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Case report: Myocarditis with nonsustained ventricular tachycardia following COVID-19 mRNA vaccination in a female adolescent
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Children with underlying medical conditions potentially develop severe illness from Coronavirus disease 2019 (COVID-19). The use of vaccines against COVID-19 is currently recommended for the pediatric population. The COVID-19 vaccine has a temporal association with the occurrence of myocarditis. Although most patients with COVID-19 vaccination-associated myocarditis (C-VAM) exhibit a mild clinical course and rapid recovery, C-VAM potentially causes electrical instability and sudden cardiac death. Herein, we report the case of a 17-year-old woman who presented with chest pain and syncope following the first dose of the messenger RNA COVID-19 vaccine. The patient's heart function was impaired, and nonsustained ventricular tachycardia was frequent. Cardiac magnetic resonance (CMR) imaging satisfied the criteria for myocarditis. Despite the administration of immunomodulatory drugs, the patient's heart function was not fully restored, and the concentration of cardiac enzymes remained above the normal range. Persistence of late gadolinium enhancement was observed on short-term follow-up CMR imaging. Although most patients with C-VAM exhibit mild symptoms, significant cardiac arrhythmias potentially occur. Furthermore, some patients with C-VAM demonstrate prolonged impaired heart function and sustained late gadolinium enhancement on follow-up CMR imaging. Therefore, monitoring of electrical and functional cardiac abnormalities in patients with C-VAM is crucial and the long-term outcomes and prognosis of patients with C-VAM require further investigation.
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Introduction

Coronavirus disease 2019 (COVID-19) is a worldwide health problem, as it has reached pandemic level and caused multiple outbreaks globally. Although COVID-19 infection in children is typically asymptomatic or mild, it potentially progresses to severe illness in children with underlying medical conditions (1). Multisystem inflammatory syndrome in children, which is associated with high morbidity and mortality, can develop after COVID-19 infection (2). The use of vaccines against COVID-19 has increased among children and adolescents. Both the Pfizer-BioNTech BNT162b2 and Moderna mRNA-1273 vaccines have exhibited excellent efficacy and safety in the pediatric population (3, 4). The Centers for Disease Control and Prevention (CDC) recommended the use of the vaccine for adolescents aged ≥12 years on May 12, 2021, and for children aged 5–11 years on November 2, 2021 (5). The Korea Advisory Committee on Immunization Practices also recommended extending the use of the vaccine to persons aged ≥12 years on August 25, 2021.

Myocarditis and pericarditis are complications that potentially occur after COVID-19 vaccination (6–16). In most cases of COVID-19 vaccination-associated myocarditis (C-VAM) after BNT162b2 or mRNA-1273 vaccination, symptoms developed within a few days after the second vaccine dose, and the clinical course usually appeared mild with resolution of symptoms and signs within 1 week. However, fulminant myocarditis and sudden death after vaccination have also been reported (17, 18).

Herein, we describe the case of a 17-year-old woman with myocarditis after the first dose of the BNT162b2 vaccine. This patient, who presented with syncope and experienced several episodes of polymorphic nonsustained ventricular tachycardia, exhibited a chronic clinical course, which is an uncommon finding in other patients with C-VAM.



Case description

A previously healthy 17-year-old woman presented with syncope 7 days after her first BNT162b vaccine dose. The patient was obese, with a body mass index of 26.6 kg/m2 (above the 95 percentile for their age and sex). Two days after the vaccination, the patient started experiencing generalized malaise, headache, chest pain, and dyspnea on exertion. Three days later, the patient experienced palpitations, and the intensity of her chest pain increased. The patient visited the emergency department of our hospital. The patient's electrocardiogram exhibited low voltage in the limb leads, and her troponin I concentration was within the normal range (0.032 ng/ml; normal: 0–0.045 ng/ml). The patient's symptoms were improved slightly, resulting in her subsequent discharge. The next day, the patient lost consciousness for several minutes while sitting in a restaurant.

The patient's vital signs on arrival were as follows: blood pressure, 102/60 mmHg; heart rate, 92 beats/min; respiratory rate, 19 breaths/min; temperature, 37.7 °C; and oxygen saturation, 100%. Physical examination revealed no remarkable findings. Neither audible murmurs nor signs of congestion were observed. Laboratory blood tests revealed myocardial injury without systemic inflammation. The level of high-sensitivity cardiac troponin I was 0.072 ng/ml (normal: 0–0.045 ng/ml). The patient's white blood cell count was elevated (10,960/uL; normal: 4,000–10,000/ul), and eosinophilia was absent. The C-reactive protein concentration (<0.40 mg/dl; normal: 0–0.5 mg/dl) and erythrocyte sedimentation rate (17 mm/h; normal: 0–20 mm/h) were not elevated. The patient's nasopharyngeal polymerase chain reaction (PCR) test result was negative for COVID-19. PCR tests for other viruses using nasopharyngeal swabs, blood, and stool samples were negative. Although serum neutralizing antibody titers against adenovirus types 2 and 5 were 1:180 and 1:256, respectively, nasopharyngeal PCR tests were negative for adenovirus.

Electrocardiography revealed low voltage in the limb leads and premature ventricular contraction (Figure 1). There was no abnormal finding on the chest radiograph. Transthoracic echocardiography revealed left ventricular dilatation with a reduced ejection fraction of 45.1% (biplane Simpson's method). Ambulatory Holter monitoring exhibited repeated episodes of nonsustained polymorphic ventricular tachycardia. Cardiac magnetic resonance (CMR) imaging 2 days after presentation revealed global left ventricular dysfunction with an ejection fraction of 41%, marked hypokinesia, high T2 values in the apical to mid portion of the anterior wall, and diffuse multifocal patchy late gadolinium enhancement (LGE) (Figure 2).


[image: Figure 1]
FIGURE 1
(A) A 12-lead electrocardiogram reveals low QRS voltage in limb leads and isolated ventricular premature beat. (B) Ambulatory 24-hour Holter monitoring reveals several runs of nonsustained polymorphic ventricular tachycardia.
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FIGURE 2
Short-axis cardiac magnetic resonance imaging on days 2 (A,B) and 18 (C,D) after the patient's presentation. (A) High signal intensity in anterior wall of left ventricle on T2-weighted image. (B) Diffuse multifocal patchy late gadolinium enhancement (LGE). (C) Sustained high signal intensity in anterior wall of left ventricle on T2-weighted image. (D) Persistent multifocal patchy LGE.


The patient was admitted to the intensive care unit for the monitoring of hemodynamic and electrical instability and treated with 1 g/kg of intravenous immunoglobulin for two consecutive days as well as 2 mg/kg/day of intravenous methylprednisolone. Ibuprofen use was discontinued after severe myocardial inflammation was identified using CMR imaging. The patient was administered intravenous milrinone and furosemide for a brief period in consideration of the possibility of progressive deterioration of hemodynamic status. Therapy with an angiotensin-converting enzyme inhibitor and beta blocker was initiated after discontinuation of intravenous milrinone.

The troponin I concentration peaked 2 days after presentation (0.689 ng/ml); subsequently, it gradually declined and reached its nadir 9 days after presentation (0.153 ng/ml). Thereafter, it resumed its rising trend, and the patient was administered 1 g/kg of pulsed methylprednisolone therapy for three consecutive days, followed by a planned oral prednisolone taper. CMR imaging 18 days after presentation continued to demonstrate high T2 values in the apical to mid portion of the anterior wall and a slightly decreased extent of diffuse multifocal patchy LGE. A right ventricular endomyocardial biopsy was performed to exclude other etiologies of myocarditis, including giant cell myocarditis. Histological examination of the biopsy specimen revealed focal myocardial degeneration and interstitial edema without significant inflammatory cell infiltration. The patient was discharged 31 days after presentation due to the reduced burden of ventricular tachycardia, improved symptoms, and partial recovery of ventricular function.

Nine days later, the patient was re-hospitalized for Campylobacter colitis and treated with intravenous antibiotics, a stress dose of intravenous hydrocortisone, and an intravenous vasopressor during hospitalization. On follow-up 1 month later, a repeat echocardiography revealed left ventricular dilatation with a reduced ejection fraction of 49.1% (biplane Simpson's method), and the troponin I concentration remained above the normal range (0.137 ng/ml). Follow-up CMR imaging was scheduled two months after hospital discharge (Table 1).


TABLE 1 Timeline of case.
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Discussion

The patient in this report, who developed myocarditis after the first BNT162b vaccine dose, presented with syncope. Since her ventricular function was impaired, and nonsustained ventricular tachycardia was frequent, the patient required electrical and hemodynamic monitoring in the intensive care unit. The patient's cardiac function did not fully recover, with the persistence of elevated cardiac enzymes and residual LGE on CMR imaging.

A large proportion of patients with myocarditis have experienced cardiac arrhythmia at any stage of the disease. The most serious types of arrhythmias have been ventricular tachycardia and ventricular fibrillation. Ventricular arrhythmia has been associated with poor patient outcomes, including the use of mechanical circulatory support and death (19, 20). This arrhythmia potentially manifests as cardiopulmonary arrest and sudden cardiac death. Therefore, current guidelines recommend mandatory close monitoring of cardiovascular status (including heart rhythm) in the early phase in the management of patients with myocarditis (21, 22). Although no deaths have been attributed to arrhythmia in patients with C-VAM, some patients had nonsustained ventricular tachycardia (Table 2) (7–9, 15, 16). Moreover, a case of sudden cardiac death due to C-VAM have been reported (18). Therefore, electrical monitoring is crucial in the management of pediatric patients with C-VAM.


TABLE 2 Case series and retrospective studies of coronavirus disease 2019 vaccination-associated myocarditis and myopericarditis in children.
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Although endomyocardial biopsy (EMB) is the gold standard for the diagnosis of myocarditis, CMR imaging is currently adopted for the confirmation of myocarditis (21). The CMR imaging findings of the patient in this report satisfied the updated Lake Louise criteria, and the patient's condition was consistent with the CDC's definition of confirmed myocarditis. However, the EMB results did not reveal significant inflammatory cell infiltration. These findings possibly resulted from sampling errors associated with the focal distribution of inflammatory infiltrates. The sites of inflammatory infiltrates were sometimes inaccessible to the bioptomes. The false negative rates of EMB were 45% for the left ventricle and 37% for the right ventricle in 38 autopsied hearts with lymphocytic myocarditis (23). The sampling error also occurred due to difference between biopsy sites and involved regions on CMR imaging (24). The biopsy site was usually the right ventricle, while CMR imaging demonstrated predominant left ventricular involvement.

A few case reports and case series showed the histopathologic findings in C-VAM (18, 25–30). The marked inflammatory infiltrates with a predominance of T-cells and macrophages, occasionally admixed with eosinophils, B cells, and plasma cells, and multifocal cardiomyocyte damages were demonstrated in patients with C-VAM (27–30). The autopsied heart with sudden death after COVID-19 vaccination revealed diffuse inflammatory infiltrates predominantly composed of macrophages and neutrophils and the existence of contraction band necrosis (18, 26). However, similar to the findings of the patient in this report, the results of endomyocardial biopsy in patients with C-VAM occasionally demonstrated no inflammatory infiltrates or findings incompatible with classic histopathologic criteria of myocarditis (25, 30–32).

The heart function of the patient in this report was persistently impaired, and LGE was sustained on short-term follow-up CMR imaging. LGE was an independent predictor of mortality and major adverse cardiac events in adult patients with myocarditis (33, 34). The midwall septal pattern of LGE has been associated with late progressive deterioration of left ventricular function (35). Recent studies investigating changes in CMR imaging findings in patients with C-VAM have demonstrated sustained and decreased LGE on follow-up CMR imaging (13, 36, 37). Persistent LGE was observed in a considerable proportion of adult and pediatric patients with myocarditis on follow-up CMR imaging at 3–6 months, even after normalization of inflammatory and cardiac markers (38, 39). Although LGE without edema at 6-month follow-up CMR imaging was associated with a worse outcome in adult patients with acute myocarditis, the clinical significance of LGE and longitudinal changes in heart function in C-VAM require further investigation (40).



Conclusion

We described an adolescent woman with myocarditis after BNT162b2 mRNA vaccination, who exhibited frequent episodes of nonsustained ventricular tachycardia and persistent left ventricular dysfunction with sustained LGE. Monitoring the electrical and functional cardiac abnormalities in patients with C-VAM is crucial. Further studies focusing on the long-term outcomes and prognosis of patients with C-VAM are warranted.
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Time between symptom onset and last vaccine, d 2(0-22) 2515 2 (1-26) 2 (0-20) 3(2-9 3(1-6) 4 (1-39) 25(1-4) 2(2-9) 2(1-3) 2(2-23)
Chest pain, n (%) 138 (99) 63 (100) 32(97) 25 (100) 6 (100) 15 (100) 12 (100) 8 (100) 7 (100) 7 (100) 5 (100)
Fever, n (%) 43 (31) 28 (44) 9Q27) 6 (24) 6 (37.5) 10 (67) N/A 1(125) 501 (14.3) 4 (80)
Elevated troponin level, n (%) 139 (100) 63 (100) 32097 25 (100) 6 (100) 15 (100) 12 (100) 8 (100) 7 (100) 7 (100) 5 (100)
Reduced left ventricular ejection fraction, n (%) 26 (19) 9 (14) 0 2(8) 22 3(20) 3(25) 0 1(14) 0
Ventricular tachycardia, n (%) 7(5) 3(5) 0 3(12) N/A 1(7) 2(25) 0 o 0
Complete atrioventricular block, n (%) 1(1) 1(2) 0 0 N/A 0 0 0 0 0
Cardiac magnetic resonance, n 97 56 2 16 16 15 10 3 7 0 5
Late gadolinum enhancement, n (%) 74 (76) 49 (88) 18 (56) 15 (94) 15 (94) 12 (80) N/A 3 (100) 7 (100) 5 (100)
Hospital stay, d 2 (0-10) 3014 N/A 3(2-7) 2(1-4) 2(1-5) 4 (3-10) 56.5 (34-95) h 4(2-6) 5(3-6) 12 (10-16)
Intensive care unit admission, n (%) 26 (19) 27 (43) 0 0 0 0 1(8) 0 0 4 0
Inotropic/vasoactive support, n (%) 2() ] 0 0 0 0 N/A 0 0 0
Mechanical circulatory support, (%) 0 0 0 0 0 0 N/A 0 0 0 0
Intravenous immunoglobulin, n (%) 30 (22) 17 (27) 0 2(8) 3(19) 7(47) 1(8 1(13) 4(57) 0 0
Steroid, n (%) 30 (22) 15 (24) 0 1(4) 2(13) 7(47) 1(8) 2(25) 4(57) 0 0
Death 0 0 0 0 0 0 0 0 0 0 0

Data are presented as number (%), median {range), or mean + standard deviation

N/A: Not applicable.

“Two patients with definite pericarditis were excluded and two patients presented >14 days after vaccination were included.

“Three patients did not require hospitalization.

“This study only included patients with myocarditis following the second dose of the BNT162b2 vaccine.

“Three patients with pericarditis were excluded.
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