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1.Medicion de dimensiones y funcion sistolica VI y VD

2.Estudio de cardiopatia isquémica )

3.Miocardiopatias (MCD, MCH, MCR, MCA), miocarditis,
d.d. corazén de atleta

4.Pericardiopatias, tumores, tfrombos
5.C. Congénitas

é.Valvulopatias complejas

Mapeo T1, T2, 7.Patologia de grandes vasos
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1. Estudio de dimensiones y funcidon ventricular

> Area epicdrdica x distancia entre cortes: volumen total
> Area endocdrdica x distancia entre cortes: volumen cavidad
Volumen total — volumen cavidad: volumen de miocardio

Volumen miocdrdico*1.05= Masa VI

Volumen cavidad:
el m: Yvols TD= VTD
>vols TS= VTS
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2. Cardiopatia isqguemica

Deteccion de isquemia

Dobutamina

3

68% de nuestras indicaciones

Table 3 Indications for CMR in coronary artery disease

Indication Class

1. Acute coronary syndromes I
2. Chronic coronary artery disease I

3. Myocardial infarction with non-obstructive coronary arteries I
(MINOCA)

4. Coronary artery anomalies Il

Deteccion de necrosis

Captacion tardia contraste
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Seleccion tipo PRUEBA INICIAL NO INVASIVA segUn:
1. Probabilidad clinica EAC
2. Precision Dx del test - c
3. Caracteristicas del paciente (FC, obesidad,colaboracion)
4. Caract. del medio (experiencia local, disponibilidad)
Patientswith anginaand/for {7~ Noninvasne @ ESC
dyspnoea and suspected // 'xhaem'a . o e
coronary arterydisease {*‘ / \\
. . . | 4
Main diagnostic pathways Comnaw — 5 Dne I /Freferentialhrconsidered 18 A H H :
CIA therzpy © ) i Patients with angina and/or dyspnoea and suspected @ ESC
p \ g?“gggﬁs ./ :ﬁmﬂmiww cgronar_v artery disease ol
Preferentially ; , > Vickily assessment ko Diagnosticapproach (2)
| Sr e o O g o
characteristics angiograp - / Preferentially considered 5
ost highiimage Stenosis >90% E e 5% | _
> mmaéfﬂuﬁ and gstavﬁshed aiiss likelihood EE oice of the test based on -:I|r-|::.1|
" Irlfnmﬂhmm m|5 \J comelation to ﬂ'ﬂq}( o medica SIE 3 §§ ) e Testing for ischaemia
desired Funl:t‘i;?:lﬂt Fschaemia g TW angina #I:_)\J ga M HI: ma,;;lj':g EIEL:TI. |1f:;;|reft'-rred:l
Q tetisoy et 4 g e “nd'"ﬁ'“' ﬁ:"ﬂi ECG
Iher:apv Indmg high-risk of Very low Clinical likelhood of obstructive CAD Wery high
L'\.'d\rsﬁ.nchcn
* Consider microvascularangina ‘.-.“ M \" oo / E
’:nt-angunsl ;-';;m;tu:-rsas.t,fc;'nsl\-*n:t:rmom.ucan:r. Revascularization 8' STEP 6  Choose appropriate therapy based on symptoms and event risk!
whwnw.escardio.orgfguidelines ESC Guidelines onthe diagnosisand management of chronic coronary syndromes

(European Heart Journal 2019; 10 1065 fsurheartj/ehz425)

ESC guidelines CCS. EHJ 2019
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DETECCION DE ISQUEMIA CRM DE ESTRES

@ ESC 2018 ESC/EACTS Guidelines on myocardial

European Societ

ocagooy | revascularization

Indications for revascularization in patients with stable angina or silent ischaemia

Extent of CAD (anatomical and/or functional)

For Left main disease with stenosis >50% "'
prognosis

Proximal LAD stenosis >50%.¢ 62687072

Two- or three-vessel disease with stenosis >50% with impaired LV function (LVEF <35%)< ¢'4-487073-83

Large area of ischaemia detected by functional testing (>10% LV) or abnormal invasive FFR ® %87

Single remaining patent coronary artery with stenosis >50%."

CRM1 For symptoms | Haemodynamically significant coronary stenosis® in the presence of limiting angina or angina equivalent,
ith insuffcient to optimized med P IRMIER
Tabl :
funct
T
: Table 6 LI,)'eﬁnitions of high event risk for different test modalitie! in patients with established chronic coronary syndro-
AAAAAA me sa 102-
Anatc
:" Exercise ECG Cardiovascular mortality >3% per year according to Duke Treadmill Score
;
Ce SPECT or PET perfusion imaging Area of ischaemia >10% of the left ventricle myocardium
22 Stress echocardiography >3 of 16 segments with stress-induced hypokinesia or akinesia
str CMR >2 of 16 segments with stress perfusion defects or >3 dobutamine-induced dysfunctional segments
F”—::d Coronary CTA or ICA Three-vessel disease with proximal stenoses, LM disease, or proximal anterior descending disease
SPI Invasive functional testing FFR <0.8, iwFR <0.89

PE- N . N ’ ~ ’ N .
Stress CMR 89 (85-92) 87 (83-91) 7.10 (5.07-9.95) 0.13 (0.09-0.18) N Bodi, JACC'OT




CRM EN ESTUDIO DE VIABILIDAD

El miocardio viable recupera su funcion contrdctil tras la revascularizacion
Criterio CRM: transmuralidad de la necrosis <50% del grosor parietal

Segments with

1. Morfologia grosor telediastdlico A mente ™™ Alinocis, or Dyckineeia  Akinealsor Dyskinosia
2. Cines FEVIyVD i I & R
. a \,g\‘? \_{{b R W
alteraciones segmentarias de ol ] ¢
la contractilidad 2 & &
engr. reposo / dobutamina Sl S B
£ S e £
S & Ei ]
3. STIR deteccion de edema g u
4. Perfusion en reposo obstruccion microvascular & o »
= & = i \_‘*U\ &
—lﬁ —l‘ﬁ“}" &
Q
<5. Realce tardio de gadoliD deteccion de necrosis G SN DO L Y S
Uansmurahda Sazj/nsmural Extent oszopzzhancemem (9%) 50%
0
prediccion de eventos, arritmias

(Torsidn, velocidad mioc. tagging reposo / dobutamina) - ’ S —
g . DU
((Espectroscopia metabolismo)) E .
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CRM EN D.D. SCA

A LF.G., Mujer 54 aios, HTA, exfumadora. Ingreso por dolor toracico,
elev. ST, elev. enzimatica Coronarias normales
Miocarditis vs IAM con coros normales

Perfusion

Edema

B P.R.P., Mujer 58a,
HTA, exfumadora.
Idéntica H°C®
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3. Miocardiopatias y miocarditis

Miocardiopatias, 14% de nuestras indicaciones

Amiloidosis

Table 4 Indications for CMR of cardiomyopathies

Indication Class

1. Dilated cardiomyopathy

2. Myocarditis

3. Hypertrophic cardiomyopathy

4. Arrhythmogenic cardiomyopathy
5. Cardiac amyloidosis

|
|
|
|
|
6. Myocardial iron overload |
7. Left-ventricular noncompaction |
8. Fabry’'s disease |
9. Cardiac sarcoidosis |
10. Stress-induced (Takotsubo) cardiomyopathy |
11. Endomyocardial fibrosis |
12. Restrictive cardiomyopathy Il
13. Chemotherapy induced CMP Il

14. Athlete’s heart I

1.Estudio anatdmico y de funcidon ventricular
DAVD 2.Mediciéon de gradientes, velocidades subadrticas
3.Valoracion de perfusion en reposo/estrés .
4. Angiografia coronaria
5.Caracterizacion tisular:
« Deteccion de edema miocdardico
« Imagen multiparamétrica

Cardiac
AL amyloid

« Realce tardio de gadolinio " ot
Liderando el conocimiento d , ,
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MIOCARDITIS_UPDATED LAKE LOUISE CRITERIA

JACC STATE-OF-THE-ART REVIEW

Cardiovascular Magnetic Resonance in
Nonischemic Myocardial Inflammation ©

EBAC*

Expert Recommendations

Vanessa M. Ferreira, MD, DPHiL,” Jeanette Schulz-Menger, MD,"” Godtfred Holmvang, MD,®
Christopher M. Kramer, MD,¢ lacopo Carbone, MD,® Udo Sechtem, MD,’ Ingrid Kindermann, MD,*
Matthias Gutberlet, MD," Leslie T. Cooper, MD,' Peter Liu, MD, Matthias G. Friedrich, MD*""™

Mas especificidad con combinacién de edema y otros
marcadores de inflamacion:

Al menos un criterio T2 + al menos un criterio T1
T2map o T2-STIR + T1map o RTG

Un Gnico marcador apoya el diagndstico si la clinica
acompaiia, pero menos especifico

Liderando el conocimiento del manana
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CENTRAL ILLUSTRATION: Overview of the Updated Lake Louise Criteria

2018 Lake Louise Criteria

Myocardial Edema
(T2-mapping or T2W images)

Main
Criteria

(Abnormal T1, ECV, or LGE)

Non-ischemic Myocardial Injury

CMR Image Examples

Regional or global increase

Regional or global increase
of native T2 i

of T2 signal intensit

or

Regional LGE
signal increase

Regional or global
increase of ECV

Regional or global increase
of native T1

or

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

Supportive
Criteria

Systolic LV Dysfunction
(Regional or global wall
motion abnormality)

Ferreira, V.M. et al. J Am Coll Cardiol. 2018;72(24):3158-76.




CRM en MCD

Valor diagnéstico y prondstico

Excluir componente isquémico. Caracterizacin tisular: edema, cicatriz, fibrosis, infiliracion
Considerar (al menos una vez) en todos los pacientes con MCD

MCD no isguémica

30% RTG n
‘ﬁ -

e

(0] S

U

Diagnéstico de MCD no isquémica:
60% RTG negativo
25% RTG no isquémico
9% RTG isquémico
Pronéstico:
Volumenes ventriculares
FEVI
FEVD
Extension de la fibrosis focal (RTG)
A mads RTG peor pronéstico:
Md3as arritmias
Menos recuperacion funcional

Valoracion para resincronizacion

@ E s C European Heart Journal - Cardiovascular Imaging (2019) 0, 1-19 EACVI Consensus Document

European Society doi;10,1093/¢hici/jez178
of Cardiology

Multimodality imaging in the diagnosis, risk
stratification, and management of patients with
dilated cardiomyopathies: an expert consensus
document from the European Association of
Cardiovascular Imaging

Erwan Donal"?#, Victoria Delgado®, Chiara Bucciarelli-Ducci®, Elena Galli'?,
Kristina H. Haugaa®, Philippe Charron®’1, Jens-Uwe Voigt®, Nuno Cardim®,
P.G. Masci'®, Maurizio Galderisi'', Oliver Gaemperli'?, Alessia Gimelli'>,
Yigal M. Pinto'*, Patrizio Lancellotti'®, Gilbert Habib'®'?, Perry Elliott'®'"T,
Thor Edvardsen®, Bernard Cosyns*°™, and Bogdan A. Popescu®'*

Table4 Diagnostic criteria for relatives of familial
DCM'

Major

1. Unexplained decrease of LVEF <50% but >45%

OR

2. Unexplained LVED dilatation (diameter or volume) according to
nomograms (LVED diameter/volume 2 SD + 5% since this more
specific echocardiographic criterion was used in studies that dem-
onstrated the predictive impact of isolated dilatation in relatives).

Minor

1. Complete LBBB or AV block (PR >200 ms or higher degree of AV
block).

2. Unexplained ventricular arrhythmia (100 ventricular premature
beats per hour in 24 h or non-sustained ventricular tachycardia, =3
beats at a rate of =120 bpm).

3. Segmental wall motion abnormalities in the left ventricle in the ab-
sence of intraventricular conductian defect

4. Late enhancement (LGE) of non-ischaemic origin on cardiac mag-
netic resonance imaging.

5. Evidence of non-ischaemic myocardial abnormalities (inflammation,
necrosis, and/or fibrosis) on EMB.

6. Presence of serum organ-specific and disease-specific AHA by one

or more autoantibody tests.

Note: Feature shown by two independent imaging modalities.’




CRM en MCH Recommendationsfor CMR imaging

' ¢ COR LOE Recommendations

1. For patients suspected to have HCM in
whom echocardiography is inconclusive,
CMR imaging is indicated for diagnostic
clarification.”#-#0

2. For patients with left ventricular hypertrophy
in whom there is a suspicion of alternative
diagnoses including infiltrative or storage
disease as well as athlete’s heart, CMR imag-
ing is useful’*#® (Figure 1).

3. For patients with HCM who are not oth-
erwise identified as high risk for sudden
cardiac death (SCD), or in whom a
decision to proceed with implantable
cardioverter-defibrillator (ICD) remains
uncertain after clinical assessment that
includes personal/family history, echocar-
diography, and ambulatory electrocar-
diographic monitoring, CMR imaging is
beneficial to assess for maximum left ven-
tricular (LV) wall thickness, ejection frac-
tion (EF), LV apical aneurysm, and extent
of myocardial fibrosis with late gadolinium
enhancement.38.74-87

4. For patients with obstructive HCM in whom
the anatomic mechanism of obstruction is
inconclusive on echocardiography, CMR imag-
ing is indicated to inform the selection and

T1m: 504ms planning of SRT.®*%2

T1s: 385ms : ;
EVE: 32% 5. For patients with HCM, repeat contrast-

- enhanced CMR imaging on a periodic basis

Diagnostico: Deteccidn de fenotipos, formas apicales ST RO 5 Y T P oRET

) L. ) . i i SCD risk stratification may be considered

Diagnostico diferencial con otras causas de hipertrofia 2b C-EO to evaluate changes in late gadolinium

R Z on s ~ 0 enhancement and other morphologic
Gradiente subadrtico, grosor parietal, SAM, tamafio auricular Stiigeis Nl Aot GEaE:
PronéStiCO: Grosor pal’ieta| > 30mm cal aneurysm, or LV wall thickness (Figure 1,

H . . P . Table 7).
Lide RTG (si existe: peor pronéstico, cuanto mas haya: peor —

Cardig Dilatacion de Al, gradiente subadrtico. ... Circulation 2020




C RM E N MCA Diagnéstico: Disfuncion sistolica de VD

Alt. segmentarias de la contractilidad VD
Fibrosis (RTG) VIy VD
Imagen paramétrica

Prondstico (si hay RTG: peor)

Categoria VD (criterios ITF 2010 ACTUALIZADOS) VI (nuevos criterios)

By echocardiography, CMR or angiography: By echocardiography, CMR or angiography:Minor
Major

ventricular

Abpormalities = Global LV systolic dysfunction (depression of LV EF or reduction of echo-

» Regional RV akinesia, dyskinesia, or bulging plus one of the following: cardiographic global longitudinal strain), with or without LV dilatation

- global RV dilatation (increase of RV EDV according to the imaging test  (increase of LV EDV according to the imaging test specific nomograms for
specific nomograms) age, sex, and BSA)

- global RV systolic dysfunction (reduction of RV EF according to the Minor
imaging test specific nomograms) —

= Regional LV hypokinesia or akinesia of LV free wall, septum, or both

Minor

= Regional RV akinesia, dyskinesia or aneurysm of RV free wall

L A i =

f1. Structural By CE-CMR:Major By CE-CMR:Major
myocardial A s i 7 .
abnormalitie » Transmural LGE (stria pattern) of + LV LGE (stria pattern) of 21 Bull's Eye segment(s) (in 2 orthogonal views)
21 RV region(s) (inlet, outlet, and apex in 2 orthogonal views) of the free wall (subepicardial or midmyocardial), septum, or both

(excluding septal junctional LGE)

By EMB (limited indications ):Major

Arrhythmogenic
+ Fibrous replacement of the myocardium in 21 sample, with or without Cardiomyopathy
farty tissue (ACM) NECESARIO
para Dx
\
L DAC Dominant-right Biventricular
(ARVC) -morpho-functional and/or
- morpho-functional and/or structural RV criteria )
structural RV criteria ) plus
. - ACM-gene mutation
-no morpho-functional and/or . mmmll\[c‘%o::l;n:! L .
structural LV criterin -no morpho-functional and/or
structural RV criteria
Diagnéstico:

-DEFINITIVO: 2 crit mayores,
1 mayor y 2 menores o 4
menores

- PROBABLE: 1 mayor + 1
menor o 3 menores

- POSIBLE: 1 mayor o 2
menores

CardioAdvancedForum

Corrado, EHJ 2020; Shen-Chowdry, JACC 2008; Bonma AJC 2007



CRM EN MCR y MC INFLAMATORIA

Deteccion de restriccion, hemodindmica restrictiva

Estudio etiolégico (sarcoidosis, amiloidosis, fibrosis endomiocdrdica,...)
D.D. con pericarditis constrictiva

Pronéstico: edema, RTG, imagen multiparamétrica

Amiloidosis

Afectamon

“ ‘
N

!

Sarcoidosis
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4. Pericardiopatias, tumores, trombos

Mixoma

Fibroma

Table 5 Indications for CMR in pericardial disease

Indication Class
1. Pericardial effusions 11}
2. Pericardial inflammation [
3. Pericardial constriction [
4. Congenital anomalies of the pericardium I
Table 6 Indications for CMR of cardiac masses
Indication Class

1. Suspected cardiac mass

2. Differentiation between benign, malignant and non-tumourous masses

3. Guide surgery and/or biopsy if this is deemed appropriate

4. Follow-up of benign cardiac tumours that do not require urgent intervention for changes over time

5. Evaluation of tumour resection/debulking, monitoring recurrence after surgery and regression or progression after chemotherapy or radio-
therapy

6. Extra-cardiac extension of cardiac tumours or cardiac extension of tumours originating from surrounding structures
7. Impact of cardiac masses on hemodynamics

L Sh&8'él"é8hocimiento del mafnana
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5. Cardiopatias congeénitas

Liderando el conocimiento del manana
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6% de indicaciones
Valoracion inicial y seguimiento en GUCH

1. Shunt I-D: Intracardiacos: CIV, CIA, DVPA parcial, Canal AV,
Extracardiacos: PDA, Fistula de seno de Valsalva

2. Malformaciones izquierdas sin shunt/ shunt I-D / bidireccional:
Coartacién de aorta
Estenosis aortica (supra, valvular, sub), valvula bicuspide
Regurgitacion mitral

3. Malformaciones derechas sin shunt / shunt D-l / bidireccional:
Estenosis pulmonar con septo integro, T.Fallot, Ebstein

4. Malformaciones de las conexiones venosas pulmonares: DVPAT

5. Malposiciones: Levocardia, Dextrocardia, Mesocardia
D-TGA, VD de doble salida, L-TGA, V. Unico

6. Malformaciones coronarias: Fistula AV coronaria, ALCAPA

Truncus




Table 7 Indications for CMR in valvular heart disease

6 . Va.l V U | O p at IIaS Indication Class

* Masa y funcién Vi
« Anatomia valvular. AVAO ‘ 4

o 6. Mitral regurgitation I

LR o g -
il - - 7. Pulmonary stenosis |
/5 1\ 8. Pulmonary regurgitation |

9. Tricuspid stenosis I

1. Aortic stenosis I
2. ldentification of sub- and supravalvular stenosis I
3. Aortic regurgitation I

4. Ascending aortic flow patterns in aortic stenosis Inv
5. Mitral stenosis I

« Raiz adrtica y Ao ascendente »

A AS: angina B AS: asymptomatic

: 10. Tricuspid regurgitation I
, ( Q 11. Prosthetic valve disease I

En > 50% de ptes
1 mortalidad x 2
(totaly CV)

Hipoperfusién en estrés ‘

« Realce tardio de godolinio‘
fibrosis focal, necrosis

All Clinical Events in Significant
AS Patients (n = 127)

« Imagen multiparameétrica ‘ P

; T1 nativo (1020 ms)

5]

Lowest T1 group

»
L

CRM EN ESTENOSIS AORTICA

@
o
1

&
o
1

Event- Free Survival (%)
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Overall log-rank p = 0.001 Highest T1 group
- Lowest vs. Mid p = 0.069

¥ Post-Gd (ECV 33%) | @i oo HLIACC 2018
" 0 1 2 3 2 5 ee H.

Collear T Dy oradime (Ve ee)




8. Patologia de grandes vasos

Aneurisma de aorta

4% de indicaciones

Estudio anatémico y funcional

Mediciéon de velocidad de flujo, cuantificacion p. valvular
AngioRM

¢Flujo 4D?

Aneurisma: localizacién, extension, seguimiento
Diseccion, HIM, UPA

Diseccic")} !

o
¢

Table 2 Indications for CMR in acquired diseases of the vasculature
Indication

1. Diagnosis and follow-up of thoracic aortic aneurysm including connective tissue diseases
2. Diagnosis and planning of stent treatment for abdominal aortic aneurysm
3. Follow-up of stented abdominal aortic aneurysm
4. Aortic dissection
Diagnosis of acute aortic dissection
Diagnosis and follow-up of chronic aortic dissection
5. Diagnosis of aortic intramural hematoma
6. Diagnosis of penetrating aortic ulcers
7

Pulmonary artery anatomy and flow

oo}

Pulmonary emboli

Diagnosis of central pulmonary emboli

Diagnosis of peripheral pulmonary emboli

Assessment of chronic pulmonary embolic disease
9. Assessment of aortic arch arteries

10. Assessment of aortic branch arteries including the Adamkiewicz artery
11. Assessment of carotid, vertebral and circle of Willis arteries

1
13. Assessment of hand arteries
14

15. Assessment of mesenteric arteries

N

Assessment of upper extremity arteries

Assessment of renal arteries

16. Assessment of pelvic and lower extremity arteries

17. Assessment of pulmonary veins

18. Assessment of thoracic, abdominal and pelvic veins

19. Assessment of lower extremity veins

20. Assessment of atherosclerotic plaque in the carotid artery

21. Assessment of atherosclerotic plaque in the aorta

22. Assessment of vascular wall inflammation in large and medium sized arteries
23. Assessment of aortic pulse wave velocity

24. Endothelial function

Class

Arteritis Taquasu)




CRM puede proporcionar informacion exacta y
reproducible para diagndstico y prondstico, y para decidir
el manejo en un amplio espectro de patologias
cardiovasculares

Los rapidos avances tecnoldgicos han permitido una
expansion de la capacidad diagndstica e indicaciones
clinicas de la técnico
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