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Myokarditis in der MRT — braucht es
eine Biopsie?
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MYOCARDITIS - CASE 1

35 y, male patient

Recurrent Angina

. ECG: normal, hsTroponinT 540 pg/ml, elevated CRP,
normal Leucocytes

Cath-Lab: CAD excluded



MYOCARDITIS - CASE 1
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MYOCARDITIS - CASE 1

SA




MYOCARDITIS -AETIOLOGY

Causes of myocarditis/inflammatory
cardiomyopathy
. Infectious myocarditis
. Viral, bacterial, fungal, parasitic ...
. Immune-mediated
. Autoantigens (Sarcoidosis, Lupus, Churg-Strauss. ..)

. Allergens (Drugs, Vaccine...)

. Alloantigens (HTX)
. Toxic myocarditis

. Drugs, Heavy metals, Radiation ...

Gaferngletjal  SEHJ 42013
Heymans et al. JACC 2016



MYOCARDITIS - DIAGNOSIS

Table 4 Diagnostic criteria for clinically suspected myocarditis

Clinical presentations®

Acute chest pain, pericarditic, or pseudo-ischasmic

Mew-onset (days up to 3 months) or worsening of: dyspnoea at rest or edercise, and/or fatigue, with or without left and/or right heart failure signs

Clinically suspected
myocarditis

(see Table 4)

Hospital admission
for observation

exclude coronary
artery disease

Figure 3 The flow chart shows the proposed diagnostic ap-
proach for patients with dinically suspected myocarditis according
to Table 4.

sreise, and/or fatigee, with or without left andior right heart failure signs

nd'or aborted sudden cardiac death

fthe following: Ito || degree atrioventricular block, or bundlebranch block, ST/T
us arrest, ventricular tachycardia or fibrillation and asystole, atrial fibrillation,
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MYOCARDITIS - DIAGNQOSIS

FIGURE 4 Algorithm for the Evaluation of Suspected Myocarditis

Unexplained Acute Cardiomyopathy*

Requiring inotropic or mechanical circulatory support, Mobitz typ
or higher heart block, sustained or symptomatic ventricular tach
respond to guideline based medical management wighin 1

CORI/LOE B COR IIJLOE C

Yes-Endomyocardial EC{‘\\\ “ No- Cardiac MR

Endormyocardial biopsy (E

inotropic or mechagigal cirs
@nd to guideline-directed medical management within 1 to 2 weeks. In ather clinical scenarios of clinically suspected
% 5, may be helpful, but CMR may be considersd as an initial diagnostic test to identify inflammation. Reprinted with
L) V) Bazkurt et al. (176). *Usually a dilated cardiomyopathy. Fulminant myocanditis may have nommal end diastolic diameter with
mildly thidkened walls. Exclude ischemic, hemodynamic (valvular, hypertensive), metabolic, and toxic causes of cardiomyopathy as indicated
dinically. CMR = cardiac magnetic resonance; COR = Class of recommendation; LOE = Level of Evidence; MRl = magnetic resonance imaging.

Heymans et al. JACC 2016



CMR IN MYOCARDITIS

Unique Contributions of CMR 1n acute
Myocarditis
. Gold standard for the quantitative assessment of
cardiac morphology, volume and function
. T1ssue character1zat1on S IR RY
. Edema (acute poteo111yt$1ble ner

. Necrosis, scar (1rrever51ble 1nJury)

; Inﬁltrat1on/ storage (abnormal t1ssue components)



CMR IN MYOCARDITIS

Appearance of irreversible
myocardial injury

Mesocardial Subendocardial

«Hypertrophic cardiomyopathy Vascular
+Dilated cardiomyopathy * Infarction

: Non-vascular
Pulmonary hypertension » Amyloid

* Hypereosinophilic syndrome
*Histiocytoid cardiomyopathy
+ Cardiac transplant

Patchy Subepicardial

*Sarcoid *Myocarditis (most common)
« Amyloid +Sarcoid
* Myocarditis

Transmural
* Infarction (most common)
* Myocarditis, severe
« Sarcoid, chronic

C D

L. W £ . rd s 8

Sanz. Ann N Y Acad Sci 2012 Cummings et al. Radiographics 2009

Ischemic vs non-ischemic Non-ischemic etiology



CMR IN MYOCARDITIS

CMR 1n myocarditis: Prognostic value of
scars

LGE absent

O
o

LGE present

o
a

Log-rank P < 0.001

Annualized Event Rates for Death . GE extent: 15.6%
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Time to MACE (Years)
Patients atrisk 670 480 329 236 17

LGE absent 376 274 189 138 74
LGE present 294 206 140 98 43

LVEF 240% LVEF 240% LVEF <40% LVEF <40%
and and and and

LGE Absent LGE Present LGE Absent LGE Present Griani et al. J Am Coll Cardiol 2017




CMR IN MYOCARDITIS

Lack of LGE 1n less severe acute
myocarditis
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CMR IN MYOCARDITIS

2009: lake louise criteria for CMR 1n acute

myocarditis
' et .. — (* N\
Feol¥allWail( ;
- R\ -4 ) L ,‘.
‘ Acute Chronic =~ == t
Sensitivity 81% 63%

Specificity  71% 40%
ACCUI'aCy 79% 52% b11 Cardiol 2009
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CARDIAC MAPPING

Myocardial mapping

T, Mapping in Patients with Acute Myocardial Infarction

Daniel R. Messroghli,"* Thoralf Niendorf,® Jeanette Schulz-Menger,'
Rainer Dietz,! and Matthias G. Friedrich®

Pre-contrast T'1

remote infarct
p<0.05 Messroghli et al., JCMR 2003



CARDIAC MAPPING

Myocardial mapping

T1 Mapping and ECV in clinical practice
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Haaf et al., JCMR 2016



T1 MAPPING IN ACUTE MYOCARDITIS

Myocard

1al mapping

T1-Mapping (AUC = 0.96)

LGE {AUC =0.95)
Dark-blood T2W-CMR (AUC = 0.78)

Bright-bloed T2W-CMR (AUC = 0.78)

1.4 0.5 0.6 0.7
1 - Specificity

ESEEIEa et all., ' WJACC Img 2013



T1 MAPPING IN ACUTE MYOCARDITIS

Native T1 1n myocarditis
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T1 MAPPING IN ACUTE MYOCARDITIS

Native T2 in myocardial inflammation

T2W-STIR
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Thavendiranathan et al. Circulation: CV Img 2012



LAKE LOUISE CRITERIA

2018 Update of lake louise criteria

2018 Lake Louise Criteria CMR Image Examples

Regional or global increase Regional or global increase
of native T2 i i i

Myocardial Edema
(T2-mapping or T2W images)

Regional or global increase Regional or global  Regional LGE
of native T1 increase of ECV  signal increase

Non-ischemic Myocardial Injury

(Abnormal T1, ECV, or LGE)

Pericarditis Pericardial effusion

(Effusion in cine images or
abnormal LGE, T2, or T1)

Systolic LV Dysfunction
(Regional or global wall
motion abnormality)

Ferreira et al. J Am Coll Cardiol 2018



Updated lake louise criteria

Radiology: Cardiothoracic

Ig,lf,} | [ |< ORIGINAL RESEARCH

Comparison of Original and 2018 Lake Louise Criteria
for Diagnosis of Acute Myocarditis: Results of a Validation

Cohort

Julian A. Luetkens, MD * Anton Faron, MD
Andreas Feisst, MD * Frederic C. Schmeel, |

From the Department of Radiology, University of Bonn, Sig

See also the commentary by Gurberler and Liicke in this is
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MYOCARDITIS IN COVID-19

I STIR sequence in short-axis view E‘ STIR sequence in 4-chamber view

F Electrocardiography T Chest radiography
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MYOCARDITIS IN COVID-19

Myocarditis revealing COVID-19 infection in a young patient

Jean-Francois Paul®, Pierre Charles, Clémence Richaud, Christophe Caussin, and Christelle Dialov
Institut Mutualiste Montsouwris, Paris, France

* Comresponding author. Institut Mutualiste Montsouris, 42 bd |ourdan, 75014 Paris, France. Tek +33 1 56618057, Emailt jean-francois. paukEimmdfr

Paul et al. EHJ CVI 2020



CASE 2

. 45y, female patient

. Resuscitation due to VF and NSTEMI

. CAD excuded, EMB: Hypertrophy (DD DCM), no
Myocarditis, no Sarcoidosis
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CMR IN CARDIAC SARCOIDOSISC

Patterns of Infiltration in Cardiac
Sarcoidosis

Baseline Follow up
Patient A
Subendocardial HE in

LV inferolateral wall
- CAD-type

Patient B

Transmural HE in LV A
anterior wall : None because of

- CAD-type : ¢ .
RV side of septum HE ‘ ca:gl':l‘:ﬁbf!"amf

- non-CAD-type
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Patient C

Midwall HE in LV
inferolateral wall
- non-CAD-type
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6 12 18 24 30 36
Follow Up Duration (months)

Patient D

Epicardial HE in LV
inferior wall

- non-CAD-type
RV side of septum HE

- non-CAD-type
RV free wall HE

- non-CAD-type

Patient E

Muiltiple, patchy,
primarily midwall HE
- non-CAD-type

Patel et al. Circulation 2009




CMR IN CARDIAC SARCOIDOSISC

Patterns of Infiltration in Cardiac
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Extracardiac Sarcoidosis
Cardiac Sarcoidosis

12 24

65 51
27 19

Comp

Sarcoidosis

LGE location

-------------------------------------------------------------------------------

Epicardial/subepicardial, n (%) 19 (59.4)

Subendocardial, n (%) 0 (0)

Midwall, n (%) 8 (25)

Multiple discrete areas [>2],n (%) 23 (71.9) €

Left ventricle, n (%) -
Inferior/inferolateral wall 23 (71.9) i
Anterior/anterolateral wall 19 (59.4)
Septal 18 (56.3)
All three left ventricular walls 8 (25)

Right ventricle, n (%) 2 (6.3)

Nadel et al. Eur Heart :

Cia G 20



CONCLUSION

. CMR 1s gold standard for morphology and function

. Tissue characterization w/o contrast agent
. Detection of Myocarditis (Lake Louise criteria)
. Risk stratification

. Differential diagnoses

. EMB may be helpful, but not in all cases necessary



