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Cardiovascular Magnetic Resonance Imaging for
Structural and Valvular Heart Disease Interventions

ABSTRACT

The field of percutaneous interventions for the treatment of structural and valvular heart diseases has been expanding

rapidly in the last 5 years. Noninvasive cardiac imaging has been a critical part of the planning, procedural guidance,

and follow-up of these procedures. Although echocardiography and cardiovascular computed tomography are the most

commonly used and studied imaging techniques in this field today, advances in cardiovascular magnetic resonance

imaging continue to provide important contributions in the comprehensive assessment and management of these

patients. In this comprehensive paper, we will review and demonstrate how cardiovascular magnetic resonance imaging

can be used to assist in diagnosis, treatment planning, and follow-up of patients who are being considered for and/or

who have undergone interventions for structural and valvular heart diseases. (J Am Coll Cardiol Intv 2016;9:399–425)

© 2016 by the American College of Cardiology Foundation.

C ardiac magnetic resonance (CMR) is a
noninvasive imaging modality that allows
detailed visualization of cardiac anatomy

and functional assessment, including wall motion
analysis, quantification of chambers size and vol-
ume, systolic and diastolic function, and myocardial
tissue characterization, without exposure to ionizing
radiation. Similar to cardiovascular computed to-
mography, CMR also provides imaging with excellent
spatial resolution and ability for 3-dimensional (3D)
multiplanar reconstruction. Strengths, limitations,
and contraindications of this technique are listed
in Table 1.

OVERVIEW OF CMR IMAGING TECHNIQUE

Initial routine axial images are obtained along the
entire thorax providing an overview of the cardio-
thoracic morphology and anatomy (1). Subsequently,
more specific views are acquired to define the struc-
ture and/or pathology of interest. A particular
strength of CMR is the capability to assess cardiac
function using cine sequences with high temporal
and spatial resolution, while not being limited by a
specific imaging plane. Quantification of left ventric-
ular (LV) and right ventricular (RV) mass, volumes,
and systolic function with CMR is considered the
gold-standard for noninvasive imaging. This is typi-
cally performed applying breath-holding techniques,
in the short-axis orientation covering the entire left
and right ventricles from the base to the apex.
Either manual tracing or semiautomated contour
detection of the endocardial and epicardial borders
is then performed. The end-diastolic and -systolic
frames are identified as the frames with the largest

and smallest areas, respectively. These contours
are used to calculate end-diastolic and -systolic
volumes, stroke volumes, and ejection fraction
(2) (Figure 1). Technological advances now allow
adequate free-breathing imaging acquisition, which is
advantageous in patients with advanced heart failure,
in those unable to perform breath-hold, and/or in
those with cardiac arrhythmias.

Cine images can also provide excellent evaluation
of valvular morphology and function. Quantification
of disease severity (stenosis or regurgitation) is
usually performed with the combination of
2-dimensional (2D) cine imaging and flow quantifi-
cation using the phase-contrast technique. Further-
more, CMR can also ascertain the effects of the
valvular disease on chamber remodeling, which is not
only important for decision making, but also prog-
nostically relevant.

Additional volumetric data acquisition allows 3D
multiplanar reconstruction, similar to multidetector
computed tomography (MDCT) or 3D echocardiogra-
phy. This is especially helpful for the patient with
complex cardiovascular disease before and after
corrective surgery. Use of navigator-echo methods,
like noncontrast electrocardiography (ECG)-gated 3D
steady-state free precession magnetic resonance
angiography, synchronizes respiratory and cardiac
gating, allowing 3D dataset acquisitions without the
need for intravenous contrast (hereafter abbreviated
as 3D whole heart), which can be reconstructed with
excellent spatial resolution (Figure 2).

Another strength of CMR is the capability of
providing tissue characterization. Most CMR contrast
agents are gadolinium chelates, which in normal
circumstances remain in the blood pool because
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