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Introduction
Since COVID-19 emerged, many studies have reported cardiac 
complications of COVID-19 disease. These complications 
include Myocardial infarction, thrombotic events, Arrhythmias, 
Heart failure, and Myocarditis.1-3 A sizable portion of cardiac 
complications seems to be Myocarditis.4-7

Myocarditis is a potential life threatening adverse event of 
both COVID-19 infection and vaccine.7-10 The overall inci-
dence of Myocarditis due to COVID-19 infection is unclear, 
but it is estimated to range from 0.004% to 0.04% among dif-
ferent groups11,12; however, Myocarditis in hospitalized patients 
was reported more frequent in previous studies (0.1%-1%).13-15 
The most common reported symptoms of COVID-19 associ-
ated Myocarditis were chest pain, dyspnea, palpitation, fever, 
nausea, vomiting, and syncope.1,16,17 The diagnosis of COVID-
19-related myocarditis is based on clinical presentation, physi-
cal examination, elevated cardiac enzymes, and the use of 
imaging modalities such as echocardiography and cardiac 
MRI.4 The cardiac biopsy is the myocarditis gold standard 
diagnostic tool, but it is used infrequently.18-20 According to 
the potential progression of acute Myocarditis to cardiogenic 
shock, malignant arrhythmias, chronic heart failure, myocardial 

fibrosis, and even death, timely diagnosis and treatment is 
crucial.21,22 Myocarditis can increase mortality in patients with 
COVID-19 disease, The overall mortality rate of COVID-19 
related myocarditis is estimated to be between 13%and 19%,1,23 
and it has a worse prognosis than myocarditis caused by 
COVID-19 vaccination. The incidence of SARS-COV-2 car-
diac complications, including Myocarditis, decreased signifi-
cantly in vaccinated groups. According to a recent study, 
compared to the non-vaccinated population, the risk of myo-
carditis is reduced in half if someone experiences COVID-19 
disease after receiving at least 1 dose of the COVID-19 
vaccine.24,25 We present a case of acute fulminant Myocarditis 
in a fully-vaccinated female after get infected with COVID-19 
disease.

Case Presentation
A 29-year-old female was presented to the emergency depart-
ment with chest pain and nausea. Her symptoms began 
suddenly 3 days before the presentation. She complained of 
retrosternal chest pain that radiated to her left arm and 
shoulder. The pain was not positional or pleuritic and not 
related to her physical activity. She also complained of the 
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flu-like syndrome, including mild fever, rhinitis, and myalgia, 
accompanied by mild dyspnea and diaphoresis 1 day before her 
chest pain began, but she denied having any cough. She was 
vaccinated with 2 doses of the BIBP (Sinopharm) vaccine, and 
her last injection was 3 months before the onset of her symp-
toms. She had a history of hypothyroidism, using levothyroxine 
for her condition, but no other history of cardiovascular or 
metabolic disease. She had no risk factor for coronary artery 
disease. The intensity of her pain increased gradually from the 
onset of the symptoms; thus, she decided to consult with her 
primary physician. Her primary physician ordered an ECG 
due to her acute-onset chest pain. Her electrocardiogram 
showed ST-segment elevation in the anterolateral leads 
with reciprocal ST-depression changes in the inferior leads. 
(Figure 1) then she was referred to our tertiary heart center for 
further evaluation. Upon her arrival at the emergency depart-
ment, her vital sign was stable. Her blood pressure was 
120/70 mmHg, pulse rate was 80 beats/minute, respiratory rate 
was 18 breaths/minute, body Temperature was 36.8°C, and 
SPo2 was 96% without supplemental oxygen. On physical 
examination, she was conscious and oriented, no cardiac mur-
mur was heard, lung examination was normal, and other exam-
inations were unremarkable. She was transferred to the Cath 
lab with the initial diagnosis of ST-segment elevation myocar-
dial infarction caused by suspected spontaneous coronary artery 
dissection (SCAD) according to her age and gender. She was 
started on nitrate, beta-blocker, ondansetron, statin, dual anti-
platelet agents including aspirin and clopidogrel and morphine 
sulfate; then, she was undergone coronary angiography (CAG).

There was no evidence of coronary artery obstruction or 
stenosis in her angiogram (Figure 3). Her chest pain continued, 

despite the administration of pain relief agents and normal 
coronary angiogram; therefore she was admitted to CCU for 
additional evaluation and observation. She continued to receive 
nitrates for her chest pain and ondansetron for her nausea, but 
other medications were discontinued. Her initial laboratory 
tests revealed a normal complete blood count and kidney func-
tion but an elevation of cardiac troponin I and creatine kinase-
MB (85 U/L, normal <28 U/L) (Table 1).

A bedside echocardiogram was performed, which revealed a 
left ventricular ejection fraction (LVEF) of 45% and Antero-
apical hypokinesia without valvular or pericardial abnormalities. 
During her second day of hospital admission, her blood pres-
sure suddenly dropped to 88/53 mmHg, and oxygen saturation 
fell to 87%, requiring inotrope and supplemental oxygen to 
maintain blood pressure and oxygen saturation, respectively. 
Her dyspnea worsened, and her body temperature rose to 
38.6°C. Nitrate was discontinued according to her reduced 
blood pressure. Her ECG showed sinus tachycardia with prom-
inent ST-segment elevation in anterolateral leads and new right 
bundle branch block (RBBB). (Figure 2) Second echocardiog-
raphy was performed; Her LVEF dropped to 15% with global 
hypokinesia, especially in the anterior circulation, and signifi-
cant LV enlargement. (Table 3) She was suspected of missed or 
new myocardial infarction complicated with cardiogenic shock, 
so she was transferred to the Cath-lab and underwent her sec-
ond CAG. Similar to her previous coronary angiogram, there 
were no signs of obstruction or stenosis, and also there was no 
angiographic evidence of SCAD. (Figure 3) According to the 
CDC definition of probable acute myocarditis, she was clini-
cally diagnosed with possible acute myocarditis and was sched-
uled to receive IVIG, colchicine, and corticosteroid.

Figure 1. Initial electrocardiogram showed ST-segment elevation in the lateral limb leads (I and aVL). Note the reciprocal ST-segment depression change 

in inferior leads.
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Because of her flu-like symptoms at the time of the 
COVID-19 pandemic, a nasopharyngeal swab was obtained 
and tested for SARS-COV-2 virus using the RT-PCR method 
on the third day of her admission; the result was positive. Viral 
serology and autoantibody screening tests were performed, and 
they were all negative. The spiral chest CT scan revealed bilat-
eral pleural effusion, pericardial congestion, significant cardio-
megaly, and peripheral/hilar ground glass opacity, indicating 
possible COVID-19 lung involvement (Figure 4); therefore 
pulmonology consultation was requested, and then she was 

started on antiviral agent remdesivir and was continued to 
receive corticosteroid. The following day the patient’s condi-
tion continued to deteriorate and her skin became icteric; her 
liver function test showed abnormal AST, ALT, and bilirubin 
due to possible congestive hepatitis; therefore, her remdesivir 
was discontinued. She was transferred to the intensive care 
unit. During the ICU admission her condition gradually 
improved, her blood pressure back into normal ranges without 
inotropes, the elevated hepatic and cardiac blood test gradually 
reduced, and her LVEF increased to 35% on following days. 

Table 1. Key laboratory values.

VARIAbLES REFERENCE 
RANgE

VALUES oN 
ADMISSIoN

HoSPITAL  
DAy 4

HoSPITAL 
DAy 7

DISCHARgE 
LAb TESTS

WbC (thousand/mm3) 4-11 7.6 11.2 (H) - -

Hb (g/dl) 12-16 12.6 11.8 (L) - -

RbC (million/mm3) 4-6.5 4.8 4.45 - -

Platelet count (thousand/mm3) 140-440 224 257  

Serum creatinine (mg/dl) 0.5-1.5 0.8 1.1 0.9 0.8

Serum urea (mg/dl) 10-50 33 42 36 36

Serum sodium (mEq/L) 136-145 136 128 (L) 129 (L) 133 (L)

Serum potassium (mEq/L) 3.3-5.5 3.7 4.4 3 (L) 3.7

Troponin I (Qualitative) (ng/mL) Negative Positive - - Negative

Creatine kinase (U/L) 24-195 874 (H) - - -

CPK-Mb (U/L) 0-28 85 (H) - - -

C-reactive protein (mg/L) 0-5 13 (H) 31.6 (H) - <5 (Negative)

HIV-Ab (1,2) ELISA Negative - - -

HbsAg Qualitative Negative  

Anti-HCV antibody Qualitative Negative  

Anti-ds-DNA (U/ml) <12 - 0.5 (L) - -

ANA (U/ml) ⩽0.8 - 0.2 0.8 -

RF (Qualitative) Negative - Negative - -

P-ANCA (U/mL) ⩽12 - 3.1 (L) - -

Lactate dehydrogenase (LDH) (U/L) <480 - 1661 (H) - -

Aspartate transaminase (AST) (U/L) 5-40 - 242 (H) 74 (H) 62 (H)

Alanine transaminase (ALT) (U/L) 5-40 - 250 (H) 261 (H) 177 (H)

Alkaline phosphatase (ALP) (IU/L) 64-306 - 167 272 230

SARS-Coronavirus 2 RNA - RT PCR Negative - Positive (day 3) - Negative

TSH (micro IU/ml) 0.35-5.3 - 0.8 - -

Free T4 (ng/dl) 0.6-2.1 - 0.9 - -

Abbreviations: ANA, anti-nuclear antibody; Anti-ds-DNA, anti-double stranded DNA; CPK-Mb, creatine phosphokinase-Mb; H, high; Hb, hemoglobin; HbsAg, hepatitis 
b surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; L, low; P-ANCA, P-antineutrophil cytoplasmic antibodies; RbC, red blood cells; RF, 
reumatoid factor; TSH, thyroid-stimulating hormone.
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Figure 2. Second electrocardiogram showed prominent ST-elevation in anterior leads and new right bundle branch block (Rbbb).

Figure 3. Initial (left) and second (right) coronary angiography revealed no sign of stenosis or obstruction.

Figure 4. Spiral chest CT scan revealed bilateral pleural effusion, 

significant cardiomegaly, and interlobular septal thickening, which indicates 

cardiogenic pulmonary edema. The presence of peripheral/hilar ground 

glass opacity and reversed halo sign indicates CoVID-19 lung involvement.

and captopril 12.5 mg 3 times a day after 11 days of hospitali-
zation. She was recommended for exercise restriction for 
6 months.

6 days after her discharge a cardiac magnetic resonance 
imaging (CMR) was performed. LVEF was 41.6%, and severe 
hypokinesia was noted in the mid to apical anterior, inferolat-
eral, and anterolateral walls of the left ventricle. Left ventricu-
lar hypertrophy (LVH) was not reported. The right ventricular 
ejection fraction was 55%, and there was no evidence of 
regional wall motion abnormalities or systolic dysfunction in 
the right ventricle. There was also no sign of edema on T2 
STIR weighted imaging, but T2 mapping showed prolonga-
tion of T2 relaxation time in multiple segments of the left ven-
tricle, which may be considered diffuse inflammation/edema 
(Table 2).

Abnormal T1 relaxation time and increased extracellular 
volume (ECV) were observed in the left ventricle’s interven-
tricular septum and lateral wall, which indicates scar/necrosis 
in these segments.

She was discharged with oral prednisolone taper (50 mg once 
daily for 2 weeks, then 25 mg once daily for 1 week and 5 mg 
twice daily for 2 weeks), colchicine 1 mg once daily for 3 months 
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Mid-wall delayed enhancement was seen in the infer-
oseptal wall of the left ventricle, and subepicardial delayed 
enhancement was seen in the anterior and lateral wall of the 
left ventricle. (Figures 5 and 6)

On her 4-month follow-up, her general condition was 
favorable, she complained of fatigue and intermittent mild 

non-typical chest pain but no symptoms similar to admission 
time. Her ECG pattern was regular, and her echocardiography 
revealed normal LV size and mild LV systolic dysfunction (EF: 
45%). Her biventricular function improved significantly; there 
was no valvular abnormality except for persistent mild to mod-
erate mitral regurgitation. (Table 3) She was scheduled for a 
follow-up CMR 6 months after discharge to evaluate mid-
term cardiac risks.

Discussion
Herein we present a case of acute fulminant myocarditis 
caused by COVID-19 infection in a Fully-vaccinated female. 
Cardiovascular complications, including myocarditis, were pre-
viously reported after COVID-19 infection,2,27,28 but to the 
best of our knowledge this is the first case report of COVID-
19-related fulminant myocarditis in an individual who was 
previously vaccinated with 2 doses of the COVID-19 vaccine. 

Table 2. Cardiac MRI findings of patient.

CARDIAC MAgNETIC RESoNANCE FINDINgS

Chambers both atriums were normal in size and contour. There were no thrombus or abnormality in both atriums.

The left ventricle was mildly dilated with moderate systolic dysfunction. Severe hypokinesia was seen in the 
mid and apical inferior and inferolateral wall of the left ventricle. Akinesia was seen in the mid to apical anterior 
and anterolateral wall of the left ventricle. No LVH. The right ventricle was normal in size with normal systolic 
function. There was no evidence of regional wall motion abnormality.

LVEF: 41.6% LVEDVI: 109 ml/m2 LVESVI: 63.47 ml/m2 RVEF: 55% RVEDVI: 83 ml/m2 RVESVI: 37 ml/m2

Valves There was no significant stenosis or regurgitation in all valves.

Pericardium No evidence of pericardial effusion or thickening was seen.

gadolinium study In the first pass and early gadolinium enhancement (EgE) images, there was no evidence of LV clot or 
no-reflow zone. In the late gadolinium enhancement (LgE) images, mid-wall delayed enhancement was seen 
in the inferoseptal wall of the left ventricle. Subepicardial delayed enhancement was seen in the anterior and 
lateral walls of the left ventricle.

T2-weighted imaging/T2 
mapping

In the T2-weighted short tau inversion recovery sequences, there was no evidence of myocardial inflammation. 
T2 relaxation time was consistently prolonged according to multiple measurements on multiple myocardial 
segments suggesting the presence of diffuse myocardial inflammation.

Inferoseptal segment: 58.22 ms **Inferolateral wall: 53.2 ms Septal myocardium: 60.5 ms Inferolateral wall: 
55.73 ms Anterolateral wall: 60.22 ms

T1 mapping and 
extracellular measurement

An abnormal pattern of increased T1 relaxation time and increased myocardial extracellular volume (ECV) was 
observed in the interventricular septum and lateral wall of the left ventricle.

Abbreviations: LVEDVI, left ventricle end diastolic volume index; LVEF, left ventricle ejection fraction; LVESVI, left ventricle end systolic volume index; LVH, left ventricular 
hypertrophy; ms, millisecond; RVEDVI, right ventricle end diastolic volume index; RVEF, right ventricle ejection fraction; RVESVI, right ventricle end systolic volume index.

Figure 5. Late gadolinium enhancement distribution of patient′s left 

ventricle based on AHA 17 segment model for myocardial 

segmentation.26

Figure 6. Cardiac magnetic resonance imaging showed subepicardial 

scar on anterior and lateral wall of the left ventricle. (Arrow).
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Myocarditis is defined as myocardial cell inflammation charac-
terized histopathologically by non-ischemic myocyte necrosis 
and mono-lymphocytic infiltration.29,30 Myocarditis can affect 
the myocardium in both focal and diffuse patterns and can be 
presented in acute, subacute, and chronic types.31 Various eti-
ologies can develop myocarditis, including viral and bacterial 
infections, Auto-immune disease, allergic reactions, drugs, and 
toxic substances.32,33 The most frequent cause of acute myo-
carditis in developed countries is viral infections.33 H1N1, 
adenoviruses, Epstein-Barr virus, parvovirus B-19, HHV-6, 
coxsackieviruses, and also beta-coronaviruses including MERS 
and SARS-COV-2 are among the viruses that can induce 
myocarditis.4,34 Studies on COVID-19 complications revealed 
that myocarditis is a common complication among patients 
with severe disease, but the exact mechanism is still not clear. 
SARS-COV-2 can bind and enter host cells via angiotensin-
converting enzyme II receptor (ACE2 receptor). The heart 
myocardium is among the tissues with high expression of 
ACE2 receptor; hence Myocardial Direct Viral invasion via 
ACE2 receptor is one of the possible pathophysiologies to 
explain this entity. Another potential mechanism is an exagger-
ated host immune response to the virus, characterized by an 
excessive cytokine release and cell-mediated cardiotoxicity 
caused by T-cells.35,36 There is also some evidence of autoim-
mune response to myocardium caused by molecular mimicry 
of cardiac auto-antigens such as myosin and the viral capsid 
proteins.37 Clinically diagnosis of myocarditis is based on the 
patient’s presentation, Elevation of cardiac biomarkers, 
Abnormal ECG findings, and exclusion of other diagnoses, 
including coronary artery disease. Endomyocardial biopsy 
(EMB) is the gold-standard technique for diagnosing myocar-
ditis. The use of EMB is limited now due to its low sensitivity 
caused by sampling error, poor intra-observer variability, and 
acceptable sensitivity and specificity of non-invasive modalities 
such as Cardiac MRI.38-41 Cardiac MRI is a safe technique that 

can be used for diagnosis, follow-up, and differentiation of 
myocarditis to other types of cardiomyopathy. Currently, 
CMR-based updated lake Louise criteria (LLC) are used for 
diagnosing myocarditis with sensitivity and specificity of 88% 
and 96%, respectively. It is based on 2 main parameters: (1) 
Elevated T2 relaxation time or T2 weighted imaging, which 
indicates myocardial edema (2) Presence of one or more 
T1-based criteria, including native T1 relaxation time hyper 
intensity, high extracellular volume (ECV), and late gadolin-
ium enhancement. Both criteria must be met to establish the 
diagnosis of myocarditis.42 Our patient’s CMR study showed 
diffuse myocardial inflammation/edema according to the pro-
longed T2 relaxation time and the sign of necrosis due to ele-
vated native T1, Therefore she diagnosed myocarditis based on 
updated LLC. The pattern of myocardial involvement might 
help to distinguish the etiology of myocarditis. Previous studies 
suggest that myocarditis caused by COVID-19 infection and 
COVID-19 vaccine have a similar pattern with predilection 
involvement of the mid to basal inferior and inferolateral seg-
ment of the myocardium.5,24,43 Moreover, septal LGE was 
reported to be more frequent in COVID-19-related myocardi-
tis, which signifies worse outcomes in these patients. Limited 
data exist on the long-term prognosis of patients who recov-
ered from COVID-19-associated myocarditis. Some studies 
reported favorable clinical outcomes on short to mid-term 
follow-ups but remaining cardiac magnetic resonance imaging 
abnormalities, especially the presence of late gadolinium 
enhancement (LGE).22,44,45 The presence of LGE after the 
acute phase of myocarditis may indicate myocardial necrosis/
fibrosis and might be associated with sudden cardiac death and 
increased overall mortality in patients with myocarditis46; 
hence repeated cardiac MRI 4 to 8 months after recovery is 
recommended for evaluating the patient’s condition.47 Our 
patient was scheduled for a follow-up CMR study 6 months 
after discharge to assess the mid-term cardiac risks.

Table 3. Echocardiographic parameters changes during hospital admission and on follow up.

ECHoCARDIogRAPHy

PARAMETERS SECoND DAy oF ADMISSIoN DISCHARgE 4-MoNTH FoLLoW UP

LVEDD (cm) 5.5 5.4 4.9

LVESD (cm) 3.7 3.2 2.8

LVEF (%) 15 35 45

LV systolic dysfunction Severe Moderate Mild

LV diastolic dysfunction Moderate (grade 2) Mild (grade 1) Mild (grade 1)

Wall motion abnormality global hypokinesia especially in anterior circulation global hypokinesia Mild global hypokinesia

Valvular abnormality Mild to moderate MR Mild to moderate MR Mild to moderate MR

Pericardial effusion No PE No PE No PE

Abbreviations: LVEDD, left ventricle end diastolic diameter; LVEF, left ventricle ejection fraction; LVESD, left ventricle end systolic diameter; MR, mitral regurgitation; 
PE, pericardial effusion.
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