Volume 11 « Number 3 « September 2020 « em00739

JOURNAL OF CLINICAL AND
EXPERIMENTAL INVESTIGATIONS

REVIEW ARTICLE

Cardiovascular Impacts of COVID-19 Pandemic: From
Presentation to Management: Current and Future
Perspectives

Zainab Atiyah Dakhil *', Hasan Ali Farhan *°

! AL-Kindy College of Medicine,
Baghdad University, Baghdad, Iraq

ABSTRACT

Corona virus disease 2019 (COVID-19) pandemic represents a global unprecedented
healthcare crisis that results in respiratory syndrome and can cause remarkable cardiovascular
impacts in form of myocardial injury, myocarditis, heart failure and arrhythmia. This review
aimed to provide clinical landscape of this novel virus in the context of cardiovascular system
involvement, in addition to explore future perspectives regarding response of healthcare
system to this outbreak. The study showed that elderly patients and those with comorbidities
are most susceptible for this infection, and will have the worst prognosis. Poor prognostic
determinants for this disease were higher C-reactive protein, IL-6, ferritin, serum troponin and
NT-ProBNP. Considering prominent role of COVID19 pandemic on cardiovascular health and
care on multiple levels there is no time better than now for cardiology community to play a
key role in fighting this pandemic globally in form of solidarity with other specialities and
accelerating knowledge about this health threat in addition to adopt new perspectives on
learning and training to face this unprecedented crisis.
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infectivity along with ability to be
transmitted during asymptomatic period
resulted in rapid transmission of the virus to
many countries [3] to be considered on
March 11, 2020 by WHO as a pandemic [4].
COVID-19 has been diagnosed in 1,592,801
cases around the world and caused death in
95,021 patients, last updated; 2020 April 9
(21:11 GMT) [5], the numbers are just
increasing enormously. As the most
common organ to be affected by COVID-19
infection after lung is heart [6], so our review
aimed to provide a demographic, clinical
and investigational landscapes of this novel
virus in context of cardiovascular system
involvement, in addition to explore the

statements and guidelines, expert viewpoints
and editorials; all were included. Search

words used were: “COVID-19” or
“Coronavirus” or “SARS-COV2” and
“cardiovascular” or “cardiac” or “heart

failure” or myocarditis” or “pericarditis” or
<« . ] . » 3 . »
myocardial infarction” or “troponin.

SO FAR, WHAT DO WE KNOW?

Demographic Characteristics

Zou et al. reported in his cohort study of
COVID-19 patients that they were more to
be males 62% with a mean age of 56 years,
50% of patients had comorbidities prior to
infection, most commonly hypertension
30%, diabetes 19%, coronary heart disease
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Figure 1. Mechanisms of Cardiovascular Effects of COVID-19

(CHD) 8% and chronic obstructive pulmonary disease
(COPD) in 3% [7], while Guo et al suggested in his study that
COVID-19 patients were more to be females 51.3% with a
mean age of 58.5 years, and that hypertension and diabetes
were most common comorbidities in 32.6% and 15%
respectively, in the time that 11.2% and 4.3% had prior
history of CHD and cardiomyopathy (CMP) respectively [8].
Arentz et al described the main demographics of COVID-19
patients who were critically ill and admitted to intensive care
unit (ICU) and showed that they were males in 52% and
mean age was 70 years, critically ill patients cohort had more
comorbidities 86%; with chronic kidney disease (CKD) and
heart failure (HF) were the most common comorbidities in
those patients 47.6% and 42.9% respectively and diabetes and
COPD were evident in 33.3% for each[9] while Graziano et
al revealed that critically ill patients were more to be males
and the mean age was 79.5 years, main comorbidity is CHD
that reported in 35.5% followed by diabetes 20.3% [10].
Patients who had myocardial injury (MI) in view of COVID-
19 infection were of mean age of 78.5 years, 50% were males,
66.67% of them were hypertensive, cardiovascular disease
was reported in 66.7%, COPD and hypertension were
evident in history in 33.33% for each. Interestingly those with
MI had more than two comorbidities in 83.33% of patients
[11].

Cardiovascular Manifestations

Ding et al. revealed that the earlier SARS-COV had not
shown significant distribution in heart, unlike lung and
kidneys, however other researchers suggested that the heart
was associated with greater myocardial infiltration and
myocardial damage in SARS-COV [12-17]. SARS-COV2 has
remarkable distribution in heart tissue in 35% of autopsies
and in up to 42.1% of patients with heart failure in COVID-
19 infection [11,15]. This can explain the dominance of heart
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involvement just next to lung in this pandemic as cardiac
tissue can be damaged directly by virus infiltration [11,15].
COVID-19 infection can be caused by binding of virus to
ACE2 receptor which mainly expressed in heart and lung
resulting in ACE2 downregulation which cause respiratory
and cardiac manifestations in form of myocardial
inflammation, lung oedema in addition to respiratory
failure, furthermore, ACE2 downregulation can cause
endothelial dysfunction which explains the diastolic
dysfunction that reported in patients with COVID-19
[15,18]. Cytokine storm had been evident in COVID-19
which can have a vital role in progression of inflammation
and contributes to decrease coronary blood flow and oxygen
supply, inflammation can also induce rupture of coronary
plaques and coagulation cascade activation with increase
thrombosis risk, in addition to COVID-19 effect in
increasing metabolic demands and decrease cardiovascular
reserve [1,19,20]. Cardiovascular impacts of COVID-19
infection are demonstrated in Figure 1. Whether or not
long-term cardiovascular complications are possible cannot
be determined now and need further future studies.

Mpyocardial injury

Myocardial injury is defined as increase in levels of
troponin T (TnT) more than 99 percentile upper reference
limit [21]. Most researches in context of novel COVID-19
depend on this definition. Xu et al recorded MI in 11.3% of
COVID-19 cohorts while Huang et al and Wang et al
reported MI in 12% and 7.2% of COVID-19 patients
[11,19,22]. MI can be explained by systemic inflammation,
increasing demand and hypoxia. Main risk factors for
developing MI were reported by Xu et al as older age,
increasing CRP and novel corona virus pneumonia (NCP)
severity due to increase inflammatory status of those
patients, also presence of prior history of CHD was reported
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in all COVID-19 patients who had MI [11]. Furthermore,
Guo et al suggested hypertension, CHD, CMP, Diabetes,
COPD and CKD more in patients with MI [8]. Patients with
myocardial injury were more susceptible for hypoxaemia,
NCP and with increased need for ICU admission, moreover
patients with high troponin were at more risk to develop
acute kidney injury (AKI) which occurred in all patients with
MI, 41.67% with high troponin but not fulfilled definition of
MI [11].

Mpyocarditis

Myocarditis can be caused by variable viruses and
manifested as severe rapidly deteriorating LV dysfunction
and cardiogenic shock with elevated cardiac enzymes,
mortality rate can reach 50-70% [23]. Fulminant myocarditis
was reported in COVID-19 [6]. It was suggested that
immune injury can be the cause of fulminant myocarditis
which either occurs early or never in context of COVID-19,
and the prognosis can be better if no malignant arrhythmias
complicated the course of illness [6]. Myocarditis is known
to be caused by other viruses that caused respiratory
syndromes (SARS, MERS) [12-14,16,17]. Earlier researches
in MERS-CoV have revealed myocarditis and damage were
evident by cardiac MRI (CMR) [17]. Death was attributed in
7% to myocarditis with circulatory failure and in 33% of
cases myocarditis contributed to the patient’s death [24].
However, CMR could not be performed in any of COVID-
19 cohorts due to infection control restrictions.

Heart failure

Heart failure was reported in 37.7% of COVID-19
patients [11]. Heart failure can be explained by the fore
mentioned mechanisms. Arentz et al. revealed that CMP
occur in 33.3% of critically ill COVID-19 patients,
pulmonary oedema was recorded in 9.5% of total patients
and in 42.9% of those with preadmission heart failure, this
high percentage can be part of COVID-19 infection or due
multisystem failure or due to high number of patients with
baseline cardiovascular disease [9] .Heart failure was an
important predictor of mortality in COVID-19, as it was
recorded in 52% of COVID-19 non survivors and in 12% of
those who recovered [22].

Arrhythmia

Arrhythmias can occur in COVID-19 as part of
myocardial injury, myocarditis, cardiac dysfunction or due
to electrolyte disturbance that especially occur in critically ill
patients in addition to being part of adverse effects of drugs
used in treating this population [3,25]. Wang et al reported
arrhythmia in 16.7% of total COVID-19 patients, arrhythmia
was reported more in those who required ICU admission
44.4% versus 8.9% in those who did not [22].

Shock

Cardiogenic, septic or mixed cardiac plus primary
pulmonary causes of shock or respiratory complaints in
COVID-19 are important to be considered. Due to limitation
in using right heart catheterization it could be difficult to
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differentiate between different types of shock in a COVID-
19 patients [27]. However, bedside echo study and
biomarkers like Pro-BNP and inflammatory markers can
give a clue to type of shock. Wang et al in his study reported
cardiogenic shock 8.7% of patients, which was higher
significantly in those who were admitted to ICU 30.6%
versus who were not 2% [22].

Pericardial disease

Pericardial involvement was reported in COVID-19
patients, a case of myopericarditis with elevated markers of
myocardial necrosis was described in a COVID-19 patient
[27]. Furthermore, Hua et al reported first case of cardiac
tamponade in a COVID-19 case [28].

Investigational Parameters in COVID-19

There is remarkable knowledge gap regarding main
haematological and biochemical parameters in in COVID-
19 infection, however, there are several studies that gave
clues regarding this issue. Lymphopenia and leucocytosis
were reported in prior cohorts of COVID-19 [7,11].
Moreover, it was suggested that the severity of lymphopenia
reflects extent of myocardial damage as it was reported in
83.33% of patients with COVID-19 and myocardial injury
versus 37.5% and 34.78% of those with elevated troponin and
those with normal troponin levels respectively [11].
Haemoglobin and platelet count were lower in COVID-19
patients who had myocardial injury [11]. Biochemical
parameters correlated with extent of myocardial injury, as
creatinine, alanine aminotransferase, triglycerides and lactic
acid were higher in patients with high troponin T levels,
while total cholesterol, HDL, LDL and aspartate
aminotransferase did not differ significantly between those
with high troponin T versus normal troponin [8]. Moreover,
it had been suggested that there is positive correlation
between severity of respiratory disease in COVID-19 and
lactate dehydrogenase, serum amyloid A and C-reactive
protein (CRP), while there is negative correlation between
respiratory disease severity and lymphocyte counts, albumin,
serum potassium and HDL, serum potassium was
considered as a good prognostic indicator as continuous
renal potassium loss can result from degradation of ACE2 in
COVID-19 infection [29].

Cardiac enzymes like creatinine kinase, myoglobin
significantly elevated in COVID-19 patients [8]. Cardiac
troponin I was only marginally elevated in COVID-19
infection where by myocardial injury was defined in 8-12%
and it was mainly caused by cytokine storm [30,31].
Troponin T had further prognostic impact in that high
troponin T patients had more complications including
ARDS, VT/VF, acute coagulopathy and AKI, additionally,
high troponin T levels in patients with CVD had the highest
mortality and shortest survival term [8]. High sensitivity
troponin I during hospitalization found in 50% of non-
survivors COVID-19, it increased rapidly from day 16 after
disease onset [7]. However, most COVID-19 cohorts did not
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Table 1. Cardiovascular Adverse Effects Related to Drugs Used in COVID-19

Cardiovascular Adverse Effects Causative Drugs

Long QT/Torsades de pointes

chloroquine, azithromycin, lopinavir, ritonavir, tocilizumab

Dyslipidaemia

Lopinavir, Ritonavir, steroids, tocilizumab

Metabolic Syndrome

Lopinavir, Ritonavir, Steroids

Conduction abnormalities

Chloroquine, lopinavir, ritonavir

Atrial fibrillation/flutter/VT steroids
Hypertension steroids
Fluid retention steroids
Cardiomyopathy (dilated/restrictive) Chloroquine

assess the timing of troponin samples, troponin also can be
elevated due to non-cardiac causes in context of critical
illness.

Chen Chen et al. reported increased NT-ProBNP in
27.5% of COVID-19 patients [30]. Moreover, Guo et al
reported remarkable increase with escalation in NT-ProBNP
levels in COVID-19 non survivors than survivors,
additionally, there was increasing levels of NT-ProBNP
correlated with increasing level of troponin T and with
higher incidence with malignant arrhythmias and poorer
outcomes [8]. D-dimer was detected in context of abnormal
coagulation parameters in severe COVID-19 patients and it
was associated with increasing cardiac troponin and it
signified higher mortality [7,8,11,32]. Procalcitonin
associated with increasing severity of disease and it suggested
multiple infections in critically ill patients and associated
with worse prognosis [29]. High serum ferritin, IL-6 and
CRP detected in COVID-19 patients [7] and indicate
implicated inflammation in pathogenesis of COVID-19.
Additionally, they can serve as poor prognostic indicators
[7].

Electrocardiographic and Echocardiographic Changes

Xu et al. reported that ECG abnormalities were evident
in all COVID-19 patients with myocardial injury versus
20.38% of those with high troponin not fulfilling MI
definition. block, arrhythmias, ST/T
changes and Q waves also were reported. None of patients
with normal cardiac biomarker had ECG abnormalities [11].
Diffuse ST elevation was reported in a COVID-19 case with
elevated cardiac enzymes who was subsequently diagnosed

Atrioventricular

as myopericarditis after undergoing coronary angiography
that showed non-obstructive coronaries [27]. S1Q3T3, ST
elevation and RBBB all were reported in patients with
COVID-19 [33].

Echocardiographic changes were recorded in COVID-19
patients in 45.28%, most frequent in patients with MI (100%)
versus (13.04%) of those with normal cardiac biomarkers
[11]. Left ventricular thickening and left ventricular
dilatation were most common findings; 12.5% for each, other
reported findings were left atrial enlargement, mitral

regurgitation,  tricuspid = regurgitation and  aortic
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regurgitation [11]. Myocardial wall thickening was reported
in patients with COVID-19 mainly due to cytokine storm
which permeability and
myocardial oedema [6].

causes increased vascular

However, ECG and echocardiographic changes that
reported in COVID-19 cannot be only implicated due to
infection itself, as large percentage of the infected patients
had baseline hypertension and cardiovascular diseases that
can cause such changes.

COVID-19 Therapy Impacts on Cardiovascular
System

Cardiovascular Effects of drugs used in treatment of
COVID-19 infection [26,34-37] are summarised in Table 1.

CURRENT AND FUTURE PERSPECTIVES

Most conducted COVID-19 researches emphasized on
vulnerability of patients with baseline CVD to acquire
COVID-19 infections and their worse prognosis when
compared to those with no CVD, which is not the only thing
that raises our concern regarding cardiovascular care (CVC)
but the impact of changing healthcare protocols coping with
recent pandemic which can impact CVC for other Non
COVID-19 patients. Despite recent SCAI guidelines
recommending all STEMI patients should be sent for
catheterization, use of thrombolytic therapy has been
justified if local resources were overwhelmed or there is high
COVID-19 prevalence especially in low risk STEMI patients
(inferior STEMI with no right ventricular involvement or in
lateral STEMI with no haemodynamic compromise) [38]. It
had been suggested that number of patients with STEMI who
sought medical help was little compared to prior to
pandemic in addition to delay in asking for help if done, as
patients were reluctant to attend hospitals in view of strict
strategies, additionally timing to
reperfusion in those patients was longer than prior to
pandemic which can be explained by detailed history and
travel history taking, performing investigations like CXR and
PCR and making the patient wear protection equipment
prior to intervention all that can contribute to delay [39].
Furthermore, poor access to hospitals, lack of transportation
and already burdened facilities, all can delay managing those
patients, which subsequently will have devastating impacts

infection control

www.jceionline.org


http://www.jceionline.org/

Cardiovascular Impacts of COVID-19 Pandemic

on outcomes. Whether adopting universal conservative
strategy in STEMI and high risk NSTEMI will impact the
long-term cardiovascular prognosis worse than COVID-19
itself warranted further studies in future. Up to 20% of
COVID-19 patients in China were hospitalized and 5%
required ICU admission, while in Italy up to 40% of patients
were hospitalized and 7% were ICU admitted [40,41] this
signifies the importance of healthcare system dealing with
COVID-19 challenges. WHO had issued many steps to be
adopted by healthcare systems as part of COVID-19
response including but not limited to surveillance, infection
prevention and control and rapid case investigation and
management, additionally, WHO suggested to maintain
continuity of essential services while freeing up capacity for
COVID-19 cases in addition to review supply chains and
equipment of health technologies [42].

Frontline doctors and medical staff are the key players to
fight this challenging pandemic, their safety and ensured
wellbeing are the most vital in confronting COVID-19. It is
crucial to train and repurpose the healthcare providers
according to need of priority [42], in addition to preparing a
well-equipped workforce nucleus amidst the crisis with full
training especially regarding putting on and off personal
protection equipment (PPE), dealing with suspected and
infected patients, performing intubation, cardiopulmonary
resuscitation and training on dealing with ventilators
according to pandemic protocols [38].

Prior global spread of viral infections like SARS rang a
bell of danger back then and called for actions by healthcare
systems and policymakers to prepare systems to face the
anticipated challenges. During earlier SARS infection there
was remarkable shortage in PPE, shortage of isolation
facilities [43], same as current pandemic in addition to
under-preparation and training of healthcare facilities and
healthcare providers to confront such pandemics despite
prior experiences.

It is important to consider in future establishing
advanced infection control protocols, proper isolation ICU,
cardiac care unit (CCU), catheterization labs and recovery
beds in order not only to be able to help COVID-19 patients
who are at high risk of CVD but also to continue providing
emergency interventions as necessary to general population
without breaching infection prevention and control
protocols.

Policy makers and medical educationalists all should
adopt new future perspective in preparing a well-equipped
healthcare system that not only being patient centred but
also public centred in providing healthcare with establishing
framed roadmaps to follow during such massive crisis
without crashing the healthcare economics or compromising
essential medical services for general population.

CURRENT AND FUTURE DIRETIONS
This study revealed the prominent role of COVID19
pandemic on cardiovascular health and care on multiple
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levels with long-term cardiovascular impact of this pandemic
warranted further studies, there is no time better than now
for cardiology community to play a key role in fighting this
pandemic globally in form of solidarity with other
specialities and accelerating knowledge about this health
threat in addition to adopt a new perspective on learning and
training to face this unprecedented crisis. Every effort should
be made to adopt future healthcare viewpoints that become
public without
compromising vital general medical services and healthcare

centred to overcome such crisis

economics.
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