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Abstract 

Importance 

The covid-19 pandemic induced a severe disruption in hospital activity. Cardiovascular illnesses 

represent a major health burden in industrialised countries and are second in terms of hospital bed 

occupancy in France. Considering the resources mobilized and the public health issue involved, it is 

necessary to study the impact of the pandemic on their incidences. 

Objective 

To monitor changes in the incidence of cardiovascular diseases during years 2020 and 2021 

compared to 2019. 

Design 

Nationwide population-based cohort study. 

Setting 

French hospital discharge database between January 1 and October 30 in 2019, 2020 and 2021. 

Participants 

New patients hospitalized for vascular disease in Metropolitan France. A patient was considered as 

incident for a morbidity if not present in the database in the previous two years with the morbidity 

as the primary reason for admission. 
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Main outcome measures 

Standardized hospitalization incidence difference and relative risk of hospitalization for a series of 

targeted vascular diseases from January 1 to October 31 for 2021 versus 2019. Demographic data 

from 2019 were used for the standardization of patient counts by 10-year age strata for each 

morbidity and year. 

Results 

While the relative risk of hospitalization in 2021 versus 2019 decreased for almost all diseases, an 

increase in relative risk was observed for myocarditis (28.0%) and pulmonary embolisms (10.0%). 

In 2020, the relative risk of hospitalization versus 2019 also decreased for almost all diseases but 

remained stable for myocarditis and increased by 4.0% for pulmonary embolisms. 

In 2021, the difference in myocarditis coincided with the vaccination campaign in young 

individuals. The increase in pulmonary embolism occurred predominantly in older women, with a 

weak but still noticeable coincidence with the vaccination campaign. 

Conclusions 

The deficit in care for patients with acute atherothrombotic manifestations in 2021 and 2020 shows 

a failure by the French healthcare system to rectify the deficiencies of 2020. The risk excess for 

pulmonary embolism cannot be entirely explained by covid-19 or by vaccine-induced immune 

thrombotic thrombocytopenia. This warrants investigating the risk/efficacy ratio of a temporary 

thromboprophylaxis in individuals at risk before vaccine. 

Introduction 

Cardiovascular illnesses represent a major health burden in industrialized countries and are 

responsible for a large proportion of hospital bed occupancies. In 2019 in France, medical care for 

cardiovascular diseases (CVD) accounted for 8.6 % of hospital stays, only second to digestive 

diseases.1 Variations in CVD incidence thus weigh heavily on public health management, impacting 

the provisional organization of healthcare services. 

The three first official covid-19 cases in France were identified on January 24, 2020. The covid-19 

pandemic caused a global perturbation in hospital activity with the saturation of regular and 

intensive care bed capacities and the postponement or cancellation of many scheduled 

hospitalizations (or the avoidance of unscheduled ones). In addition to social distancing, masking, 

curfews and travel limitations, the French government ordered three lockdowns: from March 17th 

to May 11th, 2020, then from October 30th to December 15th, 2020, and finally from April 3rd to 

May 3rd, 2021. Finally, the covid-19 vaccination campaign was launched on December 27th, 2020.2 

As regards the impact of the pandemic on CVD, the global spread of covid-19 raises the risk of 

numerous non-pulmonary consequences, the most severe being cardiovascular problems,3,4 as 

severe covid-19 is highly thrombogenic.5,6 Concerning vaccination, rare side effects include 

myocarditis7 after the mRNA-BNT162b2 vaccine, and thrombotic events from vaccine immune-

induced thrombotic thrombocytopenia, after vector-based vaccines.8,9 

Our goal was thus to perform a retrospective analysis of a series of targeted cardiovascular 

pathologies across France, comparing the incidence of inpatient stays before versus during the 

covid-19 pandemic at an exhaustive, nation-wide level, giving special attention to variations 

observed during the covid-19 vaccination campaign. 
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Methods 

Setting and data sources 

A nationwide, retrospective, exhaustive, population-based cohort study was conducted using the 

French National Uniform Hospital Discharge Data Set Database (PMSI)10 for years 2019 to 2021. 

The latter includes all inpatient hospital stays in private and public hospitals in a standardized, 

anonymized data set. According to French law, no informed consent was required to use these data 

(due to their anonymous nature). The available data include age, sex, dates of admission and 

discharge, length of stay, principal diagnosis coded according to the International statistical 

Classification of Diseases and related health problems, 10th revision (ICD10), and the Diagnostic 

Related Group (DRG) of the stay. 

Since no official cases of COVID-19 were recorded for 2019, this year was considered as the 

reference year when evaluating changes in disease incidence. Furthermore, case numbers for the 

years 2020 and 2021 were standardized for sex and age groups using the 2019 French demographic 

data provided by the French National Institute of Statistics and Economic Studies (INSEE).11 

Finally, subsets of interest were juxtaposed with vaccination data retrieved from the French 

Ministry of Solidarity and Health website.12 

Study pathologies, population, and period 

We focused on a selection of cardio-vascular diseases related to thromboembolic or inflammatory 

processes, identified by their ICD10 codes. These pathologies fall into five broad groups: (group 1) 

“Heart – Ischemic” with myocardial infarction and angina pectoris; (group 2) “Heart – 

Inflammation” for myocarditis and pericarditis; (group 3) “Cerebrovascular” for transient ischemic 

attack (TIA), stroke; (group 4) “Arterial embolism and thrombosis”; and (group 5) “Venous 

embolism and thrombosis” with deep vein thrombosis, pulmonary embolism and other venous 

thromboses (see eTable 1 for the related ICD 10 codes). 

In order to focus on incident cases, we first selected stays with one of the targeted pathologies 

coded as the principal diagnosis. For each pathology, we then retained only individuals hospitalized 

during the 2019 to 2021 period for the first time in two years. We considered these patients as 

incident for the pathology (year+2 incident patients). 

Records with invalid identifiers or error DRG were excluded. Patients from outside Metropolitan 

France were also excluded, since oversea territories have specific populations and health statuses 

often highly influenced by singular socio-economic environments and health resource allocation 

(e.g. the migrant crisis on the island of Mayotte). 

Furthermore, the PMSI database contains only discharged hospitalizations, resulting in a lack of 

stays at the end of the available period due to unfinished hospitalizations. In order to limit this bias, 

we computed the 95th to 99th percentiles of length of stay for the target pathologies. The 

percentiles of length of stay were computed for years 2019, 2020 and 2021 to control any length of 

stay variation due to the pandemic. Based on these data, we determined that the first ten months of 

each year cover at least 99% of the stays ending in December (see eTable 2). 

Study outcomes 

The primary outcome was the difference in standardized incidences between 2021 and 2019. 

Secondary outcomes include the differences between years 2020 and 2019 and between years 2021 

and 2020. In practice, we produced a hierarchical data exploration system comprising multiple 

summary figures per pathology.13 Starting from a main table containing the global information 

about each pathology, it is possible to navigate and explore a given pathology by drilling down to 

sex and age group. 
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The underlying data concerning a) caseload by sex and age group per year and b) the difference in 

caseloads per month (all age groups combined), are also provided.13 In order to comply with French 

regulations concerning privacy and medical secrecy, absolute patient numbers equal to or under 10 

are replaced by ‘NA’. 

Statistical Analysis 

General analysis 

The number of patients per each 10-month period for 2020 and 2021 was standardized by sex and 

10-year age strata (from 0 to 9 years to 80 years and over) based on the 2019 national population 

data. We calculated the expected number of patients with the associated 95% confidence interval 

(95% CI) had the population characteristics for sex and age strata been identical to the reference 

year. Bar charts were generated for each morbidity, representing case numbers and standardized 

case numbers by sex and age strata for 2019, 2020 and 2021. 

We also computed the difference between each dyad of years, with the corresponding relative risk 

(RR). This analysis was also performed for each morbidity and each sex, and then sex and age 

strata. Statistical analyses were performed using R software (command “riskratio.wald” from 

package “etpitools”), with a 2-tailed significance threshold of α = 0.05. 

Supplementary analyses 

Considering the general aspect of changes in incidence between 2020 and 2019, we further focused 

on the impact of the first lockdown in France. Incidence differences between 2020 and 2019 for the 

period ranging from March 1st to May 10th were computed, differentiating positive and negative 

changes. It was thus possible to assess their respective contributions to the overall change. 

Finally, for two pathologies, we juxtaposed incidence data and vaccination data (numbers of first 

doses injected per month in 2021), with the limitation that the vaccination data are only available by 

age group, not sex. To explore potentially vaccine-associated pathologies, we performed a) an 

additional extraction separating stays with and without a diagnostic code for symptomatic Covid 

(see eTable 3) as a way to eliminate cases potentially caused by Covid-19, and b) we computed the 

difference in the number of stays with or without Covid between 2020 and 2021. Since there was a 

sharp decline in stays during March 2020, we replaced the March 2020 values by the 2019 March 

values, applying the March 2020 Covid/Non Covid ratio. 

Results 

Main results 

Overall, 1,006,819 patients were selected over the ten target pathologies. After standardization and 

selection of the period studied (ten first months) for each year, the population size is 919,514 (table 

1). 

Generally, hospitalizations for all pathologies sharply declined in the first half of March 2020 

through April, preceding the first lockdown (Figure 1). Considering changes in incidence during 

this period (see eTable 4), five different cases can be broadly distinguished: i) more than 35% 

decline for arterial embolism/thrombosis and angina pectoris; ii) approximately 30% decline for 

other and deep venous thromboses; iii) transient ischemic attack, myocarditis, and myocardial 

infarction with a decline of 20 to 23%; iv) pericarditis and stroke with 13 and 14% decrease, and v) 

pulmonary embolism, with a mere 4% decrease being the result of a sharp drop (-19%) during the 

first half of March 2020 followed by a strong surge (+14%). 
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Patterns in annual change 

Based on a) the ratio of cases between each consecutive year and the 2021/2019 global evolution, b) 

the trend in cases over the years, and c) the relative risk between each consecutive year and the 

2021/2019 relative risk (table 2), we identify 4 groups of pathologies with similar temporal patterns. 

Group A: “Sustained decrease”. The incidence and relative risk of hospitalization significantly 

decrease each year and overall. This group contains deep venous thromboses (21.4% overall 

decrease) and angina pectoris (16.1% overall decrease). 

Group B: “Attenuated decrease”. After a significant decrease in 2020, there is no significant 

change between 2020 and 2021, although the global 21/19 balance still shows a significant 

decrease. This is the case for pericarditis (11.6% overall decrease), other venous thromboses (9.7% 

decrease), transient ischemic attacks (8.6% decrease), and strokes (4.2% decrease). 

Group C: “Partial rebound”. Significant decrease in 2020 followed by a significant increase in 

2021, with an overall significant decrease. This pattern occurs for arterial embolisms and 

thromboses (12.6% decrease in 2020 before increasing by 6.2% in 2021, and global balance of -

7.2%) and myocardial infarctions (4.4% drop in 2020, 2.6% incidence rebound in 2021, and global 

balance of -2.0%). 

Group D: “Increase”. In this group, the overall incidence and relative risk of hospitalization 

globally increased, independent of 20/19 changes. This group contains myocarditis and pulmonary 

embolism. Myocarditis incidence non-significantly decreases in 2020 and then significantly 

increases in 2021 by 30.8% for an overall progression of 27.7%. In contrast, pulmonary embolisms 

steadily increase, with a 4.3% 20/19 followed by a 5.8% increase in hospitalization incidence for an 

overall progression of 10.4%. 

Focus on myocarditis and pulmonary embolism 

Considering the characteristics of group D, we proceeded with further analyses using the 

hierarchical data exploration system and the shared study dataset.13 The global case differential for 

myocarditis rose progressively from May to August and recedes in September and October, notably 

with a significant difference between 2021 and 2020 in caseload and relative risk of hospitalization 

from July to September: 21/20 RR of 1.63 (1.37 to 1.95), 1.86 (1.57 to 2.20), and 1.68 (1.40 to 

2.02). Compared to 2019, myocarditis occurs more frequently in 2021 among men in the 10-19 and 

20-29 year age groups (Figure 2). 

An entirely different situation was observed for the pulmonary embolism group: the caseload excess 

is more smoothly distributed over sex-age groups with significant differences concentrated on the 

oldest patients, especially among women 70 and over (Figure 3). 

Results were further juxtaposed with vaccination data. In the case of myocarditis, for men aged 10 

to 29, we notice a significant increase in non Covid-19 stays between 2020 and 2021 (NCS20-21) in 

March and then from June to October (for a total of 456 cases), following the curve of the first dose 

of vaccine injections for this age group (efigure 1). For pulmonary embolism among women aged 

70 and over, we find a similar trend between NCS20-21 and the number of first dose injections 

(efigure 2), notably with a significant increase of 252 cases in April. 

Discussion 

General findings 

All target cardiovascular pathologies decreased in incidence for the first ten months of 2021 

compared to 2019, with the exception of myocarditis and pulmonary embolism. For these two 

pathologies, incident hospitalizations significantly increased in both 2020 and 2021. 
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Lessons not learned 

Initial case reports and cohort studies linked covid-19 with an increased risk of acute myocardial 

infarction and stroke.14–16 This has been confirmed in a nationwide register-based study of all 

patients with covid-19,17 however reports in Denmark as well as the United States showed a strong 

decline in hospitalization for myocardial infarction and cardiac catheterization during the early 

phase of the covid-19 pandemic mitigation measures.18,19. In particular, the covid-19 pandemic 

adversely affects timely access to cardiac catheterization services.20 Furthermore, admissions for 

acute myocardial infarction in Italy were significantly reduced, with a parallel increase in fatality 

and complication rates.21 This presents an alarming picture whereby a substantial proportion of 

patients did not access hospital services, with a marked decrease in hospital admissions before and 

during the first lockdown in France.22 Our data support this hypothesis, demonstrating approximate 

declines of 36% and 20% in hospitalization incidence for angina pectoris and myocardial infarction, 

respectively, in March/April 2020 compared to 2019. Thus, the comparative increase in 

hospitalizations for acute coronary atherothrombosis in 2021 is probably a partial re-normalization 

of the necessary hospital care, still insufficient when comparing the rates for 2021 to those for 2019. 

Similarly, stroke neurologists from Italy, France, and Germany observed limited or delayed access 

to acute stroke diagnostics and time-dependent therapies.23 The general observation is therefore that 

of a global restriction of hospital care channels for acute atherothrombotic, coronary and 

cerebrovascular pathologies induced by the covid-19 pandemic. This suggest that the French 

healthcare system struggled to provide care in 2021, despite the lessons learned in 2020. 

Myocarditis 

Like other viral illnesses,24 acute myocarditis is associated with covid-19.25–27 It is most often 

associated with symptomatic covid-19, which is by itself the reason for hospitalization. In the 

setting of our study, it is therefore unsurprising that we did not observe excess myocarditis cases in 

2020; on the contrary, myocarditis incidence declines by 20% circa the first lockdown. However, 

we cannot exclude an increase in the number of cases with a predominant myocarditis masked by 

the difficulty to access hospital cardiology channels. An excess risk of myocarditis has been 

previously described in patients receiving at least one dose of the mRNA vaccines against SARS-

CoV-2, referring to both the Spikevax® mRNA-1273 vaccine and the Comirnaty® BNT162b2 

vaccine.28–30 This was also observed in France in the VigiBase national database of adverse drug 

reaction reports.31 Adverse vaccine reactions are thus likely to explain at least a part of the 

myocarditis case excess observed in 2021 compared to 2020 in the present study. Taking into 

account available data for the vaccination campaign for people aged 10 to 29, we note that the 

increase in myocarditis cases in 2021 relative to 2020 for men in this age group coincides with the 

curve for the first dose of vaccine. 

Pulmonary embolism 

A French nationwide study reported an increased number of patients hospitalized with pulmonary 

embolism in 2020, mainly linked to the covid-19 waves, in both patients with and without covid-

19.32 This increase was also observed in the United Kingdom,33 but not in Denmark.34 In the present 

study, the difference between the 2021 and 2020 periods mainly occurred in the first five months, 

and was concentrated in non-covid-19 patients. This effect persisted even after conservatively 

compensating for a probable under-representation of cases in 2020. Furthermore, the first months in 

2021 coincided with the beginning of the vaccination campaign in France, and we observe a co-

occurrence between the increase in pulmonary embolism cases in 2021 versus 2020 for women 

aged 70 and over, and the curve of the first dose of vaccine for people aged 70 and over. We 

therefore suggest an increased risk of pulmonary embolism associated with the vaccination 

campaign. 
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Since the rollout of the covid-19 vaccine, there have been reports of rare venous thrombosis such as 

cerebral venous sinus and portal/splanchnic/hepatic veins thrombosis, mostly linked to the vaccine-

induced immune thrombotic thrombocytopenia8,9,35,36 following the ChAdOx1 nCoV-19 vaccine. 

One case of isolated pulmonary embolism associated with thrombocytopenia was described among 

the 11 cases of the initial Geinacher’s report9 and another case later.36 Very few cases of isolated 

pulmonary embolism37 or deep vein thrombosis38 exist in the literature after covid-19 vaccination in 

the absence of a blood cell count abnormality. A recently available meta-analysis of the risk of 

vaccine-induced thrombotic thrombocytopenia (VITT) following ChAdOx1 nCoV-19 vaccine 

found a pooled incidence of 7.3 [95% CI 4.3 to 12.3] per 1,000,000 persons receiving a first dose of 

ChAdOx1 nCoV-19 vaccine compared with the reported incidence in France of 6.3 [95% CI 2.9 to 

1.19].41 Thus only a fraction of the excess cases of pulmonary embolism found during the first ten 

months of 2021 can be attributed to VITT alone. 

While the BNT162b2 mRNA vaccine was the first authorized vaccine and most widely used in 

older persons in France, a recent French population-based study on the risk of severe cardiovascular 

events among people aged 75 years or older found no increase in the incidence of pulmonary 

embolism in the 14 days following each BNT162b2 mRNA vaccine dose.42 However, as some 

pharmacokinetic studies consider post-vaccine peak immunity to occur after 14 days,43 there might 

be a selection bias in the time frames considered. 

Strength and limitations 

The strength of our study is its nationwide scale, based on the systematic coding of diseases in 

hospitalized patients, strongly supporting generalizability to the French population. The data are 

subject to quality controls led by the French Social Security administration, potentially resulting in 

fines, thus ensuring a certain level of accuracy 

However, there are two main limitations. First is possible misclassification, potentially generating 

strong biases. Second, we do not have any information on outpatients and patients treated at home, 

and for example, we cannot assess a decrease in hospitalization rates for diseases linked with 

disease-related deaths at home. We also do not have any access to the type of vaccine administered 

and can only take note of the temporal concordance between case excess and vaccination. 

Conclusion 

The covid-19 pandemic in 2021 was associated with a deficit in care for patients with acute 

atherothrombotic manifestations. These issues were a repeat of those seen in 2020, suggesting a 

failure of the French healthcare system to adapt to pandemic conditions. In parallel with the 

vaccination campaign, an excess risk of myocarditis was confirmed in 2021. The 2021 period was 

also associated with an excess risk of pulmonary embolism, which cannot be entirely explained by 

vaccine-induced immune thrombotic thrombocytopenia. This result warrants further investigation, 

in order to determine the risk/efficacy ratio of a temporary thromboprophylaxis in individuals at 

significant risk of venous thromboembolism. 

Acknowledgments 

Acknowledgements: We thank Sarah Kabani, medical writer (BESPIM), for editing the 

manuscript, which was funded by the CHU Nîmes in accordance with GPP3 guidelines. 

Author’s contributions: TB is guarantor for this manuscript and had full access to all of the data in 

the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. 

Concept and design of the study: TB, LG, J-CG. Acquisition, analysis, or interpretation of data: TB, 

LG, AP-M, CMS, J-CG. Drafting of the manuscript: J-CG, TB. Critical revision of the manuscript 

for important intellectual content: TB, LG, AP-M, CMS, J-CG. Statistical analysis: TB, LG. 

Administrative, technical, or material support: TB, LG. Supervision: J-CG, TB. 

All rights reserved. No reuse allowed without permission. 
perpetuity. 

preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in 
The copyright holder for thisthis version posted August 2, 2022. ; https://doi.org/10.1101/2022.08.01.22278235doi: medRxiv preprint 

https://doi.org/10.1101/2022.08.01.22278235


8 

Funding: This research project was supported by internal funding from the Nimes University 

Hospital (the study sponsor). 

Data sharing: PMSI data are available for researchers who meet the criteria for access to these 

confidential data (this access is submitted to the approval of the National Committee for data 

protection) from the national agency for the management of hospitalisation (ATIH – Agence 

Technique de l’Information sur l’Hospitalisation). We are not allowed to share the raw data and 

provide aggregated data, replacing values equal to or under 10 by ‘NA’. We also provide a 

hierarchical data exploration system comprising multiple summary figures per pathology. 

Ethics approval and consent to participate: The study was approved by the Institutional Review 

Board of the University Hospital of Nîmes, reference number 21.12.28. Retrospective studies on the 

National Uniform Hospital Discharge Data Set Database do no need legal authorization, and written 

consent is not needed since data are anonymous. Written consent was not needed for this study as it 

is a retrospective study and the national data used are anonymous. 

Competing interests: Carey Suehs reports grants and personal fees from Astra Zeneca, grants from 

GSK, unrelated to the current work. The remaining authors report no competing interests. 

  

All rights reserved. No reuse allowed without permission. 
perpetuity. 

preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in 
The copyright holder for thisthis version posted August 2, 2022. ; https://doi.org/10.1101/2022.08.01.22278235doi: medRxiv preprint 

https://doi.org/10.1101/2022.08.01.22278235


9 

References 
1.  Toutes activités : Fiche nationale | Stats ATIH. Accessed January 21, 2022. 

https://www.scansante.fr/applications/analyse-activite-nationale 

2.  Dicom_Océane.D, Dicom_Océane.D. Lancement de la campagne de vaccination contre la 

COVID – 19 en France. Ministère des Solidarités et de la Santé. Published December 24, 

2020. Accessed January 27, 2022. https://solidarites-sante.gouv.fr/actualites/presse/invitations-

presse/article/lancement-de-la-campagne-de-vaccination-contre-la-covid-19-en-france 

3.  Mizera L, Borst O. COVID-19 and the Incidence of Acute Myocardial Injury. 

Hämostaseologie. 2021;41(5):356-364. doi:10.1055/a-1554-6416 

4.  Lang JP, Wang X, Moura FA, Siddiqi HK, Morrow DA, Bohula EA. A current review of 

COVID-19 for the cardiovascular specialist. Am Heart J. 2020;226:29-44. 

doi:10.1016/j.ahj.2020.04.025 

5.  Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary Vascular Endothelialitis, 

Thrombosis, and Angiogenesis in Covid-19. N Engl J Med. 2020;383(2):120-128. 

doi:10.1056/NEJMoa2015432 

6.  Poor HD. Pulmonary Thrombosis and Thromboembolism in COVID-19. Chest. 

2021;160(4):1471-1480. doi:10.1016/j.chest.2021.06.016 

7.  Mevorach D, Anis E, Cedar N, et al. Myocarditis after BNT162b2 mRNA Vaccine against 

Covid-19 in Israel. N Engl J Med. 2021;385(23):2140-2149. doi:10.1056/NEJMoa2109730 

8.  Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and Thrombocytopenia after 

ChAdOx1 nCoV-19 Vaccination. N Engl J Med. 2021;384(22):2124-2130. 

doi:10.1056/NEJMoa2104882 

9.  Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA, Eichinger S. Thrombotic 

Thrombocytopenia after ChAdOx1 nCov-19 Vaccination. N Engl J Med. 2021;384(22):2092-

2101. doi:10.1056/NEJMoa2104840 

10.  Boudemaghe T, Belhadj I. Data Resource Profile: The French National Uniform Hospital 

Discharge Data Set Database (PMSI). Int J Epidemiol. 2017;46(2):392-392d. 

doi:10.1093/ije/dyw359 

11.  Insee - Institut national de la statistique et des études économiques. Accessed January 27, 

2022. https://www.insee.fr/fr/accueil 

12.  A D, A D. Le tableau de bord de la vaccination. Ministère des Solidarités et de la Santé. 

Published January 28, 2022. Accessed January 28, 2022. https://solidarites-

sante.gouv.fr/grands-dossiers/vaccin-covid-19/article/le-tableau-de-bord-de-la-vaccination 

13.  Boudemaghe T, Suehs CM, Léger L. CardioCovid. Published online February 26, 2022. 

doi:10.17605/OSF.IO/2B7HK 

14.  Oxley TJ, Mocco J, Majidi S, et al. Large-Vessel Stroke as a Presenting Feature of Covid-19 

in the Young. N Engl J Med. 2020;382(20):e60. doi:10.1056/NEJMc2009787 

15.  Bangalore S, Sharma A, Slotwiner A, et al. ST-Segment Elevation in Patients with Covid-19 

— A Case Series. N Engl J Med. 2020;382(25):2478-2480. doi:10.1056/NEJMc2009020 

16.  Merkler AE, Parikh NS, Mir S, et al. Risk of Ischemic Stroke in Patients With Coronavirus 

Disease 2019 (COVID-19) vs Patients With Influenza. JAMA Neurol. 2020;77(11):1366-1372. 

doi:10.1001/jamaneurol.2020.2730 

17.  Modin D, Claggett B, Sindet-Pedersen C, et al. Acute COVID-19 and the Incidence of 

Ischemic Stroke and Acute Myocardial Infarction. Circulation. 2020;142(21):2080-2082. 

doi:10.1161/CIRCULATIONAHA.120.050809 

18.  Garcia S, Albaghdadi MS, Meraj PM, et al. Reduction in ST-Segment Elevation Cardiac 

Catheterization Laboratory Activations in the United States During COVID-19 Pandemic. J 

Am Coll Cardiol. 2020;75(22):2871-2872. doi:10.1016/j.jacc.2020.04.011 

19.  Bodilsen J, Nielsen PB, Søgaard M, et al. Hospital admission and mortality rates for non-covid 

diseases in Denmark during covid-19 pandemic: nationwide population based cohort study. 

BMJ. Published online May 24, 2021:n1135. doi:10.1136/bmj.n1135 

All rights reserved. No reuse allowed without permission. 
perpetuity. 

preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in 
The copyright holder for thisthis version posted August 2, 2022. ; https://doi.org/10.1101/2022.08.01.22278235doi: medRxiv preprint 

https://doi.org/10.1101/2022.08.01.22278235


10 

20.  Garcia S, Stanberry L, Schmidt C, et al. Impact of COVID-19 pandemic on STEMI care: An 

expanded analysis from the United States. Catheter Cardiovasc Interv Off J Soc Card Angiogr 

Interv. 2021;98(2):217-222. doi:10.1002/ccd.29154 

21.  De Rosa S, Spaccarotella C, Basso C, et al. Reduction of hospitalizations for myocardial 

infarction in Italy in the COVID-19 era. Eur Heart J. 2020;41(22):2083-2088. 

doi:10.1093/eurheartj/ehaa409 

22.  Mesnier J, Cottin Y, Coste P, 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(10):e536-e542. doi:10.1016/S2468-

2667(20)30188-2 

23.  Stroke care during the COVID‐19 pandemic: experience from three large European countries - 

Bersano - 2020 - European Journal of Neurology - Wiley Online Library. Accessed January 

20, 2022. https://onlinelibrary.wiley.com/doi/full/10.1111/ene.14375 

24.  Tschöpe C, Ammirati E, Bozkurt B, et al. Myocarditis and inflammatory cardiomyopathy: 

current evidence and future directions. Nat Rev Cardiol. 2021;18(3):169-193. 

doi:10.1038/s41569-020-00435-x 

25.  Ho JS, Sia CH, Chan MY, Lin W, Wong RC. Coronavirus-induced myocarditis: A meta-

summary of cases. Heart Lung. 2020;49(6):681-685. doi:10.1016/j.hrtlng.2020.08.013 

26.  Kawakami R, Sakamoto A, Kawai K, et al. Pathological Evidence for SARS-CoV-2 as a 

Cause of Myocarditis. J Am Coll Cardiol. 2021;77(3):314-325. doi:10.1016/j.jacc.2020.11.031 

27.  Boehmer TK, Kompaniyets L, Lavery AM, et al. Association Between COVID-19 and 

Myocarditis Using Hospital-Based Administrative Data — United States, March 2020–

January 2021. Morb Mortal Wkly Rep. 2021;70(35):1228-1232. 

doi:10.15585/mmwr.mm7035e5 

28.  Bozkurt B, Kamat I, Hotez PJ. Myocarditis With COVID-19 mRNA Vaccines. Circulation. 

2021;144(6):471-484. doi:10.1161/CIRCULATIONAHA.121.056135 

29.  Safety of the BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Setting | NEJM. Accessed 

January 20, 2022. https://www.nejm.org/doi/full/10.1056/nejmoa2110475 

30.  Witberg G, Barda N, Hoss S, et al. Myocarditis after Covid-19 vaccination in a large health 

care organization. N Engl J Med. Published online 2021. 

31.  Kerneis M, Bihan K, Salem JE. COVID-19 vaccines and myocarditis. Arch Cardiovasc Dis. 

2021;114(6):515-517. doi:10.1016/j.acvd.2021.06.001 

32.  Tankere P, Cottenet J, Tubert-Bitter P, et al. Impact of COVID-19 and lockdowns on 

pulmonary embolism in hospitalized patients in France: a nationwide study. Respir Res. 

2021;22(1):298. doi:10.1186/s12931-021-01887-6 

33.  Aktaa S, Wu J, Nadarajah R, et al. Incidence and mortality due to thromboembolic events 

during the COVID-19 pandemic: Multi-sourced population-based health records cohort study. 

Thromb Res. 2021;202:17-23. doi:10.1016/j.thromres.2021.03.006 

34.  Sindet-Pedersen C, Olesen JB, Blanche P, et al. Effect of government interventions to contain 

the COVID-19 pandemic on incidence of pulmonary embolism - A Danish nationwide 

register-based cohort study. Thromb Res. 2021;199:97-100. 

doi:10.1016/j.thromres.2020.12.025 

35.  US Case Reports of Cerebral Venous Sinus Thrombosis With Thrombocytopenia After 

Ad26.COV2.S Vaccination, March 2 to April 21, 2021 | Coagulation Disorders | JAMA | 

JAMA Network. Accessed January 20, 2022. https://jamanetwork.com/journals/jama/article-

abstract/2779731 

36.  Muster V, Gary T, Raggam RB, Wölfler A, Brodmann M. Pulmonary embolism and 

thrombocytopenia following ChAdOx1 vaccination. The Lancet. 2021;397(10287):1842. 

doi:10.1016/S0140-6736(21)00871-0 

37.  Ifeanyi N, Chinenye N, Oladiran O, David E, Mmonu C, Ogbonna-Nwosu C. Isolated 

pulmonary embolism following COVID vaccination: 2 case reports and a review of post-acute 

All rights reserved. No reuse allowed without permission. 
perpetuity. 

preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in 
The copyright holder for thisthis version posted August 2, 2022. ; https://doi.org/10.1101/2022.08.01.22278235doi: medRxiv preprint 

https://doi.org/10.1101/2022.08.01.22278235


11 

pulmonary embolism complications and follow-up. J Community Hosp Intern Med Perspect. 

2021;11(6):877-879. doi:10.1080/20009666.2021.1990825 

38.  Carli G, Nichele I, Ruggeri M, Barra S, Tosetto A. Deep vein thrombosis (DVT) occurring 

shortly after the second dose of mRNA SARS-CoV-2 vaccine. Intern Emerg Med. 

2021;16(3):803-804. doi:10.1007/s11739-021-02685-0 

39.  EMA. EudraVigilance. European Medicines Agency. Published September 17, 2018. 

Accessed April 21, 2022. https://www.ema.europa.eu/en/human-regulatory/research-

development/pharmacovigilance/eudravigilance 

40.  Tobaiqy M, MacLure K, Elkout H, Stewart D. Thrombotic Adverse Events Reported for 

Moderna, Pfizer and Oxford-AstraZeneca COVID-19 Vaccines: Comparison of Occurrence 

and Clinical Outcomes in the EudraVigilance Database. Vaccines. 2021;9(11):1326. 

doi:10.3390/vaccines9111326 

41.  Meta-Analysis of Risk of Vaccine-Induced Immune Thrombotic Thrombocytopenia Following 

ChAdOx1-S Recombinant Vaccine | medRxiv. Accessed January 20, 2022. 

https://www.medrxiv.org/content/10.1101/2021.05.04.21256613v1 

42.  Myocardial Infarction, Stroke, and Pulmonary Embolism After BNT162b2 mRNA COVID-19 

Vaccine in People Aged 75 Years or Older | Acute Coronary Syndromes | JAMA | JAMA 

Network. Accessed January 20, 2022. https://jamanetwork.com/journals/jama/article-

abstract/2786667 

43.  Collier ARY, Yu J, McMahan K, et al. Differential Kinetics of Immune Responses Elicited by 

Covid-19 Vaccines. N Engl J Med. 2021;385(21):2010-2012. doi:10.1056/NEJMc2115596 

 

  

All rights reserved. No reuse allowed without permission. 
perpetuity. 

preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in 
The copyright holder for thisthis version posted August 2, 2022. ; https://doi.org/10.1101/2022.08.01.22278235doi: medRxiv preprint 

https://doi.org/10.1101/2022.08.01.22278235


12 

Tables and figures 
 
 

Morbidity N2019 N2020 (95%CI) N2021 (95%CI) 
Angina pectoris  50,297 43,248 (42,842 to 43,658) 42,189 (41,788 to 42,594) 
Myocardial 

infarction 
70,937 67,789 (67,280 to 68,301) 69,530 (69,014 to 70,049) 

Pericarditis 6,632 5,944 (5,795 to 6,098) 5,908 (5,759 to 6,061) 
Myocarditis 2,098 2,049 (1,961 to 2,140) 2,680 (2,580 to 2,784) 
Transient ischemic 

attack 
28,977 26,895 (26,575 to 27,219) 26,472 (26,155 to 26,793) 

Stroke 80,620 76,849 (76,307 to 77,394) 77,242 (76,699 to 77,789) 
Arterial embolism 

and thrombosis 
33,292 29,108 (28,776 to 29,445) 30,900 (30,557 to 31,247) 

Pulmonary 

embolism 
32,184 33,571 (33,213 to 33,932) 35,517 (35,149 to 35,888) 

Deep vein 

thrombosis 
7,980 6,746 (6,587 to 6,910) 6,272 (6,118 to 6,430) 

Other venous 

thromboses 
6,308 5,581 (5,436 to 5,730) 5,699 (5,552 to 5,849) 

Table 1. Numbers of year+2 incident patients for the first 10 months of 2019, 2020 and 2021, 

standardized to the corresponding 2019 population data, with 95%CI for years 2020 and 2021. 
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Morbidity 
N2020-N2019 (95%CI) p 
RR 2020/2019 (95%CI) p 

N2021-N2020 (95%CI) p 
RR 2021/2020 (95%CI) p 

N2021-N2019 (95%CI) p 
RR 2021/2019 (95%CI) p 

Angina pectoris  
-7,049 (-7,649 to -6,448) p<0.001 -1,060 (-1,633 to -486) p<0.001 -8,108 (-8,705 to -7,511) p<0.001 

0.86 (0.85 to 0.87) p<0.001 0.98 (0.96 to 0.99) p<0.001 0.84 (0.83 to 0.85) p<0.001 

Myocardial infarction 
-3,148 (-3,879 to -2,418) p<0.001 1,741 (1,14 to 2,468) p<0.001 -1,407 (-2,143 to -672) p<0.001 

0.96 (0.95 to 0.97) p<0.001 1.03 (1.01 to 1.04) p<0.001 0.98 (0.97 to 0.99) p<0.001 

Pericarditis 
-688 (-909 to -467) p<0.001 -36 (-250 to 178) p=0.747 -724 (-944 to -503) p<0.001 
0.90 (0.87 to 0.93) p<0.001 0.99 (0.96 to 1.03) p=0.741 0.89 (0.86 to 0.92) p<0.001 

Myocarditis 
-49 (-176 to 78) p=0.454 631 (495 to 767) p<0.001 582 (446 to 718) p<0.001 

0.98 (0.92 to 1.04) p=0.447 1.31 (1.23 to 1.39) p<0.001 1.28 (1.21 to 1.35) p<0.001 

Transient ischemic attack 
-2,082 (-2,546 to -1,618) p<0.001 -423 (-877 to 30) p=0.067 -2,505 (-2,968 to -2,043) p<0.001 

0.93 (0.91 to 0.94) p<0.001 0.98 (0.97 to 1.00) p=0.067 0.91 (0.90 to 0.93) p<0.001 

Stroke 
-3,771 (-4,549 to -2,993) p<0.001 393 (-377 to 1,163) p=0.317 -3,378 (-4,157 to -2,599) p<0.001 

0.95 (0.94 to 0.96) p<0.001 1.01 (1.00 to 1.02) p=0.316 0.96 (0.95 to 0.97) p<0.001 

Arterial embolism and thrombosis 
-4,184 (-4,674 to -3,693) p<0.001 1,792 (1,311 to 2,273) p<0.001 -2,392 (-2,889 to -1,894) p<0.001 

0.87 (0.86 to 0.89) p<0.001 1.06 (1.04 to 1.08) p<0.001 0.93 (0.91 to 0.94) p<0.001 

Pulmonary embolism 
1,387 (883 to 1,890) p<0.001 1,946 (1,430 to 2,462) p<0.001 3,333 (2,822 to 3,843) p<0.001 

1.04 (1.03 to 1.06) p<0.001 1.06 (1.04 to 1.07) p<0.001 1.10 (1.09 to 1.12) p<0.001 

Deep vein thrombosis 
-1,234 (-1,472 to -995) p<0.001 --474 (-699 to -250) p<0.001 -1,708 (-1,943 to -1,473) p<0.001 

0.85 (0.82 to 0.87) p<0.001 0.93 (0.90 to 0.96) p<0.001 0.79 (0.76 to 0.81) p<0.001 

Other venous thromboses 
-727 (-942 to -512) p<0.001 118 (-91 to 327) p=0.270 -609 (-825 to -393) p<0.001 
0.88 (0.85 to 0.92) p<0.001 1.02 (0.98 to 1.06) p=0.267 0.90 (0.87 to 0.94) p<0.001 

Table 2. Differences in year+2 incidence and relative risk (RR X/Y: for the year X, the year Y being the reference) for the first 10 months between 

year dyads, with their 95%CI and statistical significance (p) 
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Figure 1. Caseloads per day for each pathology, general trend (28 day sliding window average) 
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Figure 2. Myocarditis, caseload per sex and age, per year 
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Figure 3. Pulmonary embolism, caseload per sex and age, per year 
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