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uncommon and there was scant published guidance for the management of SARS-CoV-1
myocardial injury.

Treatment of Acute COVID-19 Cardiovascular Syndrome

There are no comprehensive expert recommendations and limited data from high quality studies
to inform our clinical decision making for the pharmacotherapy of ACovCS. Since most small
case series and studies of viral myocarditis in general involve fulminant and otherwise
complicated presentations, there is significant publication bias in the literature. Published
experiences of COVID-19 associated myocardial injury is even more limited, including
retrospective small case series and/or individual case reports. As such, the best practices for
treatina the acute mvocardial iniurv in ACovCS currentlv need to he extranolated from nrior
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clinical trials currently underway. Currently there are no therapies with rigorous clinically
supported efficacy for COVID-19 in general, or specifically for ACovCS. If possible, enrollment
in on-going clinical trials is encouraged.

Hydroxychloroquine is a proposed treatment for COVID-19 on the basis of in vitro
testing and a small open-label study with significant methodological limitations *°. The clinical
study enrolled 42 patients with 26 patients receiving hydroxychloroquine compared to 16
controls. Only 36 patients were included the analysis, as 6 (23%) of the hydroxychloroquine
treated patients were lost to follow-up *°. The study authors concluded that hydroxychloroquine

had a significant effect and led to rapid SARS-CoV-2 clearance °. This conclusion appears
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overstated based upon the study design and results, and we believe further studies of
hydroxychloroquine, including its impact on ACovCS, are required .

Antiviral therapies may have a role in the treatment of ACovCS. The use of
lopinavir/ritonavir for severe COVID-19 was tested prospectively in 199 patients, but
unfortunately did not lead to a significant reduction in viral-load or symptomatic improvement .
Remdesivir has also been proposed as an anti-viral therapy after originally being developed for
Ebola and the Marburg virus. Subsequent investigation demonstrated significant reduction of
viral replication and symptoms in a mouse model infected with SARS-CoV-1 ®*. Additional in
vitro testing of a human cell line demonstrated markedly reduced SARS-CoV-2 activity 2. This
led to comnassionate use of remdesivir in COVID-19 natients. an effort which was eventuallv
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ventricular arrhythmias or a prolonged QT interval at baseline.

Immunosuppression for myocardial injury in ACovCS has been proposed as a treatment
option; however, prior experiences with broad immunosuppression for acute myocarditis
historically have not been favorable. In the Myocarditis Treatment Trial, no significant
difference was seen in LVEF or survival between those treated with cyclosporine/prednisone,
azathioprine/prednisone or placebo in patients with myocarditis in the pre-COVID era . While
there were several limitations of the trial, these results do not support widespread use of
immunosuppressive therapies for myocarditis. A systematic Cochrane review evaluated the

efficacy of steroids for acute viral myocarditis in 8 randomized controlled trials with a total of
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719 patients in the pre-COVID era. They concluded that glucocorticoid therapy did not reduce
the composite end-point of mortality or heart transplant ®°. Steroid use in severe COVID-19
appears common in reports, and use is numerically higher in non-survivors, although that
observation is likely confounded by indication for steroid initiation 6. Given the concern that
steroids may prolong SARS-COV-2 viral persistence, corticosteroid treatment should not be
routine, but rather may be considered salvage therapy with multidisciplinary input in select cases
with hemodynamically unstable patients 8,

As discussed above, cytokine activation appears to be a prominent feature of severe
COVID-19 illness and ACovCS with marked elevations of IL-6 and other inflammatory markers.
Sarilumah. siltuximah and tacilizumah are 11 -6 inhibitors that have notential utilitv in ACavCS
ar
di
ct
pi
safety and impact on ACovCS -7, In the interim, these agents can be considered for
compassionate use on a case-by-case basis with multidisciplinary input.

Given the known association between myocarditis and auto-antibodies, intravenous
immunoglobulin (IVIG) is theorized as a possible treatment for viral-associated myocarditis.
However, in a well conducted study in the pre-COVID era, IVIG did not improve LVEF or
event-free survival at 1-year follow-up “*. This study highlighted the lack of high-quality
evidence for the routine use of IVIG to treat with idiopathic dilated cardiomyopathy or
myocarditis, although the treatment appeared safe. Use of 1 g/kg IVIG daily for two days can be

considered in select cases for hemodynamically unstable patients due to suspected fulminant
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myocarditis as salvage therapy with multidisciplinary input. However, it is important to note this
is an extremely limited resource and should be reserved for patients with high clinical suspicion
of cardiomyopathy due to myocarditis rather than cytokine storm or stress-induced
cardiomyopathy.

More focused antibody therapy using convalescent plasma from recovered COVID-19
patients has been approved recently by the Food and Drug Administration 2. A recent report
described treatment of 5 critically ill patients with convalescent plasma containing a SARS-CoV-
2— specific antibody (IgG) obtained from COVID-19 survivors 3. In this uncontrolled case
series, they reported an improved clinical status, an observation which merits further clinical

investination.

Si
fr
re 5
recommendation is based on experimental animal models and several retrospective observational
studies "4, The initiation of guideline-directed medical therapy (GDMT) may be considered for
all patients with suspected myocarditis and reduced systolic function in accordance with the most
recent guidelines for the management of heart failure after a period of clinical stability and
improvement such that individuals are preparing for discharge . We advise delaying GDMT
until that later time point given that respiratory status can deteriorate rapidly earlier in the illness
and require intubation leading to hypotension.

Finally, in select cases with refractory shock or ventricular arrhythmias due to ACovCS,

mechanical support can be considered if available at the treating facility. Case reports have
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described successful rescue of patients with cardiogenic shock with use of veno-arterial (VA),
and veno-arterial-veno (V-A-V) ECMO > 121 |f cardiogenic shock is suspected secondary to
myocarditis, expert consultation with an advanced heart failure team should be strongly
considered.

Summary

In conclusion, COVID-19 is associated with the development of an associated cardiovascular
syndrome including acute myocardial injury, arrhythmias, and cardiomyopathy that we have
termed Acute COVID-19 Cardiovascular Syndrome (ACovCS). It is uncertain to what extent the
acute systolic heart failure is mediated by myocarditis, cytokine storm, microvascular
dvsfunction. small vessel thrombotic comnlications. or a variant of stress-induced

Cé
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clinical trials or experimental therapies.
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Table 1. Spectrum of Acute COVID-19 Cardiovascular Syndrome (ACovCS)

Spectrum of Acute COVID-19 Cardiovascular Syndrome (ACovCS)

Acute Coronary Syndrome
(STEMI or NSTEMI)*

Chest Pain, Elevated Troponin, Wall Motion Abnormalities and/or
ST-depression or Elevation = T-wave abnormalities.

Acute Myocardial Injury
without Obstructive CADT

Troponin Elevated + Additional Symptoms.

Arrhythmias

Atrial Arrhythmias, Ventricular Tachycardia, Ventricular
Fibrillation, and/or Complete Heart Block**.

Heart Failure £
C

F

Thromboembolic

Complications

De novo Systolic Dysfunction
Myocarditis or Myopericarditis
Cytokine mediated Cardiomyopathy
Stress-induced Cardiomyopathy

RAAAIAtAaAd v iia Ablhaw wial, Eanbnva (A -~ At Al Avilas dblaaa A RN

AlLLCHIal 1TnulivucinyullI, IJCC}J VT TTHUITIYUaLY, tlitravailuiav
Thrombus, Microvascular Thrombi**, Pulmonary Embolism,
Stroke

* Reported with obstructive, non-obstructive, or no coronary artery disease. T It is uncertain if an
abnormal troponin is required prior to onset of ACovCS. Additionally, patients are reported to have either
non-obstructive or no epicardial coronary artery disease. ¥ Unknown at this time whether Heart Failure
with Preserved LVEF is part of this spectrum. ** Although these complications may be anticipated with
our incomplete understanding of COVID-19, to our knowledge reports of heart block or cardiac
microvascular thrombi have not been published to date.

Abbreviations: CAD, coronary artery disease; LVEF, left ventricular systolic dysfunction; NSTEMI, non-
ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction.
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Figure Legends

Figure 1. Spectrum of the Acute COVID-19 Cardiovascular Syndrome

The spectrum of the Acute COVID-19 Cardiovascular Syndrome (ACovCS) encompasses a
variety of cardiovascular syndromes described for patients presenting with COVID-19. Reports
of pericardial effusions and cardiac tamponade in patients with COVID-19 have been published.
Although the prevalence of pericardial effusion in ACovCS remains uncertain, significant
effusions do not appear to be common. Clinical images are representative of the proposed
ACovCS disease spectrum and several, but not all images are from patients with ACovCS.

& Renorted with abstructive. non-ohstrictive. or no coronarv arterv disease.

b

re

c

ir ;
or stress cardiomyopathy are leading considerations, additional potential etiologies include
hypoxemia and microvascular dysfunction from small vessel thrombosis.

Abbreviations: ACovCS, Acute COVID-19 Cardiovascular Syndrome; CAD, coronary artery
disease; COVID-19, Coronavirus Disease 2019; NSTEMI, non-ST-elevation myocardial

infarction; STEMI, ST-elevation myocardial infarction.
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Figure 2. Potential Mechanisms of Myocardial Injury in Acute COVID-19 Cardiovascular
Syndrome

Multiple mechanisms have the potential to result in non-ischemic myocardial injury in COVID-
19.  Myocardial injury defined as cardiac troponin value >99th percentile of the upper reference

limit. Abbreviations: CV, cardiovascular; COVID-19, Coronavirus Disease 2019.

Figure 3. SARS-CoV-2 Host Cell Entry

A - Simplified mechanism of SARS-CoV-2 viral entry to host cells. The SARS-CoV-2 virus
expresses spike proteins with an S1 subunit that binds to ACE2 expressed on host cells. B —
After hindina to host ACF?. the host serine nrotease TMPRSS? nerforms critical nrotein nriming
W

S

re ;
Si

TMPRSS2.

Figure 4. Proposed Assessment and Management of ACovCS with Acute Myocardial
Injury

Proposed Assessment and Management of ACovCS with Acute Myocardial Injury

2 1f the treating clinician has the ability to provide a point of care cardiac ultrasonography
without increasing COVID-19 exposure or personal protective gear use, limited LVEF
assessment can be considered as a depressed systolic function would identify higher-risk

patients.
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b Repeat troponin testing is indicated with a deterioration of clinical status.

¢ This pathway attempts to balance the imperfect trade-offs of increased diagnostic uncertainty
without compromising patient outcomes while minimizing unnecessary staff exposures and

testing that will not immediately change clinical care.

dThe 2015 Eligibility and Disqualification Recommendations for Competitive Athletes With
Cardiovascular Abnormalities task recommends abstinence from competitive sports or aerobic

activity for a period of 3-6 months until resolution of myocardial inflammation.

¢ Assessment of the left ventricular ejection fraction should be considered at early follow-up for
patients with an abnormal troponin during hospitalization to either identify patients with reduced
S

ol

re

C

f There are currently no evidence-based therapies for COVID-19 with robust clinical evidence of
efficacy. Enrollment into a clinical trial should be strongly considered if available at the treating
center. Additional treatment with anti-viral, anti-cytokine and additional investigational drugs

should be completed on a case-by-case basis after consultation with a multidisciplinary team.

9 Consideration of pulmonary arterial catheters, inotropic and/or mechanical support (i.e. intra-
aortic balloon pump, temporary left ventricular support device, VA-ECMO) should be completed
on a case-by-case basis taking into account patient characteristics, availability of appropriately

trained staff and the ability of the healthcare institution to safely manage a support device.
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h Evidence of acute myocarditis by imaging or biopsy within myocardial tissue may modify the

choice and dosing regimen of therapies.

Abbreviations: ACovCS, Acute COVID-19 Cardiovascular Syndrome; COVID-19; Coronavirus
Disease 2019; CT, computed tomography; LVEF, left ventricular ejection fraction; MRI,
magnetic resonance imaging; PA, pulmonary artery; VA-ECMO, venoarterial extracorporeal

membrane oxygenation; VVF, ventricular fibrillation; VT, ventricular tachycardia.
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