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Abstract: Background. The impact of the COVID-19 pandemic on hospitalization for cardiac infec-
tions is not well known. We aimed to evaluate the nationwide trends in hospital stays for myocarditis
and endocarditis cases before, during and after the nationwide lockdown for the COVID-19 pandemic
in France. We then aimed to describe the proportion of myocarditis and endocarditis patients with
and without COVID-19 and their clinical characteristics. Methods. Hospitalized cases of cardiac
infection were extracted from the French National Discharge database, which collects the medical
records of all patients discharged from all public and private hospitals in France. Age, sex, and
available cardiovascular risk factors were compared between stays with and without COVID-19
during the lockdown. Results. The number of myocarditis cases was 11% higher in 2020, compared
to the average of the three prior years. In 2020, 439 of 3727 cases of myocarditis were associated with
COVID-19. For endocarditis, there was an increase in cases by 7% in 2020 versus prior years. For
endocarditis, 3% (240 of 8128 cases) of patients with endocarditis had COVID-19. For myocarditis,
older age, hypertension, diabetes, obesity, and atrial fibrillation were more frequent in patients with
COVID-19 than in those without. For endocarditis, only hypertension was more frequent in patients
with COVID-19 than in those without. Conclusion. Our study reports an increase in hospitalizations
for both myocarditis and endocarditis in 2020, possibly related to the COVID-19 pandemic. Inter-
estingly, the trends differ according to the COVID-19 status. Knowledge of the factors associating
myocarditis or endocarditis and COVID-19 may improve the quality and the type of monitoring for
people with COVID-19, the identification of patients at risk of cardiac infections, and the treatment of
COVID-19 patients.
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has become a pandemic that continues to cause signifi-
cant mortality and morbidity worldwide, leading to a public health crisis of unprecedented
magnitude. In the absence of treatment or a vaccine, ceasing most human contact was
probably the only way to curb the spread of the virus, which is why many countries,
including France, imposed a nationwide lockdown during the spring of 2020.

Beyond the direct effects of COVID-19, the pandemic had indirect effects on morbidity
and mortality through changes in patient behaviors and the organization of the health
system. Indeed, the lockdown significantly changed the hospital landscape during the
spring of 2020, with hospital activity almost entirely dedicated to the pandemic and the
management of patients with confirmed COVID-19. The reorganization of hospitals led to
the cancelation of most scheduled activities in favor of COVID-19 emergency activity, and
many patients did not have access to their usual care.

Cardiovascular diseases are a common cause of morbidity and mortality [1,2]. More-
over, in COVID-19, prior cardiovascular disease is a major risk factor for complications
and mortality [3–6]. Therefore, during the pandemic, guidelines advised people with prior
cardiovascular disease to be particularly careful about maintaining social distancing mea-
sures. Several studies have reported reductions in hospital volumes during the pandemic
for cardiovascular diseases such as myocardial infarction [7–10], heart failure [11,12], or
stroke [13–17], which are characterized by high rates of complications and death [3,4].

Myocarditis and endocarditis are not the most common forms of cardiovascular
disease, but may have significant morbidity and mortality, particularly if therapeutic man-
agement is delayed. Myocarditis remains a challenging diagnosis due to the various clinical
presentations: infarct-like syndrome, acute or chronic heart failure, cardiac arrhythmia, or
cardiogenic shock. However, chest pain mimicking acute myocardial infarction is the most
frequent presentation. Endocarditis is most often characterized as an infectious syndrome
with fever, associated with the emergence of valvular heart disease. These symptoms
are variable and can be less alarming or sudden than myocardial infarction or stroke,
potentially leading to an underestimation of the incidence during the COVID-19 pandemic.

Few data are available on the incidence of myocarditis and endocarditis during the
pandemic, either in the general population or in patients with COVID-19 [5,6,11,12]. The
aim of this study was to evaluate the nationwide trends in hospitalized myocarditis and
endocarditis cases, before (2017 to 2019), during (17 March to 11 May 2020), and after
(11 May to 30 September 2020) the nationwide lockdown for COVID-19 in France. The
second objective was to describe and compare the proportion of patients with and without
COVID-19 and their clinical characteristics.

2. Methods

The nationwide data provided by the French National Hospital Discharge database
(PMSI–Programme de Médicalisation des Systèmes d’Information) were transmitted by the
national agency for the management of hospitalization data. This process was approved
by the National Committee for Data Protection. Transmission of these data to a third
party is forbidden. Despite the fact that PMSI data are confidential, they are available for
researchers who meet specific criteria, from the Agency for Information on Hospital Care
(ATIH–Agence Technique de l’Information sur l’Hospitalisation).

2.1. Hospitalization Data

Hospitalization data from 1 January to 30 September, for the years 2017 to 2020,
were extracted from the PMSI, which collects the medical records of all patients dis-
charged from all public and private hospitals in France. Hospitalizations included possible
hospital transfers.
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2.2. Myocarditis and Endocarditis

Myocarditis and endocarditis cases were identified according to the International Clas-
sification of Diseases—Tenth Revision Codes (ICD-10) using codes I40, I41 for myocarditis
and I330, I339 for endocarditis. COVID-19 was identified using specific codes created by
the ATIH for this pandemic. Codes were extracted for primary diagnoses but also for
associated and secondary diagnoses in order to fully explore the two diseases even when
another severe disease became the primary diagnosis. Other extracted variables were age,
sex, and available cardiovascular risk factors or diseases (hypertension, diabetes, obesity,
and atrial fibrillation). The diagnosis of myocarditis was based on clinical symptoms and
was confirmed by cardiac magnetic resonance imaging (CMR), while the diagnosis of
endocarditis was confirmed by cardiac echography.

2.3. Study Design

We retrospectively analyzed the data for all patients living in France and admitted
to public and private hospitals in France for acute myocarditis or endocarditis between
January and September 2020. This period included the first peak of the COVID-19 pandemic
and the national complete lockdown from 17 March (week 12) to 11 May (week 19) 2020.
Hospitalization numbers were compared month by month with the numbers from the
same period in 2017 to 2019. Clinical characteristics and in-hospital deaths were compared
between stays with and without COVID-19 during the lockdown. This retrospective study
had no impact on patient care and all data were anonymous. This study was authorized by
the French Data Protection Authority on 3 July 2020 (registration number: DR-2020-250 on
07/03/2020).

2.4. Statistical Analysis

Qualitative variables are presented as frequencies (percentages). Quantitative variables
are presented as medians and interquartile ranges (IQR). The different variables analyzed in
the cohort of hospitalized patients were compared using the Chi2 test or the Fisher’s exact
test (for qualitative variables) and the median test (for quantitative variables), between
patients with and without COVID-19 during the lockdown. The change in the number
of stays for each disease in 2020 compared with the mean of 2017 to 2019 by month was
plotted as smoothed curves using degree 2 spline functions. The threshold for statistical
significance was set at <0.05. All analyses were performed using SAS (SAS Institute Inc.,
Version 9.4, Cary, NC, USA).

3. Results

The results are first presented according to the specific disease (myocarditis or endo-
carditis), and then they are detailed according to the COVID-19 or non-COVID-19 status of
the patient during the hospital stay.

3.1. Myocarditis

The overall number of myocarditis cases (Figure 1A) was higher in 2020 (January–
September 2020) (3727) when compared with the mean number of cases in 2017–2019 (3345,
i.e., an increase of 11.4%) during the entire study period, with a slow decrease from May.

In patients with COVID-19 (Figure 1B), there were more hospitalizations for acute
myocarditis during the lockdown only. For patients without COVID-19 (Figure 1C), there
was a decrease that began before the lockdown, but there was no rebound in the number
of cases after the lockdown. We found that 439/3727 (11.8%) COVID-19 cases occurred in
patients with myocarditis in 2020.
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Figure 1. Number of hospitalizations in metropolitan France for myocarditis between January and
September 2020 compared with the same months from 2017 to 2019. Vertical dotted lines indicate the
beginning and end of the national lockdown (March 17th and May 10th). (A): Graphical demonstration of
the increased number of hospitalizations for myocarditis during lockdown in 2020 in comparison
to the mean number of cases from 2017 to 2019. (B): Graphical demonstration, for patients with
COVID-19, of the increased number of hospitalizations for myocarditis only during lockdown in
2020 in comparison to the mean number of cases from 2017 to 2019. (C): Graphical demonstration, for
patients without COVID-19, of the decreased number of hospitalizations for myocarditis that began
before the lockdown in 2020 and the absence of rebound in the number of cases after the lockdown in
comparison to the mean number of cases from 2017 to 2019.
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3.2. Endocarditis

The overall number of endocarditis cases (Figure 2A) was higher in 2020 (January–
September 2020) (8128) when compared with the mean number from 2017 to 2019 (7580,
i.e., an increase of 7.2%). During the lockdown in 2020, the overall number of hospital stays
for endocarditis was slightly inferior in March and April compared with the mean from
2017 to 2019 (1677 versus 1733, i.e., a decrease of 3.2%), but the number of cases surpassed
the rates seen in previous years in May until September (Figure 2A) (4591 versus 4289, i.e.,
an increase of 7.0%).
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Figure 2. Number of hospitalizations in metropolitan France for acute endocarditis between January
and September 2020 compared with the same months from 2017 to 2019. Vertical dotted lines indicate
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the beginning and end of the national lockdown (March 17th and May 10th). (A): Graphical demonstration
of the decreased number of hospitalizations for acute endocarditis in March and April 2020 and the
increased number of these hospitalizations in May until September 2020 in comparison to the mean
number of cases from 2017 to 2019. (B): Graphical demonstration, for patients with COVID-19, of the
increased number of hospitalizations for acute endocarditis during lockdown in 2020 in comparison
to the mean number of cases from 2017 to 2019. (C): graphical demonstration, for patients without
COVID-19, of the decreased number of hospitalizations for acute endocarditis during lockdown in
2020 and the increased number of these hospitalizations after the lockdown in 2020 in comparison to
the mean number of cases from 2017 to 2019.

For endocarditis with COVID-19 (Figure 2B), the maximum number of endocarditis
cases was observed during the lockdown. For patients without COVID-19 (Figure 2C), we
observed a decrease in hospital stays during the lockdown in March–April (1528 in 2020
versus 1733 for the mean of 2017–2019, i.e., a decrease of 11.8%), followed by a period with
higher than average numbers from May to August followed by a slow decrease (4510 in
2020 versus 4289 for the mean of 2017–2019, i.e., an increase of 5.2%). During our analysis
period, 240/8128 (3.0%) patients with endocarditis had COVID-19.

3.3. Clinical Characteristics of Patients According to COVID-19 Status

Concerning the clinical characteristics of patients with myocarditis according to their
COVID-19 status (Table 1), patients with COVID-19 were older (61 vs. 50 years, p < 10−4),
and more likely to have other cardiovascular risk factors such as hypertension (36% vs.
20%, p < 10−4), diabetes (23% vs. 7%, p < 10−4), or obesity (18 vs. 10%, p = 0.0021). There
was also more atrial fibrillation (19% vs. 12%, p = 0.0033) among myocarditis patients with
COVID-19, and five times more deaths in this same group (24% vs. 5%, p < 10−4).

Table 1. Clinical characteristics of myocarditis and endocarditis among COVID-19 patients vs. non-
COVID-19 patients during the lockdown of 2020.

COVID-19 +
N (%)

COVID-19 −
N (%) p-Value

Myocarditis (n = 836) 322 514
Age, years
Mean (SD) 61.1 (19.9) 50.2 (20.4) <10−4

Sex 0.0068
Women 104 (32.3) 214 (41.6)

Men 218 (67.7) 300 (58.4)
Hypertension 115 (35.7) 101 (19.7) <10−4

Diabetes 75 (23.3) 38 (7.4) <10−4

Obesity 57 (17.7) 53 (10.3) 0.0021
Atrial fibrillation 62 (19.3) 61 (11.9) 0.0033

In-hospital mortality 76 (23.6) 26 (5.1) <10−4

Endocarditis (n = 1473) 136 1337
Age, years
Mean (SD) 69.8 (15.2) 71.0 (14.3) 0.32

Sex 0.079
Women 33 (24.3) 422 (31.6)

Men 103 (75.7) 915 (68.5)
Hypertension 72 (52.9) 573 (42.9) 0.024

Diabetes 39 (28.7) 348 (26.0) 0.50
Obesity 21 (15.4) 157 (11.7) 0.21

Atrial fibrillation 43 (31.6) 484 (36.2) 0.29
In-hospital mortality 43 (31.6) 214 (16.0) <10−4

N: number; %: percent; SD: standard deviation.

For endocarditis, we did not observe a significant difference in age between the two
groups. In contrast with myocarditis, patients presenting endocarditis with COVID-19
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did not have more cardiovascular risk factors than patients without COVID-19, except for
hypertension (53% vs. 43%, p = 0.024). Mortality was twice as high in endocarditis patients
with COVID-19 compared to that in the non-COVID-19 group (32% versus 16%, p < 10−4).

4. Discussion

To the best of our knowledge, this is the first nationwide, population-based retrospec-
tive cohort study to compare (according to COVID-19 status) the number and the clinical
characteristics of patients hospitalized for myocarditis and endocarditis in all public and
private hospitals before, during, and after the lockdown in 2020. This study reports specific
trends for these two conditions.

For myocarditis, we observed an increase in hospital stays not only during but also
after the lockdown compared with the mean from 2017 to 2019. As expected, the number
of hospitalizations for myocarditis in patients with COVID-19 was higher during the
lockdown (which corresponded approximately to the first wave), but only during this
period. On the contrary, the number of hospitalizations for myocarditis in patients without
COVID-19 decreased sharply during the lockdown, followed by an approximate return
to the levels observed in 2017–2019, but without surpassing them. For endocarditis, we
observed a decrease at the beginning of the lockdown followed by an excessive increase
after the end of the lockdown. As with myocarditis, the number of hospitalizations for
endocarditis in patients with COVID-19 was higher during the lockdown. For patients
without COVID-19, the number of hospitalizations for endocarditis decreased sharply
during the lockdown, but this decrease was followed by an excessive rise in cases after the
lockdown (exceeding the levels of previous years).

To understand the observed trends, explanations may be provided by the pathophysi-
ology of COVID-19, myocarditis, and endocarditis. The significant rise in hospitalization
stays for myocarditis associated with COVID-19 could be explained by the positive role of
two clinical presentations leading to the diagnosis of myocarditis, such as fever present in
myocarditis or febrile heart failure or chest pain [18–20], quickly revealing myocarditis by
through CMR. This observation highlights the importance of clinical features in the man-
agement of emergencies during the COVID-19 pandemic. However, data on the prevalence
of myocarditis associated with COVID-19 may vary since they depend on the methods
used. Among 39 patients who died from COVID-19 and were autopsied [21], 24 (61%)
presented anatomical lesions of myocarditis, characterized by the three classical anatomical
features: inflammation of the myocardium, microvascular thrombosis, and myocardial
necrosis [5,22,23]. In living patients, the diagnosis of myocarditis was based on clinical as-
sessment or on biopsy [24–28], resulting in a prevalence between 5% [22] and 27.8% [29,30].
When CMR is used, the data are more informative [30]. On 100 patients with COVID-19 [31],
a CMR was performed 70 days after the acute state of the infection, revealing that 78% of
the cases had detectable high-sensitivity troponin, 60% had evidence of active myocardial
inflammation from abnormal native T1 and T2, 32% manifested late gadolinium enhance-
ment, and 22% had a pericardial involvement. In another study including 145 competitive
student athletes aged between 17 and 23 years old [32], a CMR performed 15 days after
the diagnosis of mild to moderate COVID-19 revealed myocarditis in two athletes (1.4%).
Therefore, as described by Zheng and Thakkar [5,33], COVID-19 may have a direct impact
on the myocardium [5,33]. This is suggested by the high prevalence of COVID-19 in our
study (11%), compared with the prevalence of 3% in our endocarditis cohort or 6% in
myocardial infarction [7] and stroke [13]. Its entry into the myocardium may be boosted via
the angiotensin-converting enzyme 2 receptors, which are expressed mainly in the heart
and lungs [33,34]. Besides the direct impact of COVID-19 on the myocardium, another
mechanism is possible via the systemic release of various pro-inflammatory cytokines such
as interleukine-1 and 6, interferon gamma, macrophage inflammatory protein-1A, and
tumor necrosis factor-alpha [35]. Inflammatory infiltration is reported to be more frequent
than direct damage by the virus [36–38]. SARS-CoV-2 gains entry into human cells by
binding its spike protein to the membrane protein angiotensin-converting enzyme 2 (ACE2).
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As previously described, ACE2 can be found on the epithelial cells of the respiratory tract,
pneumocytes, and cardiomyocytes. Therefore, it is possible that SARS-CoV-2 infects the
human heart, especially in cases of heart failure, because ACE2 is upregulated, although
the presence of viral receptors does not always predict tropism. Intracellular SARS-CoV-2
might impair stress granule formation through its accessory protein. Without the stress
granules, the virus is able to replicate and damage the cells. Naïve T lymphocytes can be
primed for viral antigens with antigen-presenting cells, while cardiotropism was linked by
the heart-produced HGF (hepatocyte growth factor, which is an antifibrotic factor). The
HGF binds c-Met, an HGF receptor on T lymphocytes. The primed CD8+ T lymphocytes
migrate to the cardiomyocytes and cause myocardial inflammation through cell-mediated
cytotoxicity. Then, inflammation increases T-lymphocyte activation and releases more
cytokines. This results in a positive feedback loop of immune activation and myocardial
damage such as myocarditis [39].

Concerning endocarditis, cardiac valve damage could be linked, through the cytokine
storm, with the systemic inflammation and hypercoagulable state induced by COVID-19.
The formation of vegetations is initiated through bacteremia, which causes microorganisms
to adhere to the previously damaged endothelium. The upregulated coagulation state
caused by a recent COVID-19 infection also helps microorganisms to become encased in a
platelet-fibrin matrix on the heart valve structure [40].

The role of the inflammatory reaction is reinforced by the recent reports of myocarditis
after vaccination against COVID-19 in young patients. In this predominantly male popula-
tion, 148 cases were detected in the first month after vaccination and mainly after the second
dose. Considering myocarditis without COVID-19, the deep drop observed during the
lockdown is similar to that observed in other cardiovascular diseases such as myocardial
infarction [7–10], heart failure [12], or stroke [13,14,16,41], potentially for the same reasons.
For example, many authors have underlined the influence of several factors during the
first lockdown: the fear of putting additional pressure on hospitals and caregivers, the
messages relayed by the media and health authorities to stay home to avoid the risk of
COVID-19 contamination [14,17,18], the priority given to patients with COVID-19, and
patient isolation.

In our study, we were able to consider a longer post-lockdown period than in the pre-
vious literature. We were, thus, able to show that the recovery in the number of myocarditis
cases without COVID-19 did not exceed the number of hospitalizations in previous years.
This may be due to several mechanisms, for example a decrease in the number of hospital-
ized COVID-19 patients, an appropriate reactivation of emergency networks, or changes
in patient behavior when they experienced temperature or dyspnea. Two other potential
reasons for the recovery of cases to the levels of previous years are delays in echocardio-
graphy acts, which were delayed until after the end of the lockdown and the end of the
first COVID-19 wave, or the onset of chronic heart failure. The consequence of COVID-19-
related myocarditis could explain the onset of chronic heart failure and COVID-19-related
chronic fatigue syndrome [42–44].

For endocarditis, the rise in the number of hospital stays during the lockdown in
patients with COVID-19 appears to be independent from COVID-19. The two conditions
were associated in only 3% of the cohort, and endocarditis is not involved in the inflamma-
tory storm, which acts to promotes endothelial activation, leading to a proadhesive and
prothrombotic status [23,33]. In fact, we first observed a deep drop during the lockdown,
which may have been for the same reasons described above for myocarditis. However, con-
trary to myocarditis, this deep drop was followed by an increase in the number of hospital
stays compared with 2017 to 2019, exceeding the numbers recorded in the post-lockdown
period, and then dropping back to previous levels in August. The reasons could be related
to a change in medical practices with the activation of the echocardiography networks able
to provide a fast evaluation of patients with fever mimicking COVID-19, inflammatory
syndrome, or febrile heart failure. In any case, the reason for the increase in the number of
cases needs further investigation.



Biomedicines 2022, 10, 1231 9 of 12

Regarding the clinical characteristics and outcomes associated with COVID-19, it is
interesting to observe that a high proportion of the patients with both myocarditis and
COVID-19 had several cardiovascular risk factors such as older age, male sex, hyper-
tension, diabetes, obesity, and atrial fibrillation, which was also the case for myocardial
infarction [7–10], heart failure [11,12], and stroke [13,14,16,17]. A high mortality rate was
confirmed in the two conditions studied here, which was also the case for the other car-
diovascular diseases related to COVID-19 complications [13,19,20,23]. This observation
can likely be explained by the fact that patients hospitalized for COVID-19 during the
lockdown in 2020 were in more serious condition and had more comorbidities than those
who were hospitalized without COVID-19. In addition, COVID-19 infection increased the
mortality rate of these patients for non-cardiological reasons, such as respiratory failure or
thrombotic complications, and patients without associated COVID-19 infection probably
remained free of these complications.

Moreover, Block et al. [45] recently conducted a similar study on the incidence of
inflammatory cardiac diseases in the United States. The authors calculated the incidence
of cardiac outcomes (myocarditis and or pericarditis) among 15,215,178 individuals aged
≥5 years who had SARS-CoV-2 infection or after mRNA COVID-19 vaccines, stratified by
sex (male or female) and age group (5–11, 12–17, 18–29, and ≥30 years). The incidences
of inflammatory cardiac complications after SARS-CoV-2 infection or mRNA COVID-19
vaccination were low overall but were higher after infection than after vaccination for both
males and females in all age groups.

Limitations: This nationwide study is a descriptive, retrospective, observational study.
Possible misclassification may have occurred. However, while under-detection of cases is
of course possible, this risk should be greatly reduced by the long post-lockdown period
studied. This prolonged period allowed for almost complete capture of the discharge
abstracts, which are an obligation for all public and private hospitals. Moreover, we have
no data on the causes of endocarditis or the number of surgical cases. Access times to
hospital and procedures were not ascertained in discharge abstracts.

Strengths: All French hospital data from public and private hospitals and primary,
secondary, and tertiary cardiac units were collected, and we were, thus, able to be nationally
representative. The post-lockdown period was evaluated, and the possible risk of a seasonal
effect was limited by using data from 2017 to 2019.

5. Conclusions

This study reports, for the first time, a specific phenomenon that has not been ob-
served in other cardiac conditions, with a higher number of stays for both myocarditis and
endocarditis during the first complete lockdown, in particular, in patients with COVID-19,
compared to the average from the three prior years. This observation underlies a potential
link between cardiac infections and COVID-19. In contrast, there was a decrease in the
hospitalization volume for these two conditions in non-COVID-19 patients during the
lockdown that was followed by a significant increase of hospital access after the lockdown,
similar to the case for other cardiovascular diseases.

It will be necessary to continue monitoring the trends for these two conditions going
forward. These data could be used to ascertain whether the effect was simply a brief
recovery in the number of hospitalizations after the end of the lockdown or whether it
reflects a deeper, long-lasting shift brought on by changes in the behavior of the general
public and health professionals, who may be more sensitive to the risk of cardiac infections
than in the past.

Author Contributions: Conceptualization, T.P., A.-S.M., C.Q. and M.G.; methodology, T.P., A.-S.M.,
E.B., C.Q. and M.G.; software, A.-S.M., E.B. and C.Q.; validation, all authors; formal analysis, A.-S.M.,
E.B. and C.Q.; investigation, all authors; resources, M.G., Y.B. and C.Q.; data curation, A.-S.M., E.B.
and C.Q.; writing—original draft preparation, T.P., A.-S.M., M.G., Y.B. and C.Q.; writing—review and
editing, T.P., E.B., C.B., A.-S.M., Y.B., M.G., M.-C.M., E.S., C.G., O.B. and C.Q.; visualization, A.-S.M.,
E.B. and C.Q.; supervision, T.P., A.-S.M., M.G., Y.B. and C.Q.; project administration, A.-S.M., M.G.



Biomedicines 2022, 10, 1231 10 of 12

and C.Q.; funding acquisition, M.G., Y.B. and C.Q. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the University Hospital of Dijon, the Faculty of Medicine of
Dijon. This project was funded by the French National Research Agency (NUM GRANT ANR-20-
COV1-0005-01).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Comité Ethique et Scientifique pour les recherches, les
études et les évaluations dans le domaine de la santé (CESREES, Ethics and Scientific Committee
for Research, Studies and Evaluation in Health, 9 June 2020) and the Institut des Données de Santé
(INDS, French Institute of Health Data, registration number 1611357, 15 June 2020) and authorized by
the Commission Nationale de l’Informatique et des Libertés (CNIL, French Data Protection Authority,
registration number DR-2020-250, 3 July 2020).

Informed Consent Statement: Patient consent was not needed for this study as it was a retrospective
study and the national data used were anonymous.

Data Availability Statement: The PMSI database was transmitted by the national agency for the
management of hospitalization data. The use of these data by our department was approved by
the National Committee for data protection. We are not allowed to transmit these data. PMSI
data are available for researchers who meet the criteria for access to these French confidential data
(this access is submitted to the approval of the National Committee for data protection) from the
national agency for the management of hospitalization (ATIH—Agence technique de l’information
sur l’hospitalisation). Address: Agence technique de l’information sur l’hospitalisation, 117 boulevard
Marius Vivier Merle, 69329 Lyon CEDEX 03.

Acknowledgments: This project was funded by the French National Research Agency. We thank
Suzanne Rankin for reviewing the English, and Gwenaëlle Periard for help with the layout and for
coordinating the preparation of this article.

Conflicts of Interest: Y.B. reports personal fees from BMS, personal fees from Pfizer, personal fees
from Medtronic, grants and personal fees from Boehringer-Ingelheim, personal fees and non-financial
support from Servier, and personal fees from Amgen, outside the submitted work. Other authors
declare no conflict of interest.

List of Abbreviations

COVID-19 Coronavirus disease 2019
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2

References
1. GBD 2016 Causes of Death Collaborators. Global, regional, and national age-sex specific mortality for 264 causes of death,

1980–2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet Lond. Engl. 2017, 390, 1151–1210. [CrossRef]
2. Virani, S.S.; Alonso, A.; Benjamin, E.J.; Bittencourt, M.S.; Callaway, C.W.; Carson, A.P.; Chamberlain, A.M.; Chang, A.R.; Cheng, S.;

Delling, F.N.; et al. Heart Disease and Stroke Statistics-2020 Update: A Report From the American Heart Association. Circulation
2020, 141, e139–e596. [CrossRef]

3. Fried, J.A.; Ramasubbu, K.; Bhatt, R.; Topkara, V.K.; Clerkin, K.J.; Horn, E.; Rabbani, L.; Brodie, D.; Jain, S.S.; Kirtane, A.J.; et al.
The Variety of Cardiovascular Presentations of COVID-19. Circulation 2020, 141, 1930–1936. [CrossRef]

4. Modin, D.; Claggett, B.; Sindet-Pedersen, C.; Højbjerg Lassen, M.C.; Grundtvig Skaarup, K.; Stæhr Jensen, J.U.; Fralick, M.;
Schou, M.; Lamberts, M.; Gerds, T.; et al. Acute COVID-19 and the Incidence of Ischemic Stroke and Acute Myocardial Infarction.
Circulation 2020, 142, 2080–2082. [CrossRef]

5. Thakkar, S.; Arora, S.; Kumar, A.; Jaswaney, R.; Faisaluddin, M.; Ud Din, M.A.; Shariff, M.; Barssoum, K.; Patel, H.P.; Nirav, A.; et al.
A Systematic Review of the Cardiovascular Manifestations and Outcomes in the Setting of Coronavirus-19 Disease. Clin. Med.
Insights Cardiol. 2020, 14, 1179546820977196. [CrossRef]

6. O’Hearn, M.; Liu, J.; Cudhea, F.; Micha, R.; Mozaffarian, D. Coronavirus Disease 2019 Hospitalizations Attributable to Car-
diometabolic Conditions in the United States: A Comparative Risk Assessment Analysis. J. Am. Heart Assoc. 2021, 10, e019259.
[CrossRef]

7. Mesnier, J.; Cottin, Y.; Coste, P.; Ferrari, E.; Schiele, F.; Lemesle, G.; Thuaire, C.; Angoulvant, D.; Cayla, G.; Bouleti, C.; et al.
Hospital admissions for acute myocardial infarction before and after lockdown according to regional prevalence of COVID-19
and patient profile in France: A registry study. Lancet Public Health 2020, 5, e536–e542. [CrossRef]

http://doi.org/10.1016/S0140-6736(17)32152-9
http://doi.org/10.1161/CIR.0000000000000757
http://doi.org/10.1161/CIRCULATIONAHA.120.047164
http://doi.org/10.1161/CIRCULATIONAHA.120.050809
http://doi.org/10.1177/1179546820977196
http://doi.org/10.1161/JAHA.120.019259
http://doi.org/10.1016/S2468-2667(20)30188-2


Biomedicines 2022, 10, 1231 11 of 12

8. Mafham, M.M.; Spata, E.; Goldacre, R.; Gair, D.; Curnow, P.; Bray, M.; Hollings, S.; Roebuck, C.; Gale, C.P.; Mamas, M.A.; et al.
COVID-19 pandemic and admission rates for and management of acute coronary syndromes in England. Lancet 2020, 396,
381–389. [CrossRef]

9. De Rosa, S.; Spaccarotella, C.; Basso, C.; Calabrò, M.P.; Curcio, A.; Perrone Filardi, P.; Mancone, M.; Mercuro, G.; Muscoli, S.;
Nodari, S.; et al. Reduction of hospitalizations for myocardial infarction in Italy in the COVID-19 era. Eur. Heart J. 2020, 41,
2083–2088. [CrossRef]

10. Solomon, M.D.; McNulty, E.J.; Rana, J.S.; Leong, T.K.; Lee, C.; Sung, S.H.; Ambrosy, A.P.; Sidney, S.; Go, A.S. The Covid-19
Pandemic and the Incidence of Acute Myocardial Infarction. N. Engl. J. Med. 2020, 383, 691–693. [CrossRef] [PubMed]

11. Doolub, G.; Wong, C.; Hewitson, L.; Mohamed, A.; Todd, F.; Gogola, L.; Skyrme-Jones, A.; Aziz, S.; Sammut, E.; Dastidar, A.
Impact of COVID-19 on inpatient referral of acute heart failure: A single-centre experience from the south-west of the UK. ESC
Heart Fail. 2021, 8, 1691–1695. [CrossRef] [PubMed]

12. Rey, J.R.; Caro-Codón, J.; Rosillo, S.O.; Iniesta, A.M.; Castrejón-Castrejón, S.; Marco-Clement, I.; Martín-Polo, L.; Merino-Argos, C.;
Rodríguez-Sotelo, L.; García-Veas, J.M.; et al. Heart failure in COVID-19 patients: Prevalence, incidence and prognostic
implications. Eur. J. Heart Fail. 2020, 22, 2205–2215. [CrossRef] [PubMed]

13. Mariet, A.S.; Giroud, M.; Benzenine, E.; Cottenet, J.; Roussot, A.; Aho-Glélé, L.S.; Tubert-Bitter, P.; Béjot, Y.; Quantin, C.
Hospitalizations for stroke in France during the COVID-19 pandemic before, during and after the national lockdown. Stroke 2020,
52, 1362–1369. [CrossRef]

14. Liu, R.; Zhao, J.; Zhao, M.F. The global impact of COVID-19 on acute stroke care. CNS Neurosci. Ther. 2020, 26, 1103–1105.
[CrossRef] [PubMed]

15. Kansagara, D.; Englander, H.; Salanitro, A.; Kagen, D.; Theobald, C.; Freeman, M.; Kripalani, S. Risk Prediction Models for
Hospital Readmission: A Systematic Review; VA Evidence-based Synthesis Program Reports; Department of Veterans Affairs (US):
Washington, DC, USA, 2011. Available online: http://www.ncbi.nlm.nih.gov/books/NBK82578/ (accessed on 23 March 2022).

16. D’Anna, L.; Brown, M.; Oishi, S.; Ellis, N.; Brown, Z.; Bentley, P.; Drumm, B.; Halse, O.; Jamil, S.; Jenkins, H.; et al. Impact of
National Lockdown on the Hyperacute Stroke Care and Rapid Transient Ischaemic Attack Outpatient Service in a Comprehensive
Tertiary Stroke Centre During the COVID-19 Pandemic. Front. Neurol. 2021, 12, 627493. [CrossRef]

17. Zhao, J.; Li, H.; Kung, D.; Fisher, M.; Shen, Y.; Liu, R. Impact of the COVID-19 Epidemic on Stroke Care and Potential Solutions.
Stroke 2020, 51, 1996–2001. [CrossRef]

18. Bader, F.; Manla, Y.; Atallah, B.; Starling, R. Heart failure and COVID-19. Heart Fail. Rev. 2021, 26, 1–10. [CrossRef]
19. Dong, N.; Cai, J.; Zhou, Y.; Liu, J.; Li, F. End-Stage Heart Failure with COVID-19: Strong Evidence of Myocardial Injury by

2019-nCoV. JACC Heart Fail. 2020, 8, 515–517. [CrossRef]
20. Guo, T.; Fan, Y.; Chen, M.; Wu, X.; Zhang, L.; He, T.; Wang, H.; Wan, J.; Wang, X.; Lu, Z. Cardiovascular Implications of Fatal

Outcomes of Patients with Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020, 5, 811–818. [CrossRef]
21. Lindner, D.; Fitzek, A.; Bracminger, H. Association of cardiac infection with SARS-Cov-2 in confirmed COVID-19 autopsy cases.

JAMA Cardiol. 2020, 5, 1281–1285. [CrossRef]
22. Giustino, G.; Pinney, S.P.; Lala, A.; Reddy, V.Y.; Johnston-Cox, H.A.; Mechanick, J.I.; Halperin, J.L.; Fuster, V. Coronavirus and

Cardiovascular Disease, Myocardial Injury, and Arrhythmia: JACC Focus Seminar. J. Am. Coll. Cardiol. 2020, 76, 2011–2023.
[CrossRef] [PubMed]

23. Bonow, R.O.; Fonarow, G.C.; O’Gara, P.T.; Yancy, C.W. Association of coronavirus disease 2019 (COVID-19) with myocardial
injury and mortality. JAMA Cardiol. 2020, 7, 751–753. [CrossRef] [PubMed]

24. Kim, I.C.; Kim, J.Y.; Kim, H.A.; Han, S. COVID-19 related myocarditis in a 21-year-old female patient. Eur. Heart J. 2020, 41, 1859.
[CrossRef] [PubMed]

25. Inciardi, R.M.; Lupi, L.; Zaccone, G. Cardiac involvement in a patIent with coronavirus disease 2019 (COVID-19). JAMA Cardiol.
2020, 5, 819–824. [CrossRef]

26. Tavazzi, G.; Pellegrini, C.; Maurelli, M. Myocardial localization of coronavirus in COVID-19 cardiogenic shock. Eur. J. Heart Fail.
2020, 22, 911–915. [CrossRef]

27. Wenzel, P.; Kopp, S.; Gobel Swenzel, P.; Kopp, S.; Gobel, S.; Jansen, T.; Geyer, M.; Hahn, F.; Kreitner, K.; Escher, F.; et al. Evidence
of SARS-Cov-2 mRNA in endomyocardial biopsies of patiens wih clinically suspected myocarditis tested negative for COVID-19
in nasopharyngeal swab. Cardiovasc. Res. 2020, 116, 1661–1663. [CrossRef]

28. Escher, F.; Pietsch, H.; Aleshcheva, G.; Bock, T.; Baumeier, C.; Elsaesser, A.; Wenzel, P.; Hamm, C.; Westenfeld, R.;
Schultheiss, M.; et al. Detection of viral SARS-Cov-2 genomes and histopathological changes in endomyocardial biopsies. ESC
Heart Fail. 2020, 7, 2440–2447. [CrossRef]

29. Ma, K.L.; Liu, Z.H.; Cao, C.; Liu, M.; Liao, J.; Zou, J.; Kong, L.; Wan, K.; Zhang, J.; Wang, Q.; et al. COVID-19 myocarditis and
severity factors: An adult cohort study. MedRxiv 2020. [CrossRef]

30. Huang, L.; Zhao, J.; Tang, D.; Zhu, T.; Han, R.; Zhan, C.; Liu, W.; Zeng, H.; Tao, Q.; Xia, L. Cardiac involvement in patients
recovered from COVID-19, identified using magnetic resonance imaging. JACC Cardiovasc. Imaging 2020, 13, 2330–2339. [CrossRef]

31. Puntmann, V.O.; Carerj, M.L.; Wieters, I.; Fahim, M.; Arendt, C.; Hoffmann, J.; Shchendrygina, A.; Escher, F.; Vasa-Nicotera, M.;
Zeiher, A.M.; et al. Outcomes of Cardiovascular Magnetic Resonance Imaging in Patients Recently Recovered from Coronavirus
Disease 2019 (COVID-19). JAMA Cardiol. 2020, 5, 1265–1273. [CrossRef]

http://doi.org/10.1016/S0140-6736(20)31356-8
http://doi.org/10.1093/eurheartj/ehaa409
http://doi.org/10.1056/NEJMc2015630
http://www.ncbi.nlm.nih.gov/pubmed/32427432
http://doi.org/10.1002/ehf2.13158
http://www.ncbi.nlm.nih.gov/pubmed/33410281
http://doi.org/10.1002/ejhf.1990
http://www.ncbi.nlm.nih.gov/pubmed/32833283
http://doi.org/10.1161/STROKEAHA.120.032312
http://doi.org/10.1111/cns.13442
http://www.ncbi.nlm.nih.gov/pubmed/32725844
http://www.ncbi.nlm.nih.gov/books/NBK82578/
http://doi.org/10.3389/fneur.2021.627493
http://doi.org/10.1161/STROKEAHA.120.030225
http://doi.org/10.1007/s10741-020-10008-2
http://doi.org/10.1016/j.jchf.2020.04.001
http://doi.org/10.1001/jamacardio.2020.1017
http://doi.org/10.1001/jamacardio.2020.3551
http://doi.org/10.1016/j.jacc.2020.08.059
http://www.ncbi.nlm.nih.gov/pubmed/33092737
http://doi.org/10.1001/jamacardio.2020.1105
http://www.ncbi.nlm.nih.gov/pubmed/32219362
http://doi.org/10.1093/eurheartj/ehaa288
http://www.ncbi.nlm.nih.gov/pubmed/32282027
http://doi.org/10.1001/jamacardio.2020.1096
http://doi.org/10.1002/ejhf.1828
http://doi.org/10.1093/cvr/cvaa160
http://doi.org/10.1002/ehf2.12805
http://doi.org/10.1101/2020.03.19.20034124
http://doi.org/10.1016/j.jcmg.2020.05.004
http://doi.org/10.1001/jamacardio.2020.3557


Biomedicines 2022, 10, 1231 12 of 12

32. Starekova, J.; Bluemke, D.A.; Bradham, X.S.; Eckhardt, L.; Grist, T.M.; Kusmirek, J.A.; Purtell, C.S.; Schiebler, M.L.; Reeder, S.B.
Evaluation for myocarditis in competitive student athletes recovering from coronavirus disease 2019 with cardiac magnetic
resonance imaging. JAMA Cardiol. 2021, 6, 945–950. [CrossRef] [PubMed]

33. Zheng, Y.-Y.; Ma, Y.-T.; Zhang, J.-Y.; Xie, X. COVID-19 and the cardiovascular system. Nat. Rev. Cardiol. 2020, 17, 259–260.
[CrossRef] [PubMed]

34. Tomasoni, D.; Italia, L.; Adamo, M.; Inciardi, R.M.; Lombardi, C.M.; Solomon, S.D.; Metra, M. COVID-19 and heart failure: From
infection to inflammation and angiotension II stimulation. Searching for evidence from a new disease. Eur. Soc. Cardiol. 2020, 22,
957–966. [CrossRef] [PubMed]

35. Chen, C.; Zhou, Y.; Wang, D.W. SARS-CoV-2: A potential novel etiology of fulminant myocarditis. Herz 2020, 45, 230–232.
[CrossRef]

36. Xu, S.; Shao, F.; Bao, B.; Ma, X.; Xu, Z.; You, J.; Zhao, P.; Liu, Y.; Ng, M.; Cui, H.; et al. Clinical Manifestation and Neonatal
Outcomes of Pregnant Patients with Coronavirus Disease 2019 Pneumonia in Wuhan, China. Open Forum Infect. Dis. 2020, 7, a283.
[CrossRef]

37. Deng, Q.; Hu, B.; Zhang, Y.; Wang, H.; Zhou, X.; Hu, W.; Cheng, Y.; Yan, J.; Ping, H.; Zhou, Q. Suspected myocardial injury
in patients with COVID-19: Evidence from front-line clinical observation in Wuhan, China. Int. J. Cardiol. 2020, 311, 116–121.
[CrossRef]

38. Knight, D.S.; Kotecha, T.; Razvi, Y.; Chacko, L.; Brown, J.T.; Jeetley, P.S.; Goldring, J.; Jacobs, M.; Lamb, L.E.; Negus, R.; et al.
COVID-19: Myocardial injury in survivors. Circulation 2020, 142, 1120–1122. [CrossRef]

39. Siripanthong, B.; Nazarian, S.; Muser, D.; Deo, R.; Santangeli, P.; Khanji, M.Y.; Cooper, L.T.; Chahal, C.A.A. Recognizing COVID-
19-related myocarditis: The possible pathophysiology and proposed guideline for diagnosis and management. Heart Rhythm.
2020, 17, 1463–1471. [CrossRef]

40. Kumanayaka, D.; Mutyala, M.; Reddy, D.V.; Slim, J. Coronavirus Disease 2019 Infection as a Risk Factor for Infective Endocarditis.
Cureus 2021, 13, e14813. [CrossRef]

41. Siepmann, T.; Sedghi, A.; Simon, E.; Winzer, S.; Barlinn, J.; de With, K.; Mirow, L.; Wolz, M.; Gruenewald, T.; Schroettner, P.; et al.
Increased risk of acute stroke among patients with severe COVID-19: A multicenter study and meta-analysis. Eur. J. Neurol. 2021,
28, 238–347. [CrossRef]

42. Abbasi, J. Researchers Investigate What COVID-19 Does to the Heart. JAMA 2021, 325, 808–811. [CrossRef] [PubMed]
43. Alvarez-Garcia, J.; Jaladanki, S.; Rivas-Lasarte, M.; Cagliostro, M.; Gapta, A.; Joshi, A.; Ting, P.; Mitter, S.S.; Bagiella, E.;

Mancini, D.; et al. New heart failure diagnoses among patients hospitalized for COVID-19. JACC 2021, 77517, 2258–2262.
[CrossRef] [PubMed]

44. Yancy, C.W.; Fonarow, G.C. Coronavirus disease 2019 (COVID-19) and the heart. Is heart failure the next chapter ? JAMA Cardiol.
2020, 5, 1216–1217. [CrossRef] [PubMed]

45. Block, J.P.; Boehmer, T.K.; Forrest, C.B.; Carton, T.W.; Lee, G.M.; Ajani, U.A.; Christakis, D.A.; Cowell, L.G.; Draper, C.;
Ghildayal, N.; et al. Cardiac Complications After SARS-CoV-2 Infection and mRNA COVID-19 Vaccination-PCORnet, United
States, January 2021–January 2022. MMWR Morb. Mortal. Wkly. Rep. 2022, 71, 517–523. [CrossRef]

http://doi.org/10.1001/jamacardio.2020.7444
http://www.ncbi.nlm.nih.gov/pubmed/33443537
http://doi.org/10.1038/s41569-020-0360-5
http://www.ncbi.nlm.nih.gov/pubmed/32139904
http://doi.org/10.1002/ejhf.1871
http://www.ncbi.nlm.nih.gov/pubmed/32412156
http://doi.org/10.1007/s00059-020-04909-z
http://doi.org/10.1093/ofid/ofaa283
http://doi.org/10.1016/j.ijcard.2020.03.087
http://doi.org/10.1161/CIRCULATIONAHA.120.049252
http://doi.org/10.1016/j.hrthm.2020.05.001
http://doi.org/10.7759/cureus.14813
http://doi.org/10.1111/ene.14535
http://doi.org/10.1001/jama.2021.0107
http://www.ncbi.nlm.nih.gov/pubmed/33566089
http://doi.org/10.1016/j.jacc.2021.03.006
http://www.ncbi.nlm.nih.gov/pubmed/33926664
http://doi.org/10.1001/jamacardio.2020.3575
http://www.ncbi.nlm.nih.gov/pubmed/32730614
http://doi.org/10.15585/mmwr.mm7114e1

	Introduction 
	Methods 
	Hospitalization Data 
	Myocarditis and Endocarditis 
	Study Design 
	Statistical Analysis 

	Results 
	Myocarditis 
	Endocarditis 
	Clinical Characteristics of Patients According to COVID-19 Status 

	Discussion 
	Conclusions 
	References

