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COVID-19 and Cardiovascular Diseases: Challenges
and Solutions
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Abstract

Rampantly spreading around the globe and taking thousands of
lives each day, coronavirus disease 2019 (COVID-19) may present
with varied cardiovascular manifestations. Those with evidence of
myocardial injury have a worse prognosis too. Patients with pre-
existing cardiovascular diseases or risk factors are at greater risk
of adverse outcomes and mortality by this infection. Being highly
contagious, measures to prevent cross-infection are of paramount
importance. In this article, the authors summarize the various car-
diovascular manifestations of COVID-19 and precautions needed
while handling them and the long-term consequences of COVID-19
infection.
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Introduction

With incessant advances in science and technology, cardiology
has seen the most rapid advances in the last three decades. In
the midst of this, the world is now facing the worst pandemic
of the century. With downfall and again a surge of cases world-
wide, according to the World Health Organization’s daily re-
port, this third zoonotic coronavirus disease pandemic, coro-
navirus disease 2019 (COVID-19) by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has affected more
than 110 million people and claimed more than 2,040,000 lives
across the world as on February 23, 2020. Although the most
common presenting symptoms are fever, cough and malaise,
several reports have seen varied manifestations including
myocardial ischemia and heart failure [1]. Also, the prognosis
of COVID-19 patients is worse when there is accompanying
myocardial injury [2].
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COVID-19 in Patients With Pre-Existing Cardio-
vascular Diseases

Patients with pre-existing cardiovascular diseases and comor-
bidities like diabetes and hypertension are at increased risk of
worse outcomes following COVID-19 [3]. In a cohort of 191
patients from Wuhan, China, 48% (67% of non-survivors) had
some comorbidity, hypertension in 30% (48% of non-survi-
vors), diabetes mellitus (DM) in 19% (31% of non-survivors),
and cardiovascular diseases (CVD) in 8% (13% of non-survi-
vors) [4]. In another cohort of 138 hospitalized COVID-19 pa-
tients [5] from Wuhan, comorbidities were more prevalent in
patients requiring intensive care unit (ICU) care (46% overall
and 72% in patients requiring ICU care), hypertension in 31%
(58% in patients requiring ICU care), CVD in 15% (25% in
patients requiring ICU care), and DM in 10% (22% in patients
requiring ICU care).

Acute Myocardial Injury in COVID-19

Apart from the respiratory system involvement, COVID-19
presents with cardiovascular manifestations too. In a pooled
analysis of 11,685 patients [6], the prevalence of acute myo-
cardial injury was 20% (ranging from 5% to 38% according
to the criteria used. Several mechanisms for cardiovascular
involvement have been proposed: 1) Direct viral invasion of
the myocardium [7]; 2) Excessive immune mediated response
to the virus causing myocarditis [8]; 3) Hypoxia of cardiac
myocytes as a result of respiratory failure; 4) Hypercoagula-
ble state induced by the SARS-CoV-2 may result in coronary
microvascular thrombosis [9]; 5) Type I myocardial infarction
(MI) as a result of stress related plaque rupture; 6) Type 11 MI
due to demand-supply mismatch in stressful state; 7) Stress
cardiomyopathy; 8) Down-regulation of angiotensin-convert-
ing enzyme 2 (ACE-2) receptors resulting in possible reduced
protective signaling [10]. Figure 1 enumerates the various
mechanism of COVID-19 induced myocardial damage.

While the immune system tries to fight the invading virus,
excessive immune mediated inflammatory response may cause
myocarditis. On multivariate adjusted analysis in a study of
182 COVID-19 patients by Li et al [11], age, whole blood cell
count, neutrophil percentage, lymphocyte percentage, cluster
of differentiation (CD)3" T cell counts, CD4" T cell counts,
CD8" T cell counts, CD167/CD56" (natural killer) NK cell
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Figure 1. Various mechanisms of myocardial damage by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-

tion leading to cardiac manifestations.

counts, high-sensitivity (hs)-C-reactive protein, and procalci-
tonin were independently associated with myocardial injury in
patients with COVID-19.

The ACE-2 receptors being found on the epithelial cells of
lungs, heart, kidneys, intestines and vascular endothelium are
used by SARS-CoV-2 for entry into target cells. This may cause
direct cardiac myocyte injury [10]. Furthermore, SARS-CoV-2
binding to ACE-2 leads to its downregulation and increases
angiotensin II. This leads to lesser amounts of angiotensin (1-
7). This causes angiotensin type 1 receptor (AT1R)-mediated
systemic vasoconstriction and increased pulmonary vascular
permeability.

Cardiac biomarkers are most helpful for diagnosis as well
as for prognostic implications [2]. In a study of 671 COVID-19
patients by Shi et al [12], the prevalence of myocardial injury
defined as hs-troponin I above the 99th percentile was 15.8%.
Both CK-MB > 2.2 ng/mL (hazards ratio, 6.62, P <0.001) and
cardiac troponin I (cTnl) > 0.026 ng/mL (hazards ratio, 4.56,
P =0.02) were found to be independently associated with in-
creased in-hospital mortality. In a multicentre study analysing
68 fatal cases of COVID-19 [13], myocardial injury with or
without respiratory failure was noted to be the cause of death
in 40% of cases. In a report of 138 COVID-19 patients hos-
pitalized at Zhongnan University Hospital of Wuhan, China,
cardiac injury (elevated hs-cTnl or new electrocardiographic
or echocardiographic abnormalities) was present in 7.2% of
patients overall and 22% of patients requiring ICU care [5].

While the World Health Organization document (Clinical
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management of severe acute respiratory infection when COV-
ID-19 disease is suspected (version 1.2, March 13, 2020)) [14]
recommends laboratory testing for acute myocardial injury at
admission and as clinically indicated, the American College of
Cardiology (ACC) advices to measure troponin only if the diag-
nosis of acute MI is being considered on clinical grounds [15].

Cardiovascular Manifestations of COVID-19

Cardiovascular manifestations of COVID-19 can range from
asymptomatic elevation of cardiac injury biomarkers to fulmi-
nant myocarditis and circulatory shock (Fig. 2). Table 1 [4, 5,
12, 16] quotes the incidence of various cardiovascular presenta-
tions of COVID-19 in published literature. It may be difficult
at times to clearly define whether the elevated cardiac biomark-
ers are due to myocardial ischemia, myocarditis, impaired renal
function, pulmonary embolism, or the systemic inflammatory
state. So, troponin elevations need to be evaluated in conjunc-
tion with other inflammatory markers like serum ferritin and
interleukin-6 (IL-6) to define the underlying etiology. But it is
certain that these patients require the most intensive care.

Acute coronary syndrome

The concern of disease mimickers has grabbed even ST eleva-
tion MI (STEMI) and the reasons are genuine. Both STEMI
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Figure 2. The varied cardiovascular manifestations of coronavirus disease 2019 (COVID-19) infection.

and non-STEMI are reported in patients hospitalized with
COVID-19. There are case reports where patients presented
with STEMI but no other apparent clinical manifestation of
viral illness. A single-centre retrospective analysis from North-
ern Italy [17] of 28 patients with COVID-19 and STEMI found
no obstructive coronary artery disease in around 40% patients.
Amongst them, in 24 patients (85.7%) STEMI represented the
first clinical manifestation of COVID-19 and did not have a
COVID-19 test result at the time of coronary angiography.
This may lead to delay in detection of COVID-19 and spread
of infection. Also, several STEMI appearing presentations
may in fact be COVID-19 associated myocarditis.

Arrhythmias

In studies by Wang and colleagues [5] and Goyal et al [18]
including 138 and 393 consecutive hospitalized COVID-19
patients respectively, the incidence of arrhythmia was found to
be 17% and 7.4%, respectively. Although they did not describe

the types of arrhythmias, both tachyarrhythmias and bradyar-
rhythmias can occur. In another study by Guo et al [19] of 187
COVID-19 patients, the incidence of ventricular arrhythmias
was 5.9%, and was significantly more common in patients
with myocardial injury than in those without (17.3% vs. 1.4%,
P <0.001).

Heart failure

In a study of 191 COVID-19 patients by Zhou et al [4], heart
failure was observed in 23.0% of patients. Elderly patients
with pre-existing hypertension or diastolic dysfunction are
at greater risk of new onset heart failure. The cytokine surge
may lead to worsening of pre-existing heart failure, develop-
ment of myocarditis and left ventricular systolic dysfunction
[20]. There may be pulmonary hypertension due to lung in-
volvement by COVID-19 and subsequent right heart failure in
substantial number of patients. This is further associated with
increased in hospital mortality [21].

Table 1. The Incidence of Various Cardiovascular Presentations of COVID-19 in Published Literature

Clinical manifestations Incidence Reference
Increased cardiac troponin 15.8% [12]
Acute cardiac injury 17% overall (59% in non-survivors vs. 1% in survivors) [4]

Heart failure 23% [4]
Arrhythmias 17% [5]
Hypercoagulable state 71% in those who died and 0.6% in those who recovered [16]
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Hypercoagulable state

COVID-19 patients are found to have deranged coagula-
tion profile. Hypercoagulable states resulting in deep venous
thrombosis, pulmonary embolism, coronary intravascular
thrombosis causing acute MI and cerebral thrombosis leading
to stroke have been reported. Patients are found to have el-
evated D-dimer and mild thrombocytopenia most commonly,
which is prognostic and associated with increased need for
mechanical ventilation [22]. Retrospective study of 183 COV-
ID-19 patients by Tang et al [16] found that 71% of COVID-19
patients who died fulfilled the International Society on Throm-
bosis and Hemostasis (ISTH) criteria for disseminated intra-
vascular coagulation (DIC), compared with only 0.6% among
survivors. They found significantly higher D-dimer and pro-
thrombin time in non-survivors as compared to survivors. A
variety of potential risk factors exist including immobilisation,
heart failure, chronic kidney disease, chronic obstructive lung
disease, malignancy, mechanical ventilation and central ve-
nous catheter use. Risk stratification tools may be used to pre-
dict venous thromboembolism risk in acutely ill hospitalized
patients. Padua risk model used by a study in China showed
that 40% of hospitalized patients with COVID-19 were at high
risk of venous thromboembolism, 11% of whom also had high
bleeding risk [23].

The Impact on the Care of Cardiovascular Pa-
tients

The number of patients presenting to cardiology emergency
room (ER) with STEMI has also dramatically fallen, leading
to almost 40% reduction in catheterization laboratory activa-
tion [24]. People avoid seeking medical help despite chest
pain for the fear of exposure to SARS-CoV-2. There is limited
transportation available and limited access to medical facili-
ties, which further hampers timely medical contact. Hospital
resources are allocated to COVID-19 and several hospitals are
unable to cater to other patients. The increase in late presenters
of Ml is leading to an increase in complications like ventricu-
lar septal rupture [25]. In the majority of the centers, all elec-
tive procedures are postponed. Worse is that there is no follow-
up of patients and effects on patient progress or worsening is
maximally unknown. It is a tough responsibility to make the
public aware that they should seek appropriate cardiac care
in the prevailing scenario too. This confidence in the general
population can be built by taking appropriate precautions to
avoid inadvertent cross exposure and still provide adequate
treatment.

Management of Cardiovascular Diseases

It is essential to keep a broad view and still not ignore MI while
dealing with elevated troponin levels in a COVID-19 patient.
Although myocarditis and stress cardiomyopathy due to COV-
ID-19 may mimic STEMI, it is important to recognize true
STEMI and offer emergent management. While, the American
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College of Cardiology (ACC) and Society for Cardiovascular
Angiography and Intervention (SCAI) advocate primary per-
cutaneous intervention (PCI) for definite STEMI [26], deci-
sions need to be individualized according to the availability of
resources. ACC defends primary PCI on the grounds of need
for emergency rescue PCI in significant majority of patients
following unsuccessful fibrinolysis. Also, the STEMI mim-
ics when wrongly fibrinolysed lead to an increased bleeding
risk. In case of diagnostic dilemma and less typical chest pain,
echocardiography may be done by the same team without ex-
posing additional staff. It may be reasonable to avoid catheteri-
zation laboratory activation if the patient is a late presenter.
Opinions are diverse but in view of the community spread of
COVID-19 and uncertain sensitivity of diagnostic tests, sev-
eral societies are recommending the use of fibrinolytic therapy
for all STEMI unless hemodynamic instability. This reduces
the exposure of health care personnel and vice versa. A phar-
macoinvasive approach may be recommended with initial fi-
brinolysis and testing for COVID-19 status unless rescue PCI
is deemed necessary. COVID-19 positive or probable patients
with non-STEMI may be managed medically and only taken
for urgent coronary angiography and possible PCI in the pres-
ence of high-risk clinical features (Global Registry of Acute
Coronary Events (GRACE) score > 140) or hemodynamic in-
stability [27]. In patients in whom we anticipate the need for
invasive ventilation or intra-aortic balloon pump (IABP), such
procedures should be done bedside to avoid doing emergently
in catheterisation laboratory. Disinfection of the instruments
and catheterisation laboratory is essential after each case.
Chlorine containing disinfectants are shown to be effective in
clearing the viral load [28].

Healthcare Personnel Protection

While it is crucial to provide efficient patient care, it is of ut-
most importance to ensure safety of the health care personnel
involved therein. This is challenging in the times of unfore-
seen pandemic when there is shortage of personal protec-
tive equipment. Catheterization laboratory personnel need
to be provided with adequate personal protective equipment
(PPE) to avoid cross contamination. The Center for Disease
Control and Prevention recommends contact and droplet PPE
for health care personnel in their routine care of patients with
COVID-19. If an aerosol-generating procedure is to be per-
formed like intubation and cardiopulmonary resuscitation,
additional PPE with an N95 respirator is recommended. All
elective procedures need to be postponed to save resources for
the management of COVID-19 increasing number of patients.
Also, the fear of contacting asymptomatic carriers is genuine.
This calls for avoiding all outpatient follow-up visits and ad-
vocating telemedicine. While visiting ER, the patients and the
attendants should wear mask and keep proper distancing.

Drug Treatment and Interactions

Awaiting definite evidences, several anti-viral and immune-
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modulatory agents are being tried to help patients recover.
Although initial reports advocated the use of hydroxychloro-
quine (HCQ) and azithromycin for the treatment of patients
with COVID-19, subsequent large scale studies have not found
significant survival benefit. Remdesivir is a nucleotide analog
that interrupts ribonucleic acid (RNA) replication. It has been
found to improve survival with a 14-day mortality of 7.1%
with remdesivir vs. 11.9% with placebo (hazard ratio 0.70;
95% confidence interval (CI): 0.47 - 1.04) in the RECOVERY
(Randomized Evaluation of COVid-19 thERapY) trial, which
is one of the largest randomized clinical trials testing a range of
potential treatments for COVID-19 [29]. The same trial recent-
ly showed that low dose oral/intravenous dexamethasone treat-
ment prevented one death for around eight ventilated patients
and around 25 patients requiring oxygen alone [30]. A total of
2,104 patients were randomized to receive dexamethasone and
were compared with 4,321 patients randomized to usual care
alone. Dexamethasone 6 mg once per day reduced deaths by
one-third in ventilated patients (rate ratio: 0.64; 95% CI: 0.51 -
0.81), and by one-fifth in other patients receiving oxygen only
(0.82 (0.72 - 0.94), P < 0.001). There was no benefit among
those patients who did not require respiratory support (1.19
(0.92 - 1.55) [30].

Protease inhibitors lopinavir/ritonavir, antiviral oseltami-
vir used for influenza and ribavirin have been used, but con-
trolled trials did not demonstrate statistically significant ben-
efit [31]. Favipiravir, another drug approved for influenza
treatment, is considered promising because it inhibits RNA
polymerase. Tocilizumab, an IL-6 receptor antagonist, has
been used with reported success in patients with severe COV-
ID-19, and clinical trials are ongoing. A case report described
how the left ventricular dysfunction and biomarkers normal-
ized within 3 weeks of intravenous immunoglobulin and ster-
oids in a COVID-19 patient presenting with chest pain and
ST-segment elevation on his electrocardiogram but without
coronary obstruction [32].

There has been considerable debate regarding the use of
ACE inhibitor and angiotensin receptor blockers (ARB) in pa-
tients with COVID-19. As renin-angiotensin-aldosterone sys-
tem inhibitors upregulate the expression of ACE-2 in tissues
[10], it was initially thought to promote entry of COVID-19
into cells. But studies have found that increased expression
of ACE-2 is rather protective. ACE-2 cleaves angiotensin I,
a vasoconstrictor to angiotensin (1-7), which is a vasodilator.
A retrospective analysis of 1,128 COVID-19 patients with a
previous history of hypertension, concomitant in hospital use
of ACE inhibitors or ARB was associated with lower risk of
all-cause mortality compared to non-users [33]. Currently, it is
recommended to continue ACE inhibitors and ARB in patients
already taking them.

Being used by hundreds of millions of people world-
wide since several decades as anti-malarial and for several
rheumatological diseases, HCQ has been quite safe and even
available over the counter in several countries. The possi-
bility of QTc prolongation, torsades de pointes and sudden
death becomes a concern with concomitant use of multiple
QTc-prolonging drugs and/or the presence of ion disturbances
(hypokalemia, hypomagnesemia and/or hypocalcemia) [34].
Chorin et al [35] showed in a population of 85 COVID-19 pa-
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tients that in 30% QTc increased by more than 40 ms and 11%
showed a severe prolongation (QTc > 500 ms) while on treat-
ment with HCQ and azithromycin. Despite that, none of them
developed torsades de pointes. Saleh et al [36] also evaluated
201 COVID-19 patients who during hospitalization received
chloroquine/HCQ as a monotherapy (61%) or in association
with azithromycin (59%), 9% of patients showed a QTc > 500
ms on treatment (3.5% had discontinuation of therapy). But
no torsades de pointes or arrhythmic death were reported. It
has also been seen in recent studies that HCQ started early in
the course of illness and for longer duration reduced the sever-
ity of illness and prevented some hospitalizations; while, this
was quite less effective if started late after disease progression
[37].

Believed to have pulmonary vasodilator and anti-viral
properties, there are certain ongoing trials on nitric oxide (NO)
nasal irrigation, inhaled therapy and even oral administration
vs. placebo on severity of illness in hospitalized patients. In
a recent study on 34 patients with severe COVID-19, 65%
responded to inhaled NO therapy with reduction in pressure
of arterial oxygen to fractional inspired oxygen concentration
(PaO,/FiO,) by more than 20% [38]. This may be a potential
therapy in severe COVID-19 pneumonia patients with persis-
tent hypoxemia. But due to lack of sufficient research data,
it is still not being recommended. Another field of ongoing
research is convalescent plasma therapy. In a recent study on
patients with severe COVID-19 pneumonia [39], out of 334
patients enrolled, 228 received convalescent plasma while 105
were randomized to placebo. There was no significant benefit
in terms of 30-day clinical status or overall mortality with con-
valescent plasma vs. placebo. While, another recent study on
180 subjects showed that if convalescent plasma is adminis-
tered early in the course of illness, there is significant reduc-
tion in progression of severe COVID-19 respiratory illness
by 48% [40]. This trial randomized patients with mild illness,
within 72 h of onset of symptoms. This emphasizes that early
administration of sufficient antibodies may prevent worsening
of illness.

In view of increased venous thrombosis risk, anticoagu-
lation remains the mainstay of prophylaxis and treatment. It
needs to be emphasized that the patients at higher thromboem-
bolic risk may also be at a higher bleeding risk. The duration
and dosing of anti-coagulants need to be adjusted accordingly.
Also, elastic compression stockings and intermittent pneu-
matic compression may be considered. Currently, it is recom-
mended to anticoagulate all COVID-19 hospitalized patients
preferably with low-molecular-weight heparin subcutaneous
injection. At discharge, the National institute of Health (NIH)
discourages routine thromboprophylaxis. However, it does ad-
vocate NOAC in patients at high risk of venous thromboem-
bolism (VTE) based on D-Dimer levels and IMPROVE-VTE
risk score.

Long-Term Cardiovascular Sequelae

Long-term consequences of COVID-19 may be caused by in-
creased IL-6 signalling. Apart from cardiac fibrosis, IL-6 and
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other cytokines have been proposed to have role in athero-
genesis [41]. Also, cardiac magnetic resonance imaging has
demonstrated cardiac involvement in significant number of
patients who had recovered from COVID-19 [42]. Whether
this translates to long-term consequences or recovers sponta-
neously is still unknown.

Conclusions

Awaiting effective vaccines, personal preventive measures are
the best strategy in COVID-19. Patients with pre-existing car-
diovascular diseases or risk factor need to be extra cautious as
they may be the worst hit. Lest the fear of catching COVID-19
infection prevail, one should know that untreated MI has even
higher mortality. Lockdown resulting in unemployment, finan-
cial losses, loneliness, anxiety, depression and lack of physical
activity is associated with anticipated increased risk of cardio-
vascular diseases. These consequences shall affect the lives
of people even after the world comes out of this COVID-19
pandemic.
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