
INTRODUCTION
WHO on Jan 12 2020 named corona virus as the 2019 novel 
corona virus (2019 n Co V) and then on Feb 11 2020 Corona 
Virus Study Group proposed the name as SARS Co 
V[1].Chinese studies initially reported troponin elevation in 
about 20-40% of affected patients [2,3].Ability of virus to bind 
to ACE 2 protein receptors on myocardial cells suggested 
direct myocardial injury as a cause of this phenomenon which 
has been refuted by the studies by Linder as none of these 
cases met the criteria of denition of myocarditis [4,5].

In fact a lesser incidence when compared with other viral 
illness was reported by Metkus [6].The elevation of other 
inammatory markers suggested that the damage could be 
indirect associated with a widespread cytokine storm. But it 
should be remembered that in the coronaviridae family alpha, 
beta, delta and gamma which account for 5-10% of acute 
respiratory infections 2% are health carriers of the virus [7, 

8].On January 7 2020 scientists deciphered the genomic 
sequencing of this virus [9]. Suggested cellular entry of the 
virus is as follows. Key points in cardiac complications of 
COVID 19 as per ESC is summarized in Table 3 and Figure 2.

TMPRSS2, a host transmembrane serine protease helps the 
virus access the cells by two diverse mechanisms. On the cell 
membrane surface, spike S1 subunit binds to the ACE2 and 
the ACE2 receptor is cleaved .TMPRSS2 causes irreversible 
conformational change by acting on the S2 subunit causing 
viral fusion to the cell membrane [10, 11, and 12]. After the 
initial viral infection in 2 -14 days' severe cases show 
respiratory, hepatic, gastrointestinal and cardiovascular 
complications which could be fatal [13].

Supply demand mismatch in the coronary circulation could 
result  f rom hypoxia,  hypoperfusion,  tachycardia, 
microvascular thrombosis or inammation related injury. 
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Acute plaque rupture, stress, myocarditis, arrhythmias could 
result from a secondary insult due to ongoing inammatory 
cascade. Higher troponin values are associated with poorer 
outcome [14].It could serve as a marker of disease severity. 
Isolated elevations may not be very useful from the 
cardiovascular point of view but when associated with 
echocardiographic or angiographic abnormalities are 
predictive of mortality [15].

CMR should be restricted to evaluation of new left ventricular 
dysfunction and angina symptoms after CAD has been ruled 
out and very high clinical suspicion of myocarditis persist 
[16].With the stage set for multiple vaccines in market resolved 
infection evaluation for persistent arrhythmias may augment 
role of CMR for detection of inammation and scar foci 
[17,18].In fact if CMR conrms myocarditis a 3-6 month 
holiday from strenuous activities and sports would be ideal.

The so termed long COVID has lingering cardiovascular and 
neurological symptoms. In fact residual symptoms are 
reported to be as high as 60%.Surprisingly these have been 
reported in young patients without co morbidities also [19]. 
Older persons with pre existing cardiovascular disease and 
reduced ACE2 levels will be expected to be more susceptible 
to the exaggerated inammation with further reduction in 
ACE2 expression in the context of COVID-19, exhibiting 
greater disease severity. ACE2 receptors are involved in 
neurohumoral regulation of cardiovascular system also. The 
binding of SARS-CoV-2 to ACE2 causes acute myocardial and 
lung injury through the alternation in ACE2 signaling 
pathways [24].Besides this, diabetes and hyperlipidemia, 
alters the immune functions [20-23] adding on to morbidity 
and mortality. Infection affects cardiac relevant biochemical 
pathways such as the ACE2 signaling pathway, cardiac 
muscle integrity, brinogen pathways, redox homeostasis, 
and induces a break in plaque associated with the stent, and 
nally, aggravates a myocardial injury and dysfunction[25]. 
In addition to effect of ACE2 on coagulation patients with a 
history of diabetes, hypertension, and stroke on ventilators 
who underwent serological testing, showed the presence of 
anticardiolipin IgA antibodies and anti 2glycoprotein I IgA 
and IgG antibodies. These antiphospholipid antibodies 
abnormally target phospholipid proteins, rarely leading to 
thrombotic events [26].D-dimer levels (>1 g/L) was often 
associated with in-hospital death [27].Higher risk of venous 
thromboembolism has also been reported. 71.4% of non-
survivors t the clinical guidelines for disseminated 
in t ravascular  coagulat ion  (DIC)  [28] .Aor t ic  and 
microvascular embolism is also noted in these patients. Direct 
oral anticoagulants and antiviral treatments, unfractionated 
heparin/low molecular weight heparins, or mechanical 
prevention are advocated strongly for this group.

Myocardial infarction type 2 is also noted in patients with non 
obstructive physiology [29].Those with obstructive physiology 
are more prone for infarction due to proinammatory 
procoagulant state induced by the virus [30]. This condition 
leads to a drastic increase in myocardial demand during 
infection or critical systemic inammatory stress that could 
lead to atherosclerotic plaque instability, rupture, vascular 
andmyocardial inammation [31]. Systemic inammation 
can also result in coronary plaque rupture in CVD patients 
and cause stent thrombosis [32].  Viral inammation and 
degranulation of endothelial cells was demonstrated by 
scanning electron microscopy. Inammation of vascular 
endothelial cells (endotheliitis) leads to degranulation and 
exocytosis of Weibel Palade Bodies (WPBs) containing von 
Willebrand factor, which promotes recruitment of platelets, as 
well as platelet-to-platelet aggregates through the 
glycoprotein 1b receptor. Circulating blood IgG in patients 
with COVID-19 promotes a procoagulant phenotype and 
thrombocytopenia through platelet apoptosis by stimulating 

platelet Fc gamma receptor IIA The post-receptor signal 
transduction pathway that increases platelet reactivity and 
promotes thrombosis .Endothelial cell damage may cause 
blood vessel inammation, leading to plaque rupture and 
heart attack .Serial measurements of troponins and N-
terminal pro-B-type natriuretic peptide (NT-proBNP) show a 
rising trend in those who do not survive compared to those who 
survive. Patients with myocardial injury also have 
conrmation of more severe systemic inammation, including 
greater leukocyte counts and higher levels of CRP, 
procalcitonin, and high levels of other biomarkers of 
myocardial injury and stress, such as elevated creatine 
kinase, myoglobin, and NT-proBNP. Increased blood levels of 
procalcitonin, a peptide hormone produced by the thyroid 
gland, lungs, and intestine, are associated with more severe 
forms of COVID-19. Low platelet counts are also associated 
with an increased risk of severe disease and mortality in 
COVID-19 patients.

Myocardial injury occurs via diverse mechanisms, mainly 
mediated through ACE2 and other proposed mechanisms of 
cardiac participation comprising cytokine storm, arbitrate 
among subtypes of T helper cells and severe pneumonia 
causes hypoxia. Management guidelines of STEMI and 
NSTEMI in COVID 19 are given in Figure 3 and 4 according to 
ESC guidelines. Fibrinolyitc therapy indications are outlined 
in Table 4.This leads to ischemic cardiac tissue, which 
increases intracellular calcium leading to the apoptosis of 
cardiac myocyte [33]. This causes a troponin leak and an 
elevated BNP level. In experimental animals the virus can 
induce acute cardiac failure. Mutant human strains may do so 
in future and one has to be on guard against this possibility. 
The factors promoting endothelial dysfunction are 
discrepancies between reactive oxygen species production 
and nitric oxide reduction, remodeling of the left ventricle, 
brosis by differentiation of broblasts into myobroblasts 
following monocytes secretion of transforming growth factor-
beta (TGF) [34].Data from various studies support the 
continued use of ACE inhibitors or ARBs in patients with 
hypertension hospitalized with COVID-19 [35]. All clinicians 
are advised to continue ACE inhibitors and ARB blockers for 
patients who are already on these drugs for their blood 
pressure. Postural Orthostatic Tachycardia Syndrome 
(POTS)-like syndrome emerging among COVID-19 survivors.

VITT- Vaccine Induced Thrombotic Thrombocytopenia is 
characterized by the presence of two conditions concurrently: 
thrombosis (often in unusual sites like the cerebral sinus veins 
or splanchnic veins) and thrombocytopenia. Early 
mechanistic evaluations have identied antibodies to the 
platelet factor 4 (PF4)-heparin complex, similar to HIT 
antibodies. Detection of the PF4 antibodies can be done using 
a HIT ELISA test, but not reliably with other HIT laboratory 
tests.

Routine use of VTE prophylaxis is strongly recommended for 
all patients hospitalized with COVID-19. For most patients, 
use of standard doses of low-molecular-weight heparin (e.g., 
enoxaparin 40 mg once daily) or unfractionated heparin (e.g., 
5,000 units three times daily) is recommended by most society 
guidelines and guidance documents. For patients with critical 
illness in moderate or intensive care units, consideration can 
be made for intensifying the prophylactic regimen (e.g., 
enoxaparin 30-40 mg twice daily, unfractionated heparin 
7,500 units three times daily).  Spironolactone may also 
provide protection through concurrent actions in the 
modulation of ACE2 expression and increasing angiotensin 
1–7 levels. Moreover, as an anti-androgenic agent, it can 
decrease viral priming through TMPRSS2 activity. 
Spironolactone seems to be an ideal drug candidate that 
reduces the harmful effects of the over expression of 
angiotensin II-AT-1 axis, and more importantly, is 
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pharmacologically safe in the treatment of COVID-19 patients 
with heart failure. Inclusion of new medicines such as SGLT2 
inhibitors may help to maximize the efcacy of anti-heart 
failure treatments and minimize the negative impacts of other 
drugs on heart function but further studies supporting the 
same are needed. World heart federation guidelines for those 
with co morbidities are listed in table 1. Low dose radiation 
therapy (LDRT) has been evaluated as a potential therapeutic 
modality for COVID-19 pneumonia. However, due to 
heterogeneity in disease manifestation and inter-individual 
variations, effective planning for LDRT is limited for this large-
scale event. 2-deoxy-D-glucose (2-DG) has emerged as a 
polypharmacological agent for COVID-19 treatment due to its 
effects on the glycolytic pathway, anti-inammatory action, 
and interaction with viral proteins. Ivermectin, an FDA-
approved anti-parasitic previously shown to have broad-
spectrum anti-viral activity in vitro, is an inhibitor of the 
causative virus (SARS-CoV-2), with a single addition to Vero-
hSLAM cells 2 h post infection with SARS-CoV-2 able to effect 
~5000-fold reduction in viral RNA at 48 h. Table 2 summarizes 
mechanism of action of most drugs used in treatment of 
COVID 19. Cardiac toxicity of antiviral drugs should be kept in 
mind. In NOAC-eligible patients (i.e. those without 
mechanical prosthetic heart valves, moderate to severe mitral 
stenosis or antiphospholipid syndrome), NOACs are preferred 
over VKAs owing to their better safety and xed dosing without 
the need for laboratory monitoring of anticoagulant effect 
(hence no direct contact), notwithstanding the importance of 
proper NOAC dosing and adherence to treatment;  Whereas 
apixaban, rivaroxaban or edoxaban can be given as oral 
solutions or crushed tablets (via enteral tubes), severely ill 
COVID-19 patients may be switched to parenteral 
anticoagulation, which has no clinically relevant drug-drug 
interactions with COVID19 therapies (with the exception of 
azithromycin, which should not be co-administered with UFH).

CONCLUSION
Theoretically, these predicted increases in ANG II levels could 
be countered by delivering maximal doses of ACE inhibitors 
and AT  receptor blockers. In the absence of supporting 1

evidence, such an approach is unwarranted and needs to be 
studied. Innate immunity may be the key to defeat SARS-CoV-
2 infection. It serves as the rst line of antiviral defense and 
could participate in a signicant role in the progression of the 
cytokine storm. Viral invasion leads to type I interferon (IFN-I) 
expression and other proinammatory cytokines that defend 
against viral infection at the entry points. The activation and 
accumulation of monocytes and macrophages generate 
abandoned cytokine storms that lead to the modication of 
the M1 to M2 phenotype of alveolar macrophages resulting in 
inammatory injuries and brosis of respiratory tracts. Some 
habits such as smoking carries added risk both to COVID 
infection and cardiovascular complications for obvious 
reasons. Impact COVID-19 activity is due to the renin-
angiotensin system's over-activation, and the virus can 
activate a disintegrin and metalloproteases-17 (ADAM-17), 
which is a crucial regulator of tissue and plasma ACE2 and 
can cleave tissue ACE2 and increases plasma ACE2, which is 
more harmful. The presence of an excessive amount of ACE2 
in plasma induces cardiac toxicity via renin-angiotensin 
overactivity. The reduction of ACE2 in tissue amplies 
cardiovascular complications signicantly, and therefore the 
inhibition of ADAM-17 is useful to protect COVID-19 patient's 
hearts. Higher shedding of ACE2 in women and could, at least 
partially, explain the reduced incidence of COVID-19 in 
women compared to men. Serine protease inhibitors or 
metabolic inhibitors may show the way forward in future. 
Symptomatic management till then would be steroids and 
cytokine storm inhibitors. Drug induced complications should 
be carefully avoided in all patient subsets. Effectiveness of 
vaccines would lead to surfacing of long term complications 
which should be carefully watched for with appropriate long 

term screening measures. Sustainable telehealth measures 
would go a long way supporting acute and long term care of 
these cardiovascular patients.

Courtesy: ACC

Figure 1 Management Of Myocarditis

Figure 2 Key Cardiovascular System Involvement And 
Mechanisms As Per ESC 

Figure 3 NSTEMI Management In COVID 19-  ESC 
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Figure 4 STEMI Guidelines In COVID 19 ESC

Table 1 World Heart Federation Guidelines For Those With 
Risk Factors

Courtesy: WHF

Table 2 Anti COVID Agents Attempted

Table 3 ( ESC)
· The pathobiology of coronavirus infection involves SARS-
CoV-2 binding to the host receptor angiotensin-converting 
enzyme 2 (ACE2) to mediate entry into cells;
· ACE2, which is expressed in the lungs, heart and vessels, is a 
key member of the renin angiotensin system (RAS) important 
in the pathophysiology of CVD;
·  CVD associated with COVID -19,  l ikely involves 
dysregulation of the RAS/ACE2 system due to SARS-CoV-2 
infection and due to comorbidities, such as hypertension;
· CVD may be a primary phenomenon in COVID-19, but may 
be secondary to acute lung injury, which leads to increased 
cardiac workload, potentially problematic in patients with pre 
existing HF;
· Cytokine release storm, originating from imbalance of T cell 
activation with dysregulated release of interleukin (IL)-6, IL-17 
and other cytokines, may contribute to CVD in COVID-19. IL-6 
targeting is being tested therapeutically;
· Immune system activation along with immunometabolism 
alterations may result in plaque instability, contributing to 
development of acute coronary events.

Table 4 Current Fibrinolyitc Therapy Guidelines Of ESC In 
COVID 19 With Cardiovascular Complications
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