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ARTICLE INFO ABSTRACT

The Coronavirus Disease 2019 (COVID-19) is now a global pandemic with millions affected and millions more at risk
for contracting the infection. The COVID-19 virus, SARS-CoV-2, affects multiple organ systems, especially the lungs
and heart. Elevation of cardiac biomarkers, particularly high-sensitivity troponin and/or creatine kinase MB, is com-
mon in patients with COVID-19 infection. In our review of clinical analyses, we found that in 26 studies including

Iégy\‘,ﬂfgfij 11,685 patients, the weighted pooled prevalence of acute myocardial injury was 20% (ranged from 5% to 38% de-
Myocardial injury pending on the criteria used). The plausible mechanisms of myocardial injury include, 1) hyperinflammation and
Prognosis cytokine storm mediated through pathologic T-cells and monocytes leading to myocarditis, 2) respiratory failure
Biomarkers and hypoxemia resulting in damage to cardiac myocytes, 3) down regulation of ACE2 expression and subsequent
Management protective signaling pathways in cardiac myocytes, 4) hypercoagulability and development of coronary microvascu-
lar thrombosis, 5) diffuse endothelial injury and ‘endotheliitis’ in several organs including the heart, and, 6) inflam-
mation and/or stress causing coronary plaque rupture or supply-demand mismatch leading to myocardial ischemia/
infarction. Cardiac biomarkers can be used to aid in diagnosis as well as risk stratification. In patients with elevated
hs-troponin, clinical context is important and myocarditis as well as stress induced cardiomyopathy should be con-
sidered in the differential, along with type I and type Il myocardial infarction. Irrespective of etiology, patients with
acute myocardial injury should be prioritized for treatment. Clinical decisions including interventions should be in-
dividualized and carefully tailored after thorough review of risks/benefits. Given the complex interplay of SARS-CoV-
2 with the cardiovascular system, further investigation into potential mechanisms is needed to guide effective ther-
apies. Randomized trials are urgently needed to investigate treatment modalities to reduce the incidence and mor-

tality associated with COVID-19 related acute myocardial injury.
© 2020 Elsevier Inc. All rights reserved.
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The Coronavirus Disease 2019 (COVID-19) is now a global pandemic
with over five million confirmed cases and millions more at risk for
contracting the infection. The virus shares close resemblance with
SARS-CoV that caused the severe acute respiratory syndrome (SARS)
epidemic of 2002-2003. The COVID-19 virus, SARS-CoV-2, affects multi-
ple organ systems particularly the lungs and heart. The cardiac manifes-
tations of the infection place an overwhelmed health care system under
considerable stress due to the substantial resources and potential inten-
sive care support required for these patients. In this concise review, we
will focus on acute myocardial injury in COVID-19 infection, its preva-
lence, plausible pathophysiologic mechanisms, guidance on the use of
cardiac biomarkers, and general management strategies.

Acute myocardial injury

Elevation of cardiac biomarkers, particularly high-sensitivity cardiac
troponin (hs-troponin) and/or creatinine kinase MB, is a marker of
myocardial injury. Elevation of cardiac biomarkers is common in pa-
tients with COVID-19 infection. In our review of clinical studies with
at least 100 COVID-19 patients (published until May 20th, 2020), we
found that in 26 studies'?® including 11,685 patients, the overall prev-
alence of acute myocardial injury ranged from 5% to 38% depending on
the criteria used (Table 1). The overall crude prevalence of acute myo-
cardial injury was 21.4% (1961/9164). Using meta-analytic approach,?’
the overall weighted pooled prevalence estimate of acute myocardial
injury was found to be 20% (95% confidence interval 17% to 23%) (Fig
1). In the study by Zhou et al.?® including 191 COVID-19 patients, 17%
patients had elevated hs-troponin. One of the interesting findings
from this study was that in non-survivors, hs- troponin increased rap-
idly from day 16 after disease onset, which coincided with other
markers of inflammation, thrombosis and injury, such as interleukin
(IL)-6, D-dimer, and lactate dehydrogenase. In another seminal study
of 182 COVID-19 patients by Li et al.>° markers of cellular and immune
dysregulation were found to be associated with myocardial injury. On
multivariate adjusted analysis, age, WBC count, neutrophil percentage,
lymphocyte percentage, CD3+ T cell counts, CD4+ T cell counts, CD8
+ T cell counts, CD16 + CD56+ NK cell counts, hs-C-reactive protein,
and procalcitonin were independently associated with myocardial in-
jury in patients with COVID-19.

It appears that the magnitude of elevation of cardiac troponin may
be associated with severity of disease and prognosis.2? Shi et al.?> stud-
ied 671 patients with confirmed COVID-19, the prevalence of myocar-
dial injury defined as hs-troponin I above the 99th percentile was
15.8%. Both, CK-MB>2.2 ng/ml (hazards ratio, 6.62, p <.001) and cardiac
troponin I > 0.026 ng/ml (hazards ratio, 4.56, p = .02) were found to be
independently associated with increased in-hospital mortality. In a pro-
spective cohort study by Du et al'! of 179 patients with COVID-19 pneu-
monia, troponin I > 0.05 ng/ml was independently associated with
mortality in addition to age > 65 years, pre-existing cardiovascular
(CV) or cerebrovascular diseases and CD3 + CD8+ T-cells <75 cells/pl.
Further large-scale prospective studies are needed to thoroughly inves-
tigate these findings.

Other CV manifestations in COVID-19

The proinflammatory milieu and increased sympathetic stimulation
in COVID-19 can increase the risk for other CV complications, such as
cardiac arrythmias, worsening of existing heart failure (HF), or develop-
ment of new-onset HF. In patients with severe disease, hypoxia and
electrolyte disturbances can further potentiate the risk for arrythmias.
In a study' by Wang and colleagues including 138 consecutive hospital-
ized patients with COVID-19, the incidence of arrythmia was found to
be 17%. In a recent study by Goyal et al.,° examining the clinical charac-
teristics of first 393 consecutive patients with COVID-19 admitted in 2
hospitals in Manhattan, 7.4% of patients had a cardiac arrythmia during
hospitalization. Although the type of arrythmia was not described in

these reports, both tachy- and brady-arrythmias can occur. In another
study’ of 187 COVID-19 patients by Guo et al., the overall incidence of
ventricular tachycardia/fibrillation was 5.9% and was notably more
common in patients with myocardial injury compared with those with-
out (17.3% vs 1.4%, p < 0.001). In the study of 191 COVID-19 patients by
Zhou et al.,> HF was observed in 23.0% of patients, however, the etiology
of heart failure was not reported. Acute myocardial injury, arrythmia,
and HF can manifest either alone or can occur in combination based
on the clinical course.

Pathophysiology of acute myocardial injury

The COVID-19 virus (SARS-CoV-2), uses the angiotensin converting
enzyme (ACE) 2 for entry into target cells. ACE2 is predominantly
expressed by epithelial cells of the lung, intestine, kidney, heart, and
blood vessels. While ACE cleaves angiotensin I to angiotensin II and
leads to vasoconstrictive, pro-inflammatory, and pro-oxidative effects
through the angiotensin Il receptor type 1 (AT-1) receptor, ACE2 leads
to anti-inflammatory, anti-oxidative and vasodilatory effects through
the angiotensin 1-9-Mas receptor complex. The protective effect of
ACE2 in lung is well defined, and therefore down regulation of ACE2
due to viral binding to this receptor plays a key role in acute lung injury
and acute respiratory distress syndrome. Our understanding of the
pathophysiology of COVID-19 and host immune responses is still evolv-
ing, however, immune-mediated inflammation plays a key role in the
pathogenesis of COVID-19.2*? On one hand, the innate and adaptive
anti-viral immune response is vital in fighting the invading virus, on
the other hand a robust and persistent anti-viral immune response
may elicit an intense hyperinflammatory response akin to cytokine
storm and cause damage to the host cells (Fig 2). Acute myocardial in-
jury is typically seen in advanced stages of disease and is associated
with worse prognosis. The mechanism of myocardial injury in
COVID-19 is not well understood. The plausible mechanisms of myocar-
dial injury include (Fig 3): 1) hyperinflammation and cytokine storm
mediated through pathologic T cells and monocytes leading to
myocarditis,*® 2) respiratory failure and hypoxemia resulting in damage
to cardiac myocytes,>* 3) down regulation of ACE2 expression and sub-
sequent protective signaling pathways in cardiac myocytes, 4) hyperco-
agulability and development of coronary microvascular thrombosis,”
5) diffuse endothelial injury and ‘endotheliitis’ in several organs, includ-
ing the heart as a direct consequence of SARS-CoV-2 viral involvement
and/or resulting from host inflammatory response,*® and, 6) inflamma-
tion and/or stress causing coronary plaque rupture or supply-demand
mismatch leading to myocardial ischemia/infarction (MI). In the study
by Oudit et al.>” the SARS-CoV viral RNA was detected in 35% (7/20) of
autopsied human heart samples obtained from patients who died dur-
ing the SARS outbreak. Due to presence of ACE2 receptors on cardiac
myocytes, direct infiltration of cardiac myocardium by SARS-CoV-2
virus is also a possibility.>

Cardiac biomarkers in COVID-19 infection

Acute myocardial injury in COVID-19 can range from asymptomatic
elevation of cardiac troponins to fulminant myocarditis and circulatory
shock. The Chinese Clinical Guidance for COVID-19 Pneumonia Diagno-
sis and Treatment (7th edition) recommends to evaluate myocardial
enzymes in patients admitted with COVID-19 infection.>® Similarly,
the World Health Organization document“® - Clinical management of
severe acute respiratory infection when COVID-19 disease is suspected
(version 1.2, March 13, 2020) also recommends laboratory testing for
acute myocardial injury at admission and as clinically indicated. The
American College of Cardiology states ‘to only measure troponin if the
diagnosis of acute MI is being considered on clinical grounds’.*! Guide-
lines from various professional societies>®>~*' and expert groups**** on
testing of cardiac biomarkers in patients hospitalized with COVID-19
is presented in Table 2. Treatment protocols on in-patient management
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Table 1
Select studies (with sample size 2100 patients) reporting cardiac biomarkers and acute myocardial injury in patients hospitalized with confirmed COVID-19 infection.

Study, Location Study period ~ Patients Age Cardiovascular Acute myocardial injury, criteria and

publication comorbidities  prevalence

date

Wang D Zhongnan Hospital, China Jan1to 28, 138 56 HIN31% hs Troponin I > 28 pg/ml or new EKG/echo
et al.’, 2020 DM 10% changes, 7.2%

February 7 CVD 15%

Chen Cet al?2, Hankou Headquarters, Sino-French New City Campus and Jan 2019 to 150 59 HTN33% Troponin I > 26.3 ng/l, 15%

March 6 Optics Valley Campus of Tongji Hospital, China Feb 2020 DM 13%
CVD 6%

Zhou Fet al.3, Jinyintan Hospital and Wuhan Pulmonary Hospital, China Dec 29, 2019 191 56 HTN 30% hs Troponin I > 28 pg/ml, 17%

March 11 toJan 31,2020 (145) DM 19%
CVD 8%

Wu Cet al®,  JinYintan Hospital, China Dec 25, 2019 201 51 HTN 19% Creatine Kinase MB > 24 U/], 4.5%

March 13 to Jan 26,2020 (198) DM 11%
CVD 4%

ShiSet al’, Renmin Hospital, China Jan20toFeb 416 64 HIN31% hs Troponin [ > 99th percentile pg/l, 19.7%

March 25 10, 2020 DM 14%
CVD 16%

ChenTet al.®, Tongji Hospital, China Jan13toFeb 274 62  HTN 34% Troponin [ > 99th percentile or new

March 26 12,2020 (203) DM 17% EKG/echo changes, 44%
CVD 8%

GuoTetal’, Seventh Hospital of Wuhan City, China Jan 23 to Feb 187 59 HTN33% Troponin T > 99-percentile ng/ml, 27.8%

March 27 23,2020 DM 15%
CVD 16%

Han et al.%, Renmin Hospital, China Jan1toFeb 18, 273 58 NR hs Troponin I 2 0.04 ng/ml, 10%
March 31 2020

CaoJet al?, Zhongnan Hospital, China Jan3toFeb1, 102 54  HTN 28% hs Troponin I > 26 pg/ml, 12.7%
April 2 2020 (55) DM 11%

CVD 11%

Tuet al.’®, Zhongnan Hospital, China Jan3 toFeb 24, 174 60 HTN21% Troponin [ > 99th percentile or new

April 6 2020 DM 10% EKG/echo changes, 14.4%
CVD 9%

Duet al.!!, Wuhan Pulmonary Hospital, China Dec 25,2019 179 58 HTN32% Troponin I > 0.05 ng/ml, 22.9%

April 7 to Feb 7, 2020 DM 18%
CVD 16%

Wang Y Tongji hospital, China Jan25toFeb 344 64 HTN41% Elevated Troponin I or new EKG/echo

et al.'?, 25,2020 DM 19% changes, 32.3%
April 8 CVD 12%

Deng et al.'®>,  Renmin Hospital, China Jan6toFeb20, 112 65 HTN32% Troponin I > 0.04 ng/ml, 37.5%

April 8 2020 DM 17% Troponin I > 0.12 ng/ml, 28.6%
CVD 13%

Fenget al.'¥,  Jinyintan Hospital in Wuhan, Shanghai Public Health Clinical ~ Jan 1 to Feb 15, 476 53 HTN 24% Troponin [ > 0.04 ng/ml or troponin

April 10 Center in Shanghai and Tongling People's Hospital in Anhui 2020 (384) DM 10% T > 28 pg/ml, 22.4%
Province, China CVD 8%

Wang R No.2 People's Hospital of Fuyang City, China Jan20toFeb9, 125 39 CVD14% Creatine Kinase MB > 24 U/], 6.6%
et al.'”, 2020 (76)

April 11

Li et al.'®, Sino-French New City Branch of Tongji Hospital, China Jan26toFeb 5, 548 60 HTN 30% hs Troponin I > 15.6 pg/ml, 21.7%
April 12 2020 DM 15%

CVD 6%

Wang L People's Hospital of Wuhan University Jan31toFeb5, 202 63  HTN 30% hs Troponin I > 0.04 ng/ml, 13.4%
etal’, 2020 DM 11%

April 14 CVD 8%

Richardson 12 hospitals in New York City, Long Island, and Westchester =~ March 1 to 5700 63  HTN 60% Troponin I, T (including hs-troponin) above
et al.'®, County, US April 4, 2020 (3533)* DM 11% the upper limit of normal reference limit,
April 22 CVD 7% 22.6%

Wei et al.’®, Public Health Clinical Centre of Chengdu and West China January 16to 101 49  HTN21% hs Troponin T > 14 pg/ml, 16%

April 30 Hospital, Sichuan University, China March 10, DM 14%
2020 CVD 5%

Liet al?>, May 7 West China Hospital, and Disaster Medical Center, China NR 182 65 NR hs Troponin I > 0.04 ng/ml, 21.4%

Ni et al.?!, Central Hospital of Wuhan, China Jan 28 to 176 67 HTN 49% Troponin I > 99th percentile, 27.8%
May 8 March 16, DM 26%

2020 CVD 14%

Xiong et al.?2, Wuhan Hemodialysis Jan1toMarch 131 63  HTN 26% Elevated Troponin I or new EKG/echo

May 8 Quality Control Center, China 10, 2020 (85)* DM 23% changes, 28.2%
CVD 69%

ShiSetal?®, Renmin Hospital, China Jan1toFeb23, 671 63 HTN 30% Troponin I > 99th percentile, 15.8%

May 11 2020 DM 15%
CVD 9%

Javanian Hospitals affiliated to Babol University of Medical Sciences, Iran  Feb 25 to 100 60 HTN32% Not specified, 14%
et al.>* May March 12, DM 37%

11 2020 CVD 20%

ShiQet al?®>, Renmin Hospital of Wuhan January 1 to 306 65 HTN43% hs Troponin I > 99-percentile ng/ml, 23.9%
May 14 University and Zhongnan Hospital, China March 8, 2020 DM 50%

CVD 16%
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Table 1 (continued)

Study, Location Study period Patients Age Cardiovascular Acute myocardial injury, criteria and
publication comorbidities  prevalence
date
Yu et al.?®, 19 intensive care units of 16 hospitals in Wuhan, China Feb 26 to 27, 226 64 HTN43% hs-Tnl > 28 ng/l or Tnl > 0.3 ng/ml, 27%
May 14 2020 DM 21%
CVD 10%

* Patients with cardiac biomarker data reported. Abbreviations: CVD: cardiovascular disease, DM: diabetes mellitus, EKG: electrocardiogram, HTN: hypertension, ICU: intensive care

unit, NR: not reported.

of COVID-19 from several US hospitals have included hs-troponin as a
part of the routine laboratory assessment.**4> In patients with elevated
hs-troponin, clinical context is important and myocarditis as well as
stress induced cardiomyopathy should be considered in the differential,
along with type [ and type Il MI. Evaluation of NT-proBNP should be con-
sidered if clinically indicated. COVID-19 induced myocarditis has been
reported in case reports from China and elsewhere that usually requires
aggressive management.?®~*9 New onset cardiomyopathy and
arrythmias with elevated troponins should raise the suspicion of myo-
carditis. The initial diagnostic modality includes echocardiography and
right and left cardiac catheterization with placement of a pulmonary ar-
tery catheter for continuous hemodynamic monitoring in critically ill
shock patients. Cardiac MRI and endomyocardial biopsy are more defi-
nite tests. However, in the face of COVID-19 pandemic, when resources
are limited and one of the primary goals is to minimize health care
personnel’s exposure, imaging modalities may not be readily available.
Conceivably, cardiac biomarkers can be used to aid in diagnosis as
well as risk stratification.

General management strategies

The COVID-19 pandemic poses unique challenges in terms of avail-
ability of appropriate personal protective equipment (PPE) and utiliza-
tion of health care personnel and resources without compromising
patient care. Although respiratory illness is the dominant clinical mani-
festation of COVID-19 infection, for severe and critically ill patients in
addition to treatment focused on respiratory support, evaluation of
multiorgan failure and management is vital. In a multicenter study>® an-
alyzing 68 fatal cases of COVID-19, myocardial injury with or without
respiratory failure was noted to be the cause of death in 40% of cases.
Bedside clinical exam complemented with hand-held ultrasound, if
available, by the same physician can help diagnose early signs of cardiac
and respiratory decompensation and can potentially reduce further
downstream testing. Initial measurement of hs-troponin at the time of
hospitalization with longitudinal monitoring (every few days or based
on clinical course) during the hospital stay may help identify a subset
of patients with evidence of acute myocardial injury and worse

Study, Location Prevalence (95% Cl) % Weight
Wu C et al, China L ! 0.05 (0.02, 0.08) 422
Zhou et al, China —= 0.17 (0.11, 0.23) 3.78
Wang et al, China -+ ! 0.07 (0.04, 0.13) 4.05
Chen C et al, China —— 0.15(0.10, 0.21) 3.84
Shi et al, China - 0.20 (0.16, 0.24) 412
Chen T et al, China | —— (0.44(0.37, 0.51) 364
Guo et al, China | —— 0.28 (0.22, 0.35) 3N
Cao et al, China —-— 0.13 (0.06, 0.24) 328
Han et al, China - | 0.10(0.07, 0.14) 415
Tu et al, China - 0.14 (0.10, 0.20) 3.92
Du et al, China —a— 0.23 (0.17, 0.30) 3.76
WangY et al, China , 0.32 (0.28, 0.37) 3.96
Deng et al, China I —®— 0.38(0.29, 0.47) 325
Feng et al, China o 0.22 (0.19, 0.27) 4.07
Wang R et al, China - | 0.07 (0.03, 0.14) 3.86
Liet al, China = 0.22 (0.18, 0.25) 4.16
Wang L et al, China - 0.13(0.09, 0.19) 4.00
Richardsonet al, US :l 0.23(0.21, 0.24) 4.34
Weiet al, China —— 0.16 (0.10, 0.24) 359
Liet al, China —-— 0.21 (0.16, 0.28) 379
Ni et al, China | —— 0.28 (0.22, 0.35) 368
Xiong et al, China —a 0.28 (0.20, 0.39) 3.14
Shi S et al, China - 0.16 (0.13, 0.19) 424
Javanian et al, Iran —a— 0.14 (0.09, 0.22) 365
Shi Q et al, China tm— 0.24 (0.19, 0.29) 398
Yu et al, China | — 0.27 (0.22, 0.33) 382
Overall pooled prevalence ‘ 0.20 (0.17, 0.23) 100.00
I
I
— —
1 2 4 5

Fig 1. Forest plot of pooled analysis of prevalence of acute myocardial injury in hospitalized patients with COVID-19 infection. Figure shows prevalence estimates of acute myocardial injury
(boxes) with 95% confidence limits (bars) for each study selected; pooled prevalence estimate is represented by diamond in this forest plot.



686

C. Bavishi et al. / Progress in Cardiovascular Diseases 63 (2020) 682-689

Early stage (Immune protection)
Clinical Stages Asymptomatic or Mild lliness Moderate lliness Severe lliness Critical lliness
Pre symptomatic
Infection
Clinical Symptoms Test positive for Signs and symptoms | Evidence of lower Respiratory Respiratory failure,
SARS-CoV-2 butno | (e.g, fever, cough, | respiratorydisease frequency »30 septic shock, and/or
symptoms sorethroat, by clinical breaths per minute, multiple organ
malaise, headache, assessmentor Sp02 =93% on dysfunction
muscle pain) imagingand a Sp02 | room air, Pa02/Fi02
without shortness >83% on room air <300 or lung
of breath, dyspnea, infiltrates »50%
or abnormal
imaging
Clinical Signs Lymphocytopenia, Abnormal lung Marked derangements in hematological,
leukopenia, high imaging, and mild cardiac, liver, coagulation and
CRP derangements in inflammatory markers
hematological and
inflammatory
makers

Virus response phase

Host immune response phase

e

Fig 2. Clinical stages of COVID-19 infection and proposed pathophysiological changes. Clinical stages are based on National Institute of Health treatment guidelines.>' Acute myocardial
injury is typically seen in advanced stages of disease and is associated with worse prognosis.

prognosis. Echocardiography and other imaging modalities including
cardiac magnetic resonance imaging and cardiac computed tomography
should only be performed if they are expected to provide meaningful
clinical benefit. Patients with acute myocardial injury may need to be
prioritized for treatment and require continuous monitoring with
telemetry.
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Patients with risk factors or existing CV disease have a heightened
risk of developing an acute coronary syndrome (ACS) during acute in-
fections, including viral illnesses and other acute inflammatory condi-
tions. Patients with ACS should be managed based on the current
guideline recommendations. However, in the face of an ongoing major
public health crisis, treatment protocols may be adjusted based on
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Fig 3. Schematic diagram on possible pathophysiological mechanisms of acute myocardial injury in COVID-19 infection. Abbreviations: ACE: angiotensin converting enzyme, ARDS: acute
respiratory distress syndrome. Green broken lines represent positive effect, red broken lines represent negative effect.



C. Bavishi et al. / Progress in Cardiovascular Diseases 63 (2020) 682-689 687

Table 2
Recommendations on testing of cardiac biomarkers in patients hospitalized with COVID-
19 infection.

Recommendation

Chinese Clinical Guidance for COVID-19 Pneumonia
Diagnosis and Treatment (7th edition)

World Health Organization document - Clinical
management of severe acute respiratory infection
when COVID-19 disease is suspected (version 1.2,
March 13, 2020)

American College of Cardiology

In admitted patients

At admission and as
clinically indicated

Only if clinically

indicated

Handbook of COVID-19 Prevention and Treatment, The In admitted patients
First Affiliated Hospital, Zhejiang University School
of Medicine

Asian Critical Care Clinical Trials Group

BM] Best Practice

In admitted patients
In patients with severe
illness

clinical acuity and local resource availability.>! The Society for Cardio-
vascular Angiography and Interventions (SCAI) have put forward useful
recommendations for triage and management strategies of these
patients.>2 SCAI and other expert groups°>°>> recommend to consider fi-
brinolytic therapy in select patients with ‘low-risk’ ST-elevation MI
(STEMI). However, it is important to note, that patients with
COVID-19 infection and STEMI may not have thrombotic or occlusive
coronary artery as the cause of STEML>* Clinical decisions including in-
terventions should be individualized and carefully tailored based on
thorough review of risks/benefits. In patients who require interven-
tional therapies, all health care personnel involved should follow best
practices for the use of PPE. In patients where the pre-test probability
of an acute coronary event is low, elevated troponins are usually a
marker of systemic critical illness. Persistent elevation of hs-troponin
should be reviewed in conjunction with other markers of inflammation

Strategies for diagnosis

Thorough clinical exam complemented with hand-held ultrasound (if
available) by same physician

Initial measurement of hs-troponin with longitudinal monitoring
(every few days or based on clinical course)

Persistent elevation of hs-troponin should be reviewed along with
other markers of inflammation

Imaging modalities such as echocardiography, cardiac MRI, cardiac CT
should only be performed if they are expected to provide meaningful
clinical benefit

Right and left heart catheterization for diagnostic purposes should be
restricted to highly selective cases

such as serum ferritin, IL-6, liver enzymes, coagulation panel and treat-
ment should be intensified to address the underlying etiology. Based on
the Chinese experience and recommendations, consideration should be
given to start systemic anticoagulation after weighing risks and benefits,
due to high prevalence of hypercoagulability in COVID-19 patients, with
several reports of deep vein thrombosis, pulmonary embolism, and
autopsy-confirmed coronary microvascular thrombosis leading to
STEML.>> Several anti-viral and anti-inflammatory agents are used/
under investigation in patients with COVID-19, however, conclusive ev-
idence regarding their efficacy and safety is awaited.”® The combination
of hydroxychloroquine with azithromycin has been advocated as one of
the potential treatment options based on the antiviral properties as well
as immunomodulatory effects and initial reports of efficacy in small
studies.””*® However, subsequent studies have shown that treatment
with hydroxychloroquine, azithromycin, or both, was not associated
with improved survival, and may be associated with increased risk for
ventricular arrythmias in patients hospitalized with COVID-19.>°
Remdesivir, an inhibitor of the viral RNA with potent inhibitory activity
against SARS-CoV-2 virus, has shown encouraging results. In the ACCT-1
double-blind, randomized, placebo-controlled trial,%° intravenous
remdesivir was superior to placebo in shortening the time to recovery
in adults hospitalized with COVID-19 and evidence of lower respiratory
tract infection. The 14 -day mortality was 7.1% with remdesivir and
11.9% with placebo (hazard ratio 0.70; 95% CI, 0.47 to 1.04) suggesting
that remdesivir may improve survival in patients hospitalized with
COVID-19. Clinicians should be aware of drug-drug interactions since
many of these investigational agents are known to interfere with car-
diac medications. In patients with severe or critical illness who are re-
fractory to medical therapy, a multidisciplinary approach should be
used to decide on strategies for escalation of care (investigational ther-
apies, mechanical circulatory support including veno-venous or veno-
arterial extracorporeal membrane oxygenation). A summary of these
general management recommendations in presented in Fig 4. Patients

Strategies for management

Patients with myocardial injury should be monitored continuously with
telemetry

If patient has ACS (Type | Ml), management should be based on the
current guideline recommendations

In patients with myocardial injury without any evidence of ACS, further
work-up should be based on clinical presentation and disease
progression

Systemic anticoagulation should be considered after weighing risks
and benefits in patients with severe/critical illness

In severe/critical illness refractory to medical therapy, a multi-
disciplinary approach should be utilized to decide on strategies for
escalation of care (investigational therapies, mechanical circulatory
support including VV or VA ECMO)

Fig. 4. General management strategies for management of acute myocardial injury in patients hospitalized with COVID-19 infection. ACS: acute coronary syndrome, CT: computerized
tomography, ECMO: extracorporeal membrane oxygenation, MI: myocardial infarction, MRI: magnetic resonance imaging, VA: veno-arterial, VV: veno-venous.
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with acute myocardial injury who are managed conservatively and
those who recover from COVID-19 infection, should be followed closely
to ensure adherence to guideline directed medical therapy. At the earli-
est time feasible, every effort should be made to ensure that these pa-
tients get appropriate work-up including imaging and/or invasive
testing, if not performed during the hospitalization.®!

The use of ACE inhibitors (ACEI) and angiotensin receptor blockers
(ARB) in patients with COVID-19 infection is a matter of considerable
debate.%? The SARS-CoV-2 virus binds to the ACE2 receptor to gain
entry into the host cells. Both ACEI/ARBs upregulate expression of
ACE2 in various tissues, including cardiomyocytes, and some experts
think that this can potentially increase the risk of developing or worsen-
ing COVID-19 infection. However, to date, no clinical data have emerged
to support these concerns. At the same time, the risks of discontinuing
these therapies are well known. Several leading professional societies
recommend continuing ACEI/ARBs in patients with COVID-19 infection
unless stopping is clinically indicated. In a small retrospective study®® of
51 patients with COVID-19 and hypertension, patients taking ACEI/ARBs
had lower levels of IL-6 and peak viral load compared to those taking
other anti-hypertensives. Recently, several observational studies®*%°
have been published that showed no association with the use of ACEIl/
ARBs and increased susceptibility for COVID-19 infection as well as
risk for mortality or severe disease in patients with COVID-19. As in
any retrospective analysis, the findings from these studies are limited
by residual confounding however, it is unlikely that use of ACEI/ARBs
is detrimental in patients with COVID-19 and it is possible that ACEI/
ARBs may exert a protective effect on pulmonary outcome of viral
pneumonia.’® Currently, several prospective multicenter studies and
randomized controlled trials evaluating the role of ACEI/ARBs in
COVID-19 patients are underway.

Given the complex interplay of SARS-CoV-2 with the CV system, fur-
ther investigation into potential mechanisms is needed to guide effec-
tive therapies. Epidemiological studies and randomized trials are
urgently needed to investigate treatment modalities regulating immune
function and inhibiting inflammatory responses to reduce the incidence
and mortality associated with COVID-19 related acute myocardial
injury.
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