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Viral myocarditis—diagnosis, treatment
options, and current controversies

Ari Pollack, Amy R. Kontorovich, Valentin Fuster and G. William Dec

nature
REVIEWS

CARDIOLOGY

Minutes to hours

Nat. Rev. Cardiol. 12, 670680 (2015)

o 1-7 days o 1-4 weeks o Months to years o
Phase 1 Phase 2 Phase 3
Viral entry and activation of innate immune response Activation of acquired immune response Recovery or

disease progression
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Genetic predisposition

Viral uptake mediated
by CAR and DAF

Active viral replication
Virakmediated cardiomyocytolysis
Viral protease-induced apoptosis

Cardiac autoantibodies present

Innate immune responses
including expression of
interferons, interleukins, TNFa,
induction of cytokine mRNA

Activation of adaptive immunity
Cytokine and chemokine release

Tcell-lmediated clearance
of virus-infected cells
Tcell-mediated myocardial injury/
necrosis and production of
interleukins and interferons

Cardiac autoantibodies present

¢& Macrophage
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= DAF ,
Global remodelling
© Tcen - gg;%'ﬁfﬁ:"&‘g{grsla?r =C CAR Chronically reduced LV
@ NKcell ejection fraction
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@ Coxsackievirus
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Resolution
Clearance of virus
Normalization of LV systolic

function

Dilated cardiomyopathy

Delayed or Ineffective viral
clearance with chronic
Inflammation
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A new old story

Myocarditis: Unresolved Issues in Diagnosis and Treatment

S.S. MAZE, MB.,Ch.B., R. J. ADOLPH, M.D., FA.C.C.

Division of Cardiology, Department of Internal Medicine, University of Cincinnati Medical Center, Cincinnati, Ohio, USA

Clin. Cardiol. Vol. 13, February 1990
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Outline of the presentation
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1st challenge: an apparently simple definition

Circulation. 1996 Mar 1,93(3).841-2.

Report of the 1995 World Health Organization/International Society and Federation of Cardiology
Task Force on the Definition and Classification of cardiomyopathies.

Richardson P McKenna W Bristow M Maisch B, Mautner B, 0'Connell J Olsen E Thiens G, Goodwin J, Gyarfas | Martin | Nordet P

Myocarditis is an inflammatory disease of the myocardium which involves the
myocytes, the interstitium and the vasculature.

The diagnosis iIs through histopathological and histochemical criteria
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1st challenge: an apparently simple definition

Virus-triggered myocarditis Sarcoiditic myocarditis

Virus-induced myocarditis

Subacute myocarditis

Immune checkpoint-associated myocarditis

Myocarditis with pericardial involvement

Virus-mediated myocarditis
Drug-induced myocarditis

Hypersensitivity myocarditis
Acute myocarditis Lymphocytic myocarditis
Eosinophilic myocarditis

Chronic myocarditis Clinically suspected myocarditis

Fulminant myocarditis Infective myocarditis

Probable acute myocarditis . i
Healing myocarditis

Chronic inflammatory cardiomyopathy
Giant cell myocarditis Complicated acute myocarditis
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2"d challenge: an apparently simple classification

According to

 Predominant infiltrate: Lymphocytic, eosinophilic, polymorphic, giant cell
myocarditis, granulomatous... (but often unknown)

* Aetiology: Viral myocarditis, autoimmune myocarditis, viral and immune
myocarditis, hypersensitivity... (but often unknown)

* Clinical presentation: Infarct-like, heart failure, arrhythmia (but no evidence for
treatment using these criteria)

* Clinical course: Fulminant, acute, subacute/healing, chronic,
complicated/uncomplicated (but no evidence for treatment using these criteria)

* Risk of adverse events: low-risk, intermediate, high-risk (but no evidence for
treatment using these criteria)
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3rd challenge: an apparently simple diagnosis

Cardiac troponin >99th percentile of the upper reference level
with arise or fall in the level on serial assessment.

EMERGING DIAGNOSTIC TOOLS

MicroRNA-analysis: eg mmu-miR-721
3D spacial immunophenotyping: laser capture microdissection-derived gene expression profiling, single-cell RNA sequencing and others

1
: DEFINITE MYOCARDITIS :
! [
: | Presence of =1 new/worsening following symptoms: (1) chest pain, (2) syncope, (3) palpitaties and (4) dyspnea or fatgiue !
]
; + u 2 ;
] 1
: Presence of myocardial edema (T2-based) in combination with '
1 Inflammatory disease of the myocardium established by: a marker of inflammatory myocardial injury (T1-based) :
: (2018 Lake Louise criteria): 1
' Histologic criteria (Dallas criteria): histologic evidence of :
' inflammatory infiltrates within the myocardiumassociated with Myocardial edema (T2-based criteria) : Regional or global increase ¥
: myocyte degeneration and necrosis of none ischemic origin of native T2 or Regional or global increase of T2 signal intesity :
] 1
: Immunohistochemical criteria:=> 14 leucocytes/mm?including Inflammatory myocardial injury (T1 based criteria): Regional or 1
' up to 4 monocytes/mm?with the presence of CD3+ global increase of native T1 Regional or global increase of ECV :
: T-lymphocytes > 7 cells/mm? Regional LGE signal increase 1
. + ;
! 1
] 1
] ]
' [
1 1
] 1
' 1
' :
] 1
1 1
! i
! 1
] 1
! 0
! [
L]

Martens P et al. ] Am Heart Assoc. 2023;12:e031454.
dl

- ~ A Coruiia
A CORUNA HF 27-28 SEPTEMBER 2024 #ACORUNAHF2024 Q% Heart Failure
-+ Academy



3rd challenge: an apparently simple diagnosis

MYOCARDITIS SPECTRUM

Case finding in
electrophysiology

in following context:

AV block <50 yrs

VT ablation for NICMP °
; PVC>5000/day°

Case finding in
interventional
cardiology in
following context:

MINOCA*

Case finding in
Heart Failure/
imaging in
following context:

Unexplained NICMP**

UNEXPLORED MYOCARDITIS

)

PROBABLE MYOCARDITIS

e

Susceptiblility

monogenic
conditions

immune

. i:)i_)
Q :

DEFINITE
MYOCARDITIS
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58 f37
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S
Q
Triggers
i infectious  none-infectious

CMR/EMB

inconclusive

Auxiliary
diagnostic tools

No CMR or EMB
performed

\
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Martens P et al. ] AHA. 2023,;12:e031454.
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4th challenge: an apparently accurate diagnosis

Unique admissions with ICD-10 code corresponding to
‘myocarditis’ or ‘myopericarditis’ in hospital or ICU
discharge summary and death notifications
N =291

Excluded by review of discharge summary
N=78

33%

Insufficient evidence of AM

— 6 7 o/
Coronary artery disease not excluded o

N=10

3

Investigations suggest alternative diagnosis
N=40

Clinically suspected AM, not confirmed by CMR
N=11
CMR-confirmed AM; N=95

A CORUNA HF 27-28 SEPTEMBER 2024

Roy R, Cannata A, Bromage D. EHJ: QCCO 2023
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4th challenge: an apparently accurate diagnosis

Keywords ‘myocarditis’ or

discharge summary
N =683

‘myopericarditis’ in hospital or ICU

Unique admissions with relevant AM
ICD-10 code in hospital or [CU discharge
summary or death notification

N

e

N =152

Excluded by review of discharge summary; N = 207

Age <18 years; N=8§

Insufficient evidence of AM; N =197

CAD not excluded; N =18

Investigations suggest alternative diagnosis; N =161

~,

CMR-proven AM
N=199

Clinically suspected AM, not
confirmed by CMR
N=48

100%

80%

60%

40%

20%

0%

m False cases

M True cases

p<0.001

(n=196)

Roy R, Cannata A, Bromage D. EHJ: QCCO 2023
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5th challenge: a communicable disease

Myocarditis evolving in cardiomyopathy: when European Heart Journal Supplements 2019;21:B90—-B95
genetics and offending causes work together

Antonio Cannata’, Jessica Artico, Piero Gentile, Marco Merlo, and
Gianfranco Sinagra

MYOCARDITS
Autoimmunity Resolution
) (with possible persistent fibrosis at
Toxins ol Cardiac Magnetic Resonance)
veent = .
Po YEENIC  1mmune system y /
risk activation

Virus-host \/\\/\/\/\/\WWWW\/VW\/\

Arrhythmic risk

Post-myocarditis DCM

Environmental factors

HLA genotype Specific genotypes
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5th challenge: a communicable disease

Lymphocytic

36 Patients with biopsy- Myocarditis

proven myocarditis

A Genetically Predisposed Disease?

Carriers

e Atadmission | LFR0RI0N Left Ventricular Ejection Fraction
69% m—) th | 4615 yeus ofae Normalization
P e 60% - 56%
G omat p =000
BNP 1,552 + 2,786 pa/mi 50% [
40% -
30% -
20% 4 18%
Median duration of symptoms at the time of
endomyocardial biopsy
2 months (interquartile range: 1-4 months) 10% - 4555 4
0% 4 1
MNoncarriers Carriers
Median Follow-Up
. 71 Months (Interquartile Range: 23-168 Months
Artico J et al. JACC 2020;75:3098-3099 (iritarg ger23-lef )
. T AConud
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HTx-free survival

6th challenge: an apparently dire prognosis

1,07

0,84

0,69

0,44

0,249

0,07

A CORUNA HF 27-28 SEPTEMBER 2024

S S SN SN P SS—— T — — — — — — — -— — -— — — — — — —-— — — —
— chest pain
L. .
arrhythmias
heart failure L
p=0.001
n° patients at risk

9 9 9 9 9 5 chest pain

20 20 15 1 10 7 arrhythmias

53 43 31 24 19 9 heart failure

L] L] I I 1 I I I ] 1

0 24 72 95 120 144 168 192 216 240

follow-up (months)

Circulation {pﬁ'::.’i?"

Associatione

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Long-Term Evolution and Prognostic Stratification of Biopsy-Proven Active Myocarditis
Marco Anzini, Marco Merlo, Gastone Sabbadini, Giulia Barbati, Gherardo Finocchiaro, Bruno
Pinamonti, Alessandro Salvi, Andrea Perkan, Andrea Di Lenarda, Rossana Bussani, Jozef
Bartunek and Gianfranco Sinagra

Circulation. 2013;128:2384-2394; originally published online October
doi: 10.1161/CIRCULATIONAHA.113.003092

82 pts; Fup 147 mo;
53% 6 mo impr/norm LVEF

Biopsy proven myocarditis
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7th challenge: a “benign” contemporary prognosis

— Chest Pain — Breathlessness — Arrhythmia

1.0 —|—ﬂi
0.9

1

0.8
074  p=0.0031
0.6
0.54

Survival free from
Death/Arrhythmials

0 52

Number at risk

104 156 208 260
Follow-up (weeks)

Prognostic relevance of
demographic factors in cardiac
magnetic resonance-proven
acute myocarditis: A cohort
study

199 patients with CMR-
proven myocarditis

| 3-year event free survival 96%
Chest Pain4 156 150 130 115 88 60 o .
Breathlessness{ 25 24 22 18 15 9 * 98%’ CheSt pam
0
Arrhythmiad{ 18 16 15 12 11 5 * 96% breathlessness
0 52 104 156 208 260 * 89% arrhythmia
Follow-up (weeks)
Cannata, Bromage. Front. Cardiovasc. Med. 2022. 9ﬂ1037fg37



8th challenge: quantify the risk of inflammation

— High CRP — Low CRP

Myocarditis x
T 1.00-
> = S
Normal Myocardium EU . | - ,
o
= 0.95-
©
3 p=0.63
®
o
‘\‘ L 0.90 4
Heart Muscle Cell - Cardiomyocyte g
o
y—_
(o) 0.851
S
Inflamed Myocardium - Myocarditis ‘_§
"ol - " g 0.80+
.o Immune ce T T T T T T T T T T T T T T
L o1 infittration Z 0 8 16 24 32 40 48 56 64 72 80 8 96 104
"L Follow-up (weeks)
N Number at risk

High CRP{ 139 137 135 134 133 133 131 127 124 122 122 119 115 113
Low CRP{ 878 856 848 837 819 808 792 770 748 727 716 700 676 662 |

0 8 16 24 32 40 48 656 64 72 80 88 96 104
Follow-up (weeks)

Cannata, Bromage. Under review
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8th challenge: quantify the risk of inflammation

Neutrophil-to-lymphocyte Ratio (NLR): a marker of
inflammation

Final cohort 1150 patients

Randomly split into training and testing sets (70:30 ratio)

Hazard Ratio
N

Neutrophil-to-Lymptocyte ratio

Testing set n = 345

Hazard Ratio

Neutrophil-to-Lymptocyte ratio

10 International Centres
2 UK; 5 Italy; 1 Germany; 1 Israel; 1 Sweden; 1 Switzerland

Cannata, Bromage. Under review

— NLR<4 — NLRz4

1.00

0.951
p < 0.0001
0.904

0.851

0.801

Survival free from all-cause mortality/HTx

0 8 16 24 32 40 48 56 64 72 80 88 96 104
Follow-up (weeks)

Age - .

Male sex | —=i——

Chest Pain
Dyspnea -| +—=——

Arrhythmia -

LVEF at admission (echo) (%) - L

Steroids

Presence of LGE | +——

NLR >4

0 2 4 6 8

Hazard Ratio (95% CI)

~~—T ACorufia
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oth challenge: Risk stratification

ACUTE CLINICAL PRESENTATION INITIAL MANAGEMENT
\
(BP & AHF | LVEF | VT/VFor REFER t-MCS | EMB | CMRI |STEROIDS
sYMPTOMS |REDUCTION AVB TO HUB *
ﬁ' @ T 1 CENTERS 0 i @ Q
\_ z% wl @J = ) —Ha : L-h
r \( g ) e N\
Q Cardiogenic|| Severe PRESENT/ — — —2» | BEFORE
s ABSENT — - CONSIDER
x LShOCk (F M)J b (<30%) ) J . JI Jl ¢| discharge
—~ fi Y4 Y4 D -
A/ . Ak = PRESENT (o BE —‘ g | BeFoRe
Lsy mptomsJ L( ) 0 y VI prepared _] discharge COMDIER
\_ J
AHF Low
symptoms = (30-40%) ABSENT o e
W( \ RISK [CONSIDER Rarely. | consiper ¢| specifiCJ
( Md_rte PRESENT cases

7/

v Q)
Ammirati et al. Circ Heart Fail. 2020;13:e007405.
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Oth challenge: risk stratification in “low-risk” patients

— LVEF<50% — LVEF>50%

~ N\

A Residual risk

:‘_’5\ L

5 T
] 0.951

S

& p < 0.0001

3

= 0.901

©

E

2

g oss 1150 patients with acute myocarditis
®

=

] 0.80 1

0 8 16 24 32 40 48 56 64 72
Follow-up (weeks)

Number at risk

80 88 96 104

LVEF<50%{ 301 295 290 288 285 284 278 272 266 264 261 258 252 246
LVEF>50%1 805 795 791 785 773 761 751 737 720 699 690 675 655 642

0 8 16 24 32 40 48 56 64 72
Follow-up (weeks)

Cannata, Bromage. Under review
A CORUNA HF 27-28 SEPTEMBER 2024

80 88 96 104

Survival free from all-cause mortality/HTx

1.01

0.91

0.81

0.71

0.61

NLR <4
NLR=4

Patients with LVEF > 50%
— NLR <4 — NLR=24

p < 0.0001

0 8 16 24 32 40 48 56 64 72 80 88 96 104
Follow-up (weeks)
Number at risk

485 481 478 473 465 459 451 442 428 418 415 402 396 391 .
292 285 279 276 272 270 265 257 251 243 239 237 228 220 .

0 8 16 24 32 40 48 56 64 72 80 88 96 104
Follow-up (weeks)
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10th challenge: specific therapy and immunosuppression

Suggested conventio

Chest pain

» Associated peric
» Excercise restric

Arrhythmias
* Bradyarrhythmia
o temporary
* Non sustained Vi
* HF treatme
* Case by ce
» Life threatening :
» Antiarrhyth
* ICD evalue

. No treatment if nnrmal I\V/EE and nna arrhh/hmiac

Cortic
Study or Subgroup Event:

Aziz 2010

Latham 1989

Maisch 1995

Mason 1995 :
Wojnicz 1999 1

Total (95% Cl)

Total events: i
Heterogeneity: Tau? = 0.00; Ct
Test for overall effect: Z = 0.37
Test for subgroup differences:

Ferone E, Bromage D, Cannata A. J Cardiovasc rniarimacol. zuz4; 63(3):504-5/0.

A CORUNA HF 27-28 SEPTEMBER 2024

MYTHS TRIAL
MYocarditis THerapy with Steroids
Study duration: 3 years Study Start: Oct. 2021 Follow up: 6 months

Single blind, randomized controlled, multicenter, international,
phase lll trial — Coordinating center: Niguarda hospital, Milan, ITALY

Pl: Dr. Enrico Ammirati Risk Ratio

, Random, 95% ClI

Suspected AM complicated by acute
HF/cardiogenic shock (LVEF<41% &
LVEDD <56 mm on echo)

W Gq\ .

Control arm (n=144)
(placebo)

2 3
f

(&)

Intervention arm (n=144)
(i.v. methylprednisolone 1g x 3d)

051 2 5 10
oids No Corticosteroids

Primary endpoint:

To demonstrate a reduction in the rate of all-cause death,
HTx, LVAD implant, need for upgrading t-MCS, VA treated
with DC shock, hospitalization due to HF, VA, AVB

Clinicaltrials.gov: NCT05150704

e D T et (GR-201 e 1. Luunrane Database Syst Rev.2013(10):CD004471
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11th challenge: conventional treatment

(BP & AHF LVEF VT/VF or -

sYMPTOMS |IREDUCTION AVB

- U

=
p " $ Recommendations Class Level
Q Cardiogenic|| Severe PRESENT/ An ACE-l is recommended for patients with HFrEF to reduce the risk of HF
o< shock (FM) Il (<30%) ABSENT hospitalization and death.
-
ﬁ , : t : : - A beta-blocker is recommended for patients with stable HFrEF to reduce the risk
A(‘ AHF Low W of HF hospitalization and death.
ksymptomsl G (30-40%) N " An MRA is recommended for patients with HFrEF to reduce the risk of HF
hospitalization and death.
Dapagliflozin or empagliflozin are recommended for patients with HFrEF to
AHF Low reduce the risk of HF hospitalization and death.
ABSENT
symptoms | | (30-40%)
‘. —
 SE—
Mild AHF | | Moderate
PRESENT
symptoms (41-49%)
B ——

Mild -Normal T— ]
@ [ Absent J[ (>50%) }[ ACSDi J

McDonagh T et al. Eur Heart J. 2021 Sep 21;42(36):3599-3726 Ammirati et al. Circ Heart Fail. 2020;13f007405.
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12th challenge: withdrawing treatment

As myocarditis may have a reversible precipitant, is it safe to withdraw
(heart failure) treatment?

In heart failure, some evidence comes from the pilot TRED-HF

« Withdrew medical treatment in patients with non-ischaemic DCM
with partial to complete recovery of LVEF

° Relapse W|th|n 6 months Observed 50— Event rate 457% (95% (1 28.5-67-2): p=0-0001
in 44% of patients ]
- F 307
« Only one (... 1 ...) patient had 2
previous myocarditis ®
. — Control group
- ’—1 — Treatmentwithdrawal group
Need more evidence... 0 l l . l

Halliday. Lancet 2018;393:61-73 A
r _
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Conclusions

 Myocarditis is a heterogeneous disease with an overall favourable
Prognosis

* Two-thirds of patients with AM present with ACS-like symptoms, and this is
associated with a benign prognosis

* Lots of unknowns, largely related to difficulty conducting trials in this area

 Specific forms of myocarditis may require targeted therapies

* Risk stratification is important, and new (and old) biomarkers are required
to better characterise patients

* Don’t forget the gene-environment interaction (!)

+ Don’t forget the long-term implications of our actions (!) Kl
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Thank you for your kind attention!

see you in London...
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