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Cardiovascular disorders followed by SARS-CoV-2 infection: An inevitable challenge 
– Correspondence☆ 

Dear Editor, 

The SARS-CoV-2 is a highly virulent contagious pathogen that mostly 
affects the respiratory system in humans, particularly in susceptible 
individuals with underlying comorbidities, e.g., patient age, hyperten
sion, diabetes mellitus, and cardiovascular diseases [1]. However, the 
continuous evolution and emergence of novel variant of concern (VOC) 
strains have intensified the current situation. As writing of this letter, 
there are 565 million confirmed cases with 6.37 million deaths 
worldwide. 

The clinical presentations of SARS-CoV-2 infection vary from 
asymptomatic carriers to severe pneumonia with respiratory failure and 
even death. Current evidence suggests that cardiovascular-related 
mortality has increased during the COVID-19 pandemic. In China, 
22.7% of deaths occurred in individuals with pre-existing cardiovascular 
disorders [2]. Previously, it has been revealed that pneumonia and 
influenza virus considerably increased the risk of susceptibility to acute 
myocardial infarction to about six-fold [3]. According to medical liter
ature review, the prevalence of cardiac complications in 
COVID-19-infected individuals ranged from 20% to 44% in observa
tional studies [4]. Several underlying risk factors such as elderly pa
tients, severity of COVID-19 infection, respiratory failure, 
cardiovascular comorbidities, immune-compromised status, or receivers 
of any cardiotoxic therapies to be associated with development of car
diac complications [5]. MRI evidence showed presence of cardiac 
inflammation in COVID-19 infected persons with cardiovascular com
plications [6]. It seems that the SARS-CoV-2 virus has specific targets on 
cells of the cardiovascular system, and SARS-CoV-2 can be recruited in 
the heart following viremia or immune cell trafficking. Furthermore, 
SARS-CoV-2 can also cause direct myocardial injury resulting from 
hypoxemia, inflammatory myocarditis, microvascular dysfunction fol
lowed by thrombus formation, acute plaque rupture, or cytokine storm 
following systemic inflammation [7]. 

Most current studies emphasize on clinical characteristics and the 
respiratory failure of COVID-19. However, the evaluation of cardiovas
cular complications following COVID-19 has been less reported in the 
medical literature. We collected all available retrospective observational 
studies on cardiovascular complications following SARS-CoV-2 infection 
and their effects on final clinical outcomes. 

There are fourteen retrospective studies on 4518 SARS-CoV-2 
infected individuals that included 3085 survivors and 1433 deaths 
cases [8–21]. The results showed that the pooled prevalence of shock 
was 18.2% (95%CI: 14.2–23.0), myocarditis 23.8% (95%CI: 16.0–33.7), 

heart failure 10.6% (95%CI: 5.2–20.4), and arrhythmia 13.2% (95%CI: 
6.3–25.7). When compared survivors with deaths, the pooled odds ratio 
(OR) demonstrated the risk of shock was 3-fold higher (OR: 3.02; 95%CI: 
1.58–4.46). The risks of myocarditis, heart failure, and arrhythmia were 
also significantly higher in death-related COVID-19 patients (OR: 3.19 
(95%CI: 2.03–4.35), OR: 1.84 (95%CI: 0.44–3.23), and OR: 2.63 (95% 
CI: 1.67–4.12), respectively. 

Consistent with our findings, Cannata et al., in 2022 showed that 
hospital mortality for patients with cardiovascular conditions during the 
COVID-19 pandemic was 62% higher than the pre-pandemic [22]. 
Recent studies found presence of SARS-CoV-2 RNAs and their proteins in 
heart tissues. Indeed, the entry of SARS-CoV-2 into hearts and 
hypoxemia-related respiratory failure can make their hosts susceptible 
to cardiovascular complications. Our study showed that shock, 
myocarditis, arrhythmias, and heart failure were more in SARS-CoV-2 
infected individuals. The mortality was also significantly higher in 
these cases. Thus, careful monitoring of cardiovascular complications in 
patients is essential to improve patient management. Hyper-coagulation 
is common in SARS-CoV-2 infected cases with severe respiratory failure, 
but thrombolytic therapy can increase the risks of serious cardiovascular 
outcomes, including interracial hemorrhage, systemic hemorrhage, 
immunologic complications, hypotension, and myocardial rupture [23]. 
There is still limited information on the effects of SARS-CoV-2 infection 
on cardiovascular complications. Further investigations are needed to 
elucidate the true clinical relevance of SARS-CoV-2 infection on the 
cardiovascular system. 
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J. Nanthakumar, A. Bhaskaran, et al., Death, discharge and arrhythmias among 
patients with COVID-19 and cardiac injury, CMAJ (Can. Med. Assoc. J.) 192 (28) 
(2020) E791–E798. 

[15] S. Shi, M. Qin, Y. Cai, T. Liu, B. Shen, F. Yang, S. Cao, X. Liu, Y. Xiang, Q. Zhao, 
H. Huang, et al., Characteristics and clinical significance of myocardial injury in 
patients with severe coronavirus disease 2019, Eur. Heart J. 41 (22) (2020) 
2070–2079. 

[16] F.F. Chen, M. Zhong, Y. Liu, Y. Zhang, K. Zhang, D.Z. Su, X. Meng, Y. Zhang, et al., 
The characteristics and outcomes of 681 severe cases with COVID-19 in China, 
J. Crit. Care 60 (2020) 32–37. 

[17] J. Xie, W. Wu, S. Li, Y. Hu, M. Hu, J. Li, Y. Yang, T. Huang, K. Zheng, Y. Wang, 
H. Kang, et al., Clinical characteristics and outcomes of critically ill patients with 
novel coronavirus infectious disease (COVID-19) in China: a retrospective multi
center study, Intensive Care Med. 46 (10) (2020) 1863–1872. 

[18] T. Chen, D.I. Wu, H. Chen, W. Yan, D. Yang, G. Chen, K. Ma, D. Xu, H. Yu, H. Wang, 
T. Wang, et al., Clinical characteristics of 113 deceased patients with coronavirus 
disease 2019: retrospective study, BMJ (2020) 368. 

[19] Y. Deng, W. Liu, K. Liu, Y.Y. Fang, J. Shang, L. Zhou, K. Wang, F. Leng, S. Wei, 
L. Chen, H.G. Liu, et al., Clinical characteristics of fatal and recovered cases of 
coronavirus disease 2019 in Wuhan, China: a retrospective study, Chin. Med. J. 
133 (11) (2020) 1261–1267. 

[20] Z. Wang, D. Ye, M. Wang, M. Zhao, D. Li, J. Ye, J. Liu, Y. Xu, J. Zhang, W. Pan, 
M. Liu, et al., Clinical features of COVID-19 patients with different outcomes in 
Wuhan: a retrospective observational study, BioMed Res. Int. (2020) 2020. 

[21] Y. Cao, A. Wang, R. Wei, Y. Zhang, An unexpected cause of pulmonary hyper
tension, Eur. Heart J.: Case Rep. 4 (6) (2020) 1. 

[22] A. Cannata, S.A. Watson, A. Daniel, M. Giacca, A.M. Shah, T.A. McDonagh, P. 
A. Scott, D.I. Bromage, et al., Impact of the COVID-19 pandemic on in-hospital 
mortality in cardiovascular disease: a meta-analysis, Eur. J. Prev. Cardiol. 29 (8) 
(2022) 1266–1274. 

[23] R.A. Bhat, S. Maqbool, A. Rathi, S.M. Ali, Y.A. Hussenbocus, X. Wentao, Y. Qu, 
Y. Zhang, Y. Sun, H.X. Fu, L.Y. Wang, et al., The effects of the SARS-CoV-2 virus on 
the cardiovascular system and coagulation state leading to cardiovascular diseases: 
a narrative review, Inquiry-The J. Health Care Organ. Provis. Financing 59 (2022), 
00469580221093442. 

Jalil Rouhani 
Department of Medical Biotechnology and Nanotechnology, School of 

Medicine, Mashhad University of Medical Sciences, Mashhad, Iran 

Masoud Keikha* 

Antimicrobial Resistance Research Center, Mashhad University of Medical 
Sciences, Mashhad, Iran 

Department of Microbiology and Virology, Faculty of Medicine, Mashhad 
University of Medical Sciences, Mashhad, Iran 

* Corresponding author. Department of Microbiology and Virology, 
Faculty of Medicine, Mashhad University of Medical Sciences, 

Mashhad, Iran. 
E-mail address: masoud.keykha90@gmail.com (M. Keikha). 

Correspondence                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S1743-9191(22)00607-0/sref1
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref1
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref1
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref2
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref2
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref2
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref3
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref3
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref3
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref3
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref4
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref4
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref5
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref5
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref5
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref6
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref6
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref6
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref6
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref6
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref7
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref7
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref7
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref8
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref8
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref8
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref9
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref9
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref9
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref9
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref10
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref10
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref10
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref10
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref11
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref11
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref11
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref11
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref12
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref12
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref12
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref13
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref13
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref13
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref13
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref14
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref14
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref14
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref14
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref15
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref15
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref15
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref15
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref16
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref16
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref16
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref17
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref17
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref17
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref17
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref18
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref18
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref18
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref19
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref19
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref19
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref19
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref20
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref20
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref20
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref21
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref21
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref22
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref22
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref22
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref22
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref23
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref23
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref23
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref23
http://refhub.elsevier.com/S1743-9191(22)00607-0/sref23
mailto:masoud.keykha90@gmail.com

	Cardiovascular disorders followed by SARS-CoV-2 infection: An inevitable challenge – Correspondence
	Ethical approval
	Sources of funding
	Author contributions
	Registration of research studies
	Guarantor
	Provenance and peer review
	Consent
	Declaration of competing interest
	References


