81.0+32.1 78.4+36.2 0.287
2.72+2.73 2.70+2.59 0.943

Unless indicated otherwise, data are given as the mean+SD or median [interquartile range]. AThe pre-COVID-19 period was from April 2014 to
December 2019; the COVID-19 period was from January 2020 to March 2021. BMI, body mass index.
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Figure 4. Annual percentage
changes in hospitalizations by dis-
ease from 2017 to 2020 compared
with predicted values for scheduled
surgeries or procedures for cardio-
vascular diseases.

rysms; 30.3 years, 8.7 days, and 1,886,000 yen, respectively,
for atrial septal defects; 73.9 years, 8.3 days, and 977,000
yen, respectively, for PAD; and 69 years, 26.8 days, and
1,923,000 yen, respectively, for VTE. The corresponding
in-hospital mortality rates were 0.49%, 2.14%, 1.5%, 0.15%,

1.16%, and 2.71%, respectively. Notably, no significant
changes were observed in the in-hospital mortality rates
across all groups. However, inpatient costs per hospitaliza-
tion increased significantly for patients hospitalized for
valvular heart disease and PAD, but decreased signifi-
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heart disease; VTE, venous thromboembolism.

Figure 5. Pareto charts showing the breakdown of annual hospitalization costs and the reduction in annual hospitalization costs.
Annual hospitalization costs were calculated as (observed hospitalization counts in 2020) x(median costs during the COVID-19
pandemic). The reduction in annual hospitalization costs was calculated as the (difference between the predicted and observed
hospitalization counts in 2020) x(median costs during the COVID-19 pandemic). A Pareto chart, with the vertical axis representing
annual hospitalization costs and red lines indicating cumulative composition ratios, visually highlights the most significant factors
and their cumulative impact. AA, aortic aneurysm; ASD, atrial septal defects; HF, heart failure; IHD, ischemic heart disease; LVAD,
left ventricular assist device; MI, myocardial infarction; PAD, peripheral artery disease; PMI, pacemaker implantation; VHD, valvular
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cantly for patients hospitalized for THD.

In 2020, among patients hospitalized for scheduled sur-
geries or procedures for CVD, the number of hospitaliza-
tions for THD, valvular heart disease, aortic aneurysm,
atrial septal defects, PAD, and VTE was 76.9%, 73.8%,
77.7%, 79%, 81.2%, and 107% of the predicted values,
respectively. Figure 4 presents the observed number of
inpatients compared with the predicted number for each
year. In particular, despite the observed number of inpa-
tients for VTE in 2019 being 18% below the predicted
value, the observed number of inpatients in 2020 exceeded
the predicted value.

Total Cost of Hospitalization for the Year

Based on the total yearly hospitalization expenditures of
268.7 billion yen for 2020, catheter ablation accounted for
21.1% of the total cost, valvular heart disease accounted
for 15.1%, and acute HF accounted for 14.2%. Meanwhile,
the total reduction in hospitalization costs in 2020 amounted
to 65.4 billion yen, and, of this, the costs attributed to
catheter ablation, valvular heart disease, and IHD accounted
for 25.6%, 22%, and 16.3%, respectively. Pareto charts
showing the breakdown of annual hospitalization costs
and the reduction in annual hospitalization costs are pre-
sented in Figure 5. The annual hospitalization costs for
catheter ablation and valvular heart disease accounted for
36.2% of the total annual hospitalization costs for CVDs
and constituted 47.6% of the total reduction in annual
hospitalization costs during the COVID-19 pandemic.

Discussion

The major findings of this study are as follows. First, the
observed inpatient numbers in 2020 decreased by more
than 10% from the predicted numbers, except for pace-
maker generator exchange, where the decline exceeded
30% for patients scheduled for LVAD implantation. Sec-
ond, in-hospital mortality rates showed no significant
change, but patients with acute HF had higher 24-h and
1-week mortality rates. Third, catheter ablation and valvu-
lar heart disease constituted 36% of the total hospitaliza-
tion costs for CVDs and represented approximately 48%
of the total reduction in hospitalization costs in 2020.

A state of emergency was declared in Japan in response
to the COVID-19 pandemic to provide the government
with the legal authority to combat the spread of the virus
and protect the health and safety of its citizens. The decla-
ration was first issued in April 2020 and has been extended
multiple times. It has been implemented in various prefec-
tures at different times, depending on the severity of the
outbreak in each region. The measures taken under the
emergency declaration have included requests for the clo-
sure of non-essential businesses, the cancellation of large
public events, and the implementation of travel restric-
tions. The main goal of Japan’s state of emergency declara-
tion was to help slow the spread of COVID-19 and prevent
the healthcare system from being overwhelmed by a sud-
den influx of patients. Owing to this, Japan successfully
managed to keep the number of COVID-19 cases and
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deaths relatively low during the pandemic. For instance,
the cumulative number of COVID-19 cases and deaths per
million people as of the end of 2020 were 1,828 and 27,
respectively, in Japan; 35,389 and 1,031, respectively, in the
UK; and 57,255 and 1,372, respectively, in the US.1!

The incidence of CVDs varies seasonally, and compar-
ing annual hospitalization rates can help mitigate the
effects of seasonal fluctuations. In our previous study,®
hospitalizations for acute CVD decreased by 16% during
the early stage (January—March 2020) of the COVID-19
pandemic, and scheduled treatments for CVD decreased
by 11%. However, in the present study covering the entire
year 2020, hospitalizations for acute CVD decreased by
12%, whereas scheduled treatments for CVD decreased by
22%. Similarly, hospitalizations for scheduled catheter
ablation, permanent pacemaker implantation, and ven-
tricular assist device implantation decreased by <10% dur-
ing the early stage of the COVID-19 pandemic, whereas
the overall number of these procedures decreased by 23%,
16%, and 32% for the entire year of 2020, respectively.
Furthermore, hospitalizations for scheduled pacemaker
generator exchanges were nearly consistent with the pre-
dicted values in 2020. Generally, the battery life of pace-
makers is typically 5-10 years, thereby establishing a cycle
for generator exchange; consequently, the depletion of
pacemaker batteries itself is less susceptible to the impact
of COVID-19. Therefore, it can be interpreted that patients
requiring generator exchange in 2020 were admitted in
alignment with the predicted hospitalization number.

During the COVID-19 pandemic, an increase in the in-
hospital mortality rate among STEMI patients was
reported in Europe, but the rate remained stable in North
America.’ In addition, an increase in in-hospital mortality
rates among HF patients was documented in 4 of 6 coun-
tries.5 The incidence of in-hospital mortality among all
groups did not change significantly between the pre-
COVID-19 and COVID-19 pandemic periods in Japan.
However, there was an increase in both the daily and
weekly mortality rates for acute HF. Although observed
hospital admissions for acute HF decreased by 14% in
2020 compared with predicted admissions, the proportion
of patients with NYHA Class III/IV at admission
increased. Therefore, we considered that due to concerns
over the COVID-19 pandemic, some patients may have
delayed seeking medical attention until their symptoms
worsened, resulting in a more severe condition upon
admission. In addition, physical inactivity during the
COVID-19 pandemic has been associated with increased
VTE in non-COVID-19 patients,'>14 and our results
confirmed these findings.

Further, during the COVID-19 pandemic, the length of
hospital stay decreased for all groups except for patients
hospitalized for ruptured aortic aneurysms and scheduled
for LVAD implantation. In addition, changes in the costs
per hospitalization varied substantially among the different
groups. Annual hospitalization costs were highest in 2020
for catheter ablation, valvular heart disease, acute HF,
IHD, and AMI. However, the largest decreases in annual
hospitalization costs were observed in 2020 for catheter
ablation, valvular heart disease, IHD, aortic aneurysms,
and acute HF. On further examination, we observed that
the reduction in annual hospitalization costs was driven
primarily by a decrease in elective admissions, with acute
CVD hospitalizations accounting for 14% of the total costs.

This study has some limitations. First, this study is not

based on exhaustive data; therefore, our results should be
interpreted with care. However, because this study included
most facilities participating in the JROAD-DPC, we believe
that our results are adequate and sufficiently robust. Second,
this study does not sufficiently explain why the number of
scheduled hospitalizations for VTE increased. However,
factors related to the COVID-19 pandemic may have been
responsible for an increase in the incidence of VTE, as
individuals may have refrained from habitual exercise.
Finally, this study only examined the first year of the
COVID-19 pandemic; thus, longer-term studies are
required to determine the impact of COVID-19 on cardio-
vascular care, particularly due to reports suggesting that
COVID-19 infection itself may increase the risk of cardio-
vascular events after hospitalization.!s

Conclusions

Cardiovascular hospitalizations decreased by more than
10% in 2020, with a decline of more than 30% for patients
scheduled for LVAD implantation. In-hospital mortality
rates remained relatively stable, but patients with acute HF
had higher mortality rates at 24h and 1 week. In addition,
the COVID-19 pandemic was characterized by a substan-
tial reduction in total CVD hospitalization costs, primarily
due to catheter ablation and valvular heart disease.
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