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Clinical indications for cardiovascular magnetic
resonance (CMR): Consensus Panel report™

Dudley J. Pennell*, Udo P. Sechtem, Charles B. Higgins, Warren J. Manning,
Gerald M. Pohost, Frank E. Rademakers, Albert C. van Rossum, Leslee J. Shaw,
E. Kent Yucel

Table 5 Indications for CMR in patients with valvular heart
disease

Indication Class

1. Valve morphology
Bicuspid aortic valve
Other valves
Vegetations
2. Cardiac chamber anatomy and function
3. Quantification of regurgitation
4, Quantification of stenosis
0. Detection of paravalvular abscess
6. Assessment of prosthetic valves

Pennell DJ. Eur Heart J. 2004;25:1940-65




Journal of the American College of Cardiology
© 2006 by t merican College of Cardiology Foundation
Published by Elsevier Inc.

ACCF/ACR/SCCT/SCMR/ASNC/NASCI/SCAI/SIR APPROPRIATENESS CRITERIA

ACCF/ACR/SCCT/SCMR/
ASNC/NASCI/SCAI/SIR 2006 Appropriateness
Criteria for Cardiac Computed Tomography

and Cardiac Magnetic Resonance Imaging*

A Report of the American College of Cardiology Foundation Quality
Strategic Directions Committee Appropriateness Criteria Working Group,
American College of Radiology, Society of Cardiovascular Computed
Tomography, Society for Cardiov. ascular Magnetic Resonance, American
Society of Nuclear Cardmlogy North American Society for Cardlac
Imaging, Society for Cardiovascular Angiography and Interventions, and
Society of Interventional Radiology

Structure and Function—Evaluation of Ventricular and Valvular Function
Procedures may include LV/RV mass and volumes, MR angiography, quantification of valvular disease, and delayed contrast enhancement

18. » Assessment of complex congenital heart disease including anomalies of coronary circulation, great vessels, A(9)

and cardiac chambers and valves
Procedures may include LV/RV mass and volumes, MR angiography, quantification of valvular disease, and
contrast enhancement

Evaluation of LV function following myocardial infarction OR in heart failure patients
Patients with technically limited images from echocardiogram

Quantification of LV function
Discordant information that is clinically significant from prior tests

Evaluation of specific cardiomyopathies (infilrative [amyloid, sarcoid], HCM, or due to cardiotoxic

therapies)
Use of delayed enhancement

Characterization of native and prosthetic cardiac valves—including planimetry of stenotic disease and
quantification of regurgitant disease
Patients with technically limited images from echocardiogram or TEE

Evaluation for arrythmogenic right ventricular cardiomyopathy (ARVC)
Patients presenting with syncope or ventricular arrhythmia

Evaluation of myocarditis or myocardial infarction with normal coronary arteries

Positive cardiac enzymes without obstructive atherosclerosis on angiography

Hendel RC. J Am Coll Cardiol 2006;3:1475-97




EXPERT CONSENSUS DOCUMENT

ACCF/ACR/AHA/NASCI/SCMR
2010 Expert Consensus Document on
Cardiovascular Magnetic Resonance

A Report of the American College of Cardiology Foundation Task Force on

E}lp ert C1 OIISCNsus D ocuments

3.6. Assessment of Valvular Heart Disease

CMR may be used for assessing individuals with valvular
heart disease in which evaluation of valvular stenosis,
regurgitation, para- or perivalvular masses, perivalvular
complications of infectious processes, or prosthetic valve

disease are needed. CMR is particularly useful in iden-
tifying serial changes in LV volumes or mass in patients
with valvular dysfunction.

Hundley WG. J Am Coll Cardiol. 2010;55(23):2614-62



PRACTICE GUIDELINE

2008 Focused Update Incorporated Into the
ACC/AHA 2006 Guidelines for the Management

of Patients With Valvular Heart Disease

A Report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines
(Writing Committee to Revise the 1998 Guidelines for the Management of Patients With Valvular Heart Disease)
Endorsed by the Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and
Interventions, and Soctety of Thoracic Surgeons

3.3. Bicuspid Aortic Valve With Dilated
Ascending Aorta

CLASS |
1. Patients with known bicuspid aortic valves should undergo an initial

transthoracic echocardiogram to assess the diameters of the aortic
root and ascending aorta. (Level of Evidence: B)

. Cardiac magnetic resonance imaging or cardiac computed tomog-
raphy is indicated in patients with bicuspid aortic valves when

morphology of the aortic root or ascending aorta cannot be as-
sessed accurately by echocardiography. (Level of Evidence: C)

. Patients with bicuspid aortic valves and dilatation of the aortic root
or ascending aorta (diameter greater than 4.0 cm* should undergo
serial evaluation of aortic root/ascending aorta size and morphol-
ogy by echocardiography, cardiac magnetic resonance, or com-
puted tomography on a yearly basis. (Level of Evidence: C)

. Surgery to repair the aortic root or replace the ascending aorta is

indicated in patients with bicuspid aortic valves if the diameter of
the aortic root or ascending aorta is greater than 5.0 cm* or if the
rate of increase in diameter is 0.5 cm per year or more. (Level of
Evidence: C)

. In patients with bicuspid valves undergoing AVR because of severe
AS or AR (see Sections 3.1.7 and 3.2.3.8), repair of the aortic root or
replacement of the ascending aorta is indicated if the diameter of
the aortic root or ascending aorta is greater than 4.5 cm.* (Level of
Evidence: C)

CLASS lla
1. It is reasonable to give beta-adrenergic blocking agents to patients
with bicuspid valves and dilated aortic roots (diameter greater than
4.0 cm*) who are not candidates for surgical correction and who do
not have moderate to severe AR. (Level of Evidence: C)
. Cardiac magnetic resonance imaging or cardiac computed tomog-

raphy is reasonable in patients with bicuspid aortic valves when
aortic root dilatation is detected by echocardiography to further
quantify severity of dilatation and involvement of the ascending
aorta. (Level of Evidence: B)
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CRM en valvulopatias

Introduccion

;. Qué tenemos? CRM

 Estudiar la anatomia valvular Secuencias anatoémicas

 Estimar la severidad de la insuficiencia
— Cualitativa
— Cuantitativa

Secuencias de flujo

Secuencias de funcion
» [Establecer su repercusion sobre las

cavidades cardiacas

Angio-RM
« Conocer la anatomia vascular




CRM en valvulopatias

Introduccion

* No existe estandar de referencia para medir la velocidad del flujo
sanguineo in vivo

 La RM aporta informacidon anatdmica y funcional tridimensional

« Permite cuantificar la velocidad y el flujo s TR e
L &7 —_ Spline(+- 1)
« Conrespecto a la ecografia Doppler i
* Velocidad: menor velocidad pico o0 |-

103 -

» Flujo promedio: cuantificacion mas exacta

46 |- d Y
11 :_u_o—L el |._ i | ,"A. P g 1 v JReg GRS |\'0..'_J Trrig;e
0 59 118 177%33%°205 354 413 472 521 590(

68

* No posee limitaciones de ventana acustica .|

-182 -

« Cuantificacion de velocidad en tiempo real
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Bastarrika G. An Sist Sanit Navar. 2005;28(1):49-58.



Secuencias anatémicas

Introduccion

e Sangre negra (sangre blanca)

« Spin echo, fast spin echo (SSFP, Flash)

« Morfologia

— Valvulas: engrosamiento, valvula bicuspide
— Cambios en vasos y cavidades cardiacas

« Dilatacion o hipertrofia de la cavidad

» Morfologia vascular




Estenosis subadrtica Estenosis adrtica supravalvular



Secuencias de funcion (cine-RM)
un

Introduccion
 Eco de gradiente SSFP y FLASH
« Cuantificacion de funcién ventricular (SSFP)

« Valoracién cualitativa de insuficiencia valvular (FLASH)




Valoracion de los grandes vasos

Introduccion

-
.

Angio-RM



Secuencias de flujo

Vé

ccion

Introdu




Secuencias de flujo

Contraste de fase

« La senal de RM tiene tres componentes

* Frecuencia
« Amplitud: imagen de RM convencional
* Fase
— Cambios de fase inducidos por la velocidad
— Distingue tejido estacionario de la sangre circulante




Lotz J. Radiographics 2002; 22:651-71



— Fase

Velocidad

Magnitud



Protocolo de estudio

Protocolo

Anatomia y caracteristicas del flujo
In-plane Vs. Through-plane
Apnea / respiracion libre

FOV

ECG prospectivo / retrospectivo
Ajustar parametros secuencia
Decidir Venc

Adquisicion de imagenes

© ©®© N o o bk~ 0 D=

Comprobacion

10. Analisis - cuantificacion




In-plane

Plano de adquisicion

« Visualizacion del jet
« Codificacion de la velocidad paralela a la direccion del flujo
» Rotacion del plano de adquisicion

« Estimacion de la velocidad pico




Cuantificacion de la velocidad pico
Analisis
* ROI pequeio es mas exacto

* No incluir pixeles de los bordes (artefacto)

« Gradiente de presion (AP= 4-v?)




Through-plane

Plano de adquisicion

« Plano perpendicular al jet 0 vaso de interés

 Estimacion de la velocidad

« Cuantificacion del flujo




Cuantificacion del flujo

Adquisicion

» Codificacion a través del plano (through-plane)
» Perpendicular al vaso o jet de interés

* No se permite una desviacion >15°-20° del plano perpendicular

248

mlfs

Flujo vs. Tiempo
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Analisis cualitativo
un

Insuficiencia

Variable con flip angle, TE, TR, ancho de banda
Muchas

. Tamairio pixel, grosor de corte
limitaciones

Orificio de regurgitacion y tamafo de cavidades




Analisis semicuantitativo
Medicidon del vacio de senal

Insuficiencia

— Métodos
- Area o0 volumen del vacio de sefial
 Longitud maxima del vacio de sefal
» Relacion area vacio de sefal/area de la cavidad que recibe el jet

— Limitaciones

« TE

« Delineacion manual

» Factores fisiopatologicos

» Eljet regurgitante es tridimensional



Area del vacio de
senal

Superficie proximal
de isovelocidad
(PISA)




Analisis cuantitativo
Diferencia de volumenes ventriculares

Insuficiencia

VL=VTD-VTS

— Calculo del volumen latido
« Método Simpson

» Secuencias de contraste de fase

— Unicamente valido si es una valvulopatia aislada

— Condiciones normales:

VL,, = VLyp



Freg=Vreg / VL,

Insuficiencia

Leve: 15-20%
Moderada: 20-40%
Severa: >40%




Patient ID: 495323 Examination Date: 210306
2ztient Height: ---- cm.  Patient Weight: 20.00 kg. Heart Rate: 98 Beal=Imir
Right Yentricle - Absolute
Zardiac Function Normal Range (F) Units
(MRI)

Ejection Fraction EF 59.7 47.00 ...80.00 %
End Diastolic Yolume EDV 911 58.00 ...154.00 ml
End Systolic Volume ESV 36.7 12.00 ...65.00 ml
Stroke Volume SV 543 35.00 ...95.00 ml
Cardiac Output CO 5.33 265..598 limin
Myocardial Mass (at ED) 471 2400 ...55.00 g
Myocardial Mass (Avg) 471 + - 2400 ..5500 g

Filing and Ejection Data
Peak Ejection Rate ---- n.a. mlfsec
Peak Ejection Time ———- n.a. msec
Peak Filling Rate ———- n.a. mlisec
Peak Filling Time from ES ———- n.a. msec

*gtient ID: 495323 Examination Date: 210306
*gtient Height: ---= CH. Patient Weight: 20.00 ky. Heart Rate: 95 Beatsim
Left ¥eniricle - Absolute
cardiac Function MNormal Range (F) Units
(MRI)

Ejection Fraction EF 65.4 56.00 ...78.00 %
End Diastolic Yolume EDV 58.3 52.00..141.00 ml
End Systolic Volume ESY 184 13.00 ...51.00 ml
Stroke Volume SV 398 33.00 ...97.00 ml
Cardiac Output co 3.80 2B5..598 limin
Myocardial Mass (at ED) 415 7500 ...175.00 g
Myocardial Mass (Avg) 15 + - 7500..17500 g

Filing and Ejection Data
Peak Ejection Rate ———- n.a. mlisec
Peak Ejection Time ———- n.a. msec
Peak Filing Rate ———- n.a. mlfsec
Peak Filling Time from ES ——— n.a. msec

Vreg= VLVD-VLVI

Vreg: 54,3 — 39,8= 14,5 ml|

Freg= Vreg / VLVD

Freg: 14,5 /54,3= 26,7%



Analisis cuantitativo
Cuantificacion de flujo

Insuficiencia

Patient ID: 495323 Examination Date: 2110306
2atient Height: - CH. Patient Weight: 20.00 ky. Heart Rate: 89 Bet
Flow vs Time
mlisec Legend:
256 o—o Data

—-  Spline (+i-1)
222

188

390

460 65 130 195 260

Freg= 28%



Analisis cuantitativo
Método mixto

Insuficiencia

Vreg mitral= VchAo — VLVISimpson
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Velocidad

Estenosis

« En cualquier direccion del espacio

« Ecuacion de Bernouilli modificada

AP =4 .v?

« Buena correlacion con eco-Doppler




Area valvular
un

Estenosis

Ecocardiografia Cateterismo

Alrtica Buena correlacion Mala correlacion

Mitral Sobreestima Buena correlacion

L TRE VT

g L




CRM en las valvulopatias: étiene utilidad clinica?

* |nsuficiencia valvular
— Medicion del area de vacio de sefal

— Célculo de la fraccion de regurgitacion mediante
la medicion de volumenes ventriculares

— Contraste de fase

 Estenosis valvular

— Visualizacion del jet y hallazgos asociados
— Contraste de fase

— Area valvular

— Gradiente de presion transvalvular




CRM en las valvulopatias: étiene utilidad clinica?

e TCMC en las valvulopatias



Valvulopatias y TCMC

Anatomia

NUumero de valvas

Grosor de las valvas

Apertura y cierre valvular

Calcificacion de la valvula / anillo valvular






Valvulas cardiacas




Calcificacion valvular aoértica

Valvulopatia
« Calcificaciones degenerativas en > 65 afnos

 La calcificacion se asocia a disfuncion
valvular
* Monitorizacion de la historia natural

 Valoracion de las caracteristicas
morfoldgicas de la valvula

e Estudio de la motilidad

« La cuantificacion de la calcificacion de la
valvula aortica en estudio postcontraste no
es exacta




Estenosis adrtica

Valvulopatia

« Hipertrofia ventricular izquierda

Dilatacidn de aorta ascendente

Calcificacion de la valvula aértica

Motilidad limitada de la valvula

Disminucion del area de apertura valvular




Cuantificacion de valvulopatia mediante TCMC

Cuantificacion

* Volumen regurgitante
— Si disfuncién valvular Unica
— Por diferencia del volumen latido

“. H (" “'}?’- )

ok X ;2
calsr
.:fxp_;

« Estenosis valvular
— Area de apertura valvular



Appr:

ACCF/SCCT/ACR/AHA/ASE/ASNC/SCAI/SCMR 2010
Appropriate Use Criteria for Cardiac Computed Tomography
A Report of the American College of Cardiology Foundation Appropriate Use Criteria Task

Force, the Society of Cardiovascular Computed Tomography, the American College of
Radiology, the American Heart Association, the American Society of Echocardiography, the
American Society of Nuclear Cardiology, the Society for Cardiovascular Angiography and
Interventions, and the Society for Cardiovascular Magnetic Resonance

Tahle 8. Appropriste Indicstions (Median Scors 7-9)
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Evaluation of cardiac structure and function

Evaluation of Intra- and
Extracardiac Structures

4

Localization of coronary bypass
grafts and other retrosternal
anatomy prior to reoperative
chest or cardiac surgery

Characterization of
native or prosthetic
Evaluation of valves in individuals
pericardial anatomy with suspected
clinically significant
valvular dysfunction
when images from

y other noninvasive

Evaluation of pulmonary methods are
vein anatomy prnor to inadequate
radiofrequency ablation
for atrial fibeillation

y

Initial evaluation of
cardiac mass Noninvasive coronary
(suspected tumor or vein mapping prior to
thrombus) placement of
Inadequate Images biventricular pacemaker

from other
noninvasive Appropriate
(53, 54)

techniques?

Appropriate Appropriate
(59) (60)




Valvulopatia




Protesis valvular

I'qF

Bastarrika G. Ann Thorac Surg. 2009;87:e50



Valvulopatia




Trombosis — endocarditis




Trombosis — endocarditis




Parametros

Resolucion espacial
Resolucion temporal

Anatomia valvular

Funcion valvular
Tiempo de
adquisicion

Visualizacion

Limitaciones

Interpretacion

Radiacion

TCMC
0,4—-0,6 mm
83 - 65 ms

Excelente

Semicuantitativo

8-10s

Contraste iv

Arritmia

Alergia contraste
Insuficiencia renal

10 minutos

Si

RM

1-2mm
30 —-60 ms

Buena

Cualitativo,
semicuantitativo y
cuantitativo

In plane: 17 s
Through plane: 3 min

SSFP

Claustrofobia
Apnea
Marcapasos, etc.

7 minutos

\[e)
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