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Introduction

Since the first case of coronavirus disease-2019
(COVID-19) was reported in China in December 2019,
the disease has spread throughout the world and
becomes a pandemic [1], [2], [3], [4], [5], [6].

The World Health Organization (WHO)
declared COVID-19 as a pandemic on March 11,
2020 [2], [71, [8], [9], [10]. COVID-19 has influenced
the world’s medical, psychological, and socio-
economic aspects. It is probably the greatest global
thread in the 21* century [9], [11], [12], [13]. The
disease is caused by a novel positive-sense single-
stranded ribonucleic acid (RNA) betacoronavirus
which is severe acute respiratory syndrome
coronavirus (SARS-CoV)-2 [2], [3], [14], [15], [16].
SARS-CoV and SARS-CoV-2 share 79.6% of
their genomic sequence [8], [12], [13]. The virus
belongs to the Coronaviridae family which is thought
to be descended from bat before it can infect
human [2], [3], [14], [15], [16]. The transmission from
bat to human is suspected through intermediate
reservoirs such as civet [15]. This is not the
first time in which a coronavirus infects human.
Previously, two species of coronavirus have caused
epidemic: SARS-CoV in 2002 and Middle Eastern
respiratory syndrome-coronavirus (MERS-CoV) in
2012 [8], [9], [10]. Until the 1* week of November

Coronavirus disease-2019 (COVID-19) is caused by severe acute respiratory syndrome-coronavirus-2. The disease
has become a pandemic since March 11, 2020, with more than 47 million cases and 1 million deaths worldwide.
Besides affecting respiratory system, the disease is also affects cardiovascular system. Cardiovascular involvement
is hypothesized from direct invasion, inflammation, thrombosis, autoantibody, and imbalance of oxygen supply and
demand. Cardiovascular damage from those processes manifests as acute coronary syndrome, arrhythmia, and
heart failure. Patients contracting COVID-19 with cardiovascular manifestations should undergo routine examinations
and auxiliary examinations such as cardiac biomarkers, cardiac imaging, electrocardiography, echocardiography,
and angiography. COVID-19 patients with cardiovascular manifestations are managed with supportive treatment,
antivirals, hydroxychloroquine, and azithromycin. Immunomodulators and convalescent plasma are being
investigated recently. Anticoagulant is utilized to manage coagulopathy. Survived COVID-19 patients with history of
cardiovascular manifestations should undergo routine follow-up.

2020, a total of 47,362,304 cases have been reported
globally with 1,211,986 deaths [17].

COVID-19 may manifest as respiratory
and gastrointestinal symptoms such as dry cough,
shortness of breath, abdominal pain, nausea, and
diarrhea, but later cardiovascular manifestations
have been reported [1], [3], [16]. It is not surprising
since previous epidemics of coronavirus possessed
symptoms of myocarditis [1]. The symptoms are usually
mild (81%). Only 14% progress to severely ill and
5% develop critical illness [15], [18]. Cardiovascular
disorders and COVID-19 are connected in reciprocal
fashion [2], [19]. The proportion of COVID-19 patients
with underlying cardiovascular disease is higher
compared to the proportion of patients with other or
without any comorbidities [2], [7]. A study in China
reported that 29% patients had myocardial injury while
another study reported a rate of 20% patients with
myocardial injury [1]. Another clinical data reported
that 15-30% patients with COVID-19 had hypertension
and 2.5-15% had coronary heart disease [14]. In the
other hand, patients with underlying cardiovascular
injury have higher risk for cardiovascular events from
COVID-19 [3]. Patients with underlying cardiovascular
diseases tend to have more severe symptoms of
COVID-19. In result, this will cause more severe
complications and higher mortality rate [16], [18], [20].
We will discuss about the cardiovascular aspects of
COVID-19.
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Pathogenesis of Cardiovascular
Involvement in COVID-19

COVID-19 spreads mainly through respiratory
droplets but several evidences have proven that feco-
oral transmission is possible [8], [15], [16]. Its median
incubation period is 4-5 days [8]. The SARS-CoV-2 has
spike (S) protein in its envelope surface. The protein
is important for viral invasion. This S protein will bind
with S1 subunit of angiotensin converting enzyme
(ACE) 2 which expressed in human cells, initiating
viral invasion. The virus then enters the cell with the
aid of transmembrane serine protease (TMPRSS)
2 [1], [3], [7], [8], [14], [15], [18]. Both ACE2 and
TMPRSS2 must be expressed in the same cell to initiate
infection [9]. After entering the host cell, viral mRNA is
translated to produce viral proteins. The proteins are
then cleaved and assembled to form new viruses. New
viruses fuse with plasma membrane and are released
into extracellular space, ready to invade other cells [15].
SARS-CoV-2 affinity with ACE2 is stronger than other
SARS-CoV [9], [19], [18].

ACE2 is mainly expressed in type |
and Il lung alveolar epithelium, brain, liver,
kidney, pericytes, cardiomyocytes, enterocytes

in the small intestine, and endothelial cells. This
data support the theory of viral invasion into
cardiomyocyte [1], [3], [14], [16], [19], [18]. Invasion
may be occur from spreading through bloodstream [14].
More than 7.5% myocardiums express ACE2
which facilitate direct cardiac injury [10], [16], [18].
However, cardiovascular injury in COVID-19 is
multifactorial [18]. Invasion will trigger immune
response and inflammation and in the end result with
myocardial necrosis. Within a few days, the necrosis
will cause contractility disturbance and other clinical
manifestations [1], [7], [14], leading to increased level of
myocardialbiomarkers,abnormalitiesinelectrocardiography,and
echocardiography [1], [3], [14]. Inflammation will trigger
cytokines release, particularly interleukin-6, and cause
damage in cardiomyocytes. Cardiovascular damage
from inflammation is higher in hospitalized patients
with severe or critical COVID-19 [1], [3]. Excessive
production of cytokines results in abnormal inflammatory
response called cytokine storm and is suspected to be
a culprit of cardiovascular manifestations in COVID-19
patients [1], [3], [7], [10], [11], [12], [13], [14], [15], [20].
Inflammationalsoincreasestheoccurrenceofintravascular
coagulopathy along with the risk of thrombosis in
coronary vessels [1], [3], [8], [9], [10], [11], [12], [14], [15].

On the other hand, autoantibody is also
involved in the pathogenesis of cardiovascular
manifestations. There is a molecular mimicry
between SARS-CoV-2 protein and S2 regions of
cardiac myosin [1]. SARS-CoV-2 invasion can also
downregulate ACE2 expression. ACE2 acts as
protective agent toward fibrosis in cardiomyocytes.

Therefore, its downregulation will worsen the
cardiovascular damage [3], [10], [14], [19]. Pulmonary
dysfunction in COVID-19 triggers hypoxemia and
insufficient oxygen supply to many organs including
the heart. Furthermore, myocardial oxygen demand
is increased due to inflammation. This situation
creates ischemic injury of myocardium and its
consequences [3], [7], [8], [10], [14], [15], [16], [17].

Cardiovascular Manifestations of
COVID-19

Approximately 20-30%  of  hospitalized
COVID-19 patients showed cardiac complications. Some
patients even develop cardiovascular manifestations
despite the absence of respiratory manifestations [15].
In general, patients with cardiovascular injuries had
advanced age and more comorbidities [1], [3], [9], [18].
Elder population and the presence of comorbidities
significantly increase the risk of developing severe
COVID-19 [15], [19]. This may be caused by
degenerative impairment of immune system in older
individuals [2], [7], [9], [18], in contrast with children who
have stronger innate immunity, fewer comorbidities,
differences in maturation of viral receptors, and prior
exposure to other coronavirus species [2]. Cardiovascular
manifestations of COVID-19 are clinical heart failure,
chest pain, acute coronary syndrome (ACS), and
arrhythmias [1], [2], [3], [14], [15], [20].

ACS is one of initial cardiovascular
manifestations in COVID-19, marked by ST segment
elevation from electrocardiogram. ACS is suspected
to be caused by plaque rupture, coronary spasm, and
microthrombi formation. This phenomenon is reported by
several case series [18], [19], [20]. Rhythm disturbance is
more prominent in patients with underlying abnormalities
of cardiac structure and function [1], [3]. Arrhythmia in
COVID-19 is caused by direct myocardial infection and
activated sympathetic nervous system [9], [18], [19], [20].
On the other hand, arrhythmia may be caused by side
effect of medications used for COVID-19 [19]. Arrhythmia
may occur solely without any other signs and symptoms
such as fever or cough [7], [19]. Arrhythmia is observed
in 16.7% of COVID-19 patients and in 44% of patients
in Intensive Care Unit [9], [19]. Palpitation following
arrhythmia was found in 7.3% COVID-19 patients in
Wuhan [2], [7], [8], [19], [18]. The types of arrhythmia
include atrial fibrillation, conduction block, ventricular
tachycardia, and ventricular fibrillation [9], [19]. Malignant
arrhythmia is more common in patients with elevated
cardiac troponin level [2], [7], [8], [19], [18]. Heart
failure occurs in 23% patients while myocardial injury
(myocarditis and myocardial infarction) is reported in 7.2—
17% patients. Heart failure, myocarditis, and myocardial
infarction are the results of systemic inflammation
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and hypoxia [9], [19]. Coagulation abnormality even
disseminated intravascular coagulation is reported
in COVID-19 patients who may increase the risk of
thromboembolic events. If occurred in cardiovascular
system, this event will manifest as several signs and
symptoms related to ACS and heart failure [2], [19].

Diagnosis of Cardiovascular Disorders
Related to COVID-19

The standard diagnosis of COVID-19
requires specimen’s collection from the upper or lower
respiratory tract for real time polymerase chain reaction
(RT-PCR) assay [3], [15]. The preferred specimens
for RT-PCR are nasopharyngeal swab, followed by
feces [15]. Supporting evaluation showed decreased
total white blood cell and lymphocyte count with
increased neutrophil to lymphocyte ratio [3], [15]. SARS-
CoV-2 specific antibodies may support the diagnosis.
Immunoglobulin M (IgM) and immunoglobulin G (IgG)
are detected as early as 2—4 days after symptoms. The
antibodies gradually increase during the first 3 weeks
after onset of disease [15].

Myocardial damage may be detected from
electrocardiographic changes, radiologic imaging such as
cardiacmagneticresonanceimaging, andbiomarkerslevel
such as troponin, creatine kinase, lactate dehydrogenase,
and creatine kinase MB isozyme [1], [2], [3], [8], [9], [14].
A meta-analysis reported that cardiac troponin | levels
were abnormal in 8-12% hospitalized patients with
COVID-19 [1]. Echocardiography, angiography, and
other cardiac imaging are not routinely done in patients
with hemodynamically stable and moderate elevation of
troponin. All procedures should be conducted prudently
by considering risk and benefit for patients and health-
care personnel [1], [9]. Postmortem cardiac biopsy may
be conducted to demonstrate infiltration of inflammatory
cells, moderate pericardial effusion with light yellow
and clear liquid and mild edema, suggesting pericardial
inflammation involvement in the cardiovascular
disorder [1], [3], [8]. However, this examination is too
invasive; therefore, non-invasive investigations and
cardiac biomarker examinations should be maximized
in diagnosing cardiovascular events in patients
with COVID-19 [1]. Thrombogenesis is increased marked
by elevated D-dimer [3], [20].

Management of Cardiovascular Disorders
Related to COVID-19

Until present, there is no specific treatment for
COVID-19 [18], [19]. There have been several ways

either to prevent the spread or to slow the progression
of the disease for those who have been exposed with
SARS-CoV-2.

Preventing SARS-CoV-2 exposure is the main
effort to slow the progression of COVID-19 spreading.
Isolation is still an excellent choice to prevent the
spreading of the virus SARS-CoV-2. However, complete
isolation is not always available to be done since
socioeconomic activity cannot be stopped completely.

Vaccination is also one of the ways to
promote immunity against the spread of SARS-CoV-2.
Vaccination has become the most promising approach
to control this pandemic. At present, the vaccine is being
developed and tested for its efficacy and safety [15].

As treatment priority, the elderly population
with underlying comorbidities should always be the
priority in the management of COVID-19 [2], [3], [10].

The use of antivirals has long been
proposed as the choice of treatment for COVID-
19. Several antivirals such as remdesivir, ribavirin,
lopinavir, and ritonavir are used empirically in
the management of COVID-19. These antivirals
prevent invasion by interfering viral RNA synthesis.
Early administration of antiviral and utilization of
combined antivirals are beneficial for alleviating
clinical course [2], [7], [10], [15], [16], [18]. Another
treatment option such as immunosuppressant has
been found used as COVID-19 in patients with
myocarditis but its utilization in the virus itself still
needs more investigations [1]. A candidate from this
class of drug is tocilizumab [18]. Hydroxychloroquine
also showed positive effect in COVID-19 based on
several studies. It acts by preventing endosomal
acidification, viral internalization, and modulate
immune. Another class of drugs used in management
of COVID-19 is antivirus and anti-inflammation drugs,
such as azithromycin and steroids. Azithromycin has
positive effect as antivirus and anti-inflammation.
Steroids are used to alleviate symptoms associated
with cytokine storm [7], [10], [16], [18]. Unfortunately,
the use of hydroxychloroquine, azythromycin, and
antivirals together would increase the risk of QT
prolongation and torsades de pointes [1], [2], [3], [7],
(8], [10], [13], [18].

Intravenous |IG is also being investigated as
one of treatment options for COVID-19. This treatment
acts by modulating patient’s immune response toward
viruses [15].

Recently, convalescent plasma has also been
used to manage COVID-19 [1], [3], [15]. Anticoagulant,
particularly heparin, is also considered for COVID-19
management since the disease creates a state of
hypercoagulability[15],[16],[18]. Extracorporealmembrane
oxygenation supports patient’s cardiopulmonary function
during critical period of disease [16], [18].

Of all the comorbidities may be found in
COVID-19 patients, the management of COVID-19
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patients with cardiovascular complications is mainly
supportive due to some conditions found in patients
with cardiovascular conditions. Discontinuation of
ACE inhibitor or angiotensin receptor blocker is not
recommended as the drugs may increase ACE2
expression and give protective effect after ACE2
downregulation from SARS-CoV-2 invasion [2], [3], [10].
Several studies also failed to prove that ACE inhibitors
would facilitate the invasion of SARS-CoV-2 into host
cells [7], [8], [14], [16], [18], [19].

Outcome of COVID-19 Patients with
Cardiovascular Manifestations

COVID-19 patients with cardiovascular
manifestation have poorer outcome [3], [7], [15],
[18]. Higher cardiac troponin | level was associated
with more severe disease outcome [1], [3], [14],
[18], [19], [20]. Only 1% myocardial injury was
reported in COVID-19 survivors compared to 59% in
deceased patients [1]. Patients with cardiovascular
manifestations of COVID-19 should be routinely
followed up every 1-3 months. Follow-up consists
of history taking and physical examination,
electrocardiography, and echocardiography [9].
They are also advised to avoid competitive sport or
aerobic activity for 3—6 months until the resolution of
myocarditis is confirmed [1].

Conclusion

COVID-19 not only affects respiratory
system but also cardiovascular system. Several
mechanisms underlie the cardiovascular involvement
including direct invasion, inflammation, thrombosis,
autoantibody, and imbalance of oxygen supply
and demand. Cardiovascular manifestations of
COVID-19 are ACS, arrhythmia, and heart failure.
Therefore, beside routine examinations, auxiliary
cardiovascular examinations such as cardiac
biomarkers, cardiac imaging, electrocardiography,
echocardiography, and angiography are considered
in patients with cardiovascular manifestations.
Similar with other patients, the management is
mainly supportive. Antivirals, hydroxychloroquine,
azithromycin, and steroid are empirically administered.
Immunomodulators and convalescent plasma are
being investigated for their effectiveness. Heparin is
utilized to overcome coagulopathy. Routine follow-up
is urged for patients who have recovered from
COVID-19 with cardiovascular manifestations.
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