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Abstract

Purpose of Review This review offers an evidence-based analysis of established and emerging cardiovascular magnetic
resonance (CMR) techniques used to assess the severity of primary mitral regurgitation (MR), identify adverse cardiac
remodeling and its prognostic effect. The aim is to provide different insights regarding clinical decision-making and enhance
the clinical outcomes of patients with MR.

Recent Findings Cardiac remodeling and myocardial replacement fibrosis are observed frequently in the presence of substan-
tial LV volume overload, particularly in cases with severe primary MR. CMR serves as a useful diagnostic imaging modality
in assessing mitral regurgitation severity, early detection of cardiac remodeling, myocardial dysfunction, and myocardial
fibrosis, enabling timely intervention before irreversible damage ensues.

Summary Incorporating myocardial remodeling in terms of left ventricular (LV) dilatation and myocardial fibrosis with

quantitative MR severity assessment by CMR may assist in defining optimal timing of intervention.

Keywords CMR - Primary mitral regurgitation - Quantification - Cardiac remodeling - Myocardial fibrosis - LGE

Introduction

Mitral regurgitation (MR) is a common valvular heart
disease both in the United States and worldwide with a
prevalence of more than 10% in the population older than
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75 years of age [1-3]. Population-based outcomes studies
have demonstrated that MR independently increases the risk
of heart failure, arrhythmia, and mortality [4-7]. The clini-
cal prognosis associated with mitral regurgitation (MR) is
directly related to the severity of valvular dysfunction [8].
Typically, MR is classified as either primary (degenera-
tive) or secondary (functional). In primary MR, the defect
is primarily in the mitral valve apparatus, whereas second-
ary MR is believed to be the result of ventricular or atrial
dysfunction/dilation [9]. Primary MR has seen substantial
changes in recent years. The worldwide prevalence of pri-
mary MR has grown, affecting approximately 24.2 million
people with greater incidence due to population aging [10].
Chronic primary MR in developed nations is predominantly
caused by mitral valve prolapse (MVP) [10]. MVP is defined
as atrial displacement of one or both mitral valve leaflets
by more than 2 mm above mitral annulus [11]. MVP can
manifest as a spectrum ranging from fibroelastic deficiency
(seen in older patients with deficiency of connective tissues
leading to rupture of chordal attachments without marked
myxomatous changes) to Barlow's disease (seen in younger
patients with significant multi-scallop myxomatous degen-
eration involving one or both leaflets with marked tissue
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redundancy). Although MVP without significant MR was
originally thought to be a benign condition with a prognosis
more or less equivalent to the general population, emerg-
ing data suggested that MVP is associated with left ven-
tricular (LV) remodeling leading to heart failure, ventricular
arrhythmia, and even sudden cardiac death, independent of
the severity of mitral regurgitation with an estimated annual
risk of 0.2-1.9% [12].

Importance and Indications of CMR
in Primary MR Evaluation

When evaluating individuals with mitral valve disease, clini-
cians initially rely on transthoracic echocardiography (TTE)
as the main imaging modality for both assessment and longi-
tudinal follow up. The evaluation of mitral regurgitation can
be effectively determined by gathering and combining data on
valve morphology and function, cardiac chamber size, wall
thickness, ventricular function, and estimates of pulmonary
artery pressures. Interventional treatments such as MV repair
or replacement can be effective at reducing mitral regurgita-
tion, but long-term success and procedural risk depend pri-
marily on optimal timing. Delayed intervention may increase
perioperative mortality and impair procedural effectiveness
due to LV or left atrial remodeling affecting mitral apparatus
geometry or wall stress. As a result, recent guidelines rec-
ommend intervention for patients with severe primary MR if
symptoms are present or, in the case of asymptomatic indi-
viduals, if LV dysfunction (ejection fraction <60%) or cham-
ber dilation (end-systolic diameter >40 mm) are evident.
However, despite these guidelines, one-fifth of individuals
diagnosed with severe primary MR persistently have reduced
ejection fraction and an elevated susceptibility to heart failure
following surgical intervention [13]. The data presented in our
review prompts inquiries regarding the exclusive reliance on
2D echocardiography-based measurements and ejection frac-
tion for surgical intervention. The role of cardiac magnetic
resonance (CMR) has been acknowledged in recent guide-
lines by the American Society of Echocardiography (ASE),
in collaboration with the Society for Cardiovascular Magnetic
Resonance (SCMR) [14].

In certain cases, variations in body habitus or the concur-
rent existence of lung disease can lead to suboptimal acous-
tic windows during echocardiography. This can subsequently
result in technically challenging studies. Furthermore, it is
worth noting that in certain individuals, the data obtained
from clinical history, physical examination, or other diag-
nostic procedures may not align with the echocardiographic
results and therefore the need for another tool to validate or
interpret the findings.

In these scenarios, there exists a significant clinical appli-
cation for CMR [15]. CMR offers the advantage of being
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free from ionizing radiation and, in some cases, does not
require the use of contrast agents. The aims of a compre-
hensive CMR study in assessing mitral regurgitation can be
categorized into three main objectives: first, to accurately
measure the severity of regurgitation; second, to gain under-
standing of the underlying mechanism causing the regurgi-
tation; and third, to determine the impact of the regurgitant
lesion on cardiac remodeling (e.g. left ventricular volumes,
left ventricular systolic function, left ventricular mass, left
atrial volume, right ventricular volumes and function and
myocardial fibrosis). Aside from myocardial fibrosis or late
gadolinium enhancement (LGE) assessment, this informa-
tion can be acquired without using intravenous (IV) contrast
agents. Hence, CMR can be effectively conducted in indi-
viduals who have significant renal impairment.

Evaluation of Primary MR by CMR

Quantification of Severity of Mitral Regurgitation
(Central lllustration, Panel A, Fig. 1A)

For mitral regurgitation evaluation, a balanced steady-state
free precession (b-SSFP) pulse sequence is used to obtain
a full set of sequential short-axis (every 8—10 mm from
base to apex) and long-axis cine images (usually conven-
tional 2-chamber, 3-chamber, and 4-chamber views). With
a typical spatial resolution of 1.5-2.0 mm per pixel and a
slice thickness of 6—8 mm, this sequence has an elevated
blood-to-myocardium contrast and signal-to-noise ratio.
This ultrafast pulse sequence achieves temporal resolution
of 25-35 ms (30-40 frames/s) in a 5-6 seconds breath hold
that is tolerated by the majority of patients with severe val-
vular disease. Those who have difficulty holding their breath
or have significant arrhythmias can undergo imaging using
a "real-time" pulse sequence with parallel imaging. This
dataset can calculate ventricular stroke volume and ejection
fraction by planimetry of left and right ventricular volumes
at end-diastole and end-systole and would be the first step
in calculating MR severity [16].

The second step involves the velocity-encoded or phase-
contrast cine CMR pulse sequence, which is the ideal imag-
ing sequence for measuring flow and computing velocities.
Protons moving along a magnetic field gradient experience
a phase shift in comparison to stationary spins [17]. The
net phase shift is directly proportional to the velocity of the
moving protons. Magnitude images and phase velocity maps
are produced using phase-contrast CMR. The magnitude
image is used to anatomically align the imaging slice and
to locate the vessel boundaries. The velocity within each
pixel is encoded via the phase map. A region of interest
can be traced on each time frame of the data set using both
images. A commercially available post processing software
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CENTRAL ILLUSTRATION: EVALUATION OF PRIMARY MR BY CMR

@ Quantification of MR Severity

2. Flow mapping

Aortic forward flow
(AOFF)

LVSV (ml) = EDV-ESV
MRV (ml) = LVSV-net AOFF
MRF% = MRV/(LVSV-AR)

Identification of MR Mechanism

Panel A showing quantification of mitral regurgitation (MR) severity through assessing LV volumes and flow mapping of aortic forward
flow (AOFF). Panel B showing a stack of 3-chamber views perpendicular to the short axis of the valve to completely visualize all
individual mitral scallops (A1 to P1, A2 to P2, and A3 to P3) to identify MR mechanism. Panel C showing evaluation of myocardial
remodeling through detection of myocardial fibrosis (blue arrows) by late gadolinium enhancement (LGE) techniques, T1 mapping, ECV
(extracellular volume) calculation, and CMR-FT (feature tracking). LVSV (LV stroke volume), EDV (end-diastolic volume), ESV
(end-systolic volume), MRV (mitral regurgitation volume), MRF (mitral regurgitation fraction), AR (aortic regurgitation).

Evaluation of Myocardial Remodeling

1. Bright Blood LGE

2. Dark Blood LGE

4 4. CMR-FT

Fig. 1 Central Illustration: Evaluation of primary MR by CMR

solution can integrate the antegrade and retrograde flows
through a location of interest using this data to determine
flows. Phase-contrast CMR has been demonstrated to be
particularly accurate for detecting antegrade and retrograde
flow across semilunar valves and is thus the technique used
to measure aortic or pulmonic insufficiency [16, 18, 19].
Because of the substantial movement of the mitral annu-
lus during systole relative to the flow imaging plane, this
approach is not as useful for mitral inflow and MR quantifi-
cation. As a result, mitral regurgitation volume is typically
quantified using the indirect method (detailed below).

In patients with mitral regurgitation, the total left ven-
tricular stroke volume increases and is equal to the aortic
forward stroke volume (antegrade flow) plus the mitral
regurgitant volume (retrograde flow). Subtracting the aortic
forward flow (step 2) from the left ventricular stroke volume
(step 1) would result in the mitral regurgitation volume. This
technique provides accurate calculations in the presence of
isolated mitral regurgitation as well as coexisting aortic

insufficiency, as the aortic insufficiency volume component
is part of both the left ventricular stroke volume and the
aortic forward flow, and hence would cancel out when we
subtract those two values.

In a study of 109 asymptomatic patients with echocardio-
graphic moderate or severe MR, CMR quantification of MR
was associated with the development of symptoms or with
future need for MV surgery and was superior to echocardio-
graphic grading of regurgitation [20]. Quantitative measures
of MR (mitral regurgitant volume and fraction) had a high
area under the curve with good sensitivity and specificity to
predict early surgery more than CMR derived LV volumetric
indexes. Cox regression analysis showed independent asso-
ciations for regurgitant volume and for regurgitant fraction if
assessed separately from regurgitant volume. For regurgitant
volume, the optimal threshold was 55 ml and for regurgitant
fraction, the optimal threshold was 40% [20].

A more direct method to detect severity of MR was
identified by Buchner et al. who revealed that cine CMR
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anatomical regurgitant orifice area (CMR-AROA) had a
strong correlation with catheterization derived angiographic
grading of mitral regurgitation severity (r=0.81) with a
CMR-ARO of more than 0.40 cm? having a 94% sensitiv-
ity and specificity for identification of Sellers angiographic
grade 3 or 4 mitral regurgitation [21].

Evaluation of the Mechanism of Primary Mitral
Rregurgitation (Central lllustration, Panel B, Fig. 1B)

Transesophageal echocardiography (TEE) is acknowledged
for its effective evaluation of mechanism of valve dysfunc-
tion and is considered the most suitable technique to identify
the specific structural lesion causing mitral regurgitation.
However, it is operator dependent and is considered as a
semi-invasive technique usually requiring patient sedation
and therefore, it is less desirable by some patients. Hence,
CMR, when used optimally, may play a role in assessing
the mechanism of primary MR in patients in whom TTE
has not provided adequate imaging or TEE was considered
too invasive. The commonly obtained CMR imaging planes
alone are seldom sufficient to determine the cause of MR,
therefore necessitating a specific series of sequences that
need both time and expertise [22]. A high resolution, small
field of view cine-CMR of the mitral valve scallops is used
to evaluate mechanism of MR using steady-state free-pre-
cession sequence with typical flip angle of 45 to 85 degrees,
repetition time of 3.0 ms, echo time of 1.3 ms, reconstructed
in-plane spatial resolution of 0.6 mm, slice thickness of 4 to
5 mm, and temporal resolution of ~25 ms to acquire a stack
of high-resolution cine-CMR images in “en-face” views as
well as a stack of 3-chamber views perpendicular to the short
axis of the valve to completely visualize all individual mitral
scallops (A1 to P1, A2 to P2, and A3 to P3) [22].

Few studies exist on assessing the accuracy and repro-
ducibility of CMR in defining mechanism of primary
MR compared to TTE and/or TEE. In a study comparing
the sensitivity of CMR to 2DTTE to detect diseased or
prolapsed leaflets using high resolution MV sequences,
CMR could detect posterior MV leaflet prolapse with 100
percent sensitivity and anterior mitral valve leaflet pro-
lapse with 78 percent sensitivity when compared with 2D
TTE; however, the study did not compare the accuracy of
these findings to surgical findings [11]. In a second study
involving 27 patients, CMR correctly identified segmen-
tal defects in 82% of the time compared to 2D TTE [23].
CMR and 2D TEE results were concordant in diagnosing
prolapse and identifying the abnormal leaflet in 43 patients
using surgical findings as the reference standard, but no
information was provided regarding the identification of
the abnormal scallop [24]. Correct identification of not
only the defective leaflet but also the specific scallop is
now a prerequisite for preoperative assessment of primary
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MR, and the degree of accuracy and quantity of informa-
tion provided by 3D TEE considerably surpasses that of
CMR in this regard. In addition, for pre-operative plan-
ning, CMR cannot yet provide the same high-quality enface
view as 2D and 3D echocardiography. Hence, 2D and 3D
TEE remained the reference approach for the anatomic and
functional assessment of the MV apparatus in primary MR,
allowing for precise localization of the abnormality and
determination of its etiology, which is essential for plan-
ning and guiding intervention.

Evaluation of Myocardial Remodeling (Central
lllustration, Panel C, Fig. 1C) (Table 1)

Left Ventricular and Left Atrial Remodeling

CMR is the diagnostic imaging modality of choice for accu-
rately assessing ventricular volumes in patients with pri-
mary MR patients, especially those with MVP. As previ-
ously mentioned, after obtaining the set of short and long
axis cine images using b-SSFP pulse sequence covering both
ventricles from the base to apex, endocardial and epicardial
contours can be manually traced to measure LV/RV end sys-
tolic, end diastolic volumes, stroke volumes as well as total
myocardial mass identifying any degree of chamber enlarge-
ment or myocardial hypertrophy. The basal slice at the end
of systole should be at the mitral annulus (top of the muscle)
and not at the mitral valve leaflets, particularly in patients
with bileaflet mitral valve prolapse [25]. CMR is a well-
established method for quantifying LV dimension and EF,
with high reproducibility and without the need for geomet-
ric assumptions, considering the parameters that elicit MR
intervention. In a series of 258 asymptomatic patients with
at least moderate MR, MRI derived LV end-systolic vol-
ume (LVESV) index, regurgitant volume and MRI derived
category (moderate vs severe) were independent predictors
of all-cause mortality [26]. In the same study, MRI derived
regurgitant volume showed the largest area under the curve
to predict mortality, need for MV surgery or both [26].
CMR-derived LVESYV index had a higher predictive value
than echo-derived LV end- systolic diameter for survival
without mitral surgery [27].

Patients with primary MR frequently suffer from left
atrial (LA) remodeling, caused by volume overload and
subsequent atrial dilation triggering a cascade of pathways
that end up in formation of atrial fibrosis as part of atrial
remodeling process. Using CMR, LA remodeling will be
assessed by measuring LA volume and LA geometry. LA
volume (ml) is calculated from two- and four-chamber cine
images using the biplanar method at end-systole. Accord-
ingly, LA volumes are divided by body surface area (BSA)
to calculate LA volume index (LAVI) [28].
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The prolapse volume (PV) is a dome-shaped systolic
blood volume between the mitral annulus and the prolapsed
leaflets, causing a non-regurgitant volume overload in the
LV and the LA that can account for the LV enlargement out
of proportion to the MR in patients with MVP, particularly
in Barlow's disease. Our lab first demonstrated the impor-
tance of PV in MVP where it was identified as an independ-
ent and significant predictor of LA and LV dilation in a
multivariate analysis [29]. Levy et al. also had similar results
independently, except for unexpected significant remodeling
of RV size and function irrespective of PV [30] warranting
further research in that field. Given this information, this
gives CMR an extra advantage on 2D TTE in accurately
assessing MR severity and LV volume load. In 2D TTE,
proximal isovelocity surface area (PISA) method is mostly
used capturing only the transvalvular MR jet crossing the
mitral valvular plane and ignoring the prolapse volume,
leading to underestimation of LV volume load.

CMR to Assess Myocardial Tissue Composition in Primary
Mitral Regurgitation

Chronic volume overload induced by primary mitral regur-
gitation causes remodeling of the LV. Myocardial fibrosis,
the defining characteristic of LV remodeling, is a conse-
quence of extracellular matrix alterations involving collagen
I deposition and loss of myofibers at a later stage [31]. The
ability to non-invasively assess the myocardial composition
is a unique feature of CMR. CMR imaging techniques per-
mit direct and indirect evaluation of myocardial fibrosis. T1
mapping and late gadolinium enhancement (LGE) permit
myocardial tissue characterization and provide measures of
direct myocardial fibrosis, Recent studies had identified two
types of myocardial fibrosis occurring in patients with pri-
mary MR. Replacement fibrosis is more common in MVP
patients than those without MVP, and it is more commonly
located close to papillary muscle traction sites such as the
inferior, inferolateral, and anterolateral LV walls. There is
growing evidence of association of replacement myocardial
fibrosis with malignant ventricular arrhythmia (MVA) and
sudden cardiac death, as would be mentioned later in the
review. Diffuse interstitial fibrosis had similar incidence
in both MVP and non-MVP patients. Interstitial fibrosis
had a direct relationship to the severity of MR and can be
quantified by myocardial extracellular volume (ECV) by
T1 mapping.

A) Late Gadolinium Contrast Enhanced CMR
LGE CMR is the most potent non-invasive modality for

quantifying myocardial scar and replacement fibrosis. The
increased extracellular space results in a greater volume of

distribution and a protracted wash-out of gadolinium [32].
Ten to twenty minutes after intravenous administration of
gadolinium, mid- to late-diastole 2D segmented inversion
recovery (Gradient Echo GRE or Phase Sensitive Inversion
Recovery PSIR) images are acquired. The inversion time is
selected to null the normal myocardium and provide opti-
mal tissue contrast between fibrous tissue, which appears
bright, and normal myocardium, which appears black. In
cases of irregular rhythm or difficulties in breath hold-
ing, single shot imaging can be acquired because it is less
susceptible to arrhythmias and breathing artifacts as well
as shorter acquisition times for patients with difficulties
with breath holding. The caveat is that single shot imaging
has lower spatial and temporal resolution compared to seg-
mented images which are acquired along multiple cardiac
cycles. Due to the low scar-to-blood contrast of these con-
ventional sequences, it can be challenging to detect subtle
papillary muscle fibrosis/ hyperenhancement adjacent to
the blood pool which is frequently seen with MVP. Various
novel “dark-blood” LGE approaches have been proposed to
increase scar-to-blood contrast and improve subendocardial
scar imaging, particularly that of papillary muscle. Most
of these methods use additional magnetization prepara-
tion mechanisms to either suppress the blood pool signal
partly (gray-blood techniques) or null the signal completely
(black-blood techniques). These mechanisms include T2
preparation, magnetization transfer, and spin-locking in
concert with the standard inversion pulse, and utilization
of multiple inversion pulses [33-35].

Several recent studies have highlighted the prognostic
implication of myocardial fibrosis in the setting of primary
MR in patients with MVP (Table 1). Basso et al. revealed
a prevalence of 93% of LV fibrosis in patients with MVP-
related SCD and MVP with complex ventricular arrhythmias
[12]. In a study conducted by Kitkungvan et al., patients
with MVP and evidence of LGE experienced a 7.7% rate
of fatal arrhythmic events as compared to 2.7% for MVP
patients without myocardial fibrosis, and 0.6% for group
with primary MR due to non-MVP etiology, highlighting
that mitral valve apparatus alterations in MVP are associated
with myocardial abnormalities and are considered a pro-
fibrotic milieu [36e¢]. Similarly, in a French study [37ee],
patients with MVP and replacement fibrosis had a 2.6-fold
higher rate of cardiac death, heart failure, atrial fibrillation
and arterial embolism or life-threatening ventricular arrhyth-
mias than patients without fibrosis. In a recent study, 41%
of patients with MVP and replacement fibrosis developed
ventricular arrhythmias after a median follow up period of
1008 days [38]. In a retrospective multicenter study with
a total of 474 patients, the authors found that LGE was a
predictor of adverse clinical outcome (sustained ventricular
tachycardia, SCD or unexplained syncope) [39].
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B) T1 Mapping and Extracellular Volume (ECV)

By using T1 mapping sequences, CMR allows quantification
of the myocardial extracellular volume (ECV), a quantitative
marker of diffuse myocardial fibrosis that correlates with the
severity of histological fibrosis [40, 41]. Before and 15 to
20 min after contrast administration, modified look-locker
inversion recovery (MOLLI), shortened MOLLI, or equiva-
lent pulse sequences with motion correction are conducted
in a single breath hold at the level of the mid-basal and mid-
LV short axis [42]. Changes in the myocardial and blood T'1
signal (before and after contrast) are used to derive the ECV,
which represents the cellular fraction of the blood. The ECV
is less dependent on the intensity of the magnetic field than
the T1 signal. Treibel et al. [43] have proposed a way to esti-
mate ECV (synthetic ECV) in the absence of a hematocrit
sample based on the correlation between the hematocrit and
the longitudinal relaxation rate of the blood and it has proven
a good correlation with cardiovascular outcomes [43].

Studies have shown myocardial ECV to be correlated with
histologically quantified diffuse interstitial myocardial fibro-
sis in valvular heart diseases [40]. In a large study of 424
patients, diffuse interstitial fibrosis identified by ECV was
associated with MR severity, regardless of the etiology of pri-
mary MR and was independently associated with symptoms
and clinical events either MV surgery or cardiovascular death
(e.g., patients with an ECV of >30% had a higher likelihood
of death or need for MV surgery) [44e, 45].

A prospective multicenter study enrolled 104 patients
with primary MR who underwent CMR prior to and an
average of 8 months after mitral valve repair [46]. A sig-
nificant decrease in ECV fraction and indexed ECV (sur-
rogates of diffuse interstitial fibrosis DIF), proportional to
their preoperative results, was observed after surgery, but
not in LGE (replacement fibrosis). These results imply that
interstitial fibrosis may be reversible, whereas replacement
fibrosis is not. While the preoperative ECV% and LGE bur-
den did not predict LV reverse remodeling after repair, a
greater indexed ECV was linked to worse postoperative LV
systolic function, characterized by higher indexed LVESV
(LVESVi) and lower LVEF [47]. These data highlighted the
prognostic value of fibrosis imaging in primary MR and are
supportive of early intervention in asymptomatic patients
with chronic severe MR.

C) CMR Tagging and Feature Tracking

CMR tagging and feature tracking CMR are newer techniques
allowing evaluation of myocardial strain, a functional parameter
that indirectly correlates with myocardial fibrosis via assessing
the mechanics and the deformation of the myocardium without
using contrast agents [48]. CMR tagging is based on modifying
the magnetization of myocardial tissue to produce trackable
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markers within the myocardium, which are visualized as dark
lines arranged in a grid pattern. This allows for an immedi-
ate visual assessment of myocardial deformation, but a more
objective approach and evaluation requires additional post-pro-
cessing. Recent advances in pulse sequences and image pro-
cessing have led to an abundance of new labelling techniques
[47]. Similar to 2D and 3D echocardiographic speckle tracking,
feature tracking CMR relies on the post-processing of standard
SSFP cine images. Feature tracking CMR algorithms focus on
the endocardial and epicardial borders and detect inward and
outward motion at the cavity-tissue interface [49, 50]. From
the basic long- and short-axis views, global and segmental
longitudinal, circumferential, and radial strain, strain rates, and
LV rotational mechanics can be derived. Global strain values
appear to be more reproducible and more consistent than seg-
mental values [51-53]. The primary advantage of CMR tagging
over feature tracking CMR is that the imposed tags are more
clearly defined and simpler to track than natural features and are
not subject to through-plane displacements, resulting in more
reproducible measurements [49], whereas, the primary draw-
backs are the requirement for additional complex sequences
with limited accuracy when applied to thin myocardium (such
as the remodeled, thin-walled LV, the right ventricle, and the
atria) and the time-consuming post-processing. However, it is
worth mentioning that neither of these novel techniques have
been studied for prediction of outcomes of primary MR and
additional methodological standardization is a crucial prerequi-
site for this technique's widespread adoption in clinical practice.

Conclusion

CMR is the modality of choice for accurate assessment
of patients with primary MR. CMR can provide informa-
tion regarding the quantification of MR severity, LV/ LA
volumes, LV systolic function and myocardial fibrosis.
The prognosis of MR patients is worsened once they have
developed symptoms even with normal LV size and sys-
tolic function, as surgical mortality is increased. In addi-
tion, MV intervention may not ameliorate the pre-formed
myocardial fibrosis, emphasizing the significance of early
intervention prior to the onset of symptoms. Thus, incor-
porating myocardial remodeling in terms of left ventricular
(LV) dilatation and myocardial fibrosis with quantitative
MR severity assessment by CMR may assist in stratifying
patients who may benefit from earlier intervention.
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