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A B S T R A C T   

Immune-mediated myocardial injury following Severe Acute Respiratory Syndrome Coronavirys-2 (SARS-CoV2) 
infection has been described in adults and children. Cases of myocarditis following immunization for SARS-CoV2 
have recently been documented, mostly associated with mild severity and spontaneous recovery. We herein 
report two cases of fulminant myocarditis following BNT162b2 mRNA Covid-19 vaccination associated with 
systemic hyperinflammatory syndrome and refractory shock requiring support with veno-arterial extracorporeal 
membrane oxygenation.   

Immune-mediated myocardial injury following Severe Acute Respi
ratory Syndrome Coronavirus-2 (SARS-CoV2) infection has been 
described in adults and children [1,2]. Cases of myocarditis following 
immunization for SARS-CoV2 have recently been documented [3–8]. 
We herein report two cases of fulminant myocarditis following 
BNT162b2 mRNA Covid-19 vaccination the show unique features of 
systemic hyperinflammation, already described in young males affected 
by Covid-19 [9]. The cases were reported to the Vaccine Adverse Event 
Reporting System of the Food & Drug Administration of the United 
States of America. Informed consent was provided by the next of kin. 

A 27-year-old male with trisomy 21 complicated by speech impair
ment without history of cardiovascular disease presented in cardiogenic 
shock 2 days after his second vaccine dose. He had received the first dose 
without adverse effects. Approximately 36 h after the second dose, he 
developed nausea and vomiting. He presented to another hospital in 
shock (blood pressure 77/54 mmHg and heart rate 133/min) and found 
to have diffuse ST segment elevation in electrocardiogram (Fig. 1). 
Cardiac catheterization showed no coronary obstructions. Initially, 
creatine kinase myocardial band level (CK-MB) was 252 ng/mL (normal 
value [NV] < 5). Transthoracic echocardiogram showed severe left 
ventricular systolic dysfunction (LVEF 20%) and a small circumferential 

pericardial effusion without tamponade. A diagnosis of presumed 
fulminant pericarditis was made and methylprednisolone 1000 mg and 
human immunoglobulin (IVIG) 60 g were given. The course was 
complicated by hemodynamically unstable ventricular tachycardia re
fractory to electrical cardioversion followed by pulseless electrical ac
tivity. He was resuscitated with veno-arterial extracorporeal mechanical 
oxygenation (VA-ECMO). After return of circulation, he was supported 
by multiple vasopressors, mechanical ventilation, and renal replacement 
therapy (RRT). Despite these interventions, multiorgan failure and re
fractory shock persisted. Lactic acid increased from 6 to 28 mmol/L (NV 
<2), D-dimer increased from 4.21 to >20 μg/mL (critically high >5.0), 
INR increased from 2.0 to 10.0, and fibrinogen dropped to 100 mg/dL. 
C-reactive protein (CRP) and ferritin were highly elevated on admission 
at 13.1 mg/dL (NV <0.5) and 23,000 ng/mL, respectively, leading to a 
decision to administer anakinra (Kineret®). Interleukin-6 level eventu
ally came back highly elevated at 333 pg/mL (NV <13). Thrombocy
topenia developed progressively from 223 × 109/L to 21 × 109/L, while 
hemoglobin decreased from 11.5 to 8.7 g/dL. The patient demonstrated 
acute liver injury (ALI) with alanine transferase (ALT) and aspartate 
transferase (AST) at 7995 and 9003 u/L. Polymerase chain reaction 
(PCR) for SARS-CoV2 and other common respiratory viruses more 
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frequently associated with myocarditis was negative. SARS-CoV2 spike 
protein IgG antibody was positive (62.8 arbitrary units/ml [NV <15.0]), 
and anti-nucleocapsid IgG was negative, consistent with immunization 
status. Approximately 21 h after admission, patient died due to recurrent 
cardiac arrest and refractory shock. Family declined request for autopsy. 

A 34-year-old female without prior medical history presented 9 days 
after her first vaccine dose. On day 4 after vaccine, she developed fevers, 
cough, chest pain, nausea, and vomiting. She presented to another 
institution with hypotension and sinus tachycardia, an echocardiogram 
showed severely reduced LVEF of 15%. Cardiac catheterization showed 
no obstructive coronary artery disease. She was transferred for initiation 
of VA-ECMO. On admission, she was in severe shock requiring multiple 
vasopressors. CRP, ferritin and CK-MB were elevated at 5.6 mg/dL, 
>30,000 ng/mL, and 42.4 ng/mL, respectively. VA-ECMO and RRT were 
initiated. Treatment was initiated with methylprednisolone 1000 mg 
daily and continued for 3 days followed by a slow taper over, with IVIG 
30 mg daily for 4 days, and anakinra 100 mg daily. Lactic acid 13 mmol/ 
L on admission normalized within 24 h of ECMO onset, INR improved 

from 4 to 1.7. Interleukin-6 level was mildly elevated at 17 pg/mL and 
interleukin-2 soluble receptor alpha was 1067 U/mL (NV <710). 
Thrombocytopenia was noted at 106 × 109/L which persisted for several 
days. ALI was noted with ALT and AST at 14,477 and 6086 u/L which 
steadily improved thereafter. PCR for SARS-CoV2 and other common 
respiratory viruses was negative. SARS-CoV2 spike protein IgG antibody 
was positive (64 arbitrary units/ml), and IgG anti-nucleocapsid was 
negative, consistent with immunization due to vaccine without prior 
infection. Vasopressors were weaned off, LVEF was documented at 50% 
by transthoracic echocardiography, VA-ECMO was discontinued. She 
was treated with prednisone 1 mg/kg and anakinra with prednisone 
tapered first (by reducing 0.1 mg every week) and tapering anakinra 
planned after prednisone is discontinued. An endomyocardial biopsy 
performed on day 13 of hospital admission, after recovery of cardiac 
function and near resolution of the systemic hyperinflammation, 
showed cardiomyocytes with minute foci of cytoplasmic vacuolization 
and rare interstitial lymphocytic infiltrate, which is consistent with 
healing myocarditis, but did not meet conventional diagnostic criteria 
for acute myocarditis. A cardiac catheterization at the same time showed 
preservation of cardiac output and normal filling pressures. A cardiac 
magnetic resonance, performed 45 days after the initial presentation, 
showed LVEF of 35%, diffuse elevation of native T1 values, small peri
cardial effusion with enhancement of the pericardium anterior and 
anterolaterally and small patchy areas of enhancement following 
delayed imaging after gadolinium in the mid-wall of the anterior wall, 
consistent with myopericarditis. Genetic testing for 121 genes (Invitae, 
San Francisco, CA, USA) showed no variants associated with genetic 
disorders. Guideline-directed heart failure treatment was also initiated. 
She was discharged from the hospital after 73 days. 

In summary, both cases presented features of fulminant myocarditis 
with a temporal association with the BNT162b2 mRNA Covid-19 
vaccination, in absence of other apparent causes, and with unique fea
tures of systemic hyperinflammation associated with refractory shock. 

Several reports in the past months had suggested a possible associ
ation between the BNT162b2 mRNA Covid-19 and myocarditis [3–8], 
and the Center for the Disease Control (CDC) in the United States of 
America has now acknowledged an increased risk of myocarditis, 
especially in young adults [10]. An excess in number of cases after the 
second injection, as compared with the first injection, in young adults 
has been noted [10]. The severity of the cases reported so far have been, 
for the most part, rather mild [8,10]. The CDC report of 12 July 2021 
identified 633 reports of myocarditis and pericarditis with a very small 
number being critical requiring intensive care [10]. 

The CDC report also recommends that despite a higher risk of vaccine 
associated myocarditis, Covid-19 vaccination appears to be overall 
associated with significantly less adverse outcomes than Covid-19 
infection among all age groups [10]. The rapid presentation of the two 
cases presented herein and the evolution into multiorgan failure and 
refractory shock are therefore highly unusual and reflects the fact the 
fulminant myocarditis can present as part of a systemic hyper
inflammatory syndrome, as seen in patients with Covid-19 [9], and it is 
associated with grave prognosis and death. These cases identify the need 
for awareness of a potential, albeit extremely rare, link of BNT162b2 
mRNA Covid-19 vaccination associated with fulminant myocarditis as 
part of a severe systemic hyperinflammatory syndrome, requiring me
chanical cardiac support and, most importantly, immunosuppressive 
therapy. The degree of the inflammatory biomarkers and multiorgan 
dysfunction seen in the two cases described, as in some patients with 
Covid-19, is indeed out of proportion to with hemodynamic failure and 
shock and it is not rapidly resolved by cardiac mechanical support, 
reflecting a significant degree of vasoplegia. The optimal immunosup
pressive treatment for systemic hyperinflammation associated with 
fulminant myocarditis is unknown [11]. We chose a combination of high 
dose methylprednisolone, IVIG and anakinra (Table 1) as a strategy used 
across a variety of immunologic and rheumatologic diseases character
ized with inappropriate macrophage activation. 

Fig. 1. Electrocardiogram (ECG) of two patients with fulminant myocarditis 
and hyperinflammatory syndrome: (A) The ECG of patient #1 shows diffuse ST 
segment elevations in a ‘shark fin’ pattern that is classically associated with 
unfavorable prognosis. (B) The ECG of patient #2 shows sinus tachycardia and 
non-specific abnormalities of the repolarization. 
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Table 1 
Key biomarkers at admission and immunomodulating therapy.   

Patient #1 Patient #2 

Presentation   

Symptoms Nausea and 
vomiting 

Fever, cough, chest pain, nausea 
and vomiting 

Vaccine type 
BNT162b2 mRNA 
Covid-19 BNT162b2 mRNA Covid-19 

Timing 
2 days after 2nd 
dose 

9 days after 1st dose 

Hemodynamics Hypotension and 
tachycardia 

Hypotension and tachycardia 

ECG ST segment 
elevation 

Non-specific changes 

Echocardiogram LVEF 20% LVEF 15% 
Biomarkers   

CRP 13.1 mg/dl 5.6 mg/dl 
Interleukin-6 333 pg/ml 17.2 pg/ml [12 h after therapy] 
Ferritin 23,000 ng/ml >30,000 ng/ml 
INR 2.0 4.5 
D-dimer 4.21 μg/ml >20 μg/ml 
Lactic acid 6 mmol/l 13 mmol/l 
CK-MB 252 ng/ml 42 ng/ml 
SARS-CoV2 spike 
IgG 62.8 a.u./ml 64 a.u./ml 

SARS-CoV2 NC IgG negative negative 
Immunosuppressive Therapy 

Methylprednisolone 1000 mg 
1000 mg daily for 3 days, followed 
by a slow prednisone taper over 
several weeks 

Immunoglobulins 60 mg 30 mg daily for 4 days 
Anakinra 100 mg (2 doses) 100 mg daily 

Outcome    

Deceased 21 h 
after admission 

Recovering, minimal symptoms, 
LVEF 35%, delayed enhancement 
after gadolinium at cardiac 
magnetic resonance; discharged 
from the hospital after 73 days 

Abbreviations: a.u. = arbitrary units; CRP=C reactive protein; CK-MB = creatine 
kinase myocardial band; IgG = Immunoglobulin G; INR = International 
normalized ratio; SARS-CoV2 = Severe Acute Respiratory Distress Syndrome 
Coronavirus-2. 
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