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Case 1 Rev Port Cardiol. 2021 Jul 24

24 ylo female nurse

BNT 2"d dose

Chest pain 60 hours later iiEi
Exacerbated by deep breathing R
WBC 9300/ul s L ‘ |
CRP 1.9 mg/dl (<0.5)

CKMB 79 (<25)

Troponin-T 1204 ng/l (<14)
Echocardiogram EF 45%
Coronary angiogram: normal




Cardiac MRI

4 T "
» 1

T2 weighted Late gadolinium enhancement
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Myocardium

Endocardium

Pericardial Fibrous
cavity pericardium

Parietal
pericardium

Visceral pericardium

(epicardium) »S 4 Hi:
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Myocarditis?

T REE L
pericarditis » ¥ 14 -
¢ 332 myopericarditis °
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Cell lysis

Cytopathic viruses

lon channel dysfunction

Overlapping phenotypes
(i.e. channellopathies, AC)

Pericardial inflammation

Viruses

Cardiomyocytes dysfunction
Massive oedema (fulminant myocarditis)

Postinflammatory DCM
Supraventricular

- tachyarrhythmias
Microvascular ischaemia
Endotehliotropic viruses
(i.e. PVB19)

Chronic inflammation

/

~3/ |

Mass effect
Granulomas

| _~ Bradyarrhy

Fatty replacement

Giant cells
thmias 1
Overlapping phenotypes (AC)

= ‘l
< J | .'v,' 'I
A \ ll

| AL

. Nonischaemic scar
| Postinflammatory replacementf ibrosis
A Y Chronic inflammation

W L) 4 \
DN
\ \" s Y

B/ Ventricular

\4& k‘ tachyarrhythmias
Conduction system disease "
Nonviral infections (i.e. Chagas, Lyme disease, diphtheria)

A /
AN _\_.\_ﬂ ;
\'7 / Dv\;,wh/
Selective immune dysregulation (i.e. neonatal lupus)
Mechanical compression (i.e. granulomas, giant cells)

Gap junction dysfunction
Viruses (i.e. Coxsackie B3)
Overlapping phenotypes (i.e. AC)

Heart Rhythm. 2019 May;16:793-801
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Table 1 Causes of myocarditisfinflammmatory cardiomyopathy

1. Infecticus myocarditis

Bacterial

Spircchaetal
Fungal
Frotozoal
Farasitic
Rickettsial
Wiral

Staphylococaus, Streplococous, Preumocoous, Menmgococcus, Gonooscows, Satmonella, Corpnebactenium diphtfienoe, Hoemophilus infleenzoe,
Alpcobactarium (tuberculosis), AMypcoplasnmg preumonios, Brucedia

Borrelia (Lyme disease), Leptosping (WWeil diseasea)

Aspergillus, Actinomyces, Blastonryoes, Candida, Cocodioides, Cryptocoocus, Histopdasma, Mucormycoses, Nocardia, Sporothnix

Trypanosama cruzi, Toexoplasma gondil, Entamoeba, Leishmania

Trichinella spiralis, Echinococcus granulosus, Toenio solivn

Coxiella burneti (O fewer), K rickettoi (Roddy Mountain spotted fever), R tsutswgamuschi

FIA wiruses: Coxsackiewiruses A& and B, echoviruses, polioviruses, influenza A and B viruses, respiratory syncytial wirus, mumps virues,
measles virus, rubella vinues, hepatitis C virus, dengee virus, yellow fever virus, Chilkungunya virus, Junin virus, Lassa fever virus, rabies
wirus, hiurman innmunodesiciency winus-1

DMNA virnueses: adenovinuses, parvovirus B19, cytomegalovirus, human herpes virus-6, Epstein-Barr virus, varicella-zoster virus, herpes
simples: wirus, variola virus, vaccinia virus

2 Immune-mediated morocarditis

Allergens

Alloantigens
Autoantigens

Tetanus toxoid, vaccines, serum sickness

Dirugs: penicilling cefaclor, colchicine, furcsermide, izondazid, idocaine, tetracycline, sulfonarmides, phenytoin, phemnyvlbutazone,
methyldopa, thiazide diuretics, amitriptyline

Heart transplant rejection

Infection-negative lymphocytic, infection-negative giant cell

Assocdiated with autoimmene or immune-oriented disorders: systemic lupus erythematosus, rieumatoid arthritis, Churg-Strauss
syndrome, Kawasaki's disease, inflammatory bowel disease, scleroderma, polymiyositis, myasthenia gravis, insulin-dependent diabetes
mellitus, thyrotoxicosis, sarcoidosis, YWegener's granulomatosis, rheumatic heart disease {rhewmatic fever)

3. Toxc myocarditis

Drugs

Heanwy metals
Miscellaneous
Hormones

Fhysical agents

Amphetamines, anthracyclines, cocaine, cyclophosphamide, ethanol, fluorcuracil, lithium, catecholarmines, hemetine, interleukin-2,
trastuzumab, dlozapine

Copper, iron, lead {rare. more commaonly cause intramyocyte acournulation)
Scorpion sting, snake, and spider bites, bee and wasp stings, carbon monoxide, inhalants, phosphones, arsenic, sodium azide
Fhasochromocytoma, vitamins: beri—beri

Fadiation, electric shock
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The NEW ENGLAND JOURNAL of MEDICINE

2021 Sep 16;385:1078-1090

ORIGINAL ARTICLE

Safety of the BNT162b2 mRNA Covid-19
Vaccine in a Nationwide Setting Israel

« Vaccinated and control groups each included a mean of 884,828 persons
 BNT was associated with an excess risk of myocarditis (1-5 per 100,000)
* Risk ratio 3.24 (95% CI 1.55 to 12.44)

* Risk difference 2.7 events per 100,000 persons (95% CI 1.0 to 4.6)



A Report on Myocarditis Adverse Events in the U.S. Vaccine
Adverse Events Reporting System (VAERS) in Association with
COVID-19 Injectable Biological Products curr Probl Cardiol. 2021 Sep 30

TOTAL MYOCARDITIS CASES reported in VAERS
BY YEAR
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A Report on Myocarditis Adverse Events in the U.S. Vaccine
Adverse Events Reporting System (VAERS) in Association with
COVID-19 Injectable Biological Products curr Probl Cardiol. 2021 Sep 30

20214 : 559 7 51(0.14%3Z 47 ) ~ BNT 67% ~ 657~ (1.1%)

Myocarditis cases by age group
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A Report on Myocarditis Adverse Events in the U.S. Vaccine
Adverse Events Reporting System (VAERS) in Association with
COVID-19 Injectable Biological Products curr Probl Cardiol. 2021 Sep 30

Myocarditis cases by age and dose
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JAMA | Original Investigation 2021 Sep 3
Surveillance for Adverse Events After COVID-19 mRNA Vaccination

Table 4. Confirmed Myocarditis/Pericarditis After Receipt of mMRNA Vaccines Compared With Vaccinated Comparators Among Individuals
Aged 12-39 Years by Dose and Risk Interval, December 14, 2020-June 26, 2021

Risk interval, d°

Events

in risk interval
(events/million
person-years)®

Eventsin 21-d

comparison interval®¢

(events/million
person-years)™*

Adjusted rate ratio
(95% CI1)®

2-Sided
P value

Excess cases

in risk interval
per million doses
(95% CI)*¢

0-21

85%

8-14

5(104.2)
23 (565.9)
2(25.7)

2 (48.0)

0

3(41.3)
2(52.3)
1(29.1)

4 (35.0)
4 (35.0)
4 (44.6)
4 (35.0)
3 (35.0)
4 (44.6)
4 (35.0)
3(35.0)
4 (44.6)
4 (35.0)
4 (35.0)
4 (44.6)

3.75(1.38t0 12.84)
3.67(0.92to 17.35)
4.07 (1.45t014.18)
9.83(3.35t035.77)
7.27 (1.29t050.15)
10.4 (3.54 t0 37.76)
1.22(0.14to 7.74)
3.25(0.31t0 29.64)
0(0to 3.22)
1.55(0.28 t0 7.78)
2.58 (0.27 t0 18.62)
0.67 (0.03 to 5.64)

.007
07
.005
<.001
.02
<.001
82
.30
28
.58
37
79

6.2(2.3t07.8)
3.1(-0.4t04.0)
10.1(4.1t012.4)
6.3(4.9t06.8)
20(0.5t02.2)
11.2(8.9t0 12.1)
0.1(-3.0t00.4)
0.6 (-2.0t00.9)
-0.9 (-0.9 to 0)
0.3(-2.0t00.7)
0.6 (-2.7100.9)
-0.3(-21.2t00.5)




Circulation

PRIMER

Myocarditis With COVID-19 mRNA Vaccines 2021 Aug 10; 144(6): 471-484.

Female rates per million doses Male rates per million doses
All doses Dose 1 | Dose 2 All doses Dose 1

4.2 1.1 324 9.8

3.6 1.5 2.9 30.7 8.7

2.0 0.8 2.6 12.2 4.5
1.8 1.4 1.8 6.9 2.0
2.0 0.9 2.8 3.5 1.0

— - -

1.6 1.0 1.8 1.9 1.0

1.1 0.6 @ 1.2 0.7
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A Patient 1, Endomyocardial Biopsy

Lymphocyte
predominant

Cardiomyocyte
damage (arrows)

“Eeosinophil (arrowheads)
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* The mechanism for vaccine induced
myocarditis remains unclear.

* Molecular mimicry between the spike protein
and self-antigens. Antibodies against spike
protein have been experimentally shown to
cross-react with structurally similar human
peptide protein sequences, including a-myosin.

* Vaccine may trigger preexisting dysregulated
pathways in certain individuals with
predisposition, resulting in a polyclonal B-cell
expansion, immune complex formation, and
iInflammation.

www.crossfitinvictus.com



1. %
2. o\‘,‘oré Sjr’@iéf‘
N D ? ‘n/
&ﬁr*ﬁéh

EERE1
BEREEE®
7 AP

3. wfr
5o & R FlER

I AN 3¢
e R
DNEERNER E
CdEw AR A R
~ f8 4
B

5 &

. o7y
~ 4«"/
K




MB
In, CK
N,
Troporl1ESR -
s AU 2 s <
s ip % BNP/N

o i
_ ‘ #ﬂ

oU‘E'\‘

.‘UEL,



. }?q—b. 1\_)- 4 +'
o ﬁ (@T 3

T1 Weighted LGE Images T2 Weighted Images ~ Meets Lake Louise Criteria

« Myocardial edema in the lateral wall
of the left ventricular myocardium

— LGE (Late gadolinium
enhancement) on T1-weighted
Images

— Hyperintense signal on T2-
weighted fat suppressed images

— Elevated relaxation time (normal
range <60 ms)

* Reduced global LV longitudinal strain

Yes

Global T2 = 110 ms

J Cardiovasc Magn Reson. 2021 Sep 9;23:101



CDC Working Case Definitions

Acute Myocarditis

Probable Case

e Presence of 2 1 new or worsening of the
following clinical symptoms

* chest pain/ pressure/ discomfort
e dyspnea/shortness of breath

* palpitations

* syncope

AND 2 1 new finding of

. elevate above upper limit of
normal

. abnormar rhythm monitoring
findings consistent with myocarditis”
e abnormal cardiac function or wall
' ities on
echocardiogram
cardiag MRI findings consistent with
myocarditis

e AND no other identifiable cause of the

symptoms and findings

Confirmed Case

e Presence of 2 1 new or worsening of the

following clinical symptoms

» chest pain/ pressure/ discomfort
» dyspnea/shortness of breath

e palpitations

* syncope

AND

» histopathologic confirmation of

myocarditis ¥

e OR

- elevateda e upper limit of
normal AND carlaindings

consistent with myocarditis’

« AND no other identifiable cause of the

symptoms and findings

Acute Pericarditis

Probable Case

* Presence of 2 2 new or worsening
of the following clinical symptoms

e acute chest pain (typically
described as pain made worse by
lying down, deep inspiration,
cough, and relieved by sitting up
or leaning forward, although
other types of chest pain may
occur) ¥

pericarditis rub on exam

new ST-elevation or PR-
depression on ECG

new or worsening pericardial
effusion on echocardiogram or
MRI
e Autopsy cases may be classified as
pericarditis on basis of meeting
histopathologic criteria of the
pericardium
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» Heart failure therapy

Heart Rate
 Arrhythmia therapy |
—T | “ardis
aChyarrhythm_la Preload ("{“ HEC += Afterload
— Bradyarrhythmia Output
* Anti-inflammation I
Contractility
— IVIG

* Mechanical circulatory support
— LVAD -~ ECMO



EDITORIAL

JAMA Intern Med. 2021 Oct 4

COVID-19 Messenger RNA Vaccination and Myocarditis—
A Rare and Mostly Mild Adverse Effect

Vinay Guduguntla, MD; Mitchell H. Katz, MD

Several recent case series have described acute myocarditis
after COVID-19 messenger RNA (mRNA) vaccination.!?
While the cardiac complications of vaccines are important,

discussion has been limited by small sample sizes that lack
gender and racial and ethnic
diversity. In this issue of
JAMA Internal Medicine,
Simone et al® examine the incidence and outcomes of acute

Related article

myocarditis following COVID-19 mRNA vaccination in a large
community health system. During the 6 months of follow-
up, there were 15 cases of myocarditis among the 2392 924
Kaiser Permanente Southern California members who
received at least 1 dose of the Pfizer and Moderna vaccines
(1 case per 172 414 fully vaccinated individuals). This repre-
sents a relative ratio of 2.7 compared with unvaccinated
individuals. The study population was 54.0% women and
31.2% White, 6.7% Black, 37.8% Hispanic, and 14.3% Asian
individuals. Interestingly, the affected patients were all men
younger than 40 years with no prior cardiac history, and

they were discharged within a week of conservative
management.? These results parallel prior studies that
showed incidence of post-COVID-19 mRNA vaccination
myocarditis primarily in young men who have recently
received their second vaccine dose.!

Overall, vaccination-related myocarditis was a rare and
mostly mild adverse event. Data from the Vaccine Adverse
Event Reporting System indicate that it is not unigue to just
the COVID-19 mRNA vaccine.* Moreover, thisrisk is small when
weighed with the morbidity and mortality of COVID-19 infec-
tion, in which up to 28% of hospitalized patients showed signs
of myocardial injury.® Randomized clinical trials show that
COVID-19 mRNA vaccines represent a safe and effective
method of preventing infection; the identification of rare myo-
carditis does not change clinical decision-making. However,
it would be worthwhile to identify the mechanism of cardiac
injury from vaccines. In addition, we anticipate seeing more
cases of myocarditis, as vaccination was recently approved
for teenage males aged 12 to 16 years.




Predicted Prevented COVID-19
Associated Hospitalizations

Age Groups

- 12 -17 I

I 18 -24 |

. 25-29 |
I 30-39 |
. 40 —49||

3145 I 50 - 64|
o027 I 65+ |

Predicted Cases of
Myocarditis

2000 1500 1000 500 0 0

Number of Cases

1500

Circulation 2021 Aug 10; 144: 471-484
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18-24 Years

24-29 Years

Potential Risk of Myocarditis with
COVID-19 Vaccination

8-10 myocarditis cases

56-69 myocarditis cases

4-5 myocarditis cases 45-56 myocarditis cases

2 myocarditis cases 15-18 myocarditis cases

for every million second dose COVID-19 mRNA vaccinations

Circulation 2021 Aug 10; 144: 471-484

18-24 Years 12-17 Years

24-29 Years

Potential Prevention of COVID-19,

Hospitalizations, ICU admissions and

Death with COVID-19 Vaccination

8500 Covid-19 cases
183 Hospitalizations
38 ICU admissions

1 Death

14,000 Covid-19 cases
1127 Hospitalizations
93 ICU admissions

13 Deaths

15,000 Covid-19 cases
1459 Hospitalizations
87 ICU admissions

4 Deaths

8500 Covid-19 cases
183 Hospitalizations
38 ICU admissions

1 Death

12,000 Covid-19 cases
530 Hospitalizations
127 ICU admissions

3 Deaths

15,000 Covid-19 cases
936 Hospitalizations
215 ICU admissions
13 Deaths

Potential prevention of COVID-19 related myocardial injury,

MIS-C, post-acute sequelae SARS-CoV-2 infection




1. B4 - Egr}iw}%\ > ’9»\15&;

2. S~ S ErE PR ER 3 RP
3. M LR~ FEE

4, Fhoat 3 4 M4 H L

5. & B~ | Ar

e A S A B T R



B (2)

c FRIHEL G SR B REE AT
o NTF AR T ¥ iF g

\S

o Sl U - I S RN SN AR B N G N SN g
— &R BB AR RIS R

—30p LT E g A B E PR R e

— AR B Al A PSR (e E - v X))

— & R B 4

— S BRAS R B






