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Novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2,
which originated in Wuhan (China), transformed into a worldwide pandemic. The short span associated
with the spread of the virus and its varied manifestations presents a steep learning curve for many clin-
icians on the front-line of treatment. Cardiology is one such affected area. This paper details the signs
and symptoms of cardiovascular disease resulting from COVID-19, including its proposed pathophysiol-
ogy, signs and symptoms, treatments and outcomes under investigation. The consensus is that COVID-19
patients with cardiovascular injury have a shorter duration from symptom onset to deterioration, higher
mortality and higher prevalence in older populations. Diagnosis and intervention for patients with un-
derlying cardiovascular comorbidities is critical.
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Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was originally recognized as a disease that affects the lungs and may cause complications, such as acute respiratory
distress syndrome [1,2]. Initially, this disease was believed to present with fever and a cough potentially progressing
to pneumonia. However, multiple presentations involving a myriad of systems have now been recognized as the
disease spreads to over 36 million cases and has contributed to over 1,054,000 deaths as of 7 October 2020 [3].
COVID-19 interacts and affects cardiovascular systems at various levels via the angiotensin-converting enzyme 2
(ACE-2) receptor gaining entry to the host cells, causing myocardial injury and cardiac dysfunction (4. ACE-2 is
expressed mainly in the endothelium of the lungs, kidney and heart, which explains the high incidence of cardiac
dysfunction [5].

Cardiovascular damage can also occur without signs and symptoms of respiratory infection [6]. The frequency
and intensity of the respiratory complaints about COVID-19 patients is worse in patients with pre-existing
cardiovascular issues and can even cause new-onset cardiac dysfunction [7-9]. This article aims to demonstrate
a contemporary understanding of proposed pathophysiology, signs and symptoms, outcomes and treatment of
patients with cardiovascular injury due to COVID-19.

Proposed pathophysiology

There are multiple ways in which cardiovascular injury can occur due to this virus-

m Direct myocardial injury: Murine models affected with SARS viruses have shown that ACE-2 dependent
myocardial infection occurs leading to decreased ACE-2 expression [10]. Macrophage infiltration also occurs in
the heart leading to direct myocardial damage [11]. The direct damage can lead to myocarditis as demonstrated
by increased wall thickness, diffuse biventricular hypokinesis and left ventricular dysfunction on cardiac MRI.
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ECG findings demonstrated diffuse ST-elevation in various studies. Laboratory analysis also has demonstrated
elevated high-sensitivity troponin T and NT-proBNP (6,11].

m Indirect myocardial injury: This may occur via multiple mechanisms including direct damage to the myocardium
in the setting of cytokine release related to activation of Type 1 and Type 2 T-helper cells. Patients also have
higher levels of C-reactive protein (CRP), procalcitonin, ferritin, D-dimer, IL-2, IL-7, granulocyte-colony
stimulating factor, IgG-induced protein 10, chemokine ligand 3 and TNF-a [12-14]. Additional cardiovascular
considerations for these patients are hypoxemia secondary to respiratory failure, microvascular thrombosis due
to hypercoagulability, adverse effects of various antiviral or corticosteroid medications, rupture of plaque and
myocardial infarction via systemic inflammation, stress cardiomyopathy, electrolyte imbalance and hemodynamic
derangement [9,15,16]. Comprehending the full scope of indirect injury to the myocardium because of SARS-
CoV-2 infection will require further investigation into the interplay of how the various cytokines, proteins,
systemic inflammation, etc. interact during and after an acute illness from SARS-CoV-2.

Risk factors

Underlying cardiac disease is one of the major risk factors in acquiring COVID-19. One of the earlier studies done
in Wuhan showed that pre-existing cardiovascular disease had an associated case fatality rate of 10.5% [17]. In a
study done by Shi ez al. looking at cardiac injury and mortality, 10.6% of the population had underlying coronary
heart disease and 4.1% had heart failure (12). Underlying cardiac disease is also associated with a higher prevalence
of infection, accounting for up to ~42% in another US-based study by Arentz ez al. [18]. A separate study indicated
that cardiocerebrovascular disease accounted for 40% of populations affected by COVID-19 as evidenced by
Chen ez al. (19). Specifically, pre-existing disease processes, such as acute coronary syndrome, myocardial infarction,
myocarditis, reverse Takotsubo syndrome, left ventricular systolic dysfunction, heart failure and arrhythmias, are
also reported to be exacerbated by COVID-19 virus [12,20,21].

Signs & symptoms of cardiovascular injury

The signs and symptoms of cardiovascular injury from this disease range from chest pain, dyspnea, palpitations,
hypotension, cardiogenic shock, to sudden cardiac death [22,23]. Patients presenting with symptoms such as dyspnea
and hypoxia without evidence of infection may be incorrectly presumed as having alternate respiratory sources
of illness when in fact, they may have a concurrent cardiac etiology. These patients must have troponin and
NT-pro-BNP along with other inflammatory biomarkers evaluated.

When it comes to signs, acute cardiac injury is defined as a high-sensitivity troponin I (Tnl) above the 99th
percentile upper reference limit is the most common [9]. Guo ¢t a/. studied 187 COVID-19 patients, of whom
52 (27.8%) had a myocardial injury as determined by elevated levels of TnT [24]. The incidence of cardiac injury
ranged anywhere between 8 and 12% in various studies; the incidence being 13-fold higher in the ICU/severe
category [8,25]. Moreover, the patients admitted to the ICU had a 2.2-fold higher troponin level when compared
with the nonintensive care units. Also, patients who neared death had significantly elevated TnT and NT-proBNP
levels when compared with admission labs [24].

Cardiomyopathy developed in around 33% of patients in a study by Arentz ez al. [18]. Dong ez al. reported four
cases of heart failure. Two cases presented with severe symptoms and two with mild symptoms. The patients who
were critically ill had a troponin I level of more than 20-fold [21]. Cardiogenic shock accounted for 7% fatalities in
a study by Ruan ez al. [26]. There was also a report of a case of fulminant myocarditis as evidenced by myocardial
wall edema and extensive transmural late gadolinium enhancement on the chest MRI 27].

COVID-19 patients have an increased risk of ST-segment elevation myocardial infarction (STEMI) with variable
presentations and were noted to have a higher prevalence of nonobstructive disease and a poor prognosis [28].

Temporary occurrence of S1Q3T3 and subsequent transient, nearly complete A-V block may reflect transient
pulmonary artery hypertension secondary to trachea secretive obstruction, which may cause extensive small pul-
monary artery compression [29]. The development of ST-elevation and ventricular tachycardia can have multiple
triggers, such as hypoxia, hydroxychloroquine-induced arrhythmias, among others [29]. A study carried out by Wang
et al. reported a 16.7% incidence of arrhythmia, more so in the intensive care unit (ICU) admissions [1].

High prevalence of thrombosis (16.7%) has been noted in a prospective cohort study, particularly in COVID-
19 patients admitted to the ICU for hypoxemic acute respiratory failure even despite theraputic or prophylactic
anticoagulation. In addition, the incidence of pulmonary embolism was higher in COVID-19 acute respiratory
distress syndrome patients (11.7%) compared with non-COVID-19 patients (2.1%). This study discussed how
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the mechanism involved in COVID-19 thrombosis remains unclear despite obvious endothelial inflammation as
evidenced by high leves of von Wilibrand factor antigen and factor VIII. They hypothesized that hypoxemia in
pulmonary capillaries leads to vasoconstriction reducing blood flow promoting occlusion in addition to activation
of hypoxia-inducible factors inhibiting tissue factor and plasminogen-activator inhibitor-1 30].

Treatment

For many patients with COVID-19, treatment has been mainly supportive and directed at relieving the associated
symptoms of the virus. This holds for patients with mild clinical presentations who can manage themselves at
home. For those who develop more severe complications such as acute respiratory distress syndrome (ARDS),
sepsis, pneumonia and acute kidney injury, hospitalization is indicated [31].

In terms of cardiac injury, prompt evaluation with cardiac biomarkers (as discussed above), echocardiogram
and or a coronary angiogram should be made depending on patient presentation. Earlier in 2020, the controversy
surrounding the continued use of ACE inhibitors/angiotensin receptor blockers existed; however, the current
consensus is that these medications should be continued in older patients with increased risk of heart failure or
patients with frank heart failure (32,33]. Also, a large cohort analysis of 5894 SARS-CoV-2 positive patients found
no substantial increase in the likelihood of a positive COVID-19 test or risk of severe COVID-19 associated with
five common classes of antihypertensive medications [34].

Remdesivir has been shown to have activity against SARS-CoV-2 iz vitro 35). Preliminary results of a randomized
placebo-controlled trial for Remdesivir involving 1063 patients by the US National Institute of Allergy and
Infectious Diseases indicated that treatment with this medication resulted in a 31% faster time to recovery (median
of 11 vs 15 days with placebo) for patients to be discharged and no longer require supplemental oxygen (p <
0.001) (36]. However, there was also a double-blind randomized study of 237 patients with severe COVID-19 that
indicated that Remdesivir compared with placebo for 10 days did not show a statistically different time to clinical
improvement [37]. This same study indicated that a higher proportion of patients being treated with Remdesivir than
placebo had dosing stopped prematurely because of adverse events such as aminotransferase or bilirubin increases,
anorexia, nausea, vomiting and worsened cardiopulmonary status. We expect the further investigation into this
medication to provide deeper insight as to its role in treating COVID-19 patients with cardiopulmonary disease.

In patients who have severe disease progression, vasopressors, mechanical ventilation and extracorporeal mem-
brane oxygenation (ECMO) have proven to be successful (38].

Clinical trials are also underway to further investigate the role of convalescent plasma therapy (CPT). A systematic
review of 5 studies encompassing 27 patients reported that all studies found CPT significantly reduced the viral
load and increased the level of neutralizing antibodies over time. Also, all studies reported zero mortality after
receiving CPT at varying doses. However, the authors of the review indicated that while the studies reported good
outcomes, they were considered at risk of bias due to a combination of non-randomized evaluations, duration of
therapy, dosage, confounding and poor methodological conduct for participant selection 39].

A recent study of 2104 patients who received dexamethasone and 4321 patients receiving usual care demonstrated
a one-third reduced 28-day mortality in patients who received invasive mechanical ventilation (29.0 vs 40.7%,
RR 0.65 [95% CI: 0.51-0.82]; p < 0.001). This is compared with one-fifth reduced 28-day mortality in patients
who received oxygen without invasive mechanical ventilation (21.5 vs 25.0%, RR 0.80 [95% CI: 0.70-0.92]; p
= 0.002). No change in mortality was demonstrated in patients that did not receive respiratory support (17.0 vs
13.2%, RR 1.22 [95% CI: 0.93-1.61]; p = 0.14) (o).

Regarding diagnosis and treatment of venous thromboembolism in COVID-19 patients, an article published
by the Journal of Thrombosis and Haemostasias in May of 2020 recommended following standard-of-care objective
testing for diagnosis of suspected venous thromboembolism based on clinical index of suspicion in COVID-19
patients [41]. Venous thromboembolism prophylaxis in nonintensive care unit hospitalized COVID-19 patients is
recommended (Table 1). For these patients, routine thromboprophylaxis with low-molecular weight heparin or
standard dose unfractionated heparin was the treatment of choice. For patients that are in the intensive care unit,
the study recommended prophylactic-dose unfractionated heparin or low-molecular weight heparin. High risk
bleed patients were recommended to receive intermediate-dose low-molecular weight heparin. The study indicated
that treatment dose heparin should not be considered until further trials are available in this setting. Mechanical
thromboprophylaxis (intermittent pneumonic compression devices) was also recommended. Duration of venous

thromboembolism for hospitalized COVID-19 patients was recommended for all hospitalized COVID-19 patients

Special Report

future science group 10.2217/fca-2020-0126



Special Report  Garg, McClafferty, Ramgobin, Golamari & Jain

Table 1. Recommended Venous Thromboembolism Prophylaxis for COVID-19 Patients After Assessment of Bleed Risk.
Non-ICU, hospitalized COVID-19 patient ICU, hospitalized COVID-19 patients

Routine thromboprophylaxis with low-molecular-weight heparin or standard dose  Prophylactic-dose unfractionated heparin or low-molecular-weight heparin.

unfractionated heparin High-risk bleed patients can receive intermediate-dose low-molecular-weight
heparin. Treatment dose heparin should NOT be considered until further trials are
available. Mechanical thromboprophylaxis (intermittent pneumonic compression
devices) are to be considered

Prophylaxis modifications should be considered on extremes of body weight, deteriorating renal function or severe thrombocytopenia.
COVID-19: Coronavirus disease 2019; ICU: Intensive care unit.

Cardiac outcomes of 416 SARS-CoV-2 patients

Figure 1. Percent of patients who suffered a cardiac injury
according to cohort study by Shi et al. With cardiac injury
determined via patients displaying higher inflammatory markers and
other cardiac biomarkers, such as CRP, procalcitonin, CK-MB,
myohemoglobin, Tnl and NT-proBNP.

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
Created using data from [12].

= No injury (82.3%) - Cardiac injury (19.7%)

that meet high venous thromboembolism risk criteria with duration of post-discharge prophylaxis of approximately
14-30 days [41].

Outcomes

A study by Guo et al. demonstrated that patients with elevated troponin T (TnT) levels and underlying cardiovascular
disease had the highest case fatality (25 of 36 [69.4%]) compared with (6 of 16 [37.5%]) in those with elevated
troponin but without the pre-existing disease. Mortality was significantly higher in those with elevated TnT levels
(59.6%, i.e., 31 of 52) than in those with normal TnT levels (8.9%, i.e., 12 of 135) [24]. It should be noted that
patients with cardiovascular diseases have a significantly increased risk of death when infected with SARS-CoV-2
(p < 0.001) p26).

In a cohort study by Shi ez a/. specifically looking at outcomes, 19.7% of patients had a cardiac injury (Figure 1).
The patients with cardiac injury had higher inflammatory markers and other cardiac biomarkers, such as CRD,
procalcitonin, CK-MB, myohemoglobin (MYO), Tnl and NT-proBNP. These patients required greater proportions
of invasive and noninvasive mechanical ventilation when compared with patients without cardiac injury. The same
study also noted a higher risk of death at the time of symptom onset, as well as higher admissions in patients with
underlying cardiac dysfunction [12].

Similarly, an analysis of heart injury laboratory parameters in 273 COVID-19 patients, researchers found that
elevated concentrations of CK-MB, MYO, Tnl and NT-proBNP in venous blood were associated with the severity
and case fatality rate in COVID-19 [42].

In a risk-adjusted study, NT-pro-BNP was found to be independently correlated with in-hospital death 43].

Conclusion

Cardiac dysfunction is a well-known complication of COVID-19. ACE-2 receptors present in the heart may be the
source of viral entry leading to myocardial damage. Pre-existing cardiac diseases in any form may predispose patients
to be more susceptible to acquiring SARS-CoV-2. Cardiac injury can be measured by cardiac biomarkers such as
troponins and NT-Pro-BNP and the presence of elevated cardiac biomarkers may indicate a worse prognosis. These
cardiac biomarker elevations may be correlated with a rise in other inflammatory makers. The interplay between
these cardiac biomarkers and inflammatory markers is under investigation. With the proposed mechanisms of
myocardial injury summarized in Box 1. Clinical trials to evaluate multiple therapies are underway and their role
in cardiology will become more apparent as research progresses. Management at this time is mainly supportive, in
severe cases, ECMO may be utilized.
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Box 1. Proposed pathophysiology of cardiovascular injury.

Direct myocardial injury

1. Macrophage infiltration resulting in myocarditis (increased wall thickness, diffuse biventricular hypokinesis and
left ventricular dysfunction)

Indirect myocardial injury

Damage resulting from cytokine release related to T-cell activation

Hypoxemia secondary to respiratory failure

Microvascular thrombosis

Adverse effects of medications

Plaque rupture

Myocardial infarction

Stress cardiomyopathy

Electrolyte imbalances

Hemodynamic derangement

WoOoNOTUVAWN=

Future perspective

We believe that over the course of the next 5-10 years, the work of scientists around the world will continue to
illuminate the exact pathophysiology behind the various cardiovascular sequela of COVID-19. As understanding
of the disease improves, recommendations for treatment will also continue to evolve. Potential negative impacts of
these therapeutic interventions on the cardiovascular system may not present for years. In addition, new therapies
will continue to arise with currently unknown benefits to prevention and treatment of cardiovascular complications
of COVID-19. Finally, we expect larger retrospective studies to shed light into what worked to protect patients and
what may have caused increased mortality.

Executive summary

Background

e Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was originally recognized as a disease that affects the lungs and may cause complications such as acute
respiratory distress syndrome.

e Cardiology is an area of medicine that has been greatly impacted by this disease.

Proposed pathophysiology

e Direct damage via macrophage infiltration resulting in myocarditis (increased wall thickness, diffuse biventricular
hypokinesis and left ventricular dysfunction).

e Indirect damage via cytokine release related to T-cell activation, hypoxemia secondary to respiratory failure,
microvascular thrombosis, adverse effects of medications, plaque rupture, myocardial infarction, stress
cardiomyopathy, electrolyte imbalances and hemodynamic derangement.

Risk factors

e Underlying cardiovascular disease is associated with increased mortality, as well as a higher prevalence of
infection.

Signs & symptoms

e Cardiovascular symptoms from COVID-19 range from chest pain, dyspnea, palpitations, hypotension, cardiogenic
shock, to sudden cardiac death.

Treatment

e Preliminary results of treatments showing improved patient outcomes at this time include supportive therapy,
remdesivir, convalescent plasma, dexamethasone and anticoagulation.

e The current consensus is that angiotensin-converting enzyme inhibitors/angiotensin receptor blocker medications
should be continued in older patients with increased risk of heart failure or patients with frank heart failure.

e The exact recommendations for anti-coagulation for COVID-19 patients is evolving.

Outcomes

e One study determined that 19.7% of COVID-19 positive patients had a cardiac injury.

e Patients with elevated troponin levels and existing cardiovascular disease had higher mortality rates.
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