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UNSTRUCTURED ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemised by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is rapidly &uaj, with important cardiovascular
considerations. The presence of underlying cardiavar risk factors and established
cardiovascular disease (CVD) may affect the sgwaritl clinical management of patients with
COVID-19. We conducted a review of the literature to sumnesitie cardiovascular
pathophysiology, risk factors, clinical presentatipand treatment considerations of COVID-19
patients with underlying CVD. The angiotensin-cativg enzyme 2 (ACE2) enzyme has been
identified as a functional receptor for the SARSYEDvirus, and is associated with the
cardiovascular system. Hypertension, diabetesCAfid are the most common comorbidities in
COVID-19 patients, and these factors have beerceded with the progression and severity of
COVID-19. However, elderly populations, who devetopre severe COVID-19 complications,
are naturally exposed to these comorbidities, subeing the possible confounding of age.
Observational data supports international cardiovas societies’ recommendation to not
discontinue ACEI/ARB therapy in patients with guide indications out of fear for the
increased risk of SARS-CoV-2 infection, severe as&e or death. In addition to the
cardiotoxicity of experimental antivirals and pdiahinteractions of experimental therapies with
cardiovascular drugs, several strategies for caadicular protection have been recommended in
COVID-19 patients with underlying CVD. Troponireghtion is associated with increased risk
of in-hospital mortality and adverse outcomes itigoas with COVID-19. Cardiovascular care
teams should have a high index of suspicion fonfishnt myocarditis-like presentations being
SARS-CoV-2 positive, and remain vigilant for candascular complications in COVID-19

patients.
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BRIEF SUMMARY
The coronavirus disease 2019 (COVID-19) pandemis@d by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is rapidly &uaj, with important cardiovascular
considerations. Here, we highlight the pathophggg cardiovascular risk factors, clinical
presentations, and treatment considerations for ID&M\® patients with underlying

cardiovascular disease (CVD).

ABBREVIATIONS
ACE2 Angiotensin-Converting Enzyme 2
CAD Coronary Artery Disease
CK Creatine Kinase
COVID-19 Coronavirus Disease 2019
CVvD Cardiovascular Disease
ECMO Extracorporeal Membrane Oxygenation
Hs-cTnl High-sensitivity Cardiac Troponin |
ICU Intensive Care Unit
SARS-CoV-2 Severe Acute Respiratory Syndrome Coions 2
WHO World Health Organization
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INTRODUCTION

In late December 2019, a severe acute respiraymgreme coronavirus 2 (SARS-CoV-
2) outbreak occurred in Wuhan, Chineihe World Health Organization (WHO) has declates t
coronavirus disease 2019 (COVID-19), caused bys#ieS-CoV-2 virus, to be a public health
emergency of international concern which has s characterized as a pandefmithile
COVID-19 patients primarily present with respiratsymptoms, reports are evolving of patients
developing significant cardiovascular complicatidi&everal studies have previously found a
transient yet pronounced association between logggiratory tract infections and acute
coronary syndromes, suggesting important clinicedlications of the SARS-CoV-2 virds.
This review will elucidate the biological underpings for COVID-19’s impact on the heart,
epidemiological trends related to cardiovasculaedse (CVD), cardiovascular society
guidelines, and cardiovascular clinical implicasarharacterized in the context of COVID-19
patients. Summarizing and understanding the pagsiplogical basis for these changes will
have immediate consequences on the clinical marnagteshthese patients, prove critical to the
development of effective disease modifying treatisieand ultimately reduce mortality.
METHODOLOGICAL CONSIDERATIONS

We narratively reviewed the published literatureligding searches in the MEDLINE
(via PubMed) database) and grey literature froreption through May 18, 2020. Articles were
retrieved using keywords and medical subject hepdinms related to COVID-19, severe acute
respiratory syndrome coronavirus 2, and the caediovlar system. Observational studies and
articles discussing the cardiovascular pathophggiglepidemiology, and treatment
considerations of COVID-19 were considered relevanthis narrative synthesis. Titles and

abstracts were screened, and citations considetedtizlly eligible were retrieved for full-text
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review. References of included articles were a¢syched for relevance, as were articles of
major peer-reviewed journals that were not yet xede The grey literature was searched for
relevant clinical and epidemiological informatioia vnajor public health websites including the
WHO, Chinese, European, and American Centers feeddie Control and Prevention (CDC), as
well as Epicentro (Italy). Extracted epidemiologidata included study design, count data for
patient cardiovascular comorbidities (smoking, htgresion, diabetes, CVD, coronary artery
disease (CAD), atrial fibrillation, congestive hefailure, and cerebrovascular disease) and
cardiac biomarker levels. Identified primary aeglpublished by the inclusion date that reported
count data for at least one of the cardiovascuararbidities in COVID-19 positive (clinically
diagnosed and/or confirmed by reverse-transcrigtaggnerase chain reaction positive testing)
adult patients were included in Tables 1 and 2 tralots, editorials, conference proceedings, and
clinical trial registrations were excluded, as weigdies that focused on patient subpopulations
(e.g., pediatric or obstetric patients). Only descpublished in English language were included.
Where studies divided patients into cohorts, calath was pooled to reflect all patients for
Tables 1 and 2.
DISCUSSION/OBSERVATIONS
Pathophysiology

A next-generation sequencing experiment of the SARS-2 virus revealed that while
genetically distinct, the SARS-CoV-2 virus recegiording domains are structurally similar to
the SARS-CoV-1 (cause of the 2003 global SARS eatky and Middle Eastern Respiratory
Syndrome Coronavirus (MERS-CoV) viru$eSeeing that the SARS-CoV-1 virus uses an
external spike subdomain to invade lung alveol@helpal cells via the angiotensin-converting

enzyme 2 (ACE2) surface protein, it has been sugdesd proven that the SARS-CoV-2 virus
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similarly uses ACE2 as a functional receptor (Fégly®>*° The high ACE2 expression on lung
pneumocytes, structural ligand-receptor interactibS8ARS-CoV-2 and ACE2, and lower
respiratory tract symptoms that accompany SARS-Caifection validate ACE2 as the site for
SARS-CoV-2 entry and viral replication in humafld! This has important clinical implications,
seeing that ACEZ2 is also highly expressed in smadktine, heart, venous endothelial, and
kidney tissues® ACE2 functions by degrading Angiotensin Il (corteerby ACE1 from
Angiotensin 1) into Angiotensin 1-7 (Ang 1-7), iarb opposing the pressor response of
Angiotensin Il and inducing a vasodilatory respotfse

The elevated expression of several cardiac biomahkas been reported in severe
COVID-19 cased. *®These changes support involvement of the cardaassystem, which
can be explained by the combined effects of seveeshanisms (Figure $)*’ First, the
systemic oxidative stress induced by hypoxemiairege acute respiratory syndromes can
directly damage cardiomyocytes, resulting in inttadar acidosis and mitochondrial damdge.
18 Second, ACE2 receptors also located in the caadioyar system can dysregulate the renin-
angiotensin-aldosterone (RAAS) system, leadindteyed myocardial demand via ventricular
remodeling and further induction of cardiomyocyserage'” 2 Third, the cytokine storm
induced by the systemic inflammatory response ssmdrto COVID-19 has been reported in
autopsy findings to result in cardiac interstitizdnonuclear inflammatory infiltraté$% Finally,
these local and systemic effects can induce cardievasculature damage resulting in
perfusion defects. In a case report of a COVID-a8emt with cardiogenic shock,
endomyocardial biopsy identified viral particlesSARS-CoV-2'° However, these particles
were in the interstitial space and no viral pagscolvere identified within the cardiomyocytes. In

addition, the biopsy showed a low grade of myo@didiflammation which was not proportional
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to the degree of left ventricular dysfunctitn.
Clinical Presentation
Cardiovascular Epidemiology

Individuals with pre-existing multi-morbidities a@OVID-19 are reported to be at
higher risk of adverse clinical outconf@Of note, hypertension, diabetes, and CVD were
consistently found to be the most common comorieslin COVID-19 patients across all
identified studies (Table 1). Albeit these consifliereported correlations, age remains an
important confounding variable. Older individualRCOVID-19 are known to suffer a more
severe clinical course than younger individualgl aypertension and diabetes are among the
most common co-morbidities in this population. Eifere, it is possible that these associations
are confounded by age.

The majority of early COVID-19 studies originatern China. An appreciation of the
epidemiological landscape in China prior to the CDX9 pandemic is important for comparing
trends observed in the COVID-19 outbreak. Studaglpreviously characterized China as
having an aging population, where atherosclero¥i®@s the leading cause of death, and the
prevalence of hypertension and diabetes is 23.294.8r9%, respectiveRr-?® Furthermore,
trends in smoking have been consistently high, wig®13 estimated proportion of current
smokers in China being 25.28sThe leading causes of years of life lost in Chire
atherosclerotic CVD, lung cancer, chronic obstuepulmonary disease, and liver canCedf
the 14 identified observational studies from Chiight reported on the prevalence of
concomitant CVD in COVID-19 patients which rangexvieen 4.0-40.4% (Table 1; the upper
estimate combined CVD with cerebrovascular dised$e) proportion of COVID-19 patients

with underlying hypertension ranges between 9.8%0(Table 1; the upper estimate is in fatal
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COVID-19 cases), as does the proportion with comlodiabetes range between 7.4-25.0%.
Furthermore, 3.8-14.6% of COVID-19 patients areorggrl to have a smoking history. Finally,
2.5-18.5% (upper estimate is in fatal COVID-19 sas# COVID-19 patients are reported to
have pre-existing CAD. While this greatly infornmetclinical picture of COVID-19 patients in
China, it remains unclear due to wide and overlaggstimates whether CVD patients are
disproportionately diagnosed with COVID-19.
Pre-existing CVD and COVID-19 Disease Severity

Underlying cardiovascular risk factors and disd@see been associated with the severity
of COVID-19 progression, and are closely linkeadge® ** **?The population-wide serology-
informed infection fatality risk (IFR) for SARS-Ce¥ infection has been estimated at 0.64%
(95% credible interval: 0.38-0.98), with older aggeups contributing the vast majority of
fatalities®® Although intervals vary between studies, withinest data suggests hypertension is a
clinical condition associated with COVID-19 severit** *°In a bivariate cox regression
analysis, hypertension was associated with a sogmif 82% increased risk in the development
of acute respiratory distress syndrome (ARDS) inlIP19 patients compared to non-
hypertensive COVID-19 patients (Hazard Ratio (HR$2; 95% CI: 1.13-2.95 Similarly,
diabetes was associated with a significant 134%eased risk of COVID-19 patients developing
ARDS compared to non-diabetic COVID-19 patients (AR4; 95% CI. 1.35-4.05), as well as a
nonsignificant 58% increased risk in mortality (HR58; 95% CI: 0.80-3.13f Fang et al.
propose that the increased expression of ACE2isegpe | and Il diabetics and the therapeutic
administration of ACEis/ARBs in hypertensive patgeoontributes to increased viral entry and
COVID-19 disease severify.However, further studies are necessary as thesethses are not

yet clinically supported. The underlying microvaseuisease in diabetes may also predispose
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COVID-19 diabetic patients to further microvascudamage and cardiac injury hypothesized to
be induced by the SARS-CoV-2 virus. CAD has alsenbghown to have an increased
prevalence in COVID-19 patients:* 3-*?Between 9-25% of COVID-19 patients admitted to
the intensive care unit (ICU) had underlying CVheseas CVD was found in only 2-11% of
non-ICU patients: ** **While precise pathophysiological mechanisms ateyebdescribed,
these results suggest that underlying CVD shoulcbibsidered in the prognostication and
prioritization of treatment for COVID-19 patients.

Baseline clinical data has also been publishecegare COVID-19 patients primarily
outside of China, whom were either hospitalizedically ill, or died (Table 2). Seven
observational studies were identified, three ofalutrieported data from Itaf; > **and four
from the United States of America (USA) (Table*?§ Data reported by the COVID-19
Surveillance Group indicated that 68.1% (1,940/2)&f COVID-19 non-survivors in Italy had
underlying hypertensiotf. Further data from Italy reported the prevalencatgél fibrillation to
range between 22.5-24.5% in COVID-19 patients hiaat diec?* In a USA observational study
of 5,700 hospitalized COVID-19 patients, hypertengj56.6%), obesity (41.7%), and diabetes
(33.8%) were the most common comorbidifieblypertension was consistently found to be the
most prevalent comorbidity in larger USA studiem@e between 43.5-56.696)*

Cardiac Biomarkers and COVID-19 Disease Severity

Of the 21 primary studies identified, 11 reportatiadon elevated cardiac biomarkers in
relation to COVID-19" 131°39-414%5f 3 533 patients hospitalized with COVID-19 iretNew
York City area, 22.6% has a troponin level aboet#st-specific upper limit of norm#.
Troponin T elevations were more likely in patiewith underlying CVD (54.5%) compared to

those without CVD (13.2%), and were also signifibaassociated with a poor clinical
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outcome** High-sensitivity cardiac troponin | (hs-cTnl) ldsavere repeatedly elevated among
severely-ill COVID-19 patients compared to non-gseleill COVID-19 patients (median
estimates range between 3.3-30.3 pg/mL for nonhsamCU patients versus 3.0-5.1 pg/mL for
survivors/non-ICU patients). Between 31-46% of sonvivors were above the hs-cTn["99
percentile upper reference limit (>28 pg/mL) versnly 1-4% in survivors.**One study found
the mortality rate during hospitalization in COVII® patients with elevated Troponin T and
underlying CVD to be 69.4%.In a univariate analysis, log hs-cTnT and log Nri@al-proB-
type natriuretic peptide were found to be statitycsignificant independent predictors of
progression to severe disease in COVID-19 patir8sveral studies have also demonstrated a
trend of increased creatine kinase (CK) levels@MID-19 non-survivors versus survivors,
however these findings were nonsignificant in nuastes: ***°One study has demonstrated CK
above 185 U/L to be significantly increased in msomvivors (21%) versus survivors (9%)
(p=0.038)"* Whereas 59% of non-survivors developed acute @aidjury, this outcome only
occurred in 1% of survivors (p<0.000%)This was similarly observed for heart failure, ehi
52% of non-survivors developed compared to only T2%urvivors (p<0.0001} Studies have
similarly shown that more severe COVID-19 presenitat had elevated D-dimer levels and pro-
thrombin time, suggestive of a hypercoagulableestat * *°This is consistent with the
immune-mediated multisystem inflammatory syndroseoaiated with COVID-19 which has
been documented in children and adolescEntg.
Treatment Considerations
Cardiovascular Protection

In light of CVD patients being more likely to degplsevere symptoms if infected with

the SARS-CoV-2 virus, CVD patients will ultimatedgcount for a large proportion of COVID-

10
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19 deaths! Trends are consistent with previous coronavird$gssuggesting changes in
clinical management should be implemented earbyrder to minimize the burden of CVD on
systemic inflammatory responses. Aside for theesygt inflammatory demand created by
COVID-19, the precise biological mechanisms of@cbf the SARS-CoV-2 virus can
theoretically contribute to increased cardiac vidbdity. It is possible that ACE2 sequestering
by the SARS-CoV-2 virus and the subsequent dowraéign of its expressiorf, may result in
removing the cardioprotective effects of Ang 1-7iahhACE2 is responsible for.

Statins have been suggested as a potential meohéorisardiovascular protection,
especially in COVID-19 patients with underlying CV&ince many may already have poor
functional reserve and can rapidly deteriorate wprecipitated by the higher metabolic
demands of a viral infection like SARS-CoV-2. Iddthn to regulating dyslipidemias, statins
have been recognized for their anti-inflammatamyniunomodulatory, and antithrombotic
activity in patients with viral respiratory illness>> **Randomized controlled trial (RCT) data is
conflicting on the use of statins in ventilator@siated pneumoni&: > However, beta
coronaviruses highly induce the myeloid differetbia primary response 88 (MYD88) signaling
pathway, and statins are known stabilizers of paihway during hypoxia, promoting the innate
immune respons¥: *®Especially in COVID-19 patients with underlyingmary indications,
statin therapy should not be discontinued and shibelconsidered for cardiovascular protection
in all COVID-19 patients?

ACEI/ARB Controversy

The continued use of ACE inhibitors (ACEis) andiatensin receptor blockers (ARBS)

in patients with cardiovascular disease and COV8kas been met with controver§y>® ©°

RAAS antagonists act on ACE2 by increasing its safface expression, which could

11



262 theoretically contribute to increased viral entrgwever this has only been demonstrated in
263 animal model$§* ®*Counterintuitively, maintenance of normal ACE2dks/has protective

264 pulmonary effects and is necessary for combattifigmmatory lung diseagé.®*The position
265 of all major cardiovascular societies has beerotdioue ACEis/ARBs in all COVID-19 patients
266 already prescribed these medications for indicatgrch as hypertension, ischemic heart

267 disease, or heart failure (Table®8Y° This is consistent with an expert review on theriplay
268 between SARS-CoV-2 and the RAAS system, which fgbité insufficient clinical data and
269 potentially beneficial effects during lung injuty/Several large observational studies have since
270 been published reporting that despite the moreuetjuse of ACEis/ARBs in COVID-19

271 patients due to underlying CVD, there was no assioci between ACEI/ARB use and the risk
272 of SARS-CoV-2 infection, COVID-19 clinical severjtgr in-hospital mortality among those
273  with a positive SARS-CoV-2 teSt:”> While these observational studies are limited by

274 unmeasured confounding, there is reassurance cotimstent findings being independently
275 published. However, RCTs will ultimately be necegda definitively address these concerns,
276  with several currently underwa$.”’ Other drugs, such as thiazolidinediones and itfepro

277 have also been suggested to increase ACE2 expreksiwever reports are limitéd.

278 Potential Antiviral Interactionswith the Cardiovascular System

279 The Liverpool Drug Interactions Group has developedmprehensive evidence

280 evaluation system synthesizing the drug-drug icteyas of experimental COVID-19 therapies,
281 which we've adapted specifically for cardiovasculaungs (Table 43 These factors, combined
282 with the higher cardiometabolic demand of COVIDgEients, can precipitate cardiovascular
283 complications. Cardiovascular care teams shoula@ee of important drug interactions as the

284 urgent development of COVID-19 disease modifyigtments further evolves.
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Several antivirals being evaluated for the treatno€iCOVID-19 can adversely interact
with cardiovascular drugs, and can induce myochtaliécity, causing or exacerbating existing
heart failure’®®° Albeit observational studies suggesting othenaise no randomized data
supporting its efficacy in COVID-19 patients, hydyohloroquine and chloroquine are
antimalarials that have been proposed for thertreat of COVID-19"" 8 These drugs have
known cardiotoxicity manifestations such as coeddT (QTc) interval prolongation,
restrictive or dilated cardiomyopathy, and condutystem abnormalities including
atrioventricular and bundle-branch blo@k2% 83%3n a phase 1Ib RCT of high versus low dosage
chloroquine in severe COVID-19 patients, higheragschloroquine, especially when taken
concurrently with azithromycin and oseltamivir, waand to be unsafe due to increased
instances of QTc intervals greater than 500 milisels®® In the high dosage group, two of the
37 patients experienced ventricular tachycardiaaut torsade de pointes, which is usually
facilitated by a prolonged QTc interval, beforetti’ In another cohort study of 84 consecutive
COVID-19 patients where hydroxychloroquine was adstéred with azithromycin orally, the
QTc interval was significantly prolonged when comgohto baselind’ Several observational
studies have described an increased risk of QEeviak prolongation in COVID-19 patients
treated with hydroxychloroquine and azithromyciompared to hydroxychloroquine alofe®
Drug-induced cardiac toxicity may be influenceddisease severity, age, and presence of co-
morbidities®’

Remdesivir, a nucleoside analogue prodrug thabitshiibonucleic acid (RNA)-
dependent RNA polymerases, has garnered muchiatte® a promising antiviral for the
treatment of COVID-18" ?In the National Institutes of Health Adaptive C@¥19 Treatment

Trial, hospitalized COVID-19 patients receiving Régsivir had a 31% faster recovery time than

13
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similar patients who received placebo (p<0.08This was contrasted by a smaller RCT from
China, which reported that Remdesivir was not daged with decreased mortality or significant
clinical benefit? Remdesivir has not been characterized to havibwttble cardiovascular side
effects, although data is still lacking. AdditiolyaRemdesivir has no known cardiovascular
drug-drug interactions aside for a potential int&oa with bosentan, which may require a dose
adjustment or close monitoririfjDexamethasone, the first treatment to reduce CEMD
related mortality in critically ill patient$, also has several potential interactions with
antiarrhythmic, anti-coagulant, anti-platelet, fitmlytic, and hypertensive diuretic agefitghe
combination of Lopinavir-Ritonavir has also beeogwsed, however in the cardiac patient these
should be carefully considered due to known QTqrgation effects and limited clinical
benefit®® Furthermore, this antiviral combination has selMerag interactions, and can reduce
the effectiveness of clopidogrel and oral anticdaggs (Table 4§’
Cardiac and Intravascular I njury

The cumulative cardiomyocyte damage and membramaption caused by the cardiac
injury mechanisms discussed may result in increasedinl, CK and CK-MB, as well as
potential structural remodeling and enlargemenéented on chest X-rays, electrocardiograms,
and echocardiography***°An early study described palpitations among ttes@nting
complaints of COVID-19 patienf§.Electrocardiogram findings of cardiac arrhythniiase
since been reported, and include temporary S1Qatiarps, atrioventricular block, and ST-
segment elevatiot?. Throughout the course of disease, malignant drhigs including
multifocal ventricular tachycardia/ventricular filtettion have been reported to develop and were
associated with higher Troponin T lev&tdvlyocardial injury defined as troponin elevatiomca

be due to target organ damage by hypoxemia, Tabotsardiomyopathy, or myocardifi&,

14
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suggesting that myocardial injury may play a roléhe fatality of some COVID-19 patients.

Furthermore, elevated D-dimer and pro-thrombinleualicate a hypercoagulable state
which has been associated with poor outcomes in IDE1® patients: ** ** 3%Especially in
those with underlying CVD, the risks for hemodynamianges from ischemia and thrombosis
that result from this hypercoagulable state arienpbrtant clinical concerf® A case-series of
young COVID-19 patients presenting with large-vést®ke has been reported, further
supporting coagulopathy and vascular endothelisfuthction as complications of COVID-18
Critically ill COVID-19 patients may develop sep#mluced coagulopathy or disseminated
intravascular coagulation, warranting thromboentbptophylaxis and standard supportive care
measure$?” The International Society on Thrombosis and Ha¢asisinterim guidance on
coagulopathy in COVID-19 recommends monitoringibfihogen in addition to other
coagulation markers (platelet count, prothromhimeti and D-dimers) for critically ill patients
with COVID-191%In a retrospective Chinese cohort of severe COV8patients with
markedly elevated D-dimer levels or meeting sepgisced coagulopathy criteria, anticoagulant
therapy (mainly low-molecular-weight heparin) apgebto be associated with decreased
mortality}°* In an observational study of 2,773 hospitalizedMID19 patients, systemic
anticoagulant therapy was suggested to be assoeigte improved outcomes, however
individualized risk assessments must be made witisideration for bleeding everis.
Fulminant Myocarditis

In some cases, the acute cardiac injury causedARESCoV-2 infection can result in
fulminant myocarditis, a rare clinical syndrometwitemodynamic compromise and high
mortality rates ranging between 40-70% (Figuré&®1Jrulminant myocarditis is characterized by

sudden and diffuse cardiac inflammation, necr@sig, eventual ventricular dysfunction resulting

15
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in cardiogenic shock, malignant arrhythmias, mudfim failure, and ultimately deatf.In the
context of COVID-19, several pathophysiological imensms have been proposed to justify
cardiac inflammation; the systemic exaggerate@mfhatory effects caused by COVID-19
(Figure 1), and the hypothesized direct SARS-Coxra entry via ACE2 receptors in the
heart:” *®®While endomyocardial biopsy localized the SARS-EbVirus in a patient with
cardiogenic shock, pathological findings demonsttdow-grade myocardial inflammation and
absence of cardiomyocyte necro$itn some cases, this clinical presentation requirgent
initiation of circulatory support in order to sust@&nd-organ function, either in the form of
inotropic agents or mechanical circulatory suppOrti.the basis of elevated Troponin T levels,
mortality was markedly higher in patients with mgaaial injury compared to those with normal
Troponin T levels (59.6% vs. 8.9%, respectivéfy}®’

An illustrative case report recently documented tiespite normal chest radiographs and
minimal respiratory involvement throughout the ™al course, an otherwise healthy 53-year-
old COVID-19 patient developed acute perimyocasdffi This patient was hypotensive, showed
diffuse ST elevation on electrocardiography, and ¢élavated hs-cTnT and NT-proBNP levels.
Cardiac magnetic resonance findings showed a cienemtial pericardial effusion, severe left
ventricular dysfunction (left ventricular ejectifnaction of 35%), and increased wall thickness
with diffuse biventricular hypokinesis, all indioat of an acute perimyocarditis. Similar cases
have been anecdotally reported, suggesting fulmimgmcarditis without overt respiratory
manifestations of COVID-19 is possible. Althouglerth are case reports of pericardial effusion
and pericarditis in COVID-19 nasopharyngeal swattspen positive patient§® it is
unclear whether the virus has a causal role indbigext. In fact, in one case, the

serosanguinous pericardial fluid was drained astétenegative for SARS-CoV&° The
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mechanism may possibly be related to a post-camjay syndrome. The diagnosis of
fulminant myocarditis should have a high index udcion if there is a marked elevation of
troponins or there is a new onset of atrioventecblock or QRS prolongation. This is
especially relevant in patients that are candidatesiechanical circulatory support.

In COVID-19 patients where hemodynamic shock hesadly ensued, numerous
strategies for reestablishing hemodynamic stalebigt including inotropic agents, and
mechanical life support such as intra-aortic ballpamps, Impella devices, and ultimately
extracorporeal membrane oxygenation (ECMO). The#rlinical course is a rapidly
degenerating COVID-19 patient in respiratory disstehypotension, and cardiogenic shock, that
is then treated with mechanical ventilation andotesavenous or venous-arterial ECMO as a
bridge to recovery> **This cardiovascular collapse clinically mimicsrfithant myocarditis
prompted by numerous pathophysiological factorgufé 1)*° Concerns have been raised
regarding the limited therapeutic and resourcensitee use of extracorporeal membrane
oxygenation (ECMOJ? *3Although studies have reported poorer outcome€®VID-19
patients on ECMO, this is likely due to the seyeoit the underlying disease which initially
predisposes this patient group to an overall loshance of recover¥: ** Furthermore, the
prolonged period of ECMO use, which will likely becessary in ARDS patients, increases the
risks of ECMO-related complications including blewy] renal, vascular, and infectious injuries.
The resource-intensive use of ECMO is also an itapbiconsideration as ICUs reach capacity
throughout the COVID-19 pandemic. ECMO for 2019 @ld@oronavirus Acute Respiratory
Disease (ECMOCard) is a prospective multi-centertgberiod incidence observational study
currently recruiting patients, that is aiming tesdebe the clinical features, disease severity,

ECMO-related characteristics, complications, amttigal of ICU patients with COVID-19
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Acute Coronary Syndromesin COVID-19 Patients

Regarding the use of primary percutaneous corangention (PCI) for ST-segment
elevation myocardial infarction (STEMI) in SARS-Cé\fositive or suspected patients, the
recommendation of major cardiovascular societiggaiss to pursue coronary
angiography/primary PCI with aerosol-level persqratective equipmerit> Adequate
infection control is advised due to the increasskkrof viral aerosolization during urgent
intubation, suctioning, or cardiopulmonary reswin, taking into consideration that the vast
majority of cardiac catheterization laboratories mot negative-pressure ventilatéd:*
Fibrinolysis has also been controversially suggkeagean alternative in relatively stable STEMI
cases, in the event that the treating team doelsavet adequate infectious exposure control or
access to rapid nucleic acid testif®.

However, in COVID-19 patients presenting with eledshs-cTnl or CK-MB and no ST-
segment elevations (NSTEMI), a high index of suspishould be maintained for the possibility
of myocarditis**® In fact, 10 of 18 COVID-19 patients presentingn&T-segment elevations
were diagnosed with noncoronary myocardial injuisteéad of a myocardial infarction in a
recent case-serie’ Only four of these patients had diffuse ST-segneéatations.*’ Despite
focal ST-segment elevations being a shared chaistateamong all clinically diagnosed
myocardial infarctions, six of the 10 noncoronaryocardial injuries also only had focal ST-
segment elevationis! While diffuse ST-segment elevations in the abserficeciprocal changes
is usually suggestive of a myocarditis, these figdiare not ubiquitous. Clinical suspicion for
noncoronary myocardial injury should therefore bmntained even if focal ST-segment
elevation on electrocardiographic findings of COVIB patients present. Despite variability in

presentation, the eight patients clinically diagrbwith a myocardial infarction had higher
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423 median peak troponin and D-dimer levels than thecomnary myocardial injury patients.In
424  an effort to mitigate nosocomial infection risk,mmavasive testing such as computed-

425 tomography coronary angiography or myocardial pgoiuimaging tests could be considered for
426 otherwise stable NSTEMI patiertS.If no underlying CAD is confirmed, these patiest®uld
427 be managed medically, avoiding the risk of aergswierating procedures in the cardiac

428 catheterization laboratory. Predetermined resugmit@plans should be organized for patients
429 suspected to develop acute cardiac injury from ADV¥9, and careful monitoring of

430 electrocardiographic changes and cardiac and imflatory biomarkers should guide

431 management throughout hemodynamic recovery.

432 Cardiovascular care teams will need to developatdgiresponses based on regional
433 penetrance and healthcare systems capacity in trdb@tance COVID-19-related and routine
434 cardiovascular care. Telehealth patient consuhtatand follow-ups are being rapidly adopted in
435 order to triage for urgent care, address symptomtraelh) and monitor medical management of
436 CVD patients®® However, care seeking behavior and infection cdmieasures due to the

437 COVID-19 pandemic are expected to substantiallyugishealthcare systems and affect patient
438 time to medical contact. The impact of the COVIDgEhdemic has already been reported to
439 significantly increase time components of STEMlkcaesulting in delayed symptom onset to
440 first medical contact, as well as door-to-ballownet**®

441 Limitations

442 While our findings are of significant clinical eslance, several important limitations

443 must be considered. First, while a systematic gitemsummarize the literature was made, our
444  review was not systematic, increasing the possitoli selection and publication biases. Due to

445  the rapidly evolving nature of the COVID-19 pandenit would not be feasible to
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systematically review the literature as studiega@oing critical information are being rapidly
updated based on government reporting, publisheehirtime, and not yet indexed in
bibliographic databases. Furthermore, data wergueantitatively analyzed due to concerns of
overlapping patient populations between repBit&econd, our review only included articles
published in English language, which introducesngoortant language bias. The COVID-19
pandemic has affected nearly every country worléwidsulting in extensive research efforts
and data reporting in native languages. Our ingtgpion of the latest clinical picture is limited
to English language reports. Finally, the assamigtiand clinical characteristics identified in this
review are only correlative, and await clearly go\causative mechanisms. Important
confounders exist in the cross-sectional studieiewesd, including age, medications taken for
CVD, and immune strength. In light of the extraoedly and unprecedented time pressure to
report such urgent findings, the studies citedis teview were not necessarily operationalized
in a systematic or multicenter manner, limiting dwerall generalizability of their findings. This
is underscored by the in-between study variahbiitthe prevalence rates reported. Larger case-
controlled studies that account for these confoupdariables will provide necessary insight on
the precise risk factors of COVID-19 severity.
CONCLUSION

The COVID-19 pandemic is rapidly evolving, with iofpant cardiovascular
considerations. This review synthesizes the caediowiar implications of COVID-19, and
comprehensively addresses large international pyiciata on the cardiovascular epidemiology
and treatment considerations of COVID-19. Hypeitamdiabetes, and CVD are the most
common comorbidities in COVID-19 patients, and &éh&ctors have been associated with the

progression and severity of COVID-19. However, elagpulations, whom develop more severe
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COVID-19 complications, are naturally exposed tstihcomorbidities, underscoring the
possible confounding of age. Observational datpsrp international cardiovascular societies
recommendation to not discontinue ACEI/ARB therappatients with guideline indications out
of fear for the increased risk of SARS-CoV-2 infent severe disease, or death. In addition to
the cardiotoxicity of experimental antivirals anotgntial interactions of experimental therapies
with cardiovascular drugs, several strategies &diovascular protection have been
recommended in COVID-19 patients with underlyingEEMroponin elevation is associated
with increased risk of in-hospital mortality andvadse outcomes in patients with COVID-19.
Cardiovascular care teams should have a high intisxspicion for fulminant myocarditis-like
presentations being SARS-CoV-2 positive, and remigjhant for cardiovascular complications

in COVID-19 patients.
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827 FIGURE LEGENDS
828
Figure 1. Hypothesized pathophysiological mechanisms of ylséesnic and
cardiovascular interactions of the SARS-CoV-2 viausl ACE2.
Abbreviations: ACE2=Angiotensin-Converting EnzymeS2RS-CoV-

2=Severe Acute Respiratory Syndrome Coronavirus 2.
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829 Table 1: Cardiovascular Clinical Presentations of COVIDPd#&ients in Identified Observational Studies inr@hi

830
831
832
833
834

Guan et al. (2028
Shi et al. (2020
Wu et al. (2020%

Zhou et al. (20265
Guo et al. (2020
Xie et al. (2020%°!
Ruan et al. (2028)

Zhang et al. (2026)

Wang et al. (2020
Liu et al. (2020%
Wei et al. (2020¥
Chen et al. (2026)

Yang et al. (2020

Huang et al. (2026)

Sample
Size (n)

1,099
416
201
191
187
168
150
140
138
137
101

99
52

41

Location

30 provinces,
China

Hubei, China
Hubei, China
Hubei, China
Hubei, China
Hubei, China
Hubei, China
Hubei, China
Hubei, China
Hubei, China
Sichuan, Ching
Hubei, China
Hubei, China

Hubei, China

Median Age

47.0
64.0
51.0
56.0
58.5
70.0
57.7
57.0
56.0
57.0
49.0
55.5
59.7

49.0

Smokind,
n (%)

158 (14.6)

11 (5.8)

18 (9.6)

8 (7.9)
2 (3.8)

3(7.3)

Hypertension,
n (%)

165 (15.0)
127 (30.5)
39 (19.4)
58 (30.0)
61 (32.6)
84 (50.0)
52 (34.7)
42 (30.0)
43 (31.2)
13 (9.5)

21 (20.8)

6 (14.6)

Diabetes, | CVD,
n (%) n (%)
81 (7.4) -

60 (14.4) -
22 (10.9) | 8(4.0)
36 (18.9) -

28 (15.0) | 66 (35.3)

42 (25.0) -
25 (16.7) | 13 (8.7)

17 (121) -

14 (10.1) | 20 (14.5)

14 (10.2)  18)7
14 (13.9) -
12(12) | 4‘3?4)§
9(17.3) | 5(9.6)
8(19.5) | 6(14.6)

CAD,
n (%)
27 (2.5)

44
(10.6)

15 (7.9)

21
(11.2)
31
(18.5)

7 (5.0)

Cerebrovascular
Disease,
n (%)

15 (1.4)

22 (5.3)

12 (8.0)
3(2.1)
7 (5.1)
6 (5.9)

40 (40.45

7 (13.5)

" Abbreviations: CAD=Coronary Artery Disease; COVID=Coronavirus Disease 2019; CVD=Cardiovascular &iee
" Current or former smoker.
*Data reported as mean.

$This study pooled cardiovascular and cerebrovasdigaases when reporting baseline characteristics.

IThis case-series was of fatal COVID-19 patients.
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835 Table 2. Cardiovascular Clinical* Presentations of Hospi&adizCritically Ill, or Fatal COVID-19 Cases in Iddied Observational
836  Studies Primarily Outside of China

Sample location Median Hypertension, | Diabetes, CVD, CAD, Fib rﬁltar:t?clm n Congestive Hear
Size (n) Age n (%) n (%) n (%) n (%) (%) ! Failure, n (%)
Richardson et al New York City 1808 595
(202052 5,700 Area, USA 63.0 3026 (56.6) (33.8) - (11.1) - 371 (6.9)
COVID-19 804
Surveillance 2,848 Italy 81 1,940 (68.1) | 870 (30.5) - (28.2) 642 (22.5) 457 (16.0)
Group’ (2020¥ :
Grasselli et al. Lombardy 223
(20205 1,591 region, Italy 63 509 (49.0) 180 (17.0) (21.0f - - -
Goyal et al. New York City,
(20205 393 USA 62 197 (50.1) 99 (25.2) - 54 (13.7) - 28 (7.1)
Myers et al. Northern
(2020f™ 377 STt SR 61 164 (43.5) 118 (31.3) - - - 22 (5.8)
Onder et al. 117
(20207% 355 Italy 79 - 72 (20.3) - (30.0) 87 (24.5) -
Arentz et al. Washington | ) ) ) )
(20205 21 State, USA 70 7 (33.3) 9 (42.9)

837 " Abbreviations: CAD=Coronary Artery Disease; COVIB=Coronavirus Disease 2019; CVD=Cardiovascular @iepUSA=United States of America.

838 These case-series were of hospitalized COVID-1@pist

839 *These case-series were of severe or fatal COVIpati@nts.

840 ScVD includes cardiomyopathy and heart failure.

841 ! Data reported as mean.
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842
843

844
845
846
847
848

Table 3.Cardiovascular Society Recommendations on RAAS dontssts in the COVID-19
Patient*

Society Rec O'?ﬁe% atiof RAAS Antagonists Recommendation
AHA/HFSA/ACC «  Continuation of ACEis/ARBs in COVID-19 patients tvit
pre-existing indications (heart failure, hypertemsiCAD).
LT iy A0 e Careful consideration prior to addition/removakofy
CVD treatments in COVID-19 patients.
Canadian Cardiovascular »  Continuation of ACEI/ARB/ARNI unless clinically
Society® March 20, 2020 contraindicated (symptomatic hypotension, shock|,AK
hyperkalemia).
ESC Coun_cilegn March 13, 2020| ° Continue anti-hypertensive treatment.
Hypertension
European Society of » Stable COVID-19 patients should continue ACEI/ARB
Hypertension®® treatment according to 2018 ESC/ESH guidelines.
Apri * Assess COVID-19 patients with severe symptoms,iseps
pril 15, 2020 S - :
or hemodynamic instability on a case-by-case Hasithe
discontinuation of blood pressure lowering drugshw
consideration for current guidelines.
Hypertension Canada® March 13, 2020| « Continue anti-hypertensive treatment.
International Society of * Routine use of ACEis/ARBs in hypertensive patients
Hypertension’ March 16, 2020 despite COVID-19 concerns.

" Abbreviations: ACC=American College of CardiologdCEi=Angiotensin-Converting Enzyme inhibitor;
ARB=Angiotensin Receptor Blocker; AHA=American HearAssociation; AKI=Acute Kidney Injury;
ARNi=Angiotensin Receptor-Neprilysin Inhibitor; CAfToronary Artery Disease; COVID-19=Coronavirus
Disease 2019; ESC=European Society of Cardiologf\:SA=Heart Failure Society of America; RAAS=Renin-
Angiotensin-Aldosterone System.
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84¢  Table 4. Summary of Current COVID-19 Experimental Thera@ind Adverse Cardiovascular Drug Interactions*
Cardiovascular Drug Classes
Experimental Therapy g g Anti-coagulant, Anti- Calcium . . :
Antlzrrzryﬁzmlc platelet, Fibrinolytic | Beta Blockers Channel HyIE;{L?ZSAorgmgan I\r/]g;?przz:gg LlpliLg\r/]v;rmg
9 Agents Blockers 9 P 9
Amiodarone EAlllzlr((l,rr?:ne
Bepridil Apixaban Clopidogrel P ;
. : . . . Ivabradine g
Atazanavir Disopyramide Dabigatran Potential Potential Lercanidipine NC Lovastatin
Dofetilide Rivaroxaban Interaction Interaction P Simvastatin
L : Ranolazine
Flecainide Ticagrelor
Quinidine Bosentan
Sildenafil
Amiodarone
Bepridil
Disopyramide . .
. - : : Potential Potential :
Chloroquine Dofet!I|§le Potential Interaction Interaction Interaction Ivabradine NC NC
Flecainide
Mexiletine
Quinidine
Dexamethasone Potential Interaction Potential Interactio NC NC otdhtial Interaction NC NC
Favipiravir NC NC NC NC Potential Interaction NC NC
Amiodarone
Bepridil
Disopyramide . .
: - . . Potential Potential .
Hydroxychloroquine Dofeﬂhde Potential Interaction Interaction Interaction Ivabradine NC NC
Flecainide
Mexiletine
Quinidine
Interferon beta NC NC NC NC NC NC NC
Amiodarone Aliskiren
Bepridil . . Eplerenone
S . Disopyramide Ap|xalpan Clopidogrel Potential Potential Ivabradine Lovastatin
Lopinavir-Ritonavir - Rivaroxaban . . e NC . -
Dofetilide : Interaction Interaction Lercanidipine Simvastatin
L Ticagrelor -
Flecainide Ranolazine
Quinidine Sildenafil
Remdesivir NC NC NC NC Potential Interaction NC NC
Ribavirin NC Potential Interaction NC NC NC NC NC
85C " Abbreviations: COVID-19=Coronavirus Disease 201@€=No Clinically significant interaction.
851 " All information was adapted from the Liverpool Drirgeractions Group (updated on July 13, 208@nly drugs with strong recommendations againstdebadministered
85Z  were listed, however classes with listed drugsaalsdo have potential interactions. “Potential iatdion” was used to report drug classes whereast lone drug interaction was
85  expected to require a dose adjustment or additimmatitoring. Potential interactions of weak intépsirere considered similar to NC. For complete finfation, visit: Detailed
854  recommendations for interactions with experime@@lVID-19 antiviral therapies, 13 July 2020, Univgrsof Liverpool, available from www.covid19-drugiractions.org,
855 accessed 21 July 2020.
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