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 Introduction
COVID‑19 disease has engulfed almost all 
the countries in the world and the three 
major countries that are worst affected are 
USA, Brazil, and now India. The disease 
was first reported from Wuhan, China in 
late December 2019 and said to be caused 
by severe acute respiratory syndrome 
corona virus 2 (SARS‑CoV2), a member of 
the genus Beta corona virus. The two other 
Corona viruses that have caused pandemics 
earlier were severe acute respiratory 
syndrome Corona virus  (SARS‑CoV) 
and Middle East respiratory syndrome 
Corona virus  (MERS‑CoV), these viruses 
along with SARS‑CoV‑2 cause respiratory 
infection leading to viral pneumonia and 
acute distress syndrome in few patients. 
Along with the respiratory ailments 
the SARS‑CoV‑2 infection also causes 
abnormal production and release of various 
pro‑inflammatory cytokines and chemokines 
by the immune system resulting in various 
types of organ damage apart from the lungs 
which are being most commonly affected. 
There is abnormal and unregulated release 
of inflammatory mediators due to host 
response to viral infection is said to be 
known as cytokine storm.

Address for correspondence: 
Dr. Amit Rastogi, 
Department of Anaesthesiology, 
SGPGI, Lucknow, Uttar 
Pradesh, India 
E-mail: amit.rastogi.sgpgi@
gmail.com

Access this article online

Website: www.annals.in

DOI: 10.4103/aca.aca_237_20
Quick Response Code:

Abstract
COVID‑19 pandemic is mainly related with the pulmonary problems initially but now as the pandemic 
is growing it is observed that almost all organ systems of the body are affected. Up to 20‑30% 
patients who are admitted in Covid hospitals are showing cardiovascular involvement. Severity 
of cardiovascular disease in a COVID‑19  patient depends whether a patient is having pre‑existing 
cardiac disease or not. Patients with pre‑existing cardiac disease have more severe infection and 
associated mortality. Severe COVID‑19 infection shows close association with myocardial damage 
and various arrythmias. The cardiovascular involvement occurs by either engagement directly with 
the angiotensin converting enzyme 2 or indirectly by the effect of inflammatory mediators which are 
generated as a result of viral‑host response to infection. The COVID‑19 disease is said to produce a 
wide spectrum of affliction ranging between even asymptomatic patient to Cardiovascular syndrome. 
Even after recovering from COVID‑19  patients can reappear in the hospital with cardiomyopathies 
and arrythmias.
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This SARS COV‑2 virus directly 
engages the ACE 2 receptors which 
are present in various organ systems. 
ACE2 expression is detected on type I 
and type II alveolar epithelium, upper 
respiratory system, heart, kidney tubular 
epithelium, pancreas, stomach, liver, 
ileum, endothelial cells, enterocytes, 
urinary bladder, and testis.[1] Since these 
ACE2 receptors are widely spread in 
the body, so not only pulmonary but 
the extra‑pulmonary manifestations are 
present and associated with the presence of 
ACE2 receptors.[2] Table  1 shows various 
organ system involved along with their 
manifestation. SARS‑CoV‑2 may also 
cause various coagulation abnormalities 
as per severity of disease leading to 
myriad thromboembolic events. Up to 
20–30% patients who are hospitalized 
with COVID‑19 show cardiovascular 
involvement.

A meta‑analysis of 6 studies was done 
to study the prevalence of CVD in 
1,527  patients of COVID‑19 revealed the 
hypertension, cardiac and cerebrovascular 
disease, and diabetes to be 17.1%, 16.4%, 
and 9.7%, respectively.[3] Due to the 
virtue of production of inflammatory 
mediators and coagulation abnormalities 
the SARS‑CoV2 can cause cardiovascular 
dysfunction in patients with COVID‑19 This is an open access journal, and articles are 
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which may be associated with high mortality. COVID‑19 
can cause cardiovascular disorders which may include 
myocardial injury, arrhythmias, acute coronary syndrome, 
and venous thromboembolism which are collectively 
known as Cardiovascular syndrome in COVID‑19 shown 
in Figure 1.

There is considerable amount of overlap between 
cardiovascular symptoms and respiratory symptoms and 
typical presenting symptoms like fatigue, dyspnoeas, and 
cough are common in both. COVID‑19  patient rarely 
present with palpitation and chest tightness.

The pattern of COVID‑19 on patients can be in two forms 
in terms of cardiovascular involvement i.e., Patients with 
pre‑existing cardiovascular disease and patients without 
any pre‑existing cardiovascular disease however there is 
considerable imbricating in between these two. Broadly 
the primary cardiac involvement includes myocarditis, 

arrythmia, and Acute coronary Syndrome  (ACS) and 
secondary cardiac involvement includes acute myocardial 
injury, heart failure along with the evidence of other end 
organ damage as well.

Interaction between SARS‑COV2 with ACE2

Comorbidity like hypertension is very common in patients 
admitted in Covid setup with variable clinical presentation 
and often severe illness.[4,5] Renin angiotensin aldosterone 
system  (RAAS) and its blockers have complex interaction 
in COVID‑19 infection. ACE2 is basically an enzyme which 
degrades Angiotensin II to Angiotensin 1‑7 and Angiotensin 
I to Angiotensin 1‑9. SARS‑CoV 2 enters cell by attaching 
to ACE2 with help of its spike protein and further by 
endocytosis into the cell. After this endocytosis the ACE2 
undergoes downregulation so there is no degradation of 
accumulated Angiotensin II and its unopposed action.[6] 
This accumulated Angiotensin II is said to cause the acute 
Lung Injury, vasoconstriction, altered vascular permeability, 
and adverse myocardial remodeling.[7,8] The understanding 
of physiology of ACE2 and entry of virus into the host cell 
is very relevant. ACE2 is expressed in the lungs and also 
in myocardium, endothelial cells, kidney, and intestines.[9,10] 
Ongoing viral replication reduces the membrane ACE2 
expression as seen in the vitro culture[11] and this causes 
the down regulation of ACE2 in lungs. There is a lot of 
controversy regarding use of Ace inhibitors and angiotensin 
receptor blockers in COVID‑19  patients with pre‑existing 
hypertension. The Interaction between SARS‑CoV‑2 and 
ACE‑2 is shown in Figure 2.

Change of RAAS inhibitors to some other class of 
antihypertensive drug in any patient may require careful 
dose titration as well as monitoring of blood pressure to 
prevent undesired spikes of blood pressure. Small periods 
of blood pressure instability may also corelate with 
cardiovascular problems.[12‑14] In fact, many Institutions 
around the globe are doing losartan trials for patients with 
COVID‑19 patients who require hospitalization and also to 
evaluate the safety of losartan in respiratory failure due to 
COVID‑19.

In COVID‑19  patient’s hypokalemia is a common finding 
in few studies which could be due to enhanced Kaliuresis 
in comparison to the gastrointestinal loss. This hypokalemia 
is said to be driven by RAAS activation and it corelates 
with the severity of disease and often difficult to manage.[15] 
In a way the ARBs  (angiotensin receptor blockers) effect 
on potassium metabolism may be advantageous in 
COVID‑19  patients. But various other studies however do 
not report hypokalemia in COVID‑19 patients as a common 
finding.

The poor control of blood pressure contributes to immune 
dysregulation. In hypertensive patients it has been seen that 
there is CD8+T cell dysfunction and such immunosenescent 
CD8+T cell lacks in effective defense against viral 

Figure 1: Spectrum of the acute coronavirus disease 2019 (COVID-19) can 
be seen as cardiovascular syndrome

Table 1: Showing various organ system involved in 
COVID-19 disease along with their manifestation

Organ System MEDIAN AGE (DAYS)
Neurologic Headaches, Dizziness Encephalopathy,  

Ageusia, Myalgia Anosmia, Stroke, Cortical 
vein thrombosis

Hepatic raised SGPT/SGOT, raised bilirubin
Gastrointestinal Diarrhoea, Nausea/vomiting, Abdominal pain, 

Anorexia 
Renal Acute Kidney Injury, haematuria, Proteinuria
Cardiac Takotsubo cardiomyopathy Myocardial injury/

myocarditis Cardiac arrhythmias Cardiogenic 
shock Myocardial ischemia Acute cor 

pulmonale 
Thromboembolism DVT, Pulmonary thromboembolism and 

catheter related thrombosis
Endocrine Hyper glycemia /Diabetic ketoacidosis /hyper 

glycaemic hyper osmolar state
Dermatological Petechiae, Livedo reticularis, Erythematous rash 
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infection, resulting in overproduction of cytokines.[16,17] 
The introduction of a new group of antihypertensive in 
previously hypertensive patient requires monitoring and 
switch over to different class of drug may often bring wide 
fluctuations in blood pressure.

So as of now the recommendation is that, those who are 
already on Ace inhibitors and angiotensin receptor blockers 
must continue the medication and those who are recently 
diagnosed with COVID‑19 along with hypertension 
there blood pressure should be managed with other 
antihypertensive agents except RAAS antagonist.[18]

Patho physiology of heart disease in COVID‑19

SARS COV‑2 mainly interacts with ACE2 receptors 
in lungs; however, the virus interacts with almost all 
organs system and the effect of this virus infection on the 
myocardium could be direct as a result of the interaction 
of the virus with organ or via the immune system. 
Though the most common manifestation of COVID‑19 
is pneumonia; however, COVID‑19 may also cause 
myocarditis, myocardial injury, arrhythmias, ACS, and 
thromboembolism.[19‑22]

The pathophysiology of the cardiac disease is 
summarized in Figure  3. The Myocardial injury as per 
fourth universal definition of Myocardial infarction has 
been defined as elevation of cardiac troponin above 
the 99th percentile of upper reference limit  (URL).[23] 
The myocardial injury during COVID‑19 infection may 
occur due to either ischemic cause or non‑ischemic 
cause and this may have varied clinical effects.[24] 
Acute myocardial Injury in COVID‑19 is characterized 
by marked cardiac troponin elevation along with ECG 
changes and angiography revealing no coronary artery 
disease or culprit lesions. The myocardial injury has 

been independently associated with high mortality 
among COVID‑19 patients.[25]

Sometimes patient may present without any symptoms of 
fever/cough but cardiac symptom only.[26,27] The Myocardial 
injury in COVID‑19 is associated with high mortality.[24] In 
children a link between Kawasaki disease and COVID‑19 
has also been seen.[28] When autopsies were done in 
patients with COVID‑19 disease, myocardial infiltration of 
interstitial mononuclear cells was seen.[29]

Myocardial Injury and Myocarditis
Myocardial injury could be due to ischemia or 
non‑ischemic event like myocarditis.[4,23,30] A  study done 
to confirm the rate of death among patients having 
elevated Cardiac troponin with and without underlying 
cardiovascular disease and it was seen that patients with 
underlying cardiovascular disease have almost double the 
rate of death.[31] Patient presenting with elevated level 
of cardiac biomarkers, recent arrhythmia or acute onset 
heart dysfunction with COVID‑19  patient raises high 
suspicion of acute myocarditis. The SARS‑CoV 2 infection 
accentuates prothrombotic, inflammatory and procoagulant 
responses resulting in increased risk of acute nonischemic 
myocardial injury and acute MI  (both type I and type 
II). In the early studies in China elevated level of cardiac 
enzymes and ECG abnormalities were seen in 7‑20% cases 
with COVID‑19.[4,32‑35] In COVID‑19  patients raised level 
of troponins had been associated with poor outcomes after 
review of all studies till date.

In COVID‑19  patients who have evidence of acute 
myocardial injury  (>99 percentile of URL) along with 
evidence of ECG and Echocardiographic changes are 
associated with more severe disease and grave prognosis. 

Figure 2: SARS COV-2 attaches to ACE2 receptor by spike protein and then it is interiorized by endocytosis and it undergo further replication, this 
causes downregulation of ACE2. ACE 2 plays important role in degradation of Angiotensin I and Angiotensin II into Angiotensin 1-9 and Angiotensin 
1-7 respectively. The accumulated Angiotensin is responsible for vasoconstriction, Acute Lung Injury, altered vascular permeability, and myocardial 
remodeling associated with COVID-19 disease
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Elevation of cardiac troponins 2‑3  times of the upper 
limit of normal  (ULN) particularly in an older patient 
with a pre‑existing cardiac disease does not warrant a 
workup unless accompanied with anginal chest discomfort 
or ECG changes. These mild elevations can easily be 
explained by either pre‑existing cardiac disease or acute 
myocardial injury associated with COVID‑19. However, 
marked elevation beyond 5  times of ULN may indicate 
shock, severe respiratory failure, myocarditis, and Type  1 
MI.[4,24,36,37] These troponins levels may also remain elevated 
in renal insufficiency patients due to delayed excretion.

The BNP/NT pro‑BNP being an indicator of hemodynamic 
stress and heart failure and their elevations can be related 
to pre‑existing cardiac disease or due to the COVID‑19 
illness itself.[24,38‑40] However, the rise of these enzymes may 
also corelate with the stress of right ventricle associated 
with COVID‑19 due to pulmonary cause. Myocarditis is 
seen in COVID‑19 patients after initiation of fever and this 
myocarditis could be due to upregulation of ACE2 in the 
myocardium and coronary vessels.[31,41] The hypoxia and 
immune mechanism of myocardial inflammation are also 
relevant in this scenario.[19,31,41]

Typical features of myocarditis with elevated levels 
of    high sensitivity (hs) cardiac troponins during 
course of COVID‑19 also require echocardiographic or 
MRI evidence.[42‑45] However, most of the studies done 
lack echocardiography and MRI data. In a 112  patients 
cohort study it was seen that 14  patients had raised  hs 
cardiac troponins but echo/ECG abnormalities were not 
typical of myocarditis so they suggested that myocardial 
injury was secondary to systemic cause rather than virus 

directly effecting myocardium.[27] However, in several 
case reports typical signs of myocarditis were seen along 
with elevated level of cardiac biomarkers and diffuse 
ST segment elevation had diffuse hypokinesia of both 
ventricles along with severe LV dysfunction.[31] MRI 
findings suggestive of active myocarditis include marked 
myocardial interstitial edema, diffuse late gadolinium 
enhancement and circumferential pericardial effusion. 
Presently role of endomyocardial biopsy in these patients 
is still under study and non‑invasive imaging techniques 
like MRI or PET to diagnose myocardial inflammation 
can only be done if separate isolation facility is available 
to do such imaging.

Myocarditis was also seen in all historical epidemics with 
other corona viruses based on Cardiac MRI.[46] It is still not 
clear whether SARS CoV2 infects myocardium directly 
or not. If we presume that SARS‑CoV 2 directly infects 
myocardium any myocarditis will manifests itself in acute 
or sub‑acute stage.[47] Presence of mild inflammation and 
viral RNA in the myocardium of patients in COVID‑19 
have also been reported in autopsy reports.[48,49] A case 
report described a patient with low grade myocardial 
inflammation and corona virus particles at the myocardium 
but outside cardiomyocytes as seen I in endomyocardial 
biopsy suggest SARS CoV 2 may directly effects 
myocardium.[25]

Myocarditis has been seen suspected in many 
COVID‑19  cases but its confirmation warrants tissue 
histology and   Immunohistochemistry (IHC) but data is 
lacking in the literature in this regard. The myocardial injury 
from the COVID‑19 can be explained by two mechanism 

Figure 3: The SARS COV2 may cause myocardial effect either directly or indirectly. Interaction of the virus with the immune cells results in proinflammatory 
response by induction of T- and B- cells and production of inflammatory soup which comprises of Interferon, Interleukin (IL) -1,6,8,21, monocyte chemotactic 
protein (MCP)-1 and Tumor Necrosis factor ß etc. This inflammatory soup can act on myocardium to cause myocarditis and myocardial Injury. The SARS 
COV 2 can also act on myocardium directly causing myocarditis, myocardial injury, and Endothelial injury. Together the effect on myocardium may result 
in Acute Coronary syndrome (ACS), Heart failure, and Cardiogenic shock
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i.e.,  either associated with the release of cytokines as 
inflammatory soup or direct effect of SARC‑CoV‑2 virus 
on the myocardium. This virus has a potential to infect 
cardiomyocytes, pericytes and fibroblasts via ACE 2 
pathway leading to direct myocardial injury though this 
is still unproven and may require further autopsies and 
endomyocardial biopsies.  Proposed investigations in 
suspected myocarditis in Covid-19 patients are summarized 
in Figure 4.

Acute Coronary Syndrome
Several case series have been published regarding acute 
coronary syndrome in COVID‑19  patients. A  case series 
from United States described 18  patients with COVID‑19 
along with ST segment elevation indicative of acute MI and 
five required invasive percutaneous coronary procedures.[50] 
Similarly, in a case series from Italy in which 28  patients 
with COVID‑19 presented with similar ECG changes 17 
were candidates of coronary revascularization due to the 
culprit lesion.[26] However, in an Italian case series 24 out 
of 28 patients have not received positive COVID‑19 results 
even at the time of coronary angiography suggesting the 
possibility that COVID‑19 can cause ACS independently 
even when there is lack of systemic inflammation. Plaque 
rupture and thrombus formation is the main cause of type I 
MI in COVID‑19 patients however Type II MI risk is higher 
due to demand supply mismatch which is mainly attributed 
to hypoxia and hemodynamic disturbances. The mechanism 
of ACS is summarized in the Figure  5 and that of Type 
I MI mechanism in Figure  6. The number of reported 
cases of ACS during COVID‑19 period outbreak in Italy, 
Spain, United States and even in India has significantly 
lowered when the data was compared with Pre COVID‑19 
periods, despite the fact that COVID‑19 may induce ACS 
in terms of both hospitalization as well as percutaneous 
intervention.[51‑53] However out of hospital cardiac arrest 
was increased during COVID‑19 outbreak in Italy which 
has been corelated with COVID‑19 outbreak.[54,55]

Heart Failure and Cardiogenic Shock
In 23% of patients presenting with COVID‑19 heart failure 
was seen and this heart failure was more common in non 
survivors.[4] The heart failure in a COVID‑19 infection may 
be just an unfolding of a subclinical cardiac dysfunction 
with a back ground of comorbidities of coronary artery 
disease, diabetes, hypertension, and various other diseases. 
An elevated levels of NT pro‑BNP was found in 49% 
of all patients and 85% of these patients died. The exact 
aetiology of acute or decompensated heart failure is not yet 
known.[56]

During the COVID‑19 disease the high grade fever, 
tachycardia, volume overload, and renal dysfunction 
can initiate the heart failure in elderly patients with 
diastolic dysfunction with preserved ejection fraction.[56] 
Development of stress‑induced cardiomyopathy can also be 

seen in relation to immune response and cytokine‑induced 
myocardial dysfunction.[57,58]

Covid pneumonia is the main cause of ARDS and 
pulmonary edma is mainly noncardiogenic, how ever since 
heart failure is not uncommon among COVID‑19  patients 
so pulmonary plethora due to cardiac origin cannot be 
ignored.[56] Appropriate hemodynamic monitoring in 
respiratory failure can differentiate the pulmonary or 
cardiac cause. In patients with severe Covid pneumonia/
ARDS and associated pulmonary hypertension, right sided 

Figure 4: Proposed Investigation in suspected myocarditis in COVID-19 
patients

Figure 5: Mechanism of ACS in COVID-19

Figure 6: Type I MI in COVID-19
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heart failure must be evaluated.

In COVID‑19 infection there is acute emotional/physical 
distress, increased sympathetic stimulation, vasospasm 
and a proinflammatory state. All these factors can 
precipitate stress cardiomyopathy, in stress cardiomyopathy 
troponin levels are low in comparison to the amount 
of cardiac dysfunction but BNP levels are high. This 
stress cardiomyopathy is diagnosed by exclusion of other 
underlying cardiovascular diseases and after identification 
of the acute trigger.[46]

Arrhythmias

Cardiac Palpitation is a common symptom mainly in 
patients without fever and cough.[59] These palpitations were 
even part of the presenting complaints in 7.3% cases in a 
cohort of 137 patients admitted for COVID‑19 infection.[59]

From the main land China, a study done in 187  patients 
admitted in a hospital in the epicenter city Wuhan showed 
that the patients who had raised level of troponin have 
more likelihood of development of malignant arrythmia in 
comparison to those who had normal troponin levels.[29,50,60]

In COVID‑19, genesis of cardiac arrythmia  (atrial or 
ventricular) may be due either to myocardial injury or 
to inflammatory stress, neurohormonal, fever, hypoxia, 
metabolic disarray, sepsis and dyselectrolemia but it 
cannot be ascertained with clarity. The arrythmias can 
even be induced by various antivirals and antibiotics that 
are used to treat the disease itself.[20,61] Any new malignant 
tachyarrhythmia in combination with cardiac troponin rise 
must raise a query of underlying myocarditis.[41,45]

Thromboembolism

The COVID‑19 disease has high rates of venous 
thromboembolism and Klok et  al. suggested that these 
thromboembolic complications may be seen up to 31% 
in critically ill patients.[62] In COVID‑19 features of 
the disseminated intravascular coagulation  (DIC) and 
pulmonary embolism are common and marked by increase 
in D‑dimer levels and FDPs. DIC has been 71.4% of non 
survivors.[63] Massive pulmonary embolism has been widely 
reported.[42] Elevated d dimers  (>1 g/dl) is considered 
to be associated with in hospital death as suggested by a 
multi‑center retrograde cohort study from China.[4] When 
COVID‑19 survivors were compared with non survivors, 
the non survivors had significant high level of d dimers 
and FDP when compared with survivors and 71.4% of 
non‑survivors had met clinical parameters for DIC.[63]

Rudolf Virchow historically described the three key 
predisposing factors to thromboembolic complications: 
vessel wall abnormalities  (endothelial injury), abnormal 
flow, and coagulation state. The COVID‑19  patients have 
all inflammatory mediators which are secondary to viremia, 
these inflammatory mediators may cause endothelial injury 
and when patient is sick prolong immobilization occurs. 

A  total of 97 COVID‑19  patients with sepsis induced 
coagulation dysfunction were studied retrospectively in 
whom prophylactic dose of low molecular weight of 
heparin was given and it was seen that this prophylactic 
anticoagulation could be the reason for lower mortality 
among them.[4]

Pericardial Effusion and Tamponade
COVID‑19 elicit an immune response and may lead to 
pericarditis and effusion in later stages. It is hypothesized 
that due to immune‑inflammatory responses and cytokine 
mediated effect there is development of effusive pericarditis. 
However, acute effusive pericarditis still remains a rare 
manifestation of COVID‑19 disease.[31,64]

Case report also showed that this acute effusive pericarditis 
can also present as late complication in a COVID‑19 patient 
as life‑threating Cardiac Tamponade.[65,66] However, the 
pericardial effusion could also be secondary to post 
myocardial infraction in COVID‑19 patients.

Conclusion
Due to sudden appearance of this pandemic, the planned 
and randomized trials are lacking for COVID‑19 infection. 
The pathophysiology of cardiac involvement in COVID‑19 
infection is still under study. Several prospective 
randomized trials are ongoing to study the cardiac effect 
of COVID‑19. Presently post Covid cardiac follow‑up 
there is no clear guidelines however it is prudent for that 
patients who had cardiac involvement should be seen every 
2‑3 months. The convalescent phase  (2‑6 months) includes 
detailed history, physical examination, 12 lead ECG, 
2D doppler echo, and preferably cardiac MRI with late 
gadolinium enhancement. Standard advice must be given as 
per physical activity. These patients must undergo regular 
CV assessment as shown in Figure 7. The future trajectory 
of this novel viral disease is still not known however 

Figure 7: Regular CV assessment in post COVID-19 patient follow up
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cardiovascular problems associated with COVID‑19 
increases morbidity and mortality associated with the 
disease. A  large number of treatment modalities are under 
trial but no treatment strategy has yet proven effective. 
Till the vaccine arrives, social distancing and use of face 
mask can reduce the burden of the disease and associated 
cardiovascular complications.
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