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Abstract 
Coronavirus disease 2019 (COVID-19) caused by the Severe Acute Respiratory Syndrome CoronaVirus-2 (SARS-CoV-2) 

has been declared a global pandemic. SARS-COV-2 greatly impacted the global population with its evolving variants. All over, 
COVID-19 caused a huge global health burden by systemic inflammation, multiorgan dysfunctions, and critical illness with a 
wide range of clinical manifestations. The cardiovascular (CV) system has been a focus of major morbidity and mortality with 
COVID-19 disease. Many potential mechanisms have been reported on CV impact by the SARS-COV-2 virus; medications used 
in the treatment of COVID-19 disease have various effects on the CV system; long-COVID associated morbidity is a growing 
topic to explore. As knowledge on COVID-19 evolves, this review aims to summarise relevant data on SARS-COV-2 virus 
infection and COVID-19 disease-related CV morbidity and mortality burden with a focus on potential mechanisms, and impact 
of long-COVID on the CV system.
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Introduction
Severe Acute Respiratory Syndrome CoronaVirus-2 (SARS-

CoV-2) has a primary impact on the respiratory system. Although 
the lungs are the main organs involved in coronavirus disease 
2019 (COVID-19), systemic inflammation with multiorgan 
involvement have been reported in the literature. Cardiovascular 
(CV) complications play a major role in morbidity and mortality 
associated with COVID-19 especially in individuals with pre-
existing CV diseases. These underlying conditions, make patients 
vulnerable to developing more significant CV injury or unmask 
the underlying CV conditions. These include cardiac rhythm 
abnormalities, thrombotic events, destabilization of plaques, 
endothelial cell injuries, exacerbation or new-onset heart failure 

etc. The pathways involved in CV injury previously described are 
myocardial inflammation; cytokine storm, dysregulation of the 
renin-angiotensin-aldosterone system (RAAS), to name a few.  
The COVID-19 pandemic has led to increased use of medications 
like hydroxychloroquine and azithromycin, which can cause 
cardiovascular complications such as arrhythmias and QT interval 
prolongation. Additionally, corticosteroids like dexamethasone 
can contribute to hypertension, fluid retention, and electrolyte 
imbalances, worsening pre-existing heart conditions [1-3]. Long 
COVID can result in lingering cardiovascular complications such 
a postural orthostatic tachycardia syndrome. These prolonged 
symptoms pose a challenge to patients and healthcare professionals 
in managing long-term cardiac health [4-5].  

The global pandemic caused by the emergence of the SARS-
COV-2 virus has led to extensive efforts by the medical community 
to rapidly expand their knowledge and understanding of the virus 
and its impact on the human body. This literature is growing every 
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day. An updated and adequate understanding of the COVID-19 
disease and its correlation with the CV system is required for the 
optimal management of vulnerable patients.

As the COVID-19 pandemic unfolded, cardiovascular 
consequences began to gain attention early in 2020. Initially, 
the primary focus was on the respiratory manifestations of the 
disease. However, as more data emerged, it became evident that 
COVID-19 also had a significant impact on the cardiovascular 
system. Over time, researchers observed that patients with pre-
existing cardiovascular conditions experienced more severe 
outcomes and higher mortality rates. Additionally, the pandemic 
saw an increase in cases of myocarditis, heart failure, arrhythmias, 
and thromboembolic events in COVID-19 patients, leading to 
further investigation into the virus’s effects on the cardiovascular 
system. Throughout the pandemic, our understanding of the 
relationship between COVID-19 and cardiovascular consequences 
has continued to evolve, highlighting the importance of monitoring 
and addressing these issues in patient care and management.

The COVID-19 pandemic has had far-reaching consequences 
on healthcare systems worldwide, including a significant impact 
on out-of-hospital cardiovascular deaths and serious complications 
among patients with cardiac diseases. As a collateral effect of the 
pandemic, there has been a notable increase in non-cardiovascular 
deaths and complications even among patients not infected 
with the virus. A study by Santi et al. documented a reduction 
in emergency department visits during the lockdown period. 
This study also reported a considerable increase in overall out-
of-hospital mortality (43.2%) and cause-specific out-of-hospital 
mortality related to neoplasms (76.7%), endocrine, nutritional, 
and metabolic (79.5%), as well as cardiovascular (32.7%) 
diseases. The pandemic has inadvertently affected patients with 
cardiac diseases, leading to a surge in out-of-hospital deaths 
and complications, emphasizing the importance of addressing 
these unintended consequences and ensuring continuous care for 
patients with cardiovascular conditions [6].

Epidemiology of COVID-19 disease and cardiovascular 
complications

It has previously been noted that during seasonal influenza 
outbreaks, a higher incidence of cases of  heart failure, arrhythmias 
and acute coronary syndrome have been found (7). Data from 
existing meta-analysis suggests significant incidence of such cardiac 
complications in hospitalized COVID-19 patients. Myocardial 
injury and heart failure are the most common complications, with 
pooled incidence of myocardial injury going up to 30% (19-42 
95% CI) and  of heart failure up to 22.34% (14.05-33.60 95% 
CI) [8-9]. Koeppen et al in their meta-analysis noted very high 
incidence of cardiac arrhythmias which was comparable to other 
common complications, 24% (14-36 95% CI) [8]. Patients whom 

had pre-existing cardiovascular diseases (CVD), had overall poor 
outcomes [10]. A pooled meta-analysis revealed the patients with 
pre-existing CVD had a significant increase in fatal risk , OR = 
2.72; 95% CI 2.35–3.16; I2 = 66%, P < 0.00001) [11]. However, 
in a study examining COVID-19 patient outcomes in relation to 
pre-existing cardiovascular (CV) disorders, significant findings 
emerged. The study included 5133 patients, with 1174 (22.9%) 
having a history of CV disease. It was observed that 1178 (34.6%) 
patients died, and 920 (17.9%) experienced a cardiovascular 
event. After adjusting for variables such as age, sex, race, body 
mass index, smoking history, and comorbidities, pre-existing CV 
disorders were linked to a 1.15 times higher odds of death. However, 
no independent association was found between pre-existing CVD 
and cardiovascular events. Interestingly, the study concluded that 
it was the CV risk factors, rather than the CV disorders themselves, 
that played a significant role in determining the outcomes for 
critically ill COVID-19 patients [12]. Cases of COVID-19 related 
myocarditis have been reported in literature. SARS-COV2 has 
been associated with a higher incidence of myocarditis which was 
possibly related to COVID-19 directly infecting the myocardium 
[13-14]. A systematic review described ST- segment elevation in 
161 COVID-19 patients, of which 83% had obstructive coronary 
artery disease with a 30% overall in hospital mortality [15]. 
Right ventricular dysfunction (RVD) was another very common 
complication with a reported pooled prevalence of 20.4% (95% 
CI 17.1-24.3%; 95% PI 7.8-43.9%). Presence of RVD increased 
the overall likelihood of all-cause mortality (OR 3.32, 95% CI 
1.94-5.70) This was reported on a meta-analysis of 3813 patients 
by Corica et al [16]. See in (Table 1) reports pooled incidence of 
cardiac complications in hospitalised COVID-19 patients.  

Myocardial injury was used to describe a patient with at 
least one cardiac troponin (cTn) concentration exceeding the 
99th percentile upper reference limit. An arrhythmia represented 
any rhythm deviating from normal sinus rhythm with proper 
atrioventricular (AV) conduction. Heart failure was defined as 
a clinical syndrome characterized by symptoms and/or signs 
stemming from a structural and/or functional cardiac anomaly, 
which is supported by elevated natriuretic peptide levels and/
or objective evidence of pulmonary or systemic congestion. 
Acute coronary syndrome (ACS) definition included a range of 
clinical manifestations consistent with acute myocardial ischemia, 
including unstable angina (UA), non-ST-segment elevation 
myocardial infarction (NSTEMI), and ST-segment elevation 
myocardial infarction (STEMI). Cardiac arrest was defined as 
the abrupt halt of cardiac function, rendering the individual 
unresponsive, without normal respiration, and lacking any signs 
of circulation. Lastly ST-segment deviation was referred to as the 
displacement of the ST segment above or below the baseline, which 
is frequently indicative of myocardial ischemia, injury, or infarction.
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Study Total Patients Myocardial 
Injury (MI) Arrhythmia Heart Failure 

(HF)
Acute Coronary 

Syndrome Cardiac Arrest ST‐segment 
Deviation

Zhao et al (15) 3044 21.2% (12.3-
30.0% 95% CI)

15.3% (8.4-22.3% 
95% CI)

14.4% (5.7-23.1% 
95% CI)

1.0% (0.5-1.5% 
95% CI) - -

S K Kunutsor 
and J A 

Laukkanen (16)
5815 16.3% (11.8-21.3; 

95% CI)
9.3% (5.1-14.6; 

95% CI)
17.6% (14.2-21.2; 

95% CI)
6.2% (1.8-12.3 

95% CI)
5.7% (2.7-9.6 

95% CI) -

M Koeppen et 
al (7)

4281 (ICU 
patients)

30% (19-42 95% 
CI)

24% (14-36 95% 
CI)

5% (0-15 95% 
CI) - - -

M Sahranavard 
et al (8) 4157 17.85% (13.18-

23.72 95% CI)
10.11% (5.12-
19.0 95% CI)

22.34% (14.05-
33.60 95% CI) - - -

S Garcia-
Zamora et al 

(17)
12499 - 10.3% (8.4-12.3 

95% CI) - - - 8.7% (7.35-10.0 
95% CI)

Note: All percentages are given along with their 95% confidence intervals (CI).

Table 1: Pooled Incidence (along with Confidence Interval) of Cardiac Complications in Patients Hospitalized with COVID-19

Potential Mechanisms of Cardiovascular System Involvement 
In COVID-19

Direct Effect on Myocardium and Dysregulation of Renin-
Angiotensin-Aldosterone System 

A study for cellular targets of SARS-COV-2 and expression of 
Angiotensin-Converting Enzyme 2 (ACE2) revealed that alveolar 
type 2 cells and macrophages, in the lungs, are the primary targets 
of the virus, followed by cardiomyocytes (19% of cells) as the next 
most likely targets in the human body [17]. A structural study on 
SARS-COV-2 virus has demonstrated that the virus enters the host 
cell through the attachment of the transmembrane spike protein 
(S protein) to the ACE2 receptor by the receptor-binding domain 
(RBD) of the virus [18]. Compared to the previous SARS-COV 
virus, certain characteristics of the SARS-COV-2 support a very 
efficient cell entry of the virus. For example, the novel virus has 
a high affinity of the RBD to bind to the ACE2 receptor, enables 
pre-activation of the spike reducing its dependence on the target 
host cell enzymes, and utilizes a hidden nature of the RBD in the 
spike [19]. Furthermore, SARS-COV-2 has 10-to-20-fold stronger 
affinity towards the ACE2 compared to the previous SARS-COV 
virus [18]. An autopsy study of 336 cases reported that the SARS-
COV-2 virus was detected in 47% of post-mortem myocardial 
samples (2). Another study on COVID-19 autopsy with a focus 
on cardiac pathology showed poorer outcomes and higher 
mortality in patients with detectable myocardial SARS-COV-2 
virus [20]. These findings are suggestive of the direct myocardial 
effect of SARS-COV-2. However, significant research on the 

pathophysiology of the myocardial damage by the SARS-COV-2 
virus is still needed.

ACE2 has a protective role by negative regulation of the 
RAAS cascade. ACE2 converts angiotensin 2 into angiotensin 1-7 
which then binds to the MAS receptor and provides a protective 
role with anti-inflammatory, anti-hypertrophy, and vasodilatory 
actions.  These properties are essential in maintaining the 
pathophysiological balance of the body. Entry of SARS-COV-2 
virus into the cell causes downregulation of surface expression of 
ACE2 receptors. Such downregulation leads to an elevated level 
of angiotensin 2 which then binds to the angiotensin 1 receptor 
leading to negative consequences such as vasoconstriction, pro-
inflammation, fibrosis, hypertrophy, enhanced reactive oxygen 
species generation, and multi-system dysfunction in COVID-19 
disease [21-23]. Such physiological imbalance in response to 
viral infection and COVID-19 disease may potentiate the CV 
complications in patients with no prior history of CV disease. 
Additionally, these factors can worsen existing CV condition.

After considering a wide range of factors, it has been 
observed that using ACE inhibitors and ARBs may decrease the 
likelihood of contracting COVID-19. The use of ACE inhibitors 
or ARBs does not seem to increase the chances of requiring 
ICU care significantly. However, differences among different 
ethnic groups suggest that the effects of ACE inhibitors/ARBs 
on the susceptibility and severity of COVID-19 may be specific 
to certain ethnicities, and this requires further investigation [24]. 
This confounding argument on the use of ACE inhibitor and ARB 



Citation: Dhaduk K, Sharma R, Subzposh F (2023) SARS-COV-2 Infection, COVID-19 Disease, And Impact on Cardiology: A Review of Literature. 
Cardiol Res Cardiovasc Med 8: 192. DOI: 10.29011/2575-7083.100092

4 Volume 8; Issue 01

Cardiolog Res Cardiovasc Med, an open access journal

ISSN: 2575-7083

(angiotensin receptor blocker) with COVID-19 has generated 
clinical confusion. Currently, clinical trials and cardiology 
societies recommend continuing the use of ACE inhibitors and 
ARBs if a patient is already tolerating them [25-28].

Endothelial Dysfunction and Thrombo-inflammatory Disease 
State

The endothelium has an important role in maintaining vascular 
homeostasis by producing vasodilators and vasoconstrictors, 
inflammatory and anti-inflammatory, procoagulants and 
anticoagulants, fibrinolytics and antifibrinolytics, oxidizing and 
antioxidizing, and other agents. When this equilibrium is lost, 
consequences occur which lead to a thrombo-inflammatory disease 
state (3). Autopsy studies  reported evidence of the presence of 
SARS-COV-2 viral particles in the myocardium and demonstrated 
higher severity of capillary dilation, microhaemorrhages, and 
microvascular dysfunction in cases with detectable viral load 
[20]. Myocyte necrosis with microthrombi as a major mechanism 
(64% cases) was reported in a study of 40 autoptic cases which 
also reported a different nature of COVID-19 disease-related 
microthrombi constituents (high fibrin and terminal complement 
component) compared to intramyocardial thrombi from 
COVID-19 negative cases and epicardial coronary artery thrombus 
of COVID-19 positive and negative cases [29]. 

Once SARS-COV-2 virus enters the vascular endothelium, 
it activates changes that lead to endothelial cell structural and 
chemical changes. SARS-COV-2 can stimulate the Neutrophil-
derived extracellular traps (NETs) which potentiate extrinsic-
intrinsic coagulation pathways and generate reactive oxygen species 
[30-31]. A study noted significant elevation in markers to detect 
NET in COVID-19 hospitalized patients, and also demonstrated 
that COVID-19 sera are potent stimulators of NETosis (program 
for the formation of NETs) when added to control neutrophils [31]. 

Hyperactivation of the platelets has been reported in 
COVID-19 which also contributes to cytokine storm and 
an associated thrombo-inflammatory state. This study also 
demonstrated more efficient aggregation and adherence of platelet 
to collagen surface when originated from COVID-19 patients [32]. 
Overall, COVID-19 disease is a pro-NETotic state and potential 
triggers are activated platelets, neutrophils, endothelial cells, 
and inflammatory cytokines, etc [31]. The inflammatory damage 
from the above potential causes increases vascular permeability 
secondary to enlarged endothelial intercellular gap junctions and 
extravasation of immune cells into the myocardium which leads 
to reactionary changes causing myocardial edema, myocyte 
necrosis, and microthrombi formation which are reported findings 
in reviews of myocardial autopsy [2,29].

These suggest a direct role of SARS-COV-2 virus in 
endothelial dysfunction and related CV complications in 

COVID-19 disease. Considering the above evidence, treatment 
options directed towards the endothelium and NET formation can 
have a potential therapeutic implication. Further research on such 
targets in high-risk patients can be fruitful.

Dysregulation of The Immune System with Cytokine Storm

Extensive evidence shows that cytokine storm in COVID-19 
is related to the severity of disease and may be a driver of myocardial 
injury. Elevated levels of Interleukin (IL) 1, IL-2, IL-6, IL-7, IL-8, 
IL-10, Interferon (IFN) gamma, tumour necrosis factor (TNF) alfa, 
vascular endothelial growth factor have been detected in COVID-19 
systemic disease [33-34].  These inflammatory markers activate 
more innate immune cells (neutrophils, macrophages, monocytes, 
natural killer cells) and adaptive immune cells (CD4 and CD8 
T cells) in order to produce sustained inflammatory cytokines 
by bone marrow stimulation. Overproduction of cytokines 
particularly IL-2, IL-6, IFN gamma, TNF alfa trigger macrophage 
activation, erythrophagocytosis (i.e., Hemophagocytic Lymph 
histiocytosis- HLH), can dysregulate the coagulation cascade, 
resulting in thrombotic complications, increased capillary leak, 
and endothelial dysfunction [34]. Hyperactivation of platelets 
has been reported in COVID-19 disease and a study has shown 
the direct contribution of platelets to the plasma cytokines load 
which suggests a role of platelets in cytokine storm [32]. Overall, 
these dysregulated inflammatory states result in critical illness and 
multiorgan dysfunction including cardiac dysfunction. Cytokine 
storm can lead to direct or indirect cardiotoxicity with effects such 
as conduction abnormalities, hypotension, heart failure, fulminant 
myocarditis, LV remodelling, etc [1,35]. Literature suggests the 
deleterious cardiovascular effects, of TNF alfa is mediated through 
activation of the sphingomyelinase pathway (immediate pathway 
within minutes) followed by nitric oxide-mediated blunting of beta-
adrenergic signalling (delayed pathway in hours to days) which 
can lead to progressive LV dilation; of IL-1 is mediated at least 
partly through the nitric oxide and indirectly through activation 
and release of IL-18 [35], CANTOS trial has demonstrated 
positive CV outcomes with IL-1b inhibition [36]. IL-6 association 
with athero-thrombotic complications and aneurysm formation 
was demonstrated in a study but the role of direct inhibition of 
IL-6 in preventing vascular event rates still needs to be tested [37]. 

Acute Respiratory Distress Syndrome causing right heart 
strain and dysfunction

The lungs are the primary organs involved in COVID-19 
disease, and severe disease causes acute respiratory distress 
syndrome (ARDS). ARDS causes various pathophysiological 
changes in cardio-pulmonary mechanics which affect the right 
ventricular (RV) function. In ARDS, pulmonary circulation is 
affected through hypoxia-induced pulmonary vasoconstriction, 
interstitial edema, microvascular thrombosis, etc. Such changes 
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increase pulmonary artery pressures which directly impacts the 
RV afterload. Increased resistance in the pulmonary vascular 
system affects RV ejection, venous return (preload), and left 
ventricular function due to ventricular interdependence. In 
ARDS, lung-protective ventilation strategy- high positive end-
expiratory pressure (PEEP) is recommended. High PEEP also 
increases pulmonary vascular resistance, intrathoracic pressure, 
and RV afterload which further contributes to RV dysfunction. 
Therefore, ARDS itself and positive pressure support modalities 
in the treatment of ARDS can have deleterious consequences on 
RV function. Adjusting the settings of such treatment modalities 
according to RV tolerance, maintaining a balance of adequate PEEP 
and limited plateau pressure, avoiding hypoxia, and hypercapnia is 
the key in management [38-39]. 

The prevalence rate of echocardiographically evident RV 
dysfunction in ARDS varies from  22 to 50% according to the 
measurements used  to evaluate it with a higher sensibility of . 
(38). RV FAC (fractional area change) and RV VTI (velocity time 
integral) [40].

Dysautonomia

Dysautonomia is a disorder caused by dysfunction of the 
autonomic nervous system which affects the balance between the 
sympathetic and parasympathetic nervous systems and ultimately 
impairs the function of the heart and other organs. Various case 
series report cardiovascular symptoms such as postural light-
headedness and tachycardia, orthostatic hypotension, or postural 
hypertension (by hyperadrenergic state) as primary disability and 
can be presented even after a few weeks as long-COVID morbidity 
[41-42]. Dysautonomia could be a result of direct virus effect 
on autonomic pathways, para-infection or immune-mediated. A 
recent article provided insights on the possibility of sympathetic 
and cytokine storms together along with RAAS system activation 
as final pathways in the development of dysautonomia with 
COVID-19 [43]. 

A case series of 20 patients with dysautonomia reported 85% 
of the patients still experienced significant disability impacting 

personal and professional life 6 to 8 months  after  COVID 
infection [41].

Further research is still needed on this topic considering a 
wide scale of the possible impact on COVID survivors due to the 
global scale of the pandemic.

Medications for COVID-19 and its impact on the CV system 

Both the novelty of COVID-19 disease and the rapidity of 
the global pandemic spread of SARS-COV-2 infection, challenges 
researchers and clinicians toward developing new medications 
and repurposing already approved medications to fight against 
COVID-19 disease. However, such trial medications have 
potential side effects and interactions in the human body which 
can negatively impact the cardiovascular system function. Some 
of the widely used medications for COVID-19 in current times are 
covered here (and in table 2) with references on data demonstrating 
CV complications. 

Remdesivir (anti-viral medication) – hypotension, arrhythmia-
mainly bradycardia, QTc prolongation [44-46]

Tocilizumab/ Sarilumab (IL-6 inhibitors) - hypertension [47], 
hyperlipidemia [47-48]

Steroids (immunosuppressant medication) - hypertension

Lopinavir/ Ritonavir (anti-viral medication) - QTc prolongation 
[46,49], cardiac contractile dysfunction, hyperlipidemia [50]

Hydroxychloroquine and Azithromycin – QTc prolongation, 
arrhythmias such as torsades de pointes, and sudden cardiac death 
[46,49,51]

Ivermectin (antiparasitic medication) – unknown

Favipiravir (anti-viral medication) - QTc prolongation [46]

Ribavirin (anti-viral medication)  – bradycardia, and causes 
hypomagnesemia and hypocalcemia which potentially can impact 
cardiac function [52]
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Medication Mechanism of action in COVID-19 
disease

Potential cardiac 
adverse effects References Number of 

Participants
Publication 
Date

Remdesivir
RNA-dependent RNA polymerase 
inhibitor. Thus, terminates the viral 
RNA transcription.

hypotension, 
arrhythmia-mainly 
bradycardia, QTc 
prolongation

44-46
44: 2604
45: 1086
46: 2403

44: 2021
45: 2020
46: 2021

Tocilizumab/ Sarilumab

Monoclonal antibodies which 
competitively inhibits binding of 
the IL-6 to its receptor IL-6R. Thus, 
prevents signal transduction and 
dampens the inflammatory response. 

hypertension, 
hyperlipidemia 47-48 47: 513

48: 3986
47:2021
48: 2015

Steroids Anti-inflammatory medications hypertension - - -

Lopinavir/ Ritonavir
Protease inhibitor. Thus, reduces the 
virus replication and release from 
the host cells. 

QTc prolongation, 
cardiac contractile 
dysfunction, 
hyperlipidemia

46, 49, 50

46:2406 
49: Not 
reported
50: Not 
reported

46:2021
49: 2021
50: 2013

Hydroxychloroquine 
(HCHQ) and 
Azithromycin (AZ)

HCHQ- interfere in endocytic 
pathway, prevent ACE2 
glycosylation, promote blockade of 
sialic acid receptors to interfere with 
SARS-COV-2 life cycle. 
AZ- potential antiviral and 
immunomodulatory actions.

QTc prolongation, 
arrhythmias such as 
torsades de pointes, and 
sudden cardiac death

46, 49, 51

46: 2403
49: Not 
reported
51: 4112

46: 2021
49: 2021
51: 2021

Ivermectin
Anti-viral effect likely through 
inhibiting IMPα/β1-mediated 
nuclear import of viral proteins.

unknown - - -

Favipiravir
RNA-dependent RNA polymerase 
inhibitor. Thus, terminates the viral 
RNA transcription.

QTc prolongation 46 46: 2403 46: 2021

Ribavirin

Decreases the expression of 
TMPRSS2 (transmembrane serine 
protease 2), which affects viral cell 
entry into host cell. 

Also, acts as viral polymerase 
inhibitor. Thus, affects viral 
replication.

bradycardia, and causes 
hypomagnesemia and 
hypocalcemia which 
potentially can impact 
cardiac function

52 52: 306 52: 2012

Table 2: Medications for COVID-19, mechanism of action and its potential cardiac adverse effects

https://www.ncbi.nlm.nih.gov/gene/7113
https://www.ncbi.nlm.nih.gov/gene/7113
https://www.ncbi.nlm.nih.gov/gene/7113
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Myocardial Damage from Hypoxia/ Demand and Supply 
Mismatch

COVID-19 pneumonia is a significant morbidity of the 
SARS-COV-2 virus. Impairment of pulmonary function is 
negatively related to systemic oxygen supply due to hypoxia 
from the ventilation-perfusion mismatch. As described in the 
above sections, microvascular endothelial dysfunction and micro 
thrombosis compromise the oxygen supply to the tissue. On the 
other hand, a higher circulating level of cytokines and related 
inflammation from COVID-19 systemic disease increases the end 
organ metabolic needs. Plus, stress-related physiological reflex 
tachycardia reduces the available ventricular filling time which 
potentially impairs the cardiac output and systemic as well as 
coronary circulation [53]. Type 2 myocardial infarction occurs 
when the myocardial oxygen demand/supply ratio is altered in 
association with higher cardiometabolic demand [53]. Overall, 
the combination of hypoxia from acute respiratory illness, high 
demand state from COVID-19 systemic disease, impaired tissue 
oxygen supply from micro and macrovascular complications from 
COVID-19 lead to a mismatch in end-organ oxygen demand/
supply chain which ultimately potentiates the CV compromise.

Impact of long-COVID on cardiovascular system 

Most people with COVID-19 disease recover, but some may 
continue to experience lasting symptoms for weeks or months 
after their initial infection. The term long-COVID was coined for 
such clinical condition that has a beginning but not a clear end. 

Several studies reported a high incidence of long covid that 
varies from 39%  (4) at 77.1%after 9-12 months after the infection 
[54]. 

More than 50 symptoms have been described in long-
COVID. Fatigue is the most common reported symptom followed 
by cough, headache, attention disorder, hair loss, dyspnoea etc 
[5,55]. 

In long-COVID, pooled prevalence of chest pain has been 
reported as 10% (from five studies with 30 to 180 days of overall 
follow up time from discharge) [55], other meta-analysis study 
(5) reported most common cardiovascular symptoms are chest 
pain/discomfort 16%, resting tachycardia 11%, palpitations 11%  
(studies defined the long-COVID as symptoms ranging from 14 
to 110 days from viral infection). Signs of myocarditis (1%) and 
arrythmia (0.4%) were reported rarely (5). 

Imaging studies show evidence of persistent cardiac 
involvement weeks after initial infection. Echocardiography 
study [56] at 4 to 12 weeks post-acute COVID-19 infection, in 
patients without pre-existing CV conditions reported presence 
of pulmonary hypertension, RV and LV dysfunction, diastolic 
dysfunction (DD) in post-acute COVID-19 phase, with higher 

prevalence in patients with more severe pulmonary injury and 
who were examined earlier after initial phase. It is not clear if DD 
is associated with high blood pressure. Same study also reported 
more prevalence of DD in obese population (14%), majority of 
these population also showed LV hypertrophy and it was mostly 
examined between 9 to 11 weeks after initial infection. Pericardial 
evaluation showed presence of pericardial effusion in early phase 
(4 to 8 weeks after initial infection) and higher prevalence of 
thickened pericardium in subjects with late evaluation. Another 
recent study [57] with echocardiographic CV evaluation within 
4 to 12 weeks of initial infection in adult patients less than 55 
years of age without baseline CV comorbidities showed higher 
prevalence of pulmonary hypertension, cardiac DD in patients 
who required inpatient care during acute infection compared to 
outpatient only. PH was characterized by a resting right ventricular 
systolic pressure (RVSP) of 36 mm Hg or more when pulmonary 
valve stenosis is not present. There was no association between 
pulmonary embolism and electrocardiographic PH in patients with 
COVID-19.

MRI based studies demonstrated cardiac changes in long-
COVID patients. Myopericardial inflammation was demonstrated 
on cardiac MRI (94 days median time interval between COVID-19 
diagnosis and MRI), it showed higher pericardial enhancement, 
effusion; as well as higher native T1-native T2 which were also 
associated with severity of symptoms [58]. A study showed 25% 
patients with severe post COVID syndrome had myocarditis 
compared to 12% patients with moderate syndrome (141 days 
median time interval from initial symptoms to assessment) and 
overall 19% prevalence of myocarditis and 9% systolic dysfunction  
[59].

As described in this article, acute SARS-COV-2 infection 
causes wide spectrum of cardiac functional and structural 
abnormalities which potentially can last for long time after acute 
phase of the COVID-19 disease. Considering these, it appears that 
CV complications in these patients can at least explain some of the 
long-COVID symptoms such as fatigue, chest pain, palpitations, 
dyspnoea, low exercise capacity etc. which are associated with 
poor quality of life in many patients due to long lasting symptoms. 

Conclusion
SARS-COV-2 infection and COVID-19 disease has 

tremendously impacted the global health care system. Evolving 
variants of the novel virus is causing COVID-19 disease of 
various clinical significance. From the clinical perspective, 
knowledge about the mechanisms of CV involvement and clinical-
pathological-radiological signs of CV disease in COVID-19 and 
long-COVID would provide better understanding, early diagnosis, 
and treatment opportunities in this population. Our review 
summarises the updated and important aspects of CV involvement 
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by SARS-COV-2 in acute phase and in post COVID phase. The 
medical fraternity has been spending enormous efforts towards 
research, new literature, and a better understanding of the virus’s 
impact on the human body, disease progression and associated CV 
complications. With this, there will be many other evolving views, 
perspectives and newer data in upcoming future expanding our 
horizon of understanding of current disease.

Acknowledgement
KD has conceptualized and written the manuscript. 

RS has written the manuscript. FS has provided guidance, 
conceptualization and reviewed the manuscript.

Grant information: None

Sources of funding: None

Conflict of Interest: None to report

References
1. Magadum A, Kishore R (2020) Cardiovascular Manifestations of 

COVID-19 Infection. Cells 9: 2508. 

2. Roshdy A, Zaher S, Fayed H, Coghlan JG (2021) COVID-19 and the 
Heart: A Systematic Review of Cardiac Autopsies. Front Cardiovasc 
Med 7: 626975. 

3. Fodor A, Tiperciuc B, Login C, Orasan OH, Lazar AL, et al. (2021) 
Endothelial Dysfunction, Inflammation, and Oxidative Stress in 
COVID-19 - Mechanisms and Therapeutic Targets. Oxid Med Cell 
Longev 2021: 8671713. 

4. Nehme M, Braillard O, Chappuis F, Courvoisier DS, Guessous I, et 
al (2021) Prevalence of Symptoms More Than Seven Months After 
Diagnosis of Symptomatic COVID-19 in an Outpatient Setting. Ann 
Intern Med 174: 1252-1260. 

5. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, 
Rebolledo PA, et al. (2021) More than 50 long-term effects of 
COVID-19: a systematic review and meta-analysis. Sci Rep 11: 16144. 

6. Nguyen JL, Yang W, Ito K, Matte TD, Shaman J, et al. (2016) Seasonal 
Influenza Infections and Cardiovascular Disease Mortality. JAMA 
Cardiol 1: 274-281. 

7. Koeppen M, Rosenberger P, Magunia H (2021) COVID-19 Related 
Cardiovascular Comorbidities and Complications in Critically Ill 
Patients: A Systematic Review and Meta-analysis. Clin Med Insights 
Circ Respir Pulm Med 15: 1179548421992327.

8. Sahranavard M, Rezayat AA, Bidary MZ, Omranzadeh A, Rohani F, et 
al. (2021) Cardiac Complications in COVID-19: A Systematic Review 
and Meta-analysis. Arch Iran Med 24: 152-163. 

9. Weiss P, Murdoch DR (2020) Clinical course and mortality risk of 
severe COVID-19. Lancet 395: 1014-1015. 

10. Long J, Luo Y, Wei Y, Xie C, Yuan J (2021) The effect of cardiovascular 
disease and acute cardiac injury on fatal COVID-19: a meta-analysis. 
Am J Emerg Med 48: 128-139.

11. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti A, 
et al. (2022) COVID-19 and myocarditis: a systematic review and 
overview of current challenges. Heart Fail Rev 27: 251-261. 

12. Jaiswal V, Sarfraz Z, Sarfraz A, Mukherjee D, Batra N, et al. (2021) 

COVID-19 Infection and Myocarditis: A State-of-the-Art Systematic 
Review. J Prim Care Community Health 12: 215013272110568. 

13. Diaz-Arocutipa C, Torres-Valencia J, Saucedo-Chinchay J, Cuevas C 
(2021) ST-segment elevation in patients with COVID-19: a systematic 
review. J Thromb Thrombolysis 52: 738-745. 

14. Corica B, Marra AM, Basili S, Cangemi R, Cittadini A, et al. (2021) 
Prevalence of right ventricular dysfunction and impact on all-cause 
death in hospitalized patients with COVID-19: a systematic review and 
meta-analysis. Sci Rep 11: 17774. 

15. Zhao YH, Zhao L, Yang XC, Wang P (2021) Cardiovascular 
complications of SARS-CoV-2 infection (COVID-19): A systematic 
review and meta-analysis. Rev Cardiovasc Med 22: 159-165. 

16. Kunutsor SK, Laukkanen JA (2020) Cardiovascular complications 
in COVID-19: A systematic review and meta-analysis. J Infect 81: 
e139-e141. 

17. Garcia-Zamora S, Lee S, Haseeb S, Bazoukis G, Tse G, et al. 
(2021) Arrhythmias and electrocardiographic findings in Coronavirus 
disease 2019: A systematic review and meta-analysis. Pacing Clin 
Electrophysiol 44: 1062-1074. 

18. Zhou L, Niu Z, Jiang X, Zhang Z, Zheng Y, et al. (2020) SARS-CoV-2 
Targets by the pscRNA Profiling of ACE2, TMPRSS2 and Furin 
Proteases. iScience 23: 101744. 

19. Hwang SS, Lim J, Yu Z, Kong P, Sefik E, et al. (2020) Cryo-EM structure 
of the 2019-nCoV spike in the prefusion conformation. Science 367: 
1255-1260. 

20. Shang J, Wan Y, Luo C, Ye G, Geng Q, et al. (2020) Cell entry 
mechanisms of SARS-CoV-2. Proc Natl Acad Sci U S A 117: 11727-
11734. 

21. Haslbauer JD, Tzankov A, Mertz KD, Schwab N, Nienhold R, et al. 
(2021) Characterisation of cardiac pathology in 23 autopsies of lethal 
COVID-19. J Pathol Clin Res 7: 326-337. 

22. Simões E Silva AC, Silveira KD, Ferreira AJ, Teixeira MM (2013) 
ACE2, angiotensin-(1-7) and Mas receptor axis in inflammation and 
fibrosis. Br J Pharmacol 169: 477-492. 

23. Cooper SL, Boyle E, Jefferson SR, Heslop CRA, Mohan P, et al. 
(2021) Role of the renin–angiotensin–aldosterone and kinin–kallikrein 
systems in the cardiovascular complications of COVID-19 and long 
COVID. Int J Mol Sci 22: 8255. 

24. Petrovic V, Radenkovic D, Radenkovic G, Djordjevic V, Banach 
M (2020) Pathophysiology of Cardiovascular Complications in 
COVID-19. Front Physiol 11: 575600. 

25. Cohen JB, Hanff TC, William P, Sweitzer N, Rosado-Santander NR, 
et al. (2021) Continuation versus discontinuation of renin-angiotensin 
system inhibitors in patients admitted to hospital with COVID-19: a 
prospective, randomised, open-label trial. Lancet Respir Med 9: 275-
284. 

26. Derington CG, Cohen JB, Mohanty AF, Greene TH, Cook J, et al. 
(2021) Angiotensin II receptor blocker or angiotensin-converting 
enzyme inhibitor use and COVID-19-related outcomes among US 
Veterans. PLoS One 16: e0248080. 

27. Antipolis S (2020) First randomised trial backs safety of common 
heart drugs in COVID-19 patients. European Society of Cardiology 
[Internet]. [cited 2021 Dec 3]. 

28. Solaru KW, Wright JT (2020) COVID-19 and Use of Drugs Targeting 
the Renin - Angiotensin-System. American College of Cardiology 
[Internet] [cited 2021 Dec 3]. 

https://pubmed.ncbi.nlm.nih.gov/33228225/
https://pubmed.ncbi.nlm.nih.gov/33228225/
https://pubmed.ncbi.nlm.nih.gov/33585586/
https://pubmed.ncbi.nlm.nih.gov/33585586/
https://pubmed.ncbi.nlm.nih.gov/33585586/
https://pubmed.ncbi.nlm.nih.gov/34457119/
https://pubmed.ncbi.nlm.nih.gov/34457119/
https://pubmed.ncbi.nlm.nih.gov/34457119/
https://pubmed.ncbi.nlm.nih.gov/34457119/
https://pubmed.ncbi.nlm.nih.gov/34224254/
https://pubmed.ncbi.nlm.nih.gov/34224254/
https://pubmed.ncbi.nlm.nih.gov/34224254/
https://pubmed.ncbi.nlm.nih.gov/34224254/
https://pubmed.ncbi.nlm.nih.gov/34373540/
https://pubmed.ncbi.nlm.nih.gov/34373540/
https://pubmed.ncbi.nlm.nih.gov/34373540/
https://pubmed.ncbi.nlm.nih.gov/27438105/
https://pubmed.ncbi.nlm.nih.gov/27438105/
https://pubmed.ncbi.nlm.nih.gov/27438105/
https://pubmed.ncbi.nlm.nih.gov/33597813/
https://pubmed.ncbi.nlm.nih.gov/33597813/
https://pubmed.ncbi.nlm.nih.gov/33597813/
https://pubmed.ncbi.nlm.nih.gov/33597813/
https://pubmed.ncbi.nlm.nih.gov/33636985/
https://pubmed.ncbi.nlm.nih.gov/33636985/
https://pubmed.ncbi.nlm.nih.gov/33636985/
https://pubmed.ncbi.nlm.nih.gov/32197108/
https://pubmed.ncbi.nlm.nih.gov/32197108/
https://pubmed.ncbi.nlm.nih.gov/33895644/
https://pubmed.ncbi.nlm.nih.gov/33895644/
https://pubmed.ncbi.nlm.nih.gov/33895644/
https://pubmed.ncbi.nlm.nih.gov/33761041/
https://pubmed.ncbi.nlm.nih.gov/33761041/
https://pubmed.ncbi.nlm.nih.gov/33761041/
https://pubmed.ncbi.nlm.nih.gov/34854348/
https://pubmed.ncbi.nlm.nih.gov/34854348/
https://pubmed.ncbi.nlm.nih.gov/34854348/
https://pubmed.ncbi.nlm.nih.gov/33646500/
https://pubmed.ncbi.nlm.nih.gov/33646500/
https://pubmed.ncbi.nlm.nih.gov/33646500/
https://pubmed.ncbi.nlm.nih.gov/34493763/
https://pubmed.ncbi.nlm.nih.gov/34493763/
https://pubmed.ncbi.nlm.nih.gov/34493763/
https://pubmed.ncbi.nlm.nih.gov/34493763/
https://pubmed.ncbi.nlm.nih.gov/33792257/
https://pubmed.ncbi.nlm.nih.gov/33792257/
https://pubmed.ncbi.nlm.nih.gov/33792257/
https://pubmed.ncbi.nlm.nih.gov/32504747/
https://pubmed.ncbi.nlm.nih.gov/32504747/
https://pubmed.ncbi.nlm.nih.gov/32504747/
https://pubmed.ncbi.nlm.nih.gov/33890684/
https://pubmed.ncbi.nlm.nih.gov/33890684/
https://pubmed.ncbi.nlm.nih.gov/33890684/
https://pubmed.ncbi.nlm.nih.gov/33890684/
https://pubmed.ncbi.nlm.nih.gov/33134888/
https://pubmed.ncbi.nlm.nih.gov/33134888/
https://pubmed.ncbi.nlm.nih.gov/33134888/
https://pubmed.ncbi.nlm.nih.gov/32075877/
https://pubmed.ncbi.nlm.nih.gov/32075877/
https://pubmed.ncbi.nlm.nih.gov/32075877/
https://pubmed.ncbi.nlm.nih.gov/32376634/
https://pubmed.ncbi.nlm.nih.gov/32376634/
https://pubmed.ncbi.nlm.nih.gov/32376634/
https://pubmed.ncbi.nlm.nih.gov/33837673/
https://pubmed.ncbi.nlm.nih.gov/33837673/
https://pubmed.ncbi.nlm.nih.gov/33837673/
https://pubmed.ncbi.nlm.nih.gov/23488800/
https://pubmed.ncbi.nlm.nih.gov/23488800/
https://pubmed.ncbi.nlm.nih.gov/23488800/
https://pubmed.ncbi.nlm.nih.gov/34361021/
https://pubmed.ncbi.nlm.nih.gov/34361021/
https://pubmed.ncbi.nlm.nih.gov/34361021/
https://pubmed.ncbi.nlm.nih.gov/34361021/
https://pubmed.ncbi.nlm.nih.gov/33162899/
https://pubmed.ncbi.nlm.nih.gov/33162899/
https://pubmed.ncbi.nlm.nih.gov/33162899/
https://pubmed.ncbi.nlm.nih.gov/33422263/
https://pubmed.ncbi.nlm.nih.gov/33422263/
https://pubmed.ncbi.nlm.nih.gov/33422263/
https://pubmed.ncbi.nlm.nih.gov/33422263/
https://pubmed.ncbi.nlm.nih.gov/33422263/
https://pubmed.ncbi.nlm.nih.gov/33891615/
https://pubmed.ncbi.nlm.nih.gov/33891615/
https://pubmed.ncbi.nlm.nih.gov/33891615/
https://pubmed.ncbi.nlm.nih.gov/33891615/
https://www.escardio.org/The-ESC/Press-Office/Press-releases/LOPES
https://www.escardio.org/The-ESC/Press-Office/Press-releases/LOPES
https://www.escardio.org/The-ESC/Press-Office/Press-releases/LOPES
https://www.acc.org/latest-in-cardiology/articles/2020/07/15/13/12/covid-19-and-use-of-drugs-targeting-the-renin-angiotensin-system
https://www.acc.org/latest-in-cardiology/articles/2020/07/15/13/12/covid-19-and-use-of-drugs-targeting-the-renin-angiotensin-system
https://www.acc.org/latest-in-cardiology/articles/2020/07/15/13/12/covid-19-and-use-of-drugs-targeting-the-renin-angiotensin-system


Citation: Dhaduk K, Sharma R, Subzposh F (2023) SARS-COV-2 Infection, COVID-19 Disease, And Impact on Cardiology: A Review of Literature. 
Cardiol Res Cardiovasc Med 8: 192. DOI: 10.29011/2575-7083.100092

9 Volume 8; Issue 01

Cardiolog Res Cardiovasc Med, an open access journal

ISSN: 2575-7083

29. Pellegrini D, Kawakami R, Guagliumi G, Sakamoto A, Kawai K, et al. 
(2021) Microthrombi as a Major Cause of Cardiac Injury in COVID-19: 
A Pathologic Study. Circulation 143: 1031-1042. 

30. Arcanjo A, Logullo J, Menezes CCB, de Souza Carvalho Giangiarulo 
TC, dos Reis MC, et al. (2020) The emerging role of neutrophil 
extracellular traps in severe acute respiratory syndrome coronavirus 
2 (COVID-19). Sci Rep10: 19630. 

31. Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M, et al. (2020) Neutrophil 
extracellular traps in COVID-19. JCI Insight 5: e138999. 

32. Zaid Y, Puhm F, Allaeys I, Naya A, Oudghiri M, et al. (2020) Platelets 
Can Associate with SARS-Cov-2 RNA and Are Hyperactivated in 
COVID-19. Circ Res 127: 1404-1418. 

33. Mulchandani R, Lyngdoh T, Kakkar AK (2021) Deciphering the 
COVID-19 cytokine storm: Systematic review and meta-analysis. Eur 
J Clin Invest 51: e13429. 

34. Yang L, Xie X, Tu Z, Fu J, Xu D, et al. (2021) The signal pathways 
and treatment of cytokine storm in COVID-19. Signal Transduct Target 
Ther 6: 326. 

35. Mann DL (2015) Innate immunity and the failing heart: The cytokine 
hypothesis revisited. Circ Res 116: 1254-1268. 

36. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, 
et al. (2017) Anti-inflammatory Therapy with Canakinumab for 
Atherosclerotic Disease. N Engl J Med 377: 1119-1131. 

37. Ridker PM, Rane M (2021) Interleukin-6 Signaling and Anti-
Interleukin-6 Therapeutics in Cardiovascular Disease. Circ Res 128: 
1728-1746. 

38. Zochios V, Parhar K, Tunnicliffe W, Roscoe A, Gao F (2017) The Right 
Ventricle in ARDS. Chest 152: 181-193. 

39. Lan Y, Liu W, Zhou Y (2021) Right Ventricular Damage in COVID-19: 
Association Between Myocardial Injury and COVID-19. Front 
Cardiovasc Med 8: 606318. 

40. Bleakley C, Singh S, Garfield B, Morosin M, Surkova E, et al. (2021) 
Right ventricular dysfunction in critically ill COVID-19 ARDS. Int J 
Cardiol 327: 251-258. 

41. Blitshteyn S, Whitelaw S (2021) Postural orthostatic tachycardia 
syndrome (POTS) and other autonomic disorders after COVID-19 
infection: a case series of 20 patients. Immunol Res 69: 205-211. 

42. Goodman BP, Khoury JA, Blair JE, Grill MF (2021) COVID-19 
Dysautonomia. Front Neurol 12: 624968. 

43. Al-kuraishy HM, Al-Gareeb AI, Qusti S, Alshammari EM, Gyebi GA, et 
al. (2021) Covid-19-Induced Dysautonomia: A Menace of Sympathetic 
Storm. ASN Neuro 13:175909142110576. 

44. Rafaniello C, Ferrajolo C, Sullo MG, Gaio M, Zinzi A, et al. (2021) 
Cardiac Events Potentially Associated to Remdesivir: An Analysis 
from the European Spontaneous Adverse Event Reporting System. 
Pharmaceuticals (Basel) 14: 611. 

45. Charan J, Kaur RJ, Bhardwaj P, Haque M, Sharma P, et al. (2021) 
Rapid review of suspected adverse drug events due to remdesivir 
in the WHO database; findings and implications. Expert Rev Clin 
Pharmacol 14: 95-103. 

46. Haghjoo M, Golipra R, Kheirkhah J, Golabchi A, Shahabi J, et al. 
(2021) Effect of COVID-19 medications on corrected QT interval and 
induction of torsade de pointes: Results of a multicenter national 
survey. Int J Clin Pract 75: e14182. 

47. Charan J, Dutta S, Kaur R, Bhardwaj P, Sharma P, et al. (2021) 
Tocilizumab in COVID-19: a study of adverse drug events reported in 
the WHO database. Expert Opin Drug Saf 20: 1125-1136. 

48. Rao VU, Pavlov A, Klearman M, Musselman D, Giles JT, et al. (2015) 
An evaluation of risk factors for major adverse cardiovascular events 
during tocilizumab therapy. Arthritis Rheumatol 67: 372-380. 

49. Zequn Z, Yujia W, Dingding Q, Jiangfang L (2021) Off-label use of 
chloroquine, hydroxychloroquine, azithromycin and lopinavir/ritonavir 
in COVID-19 risks prolonging the QT interval by targeting the hERG 
channel. Eur J Pharmacol 893: 173813. 

50. Reyskens KMSE, Fisher TL, Schisler JC, O’Connor WG, Rogers 
AB, et al. (2013) Cardio-Metabolic Effects of HIV Protease Inhibitors 
(Lopinavir/Ritonavir). PLoS One 8: e73347. 

51. Yang TH, Chou CY, Yang YF, Chien CS, Yarmishyn AA, et al. (2021) 
Systematic review and meta-analysis of the effectiveness and safety 
of hydroxychloroquine in treating COVID-19 patients. J Chinese Med 
Assoc 84: 233-241. 

52. Muller MP, Dresser L, Raboud J, McGeer A, Rea E, et al. (2007) 
Adverse Events Associated with High-Dose Ribavirin: Evidence 
from the Toronto Outbreak of Severe Acute Respiratory Syndrome. 
Pharmacotherapy 27: 494-503. 

53. Musher DM, Abers MS, Corrales-Medina VF (2019) Acute Infection 
and Myocardial Infarction. N Engl J Med 380: 171-176. 

54. Seeßle J, Waterboer T, Hippchen T, Simon J, Kirchner M, et al. (2022) 
Persistent Symptoms in Adult Patients 1 Year After Coronavirus 
Disease 2019 (COVID-19): A Prospective Cohort Study. Clin Infect Dis 
74: 1191-1198.

55. Malik P, Patel K, Pinto C, Jaiswal R, Tirupathi R, et al. (2022) Post‐
acute COVID‐19 syndrome (PCS) and health‐related quality of life 
(HRQoL) - A systematic review and meta‐analysis. J Med Virol 94: 
253-262. 

56. Tudoran C, Tudoran M, Pop GN, Giurgi-Oncu C, Cut TG, et al. (2021) 
Associations between the Severity of the Post-Acute COVID-19 
Syndrome and Echocardiographic Abnormalities in Previously Healthy 
Outpatients Following Infection with SARS-CoV-2. Biology (Basel) 10: 
469. 

57. Giurgi-Oncu C, Tudoran C, Pop GN, Bredicean C, Pescariu SA, et 
al. (2021) Cardiovascular Abnormalities and Mental Health Difficulties 
Result in a Reduced Quality of Life in the Post-Acute COVID-19 
Syndrome. Brain Sci 11: 1456. 

58. Puntmann V, Martin S, Vanchin B, Holm N, Giokoglu E, et al. (2021) 
Patterns of cardiac involvement in patients with long COVID syndrome 
using cardiovascular magnetic resonance. Eur Heart J 42. 

59. Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson DJ, et al. (2021) 
Multiorgan impairment in low-risk individuals with post-COVID-19 
syndrome: a prospective, community-based study. BMJ Open 11: 
e048391. 

https://pubmed.ncbi.nlm.nih.gov/33480806/
https://pubmed.ncbi.nlm.nih.gov/33480806/
https://pubmed.ncbi.nlm.nih.gov/33480806/
https://pubmed.ncbi.nlm.nih.gov/33184506/
https://pubmed.ncbi.nlm.nih.gov/33184506/
https://pubmed.ncbi.nlm.nih.gov/33184506/
https://pubmed.ncbi.nlm.nih.gov/33184506/
https://pubmed.ncbi.nlm.nih.gov/32329756/
https://pubmed.ncbi.nlm.nih.gov/32329756/
https://pubmed.ncbi.nlm.nih.gov/32938299/
https://pubmed.ncbi.nlm.nih.gov/32938299/
https://pubmed.ncbi.nlm.nih.gov/32938299/
https://pubmed.ncbi.nlm.nih.gov/33058143/
https://pubmed.ncbi.nlm.nih.gov/33058143/
https://pubmed.ncbi.nlm.nih.gov/33058143/
https://pubmed.ncbi.nlm.nih.gov/34465720/
https://pubmed.ncbi.nlm.nih.gov/34465720/
https://pubmed.ncbi.nlm.nih.gov/34465720/
https://pubmed.ncbi.nlm.nih.gov/25814686/
https://pubmed.ncbi.nlm.nih.gov/25814686/
https://pubmed.ncbi.nlm.nih.gov/28845751/
https://pubmed.ncbi.nlm.nih.gov/28845751/
https://pubmed.ncbi.nlm.nih.gov/28845751/
https://pubmed.ncbi.nlm.nih.gov/33998272/
https://pubmed.ncbi.nlm.nih.gov/33998272/
https://pubmed.ncbi.nlm.nih.gov/33998272/
https://pubmed.ncbi.nlm.nih.gov/28267435/
https://pubmed.ncbi.nlm.nih.gov/28267435/
https://pubmed.ncbi.nlm.nih.gov/33665210/
https://pubmed.ncbi.nlm.nih.gov/33665210/
https://pubmed.ncbi.nlm.nih.gov/33665210/
https://pubmed.ncbi.nlm.nih.gov/33242508/
https://pubmed.ncbi.nlm.nih.gov/33242508/
https://pubmed.ncbi.nlm.nih.gov/33242508/
https://pubmed.ncbi.nlm.nih.gov/33786700/
https://pubmed.ncbi.nlm.nih.gov/33786700/
https://pubmed.ncbi.nlm.nih.gov/33786700/
https://pubmed.ncbi.nlm.nih.gov/33927679/
https://pubmed.ncbi.nlm.nih.gov/33927679/
https://pubmed.ncbi.nlm.nih.gov/34755562/
https://pubmed.ncbi.nlm.nih.gov/34755562/
https://pubmed.ncbi.nlm.nih.gov/34755562/
https://pubmed.ncbi.nlm.nih.gov/34202350/
https://pubmed.ncbi.nlm.nih.gov/34202350/
https://pubmed.ncbi.nlm.nih.gov/34202350/
https://pubmed.ncbi.nlm.nih.gov/34202350/
https://pubmed.ncbi.nlm.nih.gov/33252992/
https://pubmed.ncbi.nlm.nih.gov/33252992/
https://pubmed.ncbi.nlm.nih.gov/33252992/
https://pubmed.ncbi.nlm.nih.gov/33252992/
https://pubmed.ncbi.nlm.nih.gov/33759318/
https://pubmed.ncbi.nlm.nih.gov/33759318/
https://pubmed.ncbi.nlm.nih.gov/33759318/
https://pubmed.ncbi.nlm.nih.gov/33759318/
https://pubmed.ncbi.nlm.nih.gov/34162299/
https://pubmed.ncbi.nlm.nih.gov/34162299/
https://pubmed.ncbi.nlm.nih.gov/34162299/
https://pubmed.ncbi.nlm.nih.gov/25332171/
https://pubmed.ncbi.nlm.nih.gov/25332171/
https://pubmed.ncbi.nlm.nih.gov/25332171/
https://pubmed.ncbi.nlm.nih.gov/33345848/
https://pubmed.ncbi.nlm.nih.gov/33345848/
https://pubmed.ncbi.nlm.nih.gov/33345848/
https://pubmed.ncbi.nlm.nih.gov/33345848/
https://pubmed.ncbi.nlm.nih.gov/24098634/
https://pubmed.ncbi.nlm.nih.gov/24098634/
https://pubmed.ncbi.nlm.nih.gov/24098634/
https://pubmed.ncbi.nlm.nih.gov/32947506/
https://pubmed.ncbi.nlm.nih.gov/32947506/
https://pubmed.ncbi.nlm.nih.gov/32947506/
https://pubmed.ncbi.nlm.nih.gov/32947506/
https://pubmed.ncbi.nlm.nih.gov/17381375/
https://pubmed.ncbi.nlm.nih.gov/17381375/
https://pubmed.ncbi.nlm.nih.gov/17381375/
https://pubmed.ncbi.nlm.nih.gov/17381375/
https://pubmed.ncbi.nlm.nih.gov/30625066/
https://pubmed.ncbi.nlm.nih.gov/30625066/
https://pubmed.ncbi.nlm.nih.gov/34223884/
https://pubmed.ncbi.nlm.nih.gov/34223884/
https://pubmed.ncbi.nlm.nih.gov/34223884/
https://pubmed.ncbi.nlm.nih.gov/34223884/
https://pubmed.ncbi.nlm.nih.gov/34463956/
https://pubmed.ncbi.nlm.nih.gov/34463956/
https://pubmed.ncbi.nlm.nih.gov/34463956/
https://pubmed.ncbi.nlm.nih.gov/34463956/
https://pubmed.ncbi.nlm.nih.gov/34073342/
https://pubmed.ncbi.nlm.nih.gov/34073342/
https://pubmed.ncbi.nlm.nih.gov/34073342/
https://pubmed.ncbi.nlm.nih.gov/34073342/
https://pubmed.ncbi.nlm.nih.gov/34073342/
https://pubmed.ncbi.nlm.nih.gov/34827455/
https://pubmed.ncbi.nlm.nih.gov/34827455/
https://pubmed.ncbi.nlm.nih.gov/34827455/
https://pubmed.ncbi.nlm.nih.gov/34827455/
https://academic.oup.com/eurheartj/article/42/Supplement_1/ehab724.1719/6391909
https://academic.oup.com/eurheartj/article/42/Supplement_1/ehab724.1719/6391909
https://academic.oup.com/eurheartj/article/42/Supplement_1/ehab724.1719/6391909
https://pubmed.ncbi.nlm.nih.gov/33785495/
https://pubmed.ncbi.nlm.nih.gov/33785495/
https://pubmed.ncbi.nlm.nih.gov/33785495/
https://pubmed.ncbi.nlm.nih.gov/33785495/

