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1 | INTRODUCTION

The incidence of acute myocarditis with coronavirus disease 2019
(COVID-19) infection for all ages is still under investigation, with current
estimates being below two percent.> This report, detailing the successful
treatment course of an adolescent patient, may guide providers in future
identification and management of pediatric cases of COVID-19 induced
fulminant myocarditis using venous-arterial extracorporeal membrane
oxygenation (VA ECMO).

A recent publication by the Center of Disease Control (CDC) utilizing
a database of over 900 hospitals reported 16 times higher risk of acute
myocarditis for those who were infected with COVID-19 compared with
those who are not.” This risk was found to be 37 times higher in children
less than 16 years old, suggesting that COVID-19 is a strong and sig-
nificant risk factor for myocarditis, with the risk varying by age group.®

Patients with acute myocarditis from COVID-19 infection can
present initially with nonspecific symptoms such as fever,

shortness of breath, or chest pain, making the diagnosis difficult
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Emerging data suggest an association between severe acute respiratory syndrome
coronavirus 2 and the development of acute myocarditis, with children and older
adults being most at risk. We describe the clinical course of a previously healthy
12-year-old female who rapidly deteriorated into cardiogenic shock and arrest due
to coronavirus disease 2019 induced fulminant myocarditis, necessitating venous-
arterial extracorporeal membrane oxygenation as a bridge to full recovery. This case
highlights the importance of early clinical recognition of myocardial involvement, and

the benefits of taking a multidisciplinary approach in treating these patients.
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to recognize within the early stages of the disease.’ ® Fulminant
myocarditis, defined as heart failure within two to three weeks of
contracting the virus, may also be a primary presentation of
COVID-19 infection.” In some instances, patients may exhibit
features that highly resemble septic shock, creating yet another
diagnostic challenge.” The two main pathophysiological me-
chanisms thought to be behind COVID-19 acute myocarditis in-
clude an intrinsic process commenced when the virus binds
receptors in the myocardium and a hyperimmune response
characterized by a cytokine storm.”®

There is an overall paucity of literature detailing the man-
COVID-19 with VA

ECMO.%*%7712 This number is even more finite when looking for
12

agement of fulminant myocarditis

data in the pediatric population.”© We present the clinical
course of a previously healthy, nonvaccinated adolescent
female who rapidly developed fulminant myocarditis linked to
COVID-19 infection, treated with VA ECMO as a bridge to full

recovery.
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2 | CASE PRESENTATION

Informed consent was obtained from the patient and their guardian
for this case report. The patient is a 12-year-old previously healthy
female who presented to the emergency department with two days
of headache, neck pain, nausea, diarrhea, and overall lethargy. Upon
examination, she was found to be febrile, tachycardic, and hypoten-
sive, leading providers to administer 20 ml/kg bolus of 0.9% normal
saline. Following this administration of saline, the patient experienced
oxygen desaturations into the high 80's and low 90's.

Labs were remarkable for elevated aspartate aminotransferase
(371 U/L), C-reactive protein (1.6 mg/dL), and troponin (59.6 ng/ml).
Chest X-ray (CXR) revealed pulmonary edema and a normal cardiac
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silhouette (Figure 1A). Electrocardiogram (ECG) was significant for
ST-segment elevations in the inferior leads, Il, lll, and AVF
(Figure 1B). Images from a transthoracic echocardiogram (TTE) de-
monstrated reduced left ventricular systolic function with normal
right ventricular dimensions and systolic function. These constella-
tions were highly suspicious for acute myocarditis, which led to pa-
tient admission into the cardiac intensive care unit (CICU) for further
management. At this time, the patient's care team decided that she
would benefit from VA ECMO as temporary mechanical circulatory
support.

Following admission, central and peripheral access lines were
placed, with subsequent development of hypotension necessitating
an epinephrine infusion. This infusion triggered a run of premature
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FIGURE 1

(A) and (B). (A) CXR on admission showed pulmonary edema with a normal-sized cardiac silhouette. (B) ECG on admission

significant for ST-segment elevations in the inferior leads, I, lll, and AVF. CXR, chest X-ray; ECG, electrocardiogram
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FIGURE 2 Cardiac catheterization demonstrating balloon atrial
septostomy

ventricular contractions (PVC's) that ultimately led to sustained

ventricular tachycardia and cardiac arrest. Extracorporeal
cardiopulmonary resuscitation (ECPR) was then initiated. Femoral
cannulation was performed at the bedside, using the Seldinger
technique. The femoral artery and vein were cannulated using a 15 Fr
and 19Fr. The flow was established at 2.5 L/min, resulting in a mean
arterial pressure (MAP) greater than 65 mmHg. Nipride was initiated
to manipulate systolic vascular resistance (SVR) and support forward
flow (Figure 2).

Once the patient stabilized, the decision was made to proceed to
the operating room and change the femoral cannulation site to the
carotid and internal jugular vessels of the neck. A 5mm Gore-Tex
conduit was anastomosed to the right carotid artery and tunnel
subcutaneously. The arterial cannula was advanced through the
conduit and secured to the skin using multiple silk ties and several
3-0 Prolene. Utilizing the Seldinger technique, the jugular cannula
was inserted into the jugular vein two centimeters superior to the
surgical incision. Transesophageal echocardiogram (TEE) confirmed
adequate placement of the cannulas, although it identified low bi-
ventricular contractility and lack of aortic valve opening concerning
for left atrial hypertension.

The patient was then taken to the cath lab to perform an atrial
septostomy. An 8 Fr transseptal sheath was advanced into the in-
nominate vein, followed by the advancement of a transseptal needle.
Under imaging guidance, the transseptal needle and sheath were
then advanced to the left atrium (Figure 2). Cutting balloon was
positioned across the septum, inflated to 6 atm x2 then to 10 atm.

The balloon was removed, and the atrial septal defect was assessed.

FIGURE 3 Biopsy of the ventricles showing acute myocarditis
without signs of viral infection; 100X magnification (top) and
200X magnification (bottom)

Biopsies of the ventricles were taken at this time to confirm the initial
diagnosis.

Pathology reports of the myocardial tissue revealed severe
myocarditis without signs of viral infection (Figure 3). Two-color
immunohistochemistry of CD3 and CD20 markers revealed a severe,
diffuse accumulation of CD3 positive T-cells throughout the inter-
stitium with no significant number of CD20 positive B-cells (Figure 4).
Initial infectious labs indicated elevated COVID-19 antibodies
(369 U/ml) and total IgG (3.4 U/ml). Adenovirus, CMV, and EBV
serum polymerase chain reactions (PCRs) were all negative.

The patient was then started on empiric vancomycin and cefe-
pime, with methylprednisone 2 mg/kg once daily for 2 days, followed
by 1 g daily for 3 days. TTE conducted in recovery from the operating
room and catheter lab showed minimal wall motion, with an ejection
fraction (EF) at 11%. The aortic valve demonstrated normal motion,
indicating effectiveness of the atrial septal shunt. Her V-A ECMO
flows at this point to maintain hemodynamic stability were at
2.7 L/min. CXR still showed pulmonary edema, but otherwise, the
patient clinically improved.

On days three and four after admission, the patient remained
under resting ventilator settings with appropriate gas exchange and
pulmonary mechanics. Kidney function was preserved, and the liver
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FIGURE 4 Two-color immunohistochemistry to CD3/CD20
shows a severe, diffuse accumulation of CD3 positive T-cells
throughout the interstitium with no significant number of
CD20 positive B-cells

function tests were continuing to trend down. The plan was to start
weaning off ECMO slowly while increasing milrinone and adding back
epinephrine to improve native cardiac output. By days five and six,
TTE was displaying improvement in her left ventricle systolic func-
tion. On Day 7, the patient was tolerating low flows of ECMO
without any significant clinical change. When the ECMO cannula was
clamped for a trial, while increasing the dose of epinephrine, her left
ventricular systolic function improved slightly from 22% to 33%. The
patient was then successfully weaned off ECMO.

Day 7 after decannulation from ECMO, the patient displayed
remarkable improvement. She had stable cardiac and pulmonary
function maintained on carvedilol and enalapril, with therapeutic
anticoagulation with lovenox for a right femoral vein deep venous
thrombus. With offers of inpatient rehabilitation along with physical
and occupational therapy, the patient was ambulatory and spending
more time out of bed.

3 | DISCUSSION

To the best of our knowledge, this is the first report of COVID-19
induced acute fulminant myocarditis presenting as early cardiogenic
shock in a 12-year-old female, successfully treated with VA ECMO as
a bridge to full recovery. Our hospital serves as one of the main
ECMO referral centers in southern Florida, allowing us to have the
capability and resources to offer heroic interventions such as the one
presented in this case.

Although the exact mechanisms behind acute myocarditis due to
COVID-19 are still under investigation, infection is reported to be
both a strong and significant risk factor in the development of
myocarditis.> Among all persons with a diagnosis of acute myocarditis
linked to COVID-19, it is likely that a handful represents cases of
multisystem inflammatory syndrome (MIS), particularly in children
less than 16 years of age.'>'* Since the implementation of the mRNA

COVID-19 vaccines in December of 2020, studies report an elevated
risk of myocarditis among vaccine recipients, predominantly in males
aged 12-29 years.’>® However, the COVID-19 infection itself is
found to pose a greater risk for myocarditis, with the benefits of
vaccination deemed to outweigh this possible risk."**¢

Experts currently believe the pathophysiology behind COVID-19
induced acute myocarditis is likely similar to that of other viruses.>*”
The proposed mechanisms of direct myocardial injury inflicted by
COVID-19 include (i) acute myocarditis defined by an amplified
lymphocytic immune response (as observed in our case) and (ii) direct
viral damage putatively mediated by activated macrophages.’®*? The
acute presentation observed in this case report highly suggests a
mechanism of direct viral injury to the myocardium, triggering an
exaggerated innate immune response.

A diagnosis of cardiogenic shock carries a high risk of mortality,
especially without definitive intervention.”® The specific role of
ECMO support for patients with cardiopulmonary failure due to
COVID-19 infection is continuously evolving.? Our case serves as an
example of early initiation of VA ECMO for cardiogenic shock in a
COVID-19 patient. We believe that this rapid initiation of mechanical
circulatory support played a significant role in the survival of our
patients. Although outcome data for patients on VA ECMO for
COVID-19 related complications is limited, the literature indicates
survival until hospital discharge for VA ECMO patients is generally
between 40% and 45%. Risk factors such as younger age, lower BMI,
and reversible diagnoses such as acute myocarditis have better-
reported outcomes.”®? The decision to implement VA ECMO in a
patient with fulminant myocarditis linked to COVID-19 should be
made using a multidisciplinary approach on a case-by-case basis, with
the careful balance of resource allocations.

The complexities of COVID-19 infection are continuously evol-
ving with time. Now that adolescents are returning to school and
resuming extracurricular activities, it is important to recognize the
shortage of available data on COVID-19 acute myocarditis in the
pediatric population. Our hope is that this report, detailing the suc-
cessful treatment course of an adolescent patient, may guide provi-
ders in future identification and management of pediatric COVID-19

induced fulminant myocarditis using VA ECMO.
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