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Background COVID-19 caused by severe acute respiratory syndrome coronavirus 2 most commonly manifests with fever and respira-
tory illness. The cardiovascular manifestations have become more prevalent but can potentially go unrecognized. We
look to describe cardiac manifestations in three patients with COVID-19 using cardiac enzymes, electrocardiograms, and
echocardiography.

Case summaries The first patient, a 67-year-old Caucasian female with non-ischaemic dilated cardiomyopathy, presented with dyspnoea on
exertion and orthopnoea 1 week after testing positive for COVID-19. Echocardiogram revealed large pericardial effusion
with findings consistent with tamponade. A pericardial drain was placed, and fluid studies were consistent with viral pericar-
ditis, treated with colchicine, hydroxychloroquine, and methylprednisolone. Follow-up echocardiograms showed apical hypo-
kinesis, that later resolved, consistent with Takotsubo syndrome. The second patient, a 46-year-old African American male
with obesity and type 2 diabetes mellitus presented with fevers, cough, and dyspnoea due to COVID-19. Clinical course was
complicated with pulseless electrical activity arrest; he was found to have D-dimer and troponin elevation, and inferior wall
ST elevation on ECG concerning for STEMI due to microemboli. The patient succumbed to the illness. The third patient, a
76-year-old African American female with hypertension, presented with diarrhoea, fever, and myalgia, and was found to be
COVID-19 positive. Clinical course was complicated, with acute troponin elevation, decreased cardiac index, and severe
hypokinesis of the basilar wall suggestive of reverse Takotsubo syndrome. The cardiac index improved after pronation and
non-STEMI therapy; however, the patient expired due to worsening respiratory status.

Discussion These case reports demonstrate cardiovascular manifestations of COVID-19 that required monitoring and urgent
intervention.
Keywords Coronavirus e Cardiac complications ® Cardiac imaging ® Biochemical markers e Case series

Learning points

® Physicians should maintain high clinical suspicion for cardiac complications from COVID-19 infection due to cytokine storm.
® Physicians can utilize cardiac testing and monitoring to optimally manage cardiac manifestations of COVID-19.
® Physicians should continue advocating for personal protective equipment to safely and effectively perform invasive cardiac interventions.
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Introduction

The pandemic of novel coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been rapidly spreading worldwide, exhausting resources
across health systems. First appearing in Wuhan, China, it commonly
manifested with respiratory symptoms of cough, dyspnoea, fever,
chills, and myalgias."? Individuals with history of cardiovascular dis-
ease are predisposed to infection and are at increased risk of adverse
outcomes. Previous beta-coronavirus infections, such as severe
acute respiratory syndrome, were associated with tachyarrhythmias
and heart failure.* Cardiac manifestations of COVID-19 were later
reported, typically from viral myocarditis and treatment side effects’
Given the increased incidence and saturation of resources, COVID-
19 has had indirect effects on care, impacting timing and optimal
treatment of acute cardiovascular disease. The objective of this clinic-
al case series is to highlight cardiac complications of COVID-19.

300 ng/mL). High sensitivity troponin | (hs-cTnl) levels were initially
1865 ng/L (normal <19 ng/L) rising to a peak of 2410 ng/L after 24 h,
with an associated brain natriuretic peptide (BNP) level of 54 pg/mL
(normal <50 pg/mL). ECG showed normal sinus rhythm, QTc 427
ms. Chest radiograph (CXR) showed significant enlargement of the
cardiac silhouette. Transthoracic echocardiogram (TTE) revealed a
large pericardial effusion with early signs of right ventricular diastolic
collapse and dilated inferior vena cava, as well as >25% and >40% re-
duction in mitral inflow and tricuspid inflow velocities, respectively,
consistent with tamponade physiology (Figure 7).

She underwent pericardiocentesis and pericardial drain placement;
fluid studies demonstrated elevated white blood cells (WBC) to 10
973 x 10°/UL (normal 3.8-10.6 x 103/UL; 83% neutrophils, 14%
lymphocytes) and elevated lactate dehydrogenase (LDH) at 1697 U/
L (normal 50-150 IU/L). She was initiated on colchicine 0.6 mg twice
per day, hydrocortisone 100 mg twice per day, and hydroxychloro-
quine 200 mg twice per day. Serial TTEs during admission demon-
strated new apical and periapical hypokinesis, with resolution of the

Timeline
Day Casel Case 2 Case 3
0 Presented to ED with 1 week of dyspnoea on Presented to the ED with fevers Presented to the ED with diarrhoea, myal-

exertion, orthopnoea, and cough

4-6 Echocardiogram revealed large pericardial effu-
sion with signs of right ventricular dysfunction
consistent with Takotsubo morphology

Pericardiocentesis with drain placement

7-10  Serial echocardiograms revealed resolution of
effusion but new periapical wall motion hypo-
kinesis, pericardial drain removed and

Hypoxaemic cardiac arrest and was
intubated

New ST elevation with PR depression in in-
ferior leads, loss of precordial R waves

Worsening respiratory and renal function;
hypoxaemic pulseless electrical activity ar-
rest and died

gias, and dyspnoea; subsequently
intubated

Tachycardic and in shock with reduced car-
diac index (1.9 L/min/m?), improved with
paralysis and proning

Echocardiogram revealed basal-mid hypoki-
nesis consistent with reverse Takotsubo
morphology

Developed septic shock with worsening re-
spiratory failure leading to cardiopulmon-

ary arrest and death

discharged
21 Echocardiogram demonstrated resolution of ef-

fusion and wall motion abnormalities

Case presentation
Case 1

A 67-year-old Caucasian female with a history of non-ischaemic
dilated cardiomyopathy with preserved ejection fraction (EF) 50%,
hypertension, and known diagnosis of COVID-19 1 week previously,
presented with progressive dyspnoea on exertion, orthopnoea, and
productive cough. In the Emergency Department (ED), she was afe-
brile, tachycardic, and tachypnoeic with bilateral crackles on ausculta-
tion, and muffled heart sounds; no murmurs or palpable thrill were
appreciated. She was noted to be lymphopenic at 0.9 x 10%/uL (nor-
mal 1.04.8 x 103/uL) with elevated inflammatory markers including
C-reactive protein of 15.1 mg/dL (normal <5.0 mg/dL), D-dimer 6.52
pg/mL FEU (normal <5.0 pg/mL), and ferritin 509 ng/mL (normal 12—

effusion. Follow-up TTE 3 weeks post-discharge demonstrated reso-
lution of the wall motion abnormalities with an EF of 63%.

Case 2

A 46-year-old African American male with a history of type 2 dia-
betes and obesity presented with persistent fevers. In the ED, he was
febrile to 39.3°C and hypoxic, requiring supplemental oxygen; he
subsequently decompensated due to acute hypoxic respiratory fail-
ure and required intubation. Physical examination further demon-
strated tachypnoea and tachycardia, with diminished breath sounds
bilaterally and normal S1 and S2 heart sounds; no murmurs or
palpable thrill were appreciated. ECG obtained at the time of
respiratory failure was normal, QTc 447 ms. He was lymphopenic at
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Figure | Fourimages captured from the transthoracic echocardiogram from Case 1. (A) The parasternal short axis with circumferential effusion.
(B) Mitral inflow view, with >25% reduction in inflow velocity with respiration. (C) Subcostal view with M-mode highlighting the effusion with vari-
ation in myocardium during systole. (D) Tricuspid inflow view, with >40% reduction in inflow velocity with respiration.

0.6 x 10/l (normal 1.0-4.8 x 10*/uL) with normal hs-cTnl and
BNP levels. CXR showed bilateral multifocal patchy opacities. SARS-
CoV-2 testing was positive. He was initiated on azithromycin 500 mg
daily, hydroxychloroquine 200 mg twice per day, and methylpredni-
solone 60 mg twice per day.®

On day 6 of hospitalization, he had multiple episodes of non-
sustained ventricular tachycardia followed by a wide complex tachy-
cardia that generated into asystole. Return of spontaneous circulation
was achieved after cardiopulmonary resuscitation; ECG demon-
strated new ST elevations with PR depressions in the inferior leads
and loss of early precordial R waves, with slight reciprocal ST seg-
ment depression in the high lateral lead aVL (Figure 2). Hs-cTnl
peaked at 6639 ng/L (normal <19 ng/L) and D-dimer was >20 pg/mL
(normal <5.0 pg/mL). He received aspirin 324 mg and was initiated
on heparin infusion, without additional antiplatelet therapy. Due to
haemodynamic instability, he was deemed too high risk for coronary
angiography or thrombolytic therapy. Respiratory and renal function
deteriorated, resulting in hypoxic pulseless electrical activity arrest
and ultimately death.

Case 3

A 76-year-old African American female with a history of obstructive
sleep apnoea and hypertension presented to the ED with diarrhoea,
myalgias, and shortness of breath. Upon arrival she was febrile
(38.5°C) and hypoxaemic, and quickly decompensated requiring in-
tubation. Physical examination demonstrated bilateral crackles with
end-expiratory rhonchi, and systolic murmur along the left sternal
border unchanged with respiration. Labs revealed lymphopenia at 0.5
x 10%/uL (normal 1.0-4.8 x 10°/uL) with normal BNP and hs-cTnl.
C-reactive protein at 9.7 mg/dL (normal <5.0 mg/dL), ferritin at 921
ng/mL (normal 12-300 ng/mL), LDH at 334 IU/L (normal 50-150 1U/
L), and creatinine phosphokinase (CPK) at 374 IU/L (normal 39-308
IU/L) were all elevated. Initial ECG showed normal sinus rhythm,
QTc 387 ms. CXR showed bilateral patchy pulmonary opacities. She
tested positive for SARS-CoV-2 and was started on hydroxychloro-
quine 200 mg twice per day and methylprednisolone 60 mg twice per
day.®

On day 4 of hospitalization, she developed sinus tachycardia
and shock requiring norepinephrine infusion. She had an acute rise in
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Figure 2 An ECG from Case 2. New ST elevations with PR depressions in the inferior leads and loss of early precordial R waves, with slight recip-

rocal ST segment depression in the high lateral lead aVL.
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Figure 3 Two views from a transthoracic echocardiograph from Case 3. Highlighted in (A) is the ballooning of the basal segment during systole,
with contrast to demarcate the epicardium. (B) Return of the apical segment during diastole.

hs-cTnl (650 ng/L), unchanged inflammatory markers (C-reactive
protein of 6.0 mg/dL, ferritin 922 ng/mL, LDH of 349 IU/L, and CPK
of 104 IU/L), and new early repolarization of lateral leads. TTE
revealed a new reduced EF (40%) and severe hypokinesis of the
basal-mid inferoseptal, inferior, anteroseptal, and anterior walls, sug-
gestive of reverse Takotsubo morphology (Figure 3). Central venous
oxygen saturation was decreased (55.5%), cardiac index (Cl) was 1.9
L/min/m?. Due to her illness severity, coronary angiography was
deferred, and she was empirically started on unfractionated heparin
infusion. Cl improved with pronation; thus, afterload reduction and
inotropy were withheld. Troponin levels normalized, with serial
ECGs demonstrating resolution of lateral lead changes, and her Cl
remained >2.5 L/min/mZ. Unfortunately, her respiratory status wors-
ened, leading to cardiopulmonary arrest and death.

Discussion

We present three cases with COVID-19 infection, each with unique
cardiac complications (Table 7). Emerging evidence suggests a predi-
lection of SARS-CoV-2 for the cardiovascular system, in some cases
as prevalent as respiratory involvement.”® Studies have demon-
strated use of the angiotensin-converting enzyme 2 (ACE2) protein
by SARS-CoV-2, and similarly other coronaviruses, for cell entry.”
ACE?2 serves as a lung protectant, explaining pulmonary involvement.
Moreover, ACE2 is involved in the renin—angiotensin—aldosterone
pathway, possibly explaining the increased prevalence of renal and
cardiac complications. An additional pathophysiological explanation
for the extent of cardiovascular involvement stems from the systemic
inflammatory effects driven by the virus, predominantly through
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Table |

Summary of all three cases

Prior to admission

Early hospital course

Labs

ECG

Cardiac imaging

Non-ischaemic cardiomyopathy and
hypertension who tested positive
COVID 1 week prior to presenting
with dyspnoea on exertion, orthop-
noea, and cough

Febrile, tachycardic, tachypnoeic

Lymphopenic, elevated troponin, normal
BNP. Pericardial fluid consistent with

viral aetiology

Normal sinus rhythm

Echo revealed large pericardial effusion
with signs of right ventricular dysfunc-

tion and apical hypokinesis

Type 2 diabetes and obesity presenting

with persistent fevers

Febrile, tachypnoeic, hypoxemic. Day 6
went into hypoxic cardiac arrest and

was intubated

Lymphopenic, acute troponin and D-
dimer elevation compared with nor-

mal on admission

New ST elevations with PR depressions
in the inferior leads and loss of early
precordial R waves, no reciprocal ST
depressions

Unable to obtain due to COVID-19 in-

fection and severity of illness

Aspirin 324 mg and low intensity heparin

infusion; azithromycin, hydroxychloro-

Obstructive sleep apnoea and hyperten-
sion presented with diarrhoea, myal-

gias, and dyspnoea

Febrile, hypoxoemic ultimately requiring
intubation. Day 4 tachycardic and in
shock with reduced cardiac index (1.9
L/min/m?)

Lymphopenic; elevated CRP, ferritin,
LDH, and CPK levels; acute troponin
elevation compared wuth normal on
admission

New early repolarization of lateral leads

Echo revealed new reduced ejection
fraction with basilar wall motion
hypokinesis

Paralysis and proning with improved

cardiac index; hydroxychloroquine,

Intervention Pericardiocentesis with pericardial drain.
Colchicine, hydrocortisone, and
hydroxychloroquine started

Outcome Recovered, follow-up echo showed

resolution of effusion and hypokinesis

quine, and methylprednisolone

Respiratory and renal failure progressed

and patient expired

methylprednisolone, low intensity
heparin infusion

Patient developed septic shock with
worsening respiratory failure and

expired

cytokine release and inflammatory cascade highlighted by serum bio-
marker elevation.®> Other highly pathogenic coronavirus strains have
shown correlative evidence to have cytokine storms leading to dele-
terious clinical manifestations. '

In the first case of this series, we witnessed elevation in infllmma-
tory markers and imaging consistent with pericarditis complicated by
pericardial effusion in the setting of COVID-19. Pericardiocentesis
fluid analysis was consistent with viral aetiology, and she was optimal-
ly managed with drainage and adjuvant hydrocortisone and colchi-
cine, as well as treatment of COVID-19 with hydroxychloroquine.
Approximately 80-90% of pericarditis cases are idiopathic or caused
by viruses, which can be further complicated by pericardial effusion."’
In the current COVID-19 pandemic, there have been two docu-
mented reports of pericardial effusions and one developing cardiac
tamponade.’ A review of 90 COVID-19 patients revealed one with
pericardial effusion.’ Further large-scale investigations into COVID-
19-induced pericarditis and the role of the cytokine storm are
needed to make definitive recommendations for treatment.

The increased stress from acute, severe illness can also lead to an
excess catecholamine release resulting in stress-induced cardiomy-
opathy. The catecholamine excess, along with the increased cat-
echolamine receptors located on the cardiac apex, typically results in
the stunting of the apical portion of the heart."* As witnessed in the

first and third case, we see troponin level elevations with wall motion
abnormalities consistent with stress cardiomyopathy. In our first
case, initial echocardiography with apical wall motion hypokinesis,
paired with improved troponin levels with no coronary intervention
and resolution of focal wall motion abnormalities on 3-week follow-
up TTE, is suggestive of Takotsubo cardiomyopathy in the setting of
COVID-19. Similarly demonstrated in Case 3, we saw acute troponin
elevation and basilar wall motion abnormalities on echocardiography.
Also similar to Case 1, the acute cardiac decompensation stabilized
without coronary intervention, highlighted by improvement in the Cl
and resolution of ECG changes, thus all together suggestive of re-
verse Takotsubo cardiomyopathy, a phenomenon ranging in preva-
lence from 1% to 25% of stress cardiomyopathies.™

Observational trends have shown severe cases of COVID-19
developing coagulopathies, as seen with abnormal D-dimer and in-
flammatory markers, raising the suspicion for microemboli or cyto-
kine storm that can potentially result in myocardial infarction.” The
second case was concerning for acute coronary syndrome secondary
to microemboli from a known hypercoagulable state. Given the de-
velopment of ventricular tachycardia, a new rise in troponin with cor-
responding ST elevation on ECG, and new D-dimer elevation,
suspicion for an acute myocardial infarction secondary to microem-
boli remains high on the differential. Given our patient’s underlying
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comorbidities of type 2 diabetes and obesity, underlying coronary ar-
tery disease cannot be ruled out; however, our patient was deemed
too unstable for cardiac catheterization. Furthermore, the patient
was scheduled to undergo TTE to assess for regional wall motion
abnormalities; however, he unfortunately succumbed to the disease
prior to obtaining echocardiogram.

We faced issues with limited resources during the time in which
we cared for these patients. There were external factors, such as the
national shortages of personal protective equipment, that prevented
us from conducting further studies, such as coronary angiography
and echocardiography. Coronary angiography would have assisted
with assessing the wall motion abnormalities seen in Cases 1 and 3;
however, we were able to confidently diagnose them with stress car-
diomyopathy as described above. Similarly, in Case 2, we were unable
to obtain a TTE to further characterize any cardiac wall motion
abnormalities, but he ultimately succumbed to respiratory failure.

Conclusion

Although COVID-19 has a predilection for causing respiratory illness,
there are a growing number of cardiac manifestations. This report
displays those complications, with a strong link to cytokine storm,
and the use of cardiac monitoring and imaging in managing such cases.
It also highlights the indirect effects the pandemic has had on timing
and utility of care. Gaining a better understanding regarding the sys-
temic effects of COVID-19 infection will lead to improved manage-
ment of such complications.
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