ELMER
PRESS

’ '.) Check for updates‘

Orriginal Article

Cardiol Res. 2025;16(6):525-532

Total Regurgitant Fraction to Predict Aortic Valve Surgery
in Patients With Concomitant Aortic and Mitral
Regurgitation

Alvaro Montes?, Alberto Cecconi® i, Albert Teis?, Juan Lacalzada-Almeida®, Beatriz Lopez Melgar?,
Paloma Caballerod, Susana Hernandez Muniz4, Carmen Benavidesd, Dafne Vilianie,
Mauro Di Silvestre®, Cesar Jimenez Mendez', Maria Manuela Izquierdo-Gomez®,

Flor Baeza Garzon®, Claudia Escabia®, Fernando Alfonso® &1,

h

Luis Jesus Jimenez-Borreguero® f

Abstract

Background: Concomitant aortic and mitral regurgitation (CAMR)
is associated with poorer outcome compared with isolated aortic re-
gurgitation (AR). Current prognostic assessment of AR does not in-
clude the magnitude of mitral regurgitation (MR). Cardiac magnetic
resonance (CMR) can integrate volumetric data to obtain a novel
combined parameter, total regurgitant fraction (TRF), which could
have the potential ability to measure the combined effects of AR and
MR on left ventricle (LV) overload. The aim of our study was to ex-
plore the usefulness of TRF in predicting the future need of aortic
valve surgery in patients with CAMR.

Methods and Results: Patients with CAMR and prior CMR studies
were retrospectively recruited. A total of 45 patients were included,
of whom 10 (22%) developed surgery indications. At the median
follow-up time point (3.2 years), survival without surgery indication
was 95% in the group with TRF <40% compared to 90% in the group
with aortic regurgitant fraction (ARF) < 29%. In contrast, 67% of pa-
tients with TRF > 40% developed surgery indications after 3.2 years
compared to 55% of patients with ARF > 29%. In the multivariate
analysis, the model including binary TRF had the highest hazard ratio
of 13.846 (2.822 to 67.939, P =0.001).
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Conclusions: TRF is a promising CMR parameter that could improve
the prediction of the need for surgery in patients with CAMR. Further
studies with larger populations should be performed to confirm these
findings.
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Introduction

Chronic aortic regurgitation (AR) and mitral regurgitation (MR)
are common valvular heart diseases that can lead to heart failure.
Both conditions are associated with left ventricle (LV) enlarge-
ment and dysfunction secondary to diastolic volume overload.
Concomitant aortic and mitral regurgitation (CAMR) is not un-
common, with a prevalence of moderate or severe MR in 14-25%
of patients with moderate or severe AR. This coexistence is as-
sociated with poorer outcomes compared with isolated AR [1, 2].
When both regurgitations are concomitant, the overload of
the LV is conditioned by the excess of volume produced by the
sum of the aortic regurgitant volume (ARV) and mitral regur-
gitant volume (MRV). However, current prognostic assessment
of AR does not consider the presence and magnitude of con-
comitant MR. As a result, there are no specific recommenda-
tions for management of patients with these combined valvular
regurgitations [3]. Therefore, in patients with CAMR, we may
underestimate the risk of cardiac remodeling and cardiac events
and, possibly, delaying the optimal timing for valve surgery.
There is evidence that ARV and aortic regurgitant frac-
tion (ARF), calculated by cardiac magnetic resonance (CMR),
are powerful predictors of outcome in patients with AR [4-6].
Moreover, there is growing evidence supporting MRV and mi-
tral regurgitant fraction (MRF), also calculated by CMR, as the
most accurate parameters to assess MR severity [7, 8]. Indeed,
CMR is used as a highly reliable method to separately calcu-
late the regurgitation fractions of the aortic and mitral valves.
In patients with CAMR, data from cine and velocity-encoded
phase contrast (VEPC) imaging could be integrated by adding
the ARV and MRV to obtain combined parameters as total re-
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Figure 1. Obtention of the mentioned volumes and regurgitant fractions in velocity encoding phase contrast imaging (left) and its
schematic representation in left cardiac chambers. ARF: aortic regurgitant fraction; ARV: aortic regurgitant volume, FV: forward
volume; LA: left atrium; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume; LVSV: left ven-
tricular stroke volume; MRF: mitral regurgitant fraction; MRV: mitral regurgitant volume; TRF: total regurgitant fraction; TRV: total

regurgitant volume; VR: venous return.

gurgitant volume (TRV) and total regurgitant fraction (TRF),
as depicted in Figure 1.

TRV and TRF have not been previously described or eval-
uated in this scenario. These novel parameters could have the
potential to measure the combined effects of AR and MR on
LV overload and, therefore, have a prognostic value in patients
with CAMR.

Against this background, the aim of our study was to ex-
plore the usefulness of CMR-calculated TRF in predicting the
future need for aortic valve surgery in patients with CAMR,
and to compare it with the established conventional assess-
ment of evaluating solely ARF, without considering the mitral
regurgitant volume.

Materials and Methods

Study population and outcome

Consecutive patients aged 18 years or older with concomitant
moderate or severe AR and any grade of MR diagnosed by
standard transthoracic echocardiography (TTE) assessment
were retrospectively recruited from three tertiary centers: Hos-
pital Universitario de La Princesa (Madrid) which acted as the
coordinating center, Hospital Universitario Germans Trias i
Pujol (Badalona) and Complejo Hospitalario Universitario de
Canarias (La Laguna, Santa Cruz de Tenerife). The study was
approved by the Institutional Review Board (approval number
4131) (Supplementary Material 1, cr.elmerpub.com) of the re-
cruiting centers according to the Spanish legislation.
Exclusion criteria were: 1) previous history of severe aor-
tic or mitral stenosis, LV dysfunction or other cardiomyopathy,
including cardiac or extracardiac shunts; 2) formal indication
at enrollment of valve surgery according to European Soci-

ety of Cardiology (ESC)/European Association for Cardio-
Thoracic Surgery (EACTS) clinical practice guidelines [3]; 3)
history of previous cardiac surgery; and 4) indication of valve
surgery due to other reason (such as aortic aneurysm).

The primary endpoint was defined as the development of
any current ESC/EACTS practice guideline-based indication
of aortic valve surgery due to AR, including symptomatic se-
vere AR, severe LV dilatation (LV end-diastolic diameter > 70
mm or LV end-systolic diameter > 50 mm), or reduced (< 50%)
left ventricular ejection fraction (LVEF) during follow-up.

Clinical and TTE characteristics were collected at each
center at the closest time within 6 months prior to the first
eligible CMR. CMR studies were anonymized and centrally
analyzed in a core CMR lab by expert personnel blinded to
clinical and echocardiographic data. In patients with more than
one CMR, the first eligible study was used as baseline for the
analysis. If the CMR results constituted an indication for sur-
gery, the patient was removed from the analysis.

Patients were clinically followed with reassessment of LV
diameters, volumes and function mainly by TTE at local sites
following clinical guidelines recommendations [3].

CMR protocol

CMR images were performed on 1.5 T clinical scanners. The
CMR data acquisition protocol is described (Supplementary
Material 2, cr.elmerpub.com). Sequences were performed as
described in expert consensus statements [9, 10].

Quantitation of LV and regurgitation parameters with CMR

Ventricular volumes and ejection fraction were quantified in
the short-axis cine stack of steady-state free precession (SSFP)
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Table 1. Main Clinical Baseline Characteristics

No indication of surgery

Surgery indication

All (n =45) (n = 35) (n=10) P value

Age (years) 61.5+16.7 62.2+16.3 59+ 19 0.58
Male (%) 34 (75.6%) 26 (74.3%) 8 (80%) 0.71
HBP (%) 28 (62.2%) 22 (62.9%) 6 (60%) 0.86
DM (%) 1 (2.2%) 0 (0%) 1 (10%) 0.22
DL (%) 15 (33.3%) 10 (28.6%) 5(50%) 0.20
BMI (kg/m?) 26.7+4.6 26.9+4.5 26.3+5.4 0.72
Smoker (%) 5(11.1%) 4 (11.4%) 1 (10%) 0.89
Former smoker (%) 18 (40%) 14 (40%) 4 (40%) 1.0

AF (%) 10 (22.2%) 7 (20%) 3 (30%) 0.71
CKD (%) 6 (13.3%) 4 (11.4%) 2 (20%) 0.48
BAV (%) 21 (46.7%) 18 (51.4%) 3 (30%) 0.23
DAA (%) 6 (13.3%) 4 (11.4%) 2 (20%) 0.48

AF: atrial fibrillation; HBP: high blood pressure; DAA: dilated ascending aorta; DM: diabetes mellitus; DL: dyslipidemia; BMI: body mass index; CKD:

chronic kidney disease; BAV: bicuspid aortic valve.

cine images using Circle Cardiovascular Imaging (cvi42).
Papillary muscles were included in the LV blood volume. Left
ventricular stroke volume (LVSV) was calculated by Simpson
method as the difference between LV end-diastolic volume
(LVEDV) and end-systolic volume (LVESV).

ARV and ARF were quantified in phase-contrast (PC)
sequences, as shown in Figure 1. The following volumetric
parameters are also represented: MRV was calculated as the
difference between LVSV and aortic PC forward volume (FV).
MREF was calculated as MRV divided by LVSV minus ARV, as
recommended in current valvular regurgitation guidelines and
state of the art reviews [8, 11]. TRV was calculated as ARV
plus MRV. TRF was calculated as TRV divided by LVSV.

Statistical analysis

Basic statistical analyses are described here (Supplementary
Material 3, cr.elmerpub.com).

Receiver operating characteristic (ROC) curve and corre-
sponding area under the curve (AUC) were used to determine
the sensitivity and specificity of CMR valve regurgitation.
AUC differences between parameters were compared with
DeLong’s test. Best cutoff point to predict the indication for
aortic valve intervention at 1, 2 and 3 years of follow-up was
calculated using the method of Youden. Kaplan-Meier (KM)
analysis was performed, and the log-rank test was used for var-
iables with the best discriminatory ability in the ROC analysis.

Initially, univariable Cox proportional hazards regression
was used to examine the association between the regurgita-
tion variables and the primary clinical endpoint events. Sub-
sequently, significant associations were adjusted using mul-
tivariable analysis. Variables which showed trend towards
statistically significant differences (P < 0.10) between the two
groups at baseline were included in the model, while variables
with collinearity were omitted.

Statistical analysis was performed with IBM SPSS Statis-
tics, version 25.

Results

A total of 45 patients with concomitant moderate or severe
AR and any grade of MR were included in the study. During
a mean time of 3.9 years, 10 patients (22%) developed sur-
gery indications and were intervened: nine underwent isolated
aortic valve replacement, and one underwent mitral and aortic
valve replacement.

The main clinical baseline characteristics are summa-
rized in Table 1. No significant differences were found be-
tween groups concerning clinical characteristics. The mean
age was 61.5 years. Numerically, there were more men and
patients with dyslipidemia and chronic kidney disease in the
valve surgery group, but the differences were not statistically
significant. All patients were free of symptoms related to their
valvular disease at the beginning of follow-up.

AR was due to bicuspid aortic valve (BAV) in 21 patients
(46.7%), degenerative in 12 patients, and functional in eight
patients. In four patients, the underlying etiology of AR was
unclear. Nineteen patients had organic MR, nine functional
and one mixed. In 16 patients, the etiology of the MR was
unclear.

Indications of surgery were due to the development of
symptoms in seven patients (70%), severe LV dilatation in one
patient (10%), and reduced LVEF in two patients (20%).

One patient in the non-surgery indication group died dur-
ing follow-up, due to neurological complications from a severe
status epilepticus.

CMR findings are displayed in Table 2. Patients in the sur-
gery indication group had significant higher MRF (21.6+£9.8%
vs. 14.9£7.9%), ARV (32.2 + 14.6 mL vs. 20.3 + 11.8 mL),
ARF (29.5+10.1% vs. 21.0+8.1%), TRV (50.7 £ 19.0 mL
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Table 2. Comparison Between Patients Without and With Surgery Indication During Follow-Up

No indication of surgery

Surgery indication

All (n =45) (n =35) (n=10) P value
LVEDV (mL) 186.3 +£55.5 183.8 £54.2 195.1+62.1 0.57
LVESV (mL) 76.6 +32.3 77.7+32.5 72.8+33.1 0.67
LVSV (mL) 109.7 £29.6 106.1 £27.9 122.3+33.3 0.12
FV (mL) 95.5 £26.1 93.4+24.1 103.8 £32.2 0.26
LVEF (%) 60.0 +8.4 589+84 63.9+72 0.09
ARV (mL) 23.0+13.2 203+ 11.8 322+ 14.6 0.01
ARF (%) 229+9.2 21.0£8.1 29.5+10.1 0.01
MRV (mL) 142493 12.9+9.6 18.5+7.4 0.09
MREF (%) 16.4 £8.7 149+79 21.6+9.8 0.029
TRV (mL) 37.1+18.6 33.2+16.8 50.7 +19.0 0.007
TRF (%) 32.8+10.2 304+9.2 412+94 0.002
RVEEF (%) 61.6 8.0 61.5+8.2 61.9+7.7 0.88
DAFR? (n =29) 14 (48.3%)* 6 (28.6%)* 8 (100%)? 0.001

aDAFR was examined in only 29 patients. LVEDV: left ventricular end diastolic volume; LVESV: left ventricular end systolic volume; LVSV: left ven-
tricular stroke volume; FV: forward volume; LVEF: left ventricular ejection fraction; ARV: aortic regurgitant volume; ARF: aortic regurgitant fraction;
MRV: mitral regurgitant volume; MRF: mitral regurgitant fraction; TRV: total regurgitant volume; TRF: total regurgitant fraction; RVEF: right ventricular

ejection fraction; DAFR: descendent aorta flow reversal.

vs. 33.2 £ 16.8 mL) and TRF (41.2+9.4% vs. 30.4+£9.2%) at
baseline, as compared to patients without surgery indications.
MRV was higher in the surgery indication group but did not
reach statistical significance. However, LVEDV and LVESV
were similar in both groups. Due to the acquisition angle of
PC sequences, descendent aorta flow reversal (DAFR) analy-
sis was feasible in only 29 patients. All patients with surgery
indications had DAFR.

ROC curve data of CMR regurgitation parameters with
reasonable significant discriminatory ability (AUC > 0.70, P
< 0.05) are shown in Table 3, with ARF and TRF having the
highest AUC values. ROC curves comparing ARF and TRF to
predict the development of surgery indications at 1, 2, 3 years
and at the end of follow-up are plotted in Figure 2. Although
TRF had a trend towards superiority compared to ARF, the dif-
ference between both parameters did not reach the statistical
signification in DeLong’s test (P = 0.67).

KM curves were built stratified by ARF and TRF cut-offs

and are represented in Figure 3. There was a progressive and
significant separation of the groups over time (ARF >29% log
rank P = 0.001, TRF > 40% log rank P = 0.000). At the me-
dian follow-up time point (3.2 years), survival without surgery
indication was 95% in the group with TRF < 40% compared
to 90% in the group with ARF <29%. In contrast, 67% of pa-
tients with TRF > 40% developed surgery indications after 3.2
years compared to 55% of patients with ARF > 29%.

Binary Cox regression analyses comparing groups above
and below thresholds identified on ROC analysis are depict-
ed in Table 4. Hazard ratio for TRF was the highest: 15.802
(3.256 t0 76.692, P=0.001). Multivariate Cox regression anal-
ysis was adjusted for LVEEF, the only covariable which showed
a trend towards statistically significant differences between
groups and had no collinearity. Regurgitant volumes, regurgi-
tant fractions and left ventricular volumes were not included
in the same model due to significant collinearity. DAFR was
not included in the model due to missing values in the cohort.

Table 3. ROC Data (Comparison of the Ability of Each Parameter to Identify the Patients Who Develop Indications for Surgery at

the End of Follow-Up)

AUC Cut-off P value Sensitivity (%) Specificity (%)
ARV (mL) 0.75 (0.54 - 0.96) 33 0.015 70 91
ARF (%) 0.75 (0.56 - 0.94) 29 0.018 70 85
MRV (mL) 0.72 (0.55 - 0.89) 15 0.038 90 65
MREF (%) 0.72 (0.53 - 0.90) 18 0.041 80 65
TRV (mL) 0.77 (0.59 - 0.94) 47 0.011 70 85
TRF (%) 0.79 (0.62 - 0.96) 40 0.006 70 89

ARV: aortic regurgitant volume; ARF: aortic regurgitant fraction; MRV: mitral regurgitant volume; MRF: mitral regurgitant fraction; TRV: total regurgi-

tant volume; TRF: total regurgitant fraction; ROC: receiver operating characteristic.
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Figure 2. ROC curve representing capacity of ARF (blue line) and TRF (red line) to identify patients at risk of developing surgery
indications at 1 year (a), 2 years (b), 3 years (c) and at the end of follow-up (d). ARF: aortic regurgitant fraction; TRF: total regur-
gitant fraction; Cl: confidence interval; AUC: area under the curve; ROC: receiver operating characteristic.

The model including binary TRF had the highest hazard ratio: defined as an aortic diameter divided for corporal surface >
13.846 (2.822 to 67.939, P =0.001), as shown in Table 4. 21. A subgroup analysis was performed including patients with
Six patients (11.3%) had dilated ascending aorta (DAA), and without DAA. In patients with DAA, none of the parame-

Table 4. Cox Proportional Hazard Regression for the Variables With Significant Discriminatory Ability on ROC Analysis

Univariate analysis Multivariate analysis
Hazard ratio (B-Exp) P value Hazard ratio (B-Exp) P value

ARV (mL) 9.77 (2.51 - 38.02) 0.001 8.10 (1.82 - 36.02) 0.006
ARF (%) 6.98 (1.77 - 27.44) 0.005 5.42 (1.29 - 22.72) 0.02
MRV (mL) 11.46 (1.45-90.63) 0.02 9.28 (1.14 - 75.62) 0.04
MRF (%) 6.66 (1.40 - 31.67) 0.02 5.53 (1.15 - 26.59) 0.03
TRV (mL) 6.63 (1.71 - 25.69) 0.006 5.54 (1.40 - 21.90) 0.02
TRF (%) 12.05 (2.49 - 58.33) 0.002 11.78 (2.39 - 58.01) 0.001

Analysis was binary comparing groups above and below the optimal threshold. Multivariate analysis was adjusted for LVEF. ARV: aortic regurgitant
volume; ARF: aortic regurgitant fraction; MRV: mitral regurgitant volume; MRF: mitral regurgitant fraction; TRV: total regurgitant volume; TRF: total
regurgitant fraction; ROC: receiver operating characteristic.
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Figure 3. Surgery-indication free survival by ARF (superior panel) and TRF (inferior panel) best cut-offs determined by Youden
method in ROC analysis. ARF: aortic regurgitant fraction; TRF: total regurgitant fraction; ROC: receiver operating characteristic.

ters reached a significant AUC. In patients without DAA, TRF
had an AUC of 0.84 (with 95% confidence interval (CI) of
0.52 - 0.97, P=10.003), compared to ARF AUC of 0.75 (with
95% CI of 0.70 - 0.97, P = 0.028), but the difference between
both AUCs did not reach statistical signification (P = 0.43).

Discussion

Our data demonstrate the potential prognostic value of quan-
tifying TRF with CMR in patients with CAMR. Importantly,
these novel CRM parameters showed a significant association
with the future need for valve surgery.

CMR-measured ARV-ARF [4-6] and MRV-MRF [7, §]

have proved to be reliable and accurate parameters for sepa-
rately quantifying AR and MR. Nevertheless, this evidence was
based on studies that excluded patients with CAMR. Therefore,
there was a lack of data regarding the usefulness of these pa-
rameters in patients with CAMR. Our study aimed to mend this
gap in evidence and also to evaluate TRF, a novel quantitative
parameter with capacity to measure the combined effect of both
valvular heart diseases, and its predictive and prognostic value.

The proposed ARF cut-off for severity in our study 0f 29%
is lower than previously described [4, 5, 12]. This suggests that
conventional thresholds for evaluating ARF alone in patients
with CAMR may have reduced sensitivity to detect patients at
risk of developing surgical indications. In fact, conventional
ARF threshold of 33% had a sensitivity of 40% in our CAMR
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cohort.

As pointed by Vejpongsa et al [12], a significant propor-
tion of patients with AR who undergo surgery present an ARF
below the TTE-based thresholds for severity of 50%. In con-
cordance with previous studies, CMR-quantified ARF cut-offs
in our cohort are also lower than current TTE-based thresh-
olds, lending support to the more accurate prognostic value of
CMR-quantified regurgitation fractions.

The capability of TRF to predict the development of sur-
gery indications was higher (AUC 0.79, P = 0.006) compared
to ARF (AUC 0.75 P = 0.018), but the difference between the
two parameters did not reach the statistical signification (P =
0.67), probably due to the limited number of patients. TRF
had a similar sensitivity (70%) but higher specificity (89%
vs. 85%) compared to ARF. In our study, the mean MRF was
16.4%, which corresponds to mild-to-moderate MR. This
might explain the slight difference between TRF and ARF. It is
likely that in patients with more severe MR, TRF could have
even better prognostic capability than ARF alone.

Survival without surgery indication at the median follow-
up time point (3.2 years) was 95% in the group with TRF <
40%, compared to 90% in the group with ARF <29%. In con-
trast, 67% of patients with TRF >40% developed surgery indi-
cations after 3.2 years, compared to 55% of patients with ARF
> 29%. The hazard ratios of patients with TRF > 40% were
also higher (15.8 and 13.8 in univariate and multivariate analy-
ses, respectively) than those of patients with ARF > 29% (6.9
and 5.4 in univariate and multivariate analyses, respectively),
identifying TRF as the best independent predictor of the need
for surgery in our population.

To the best of our knowledge, this is the first attempt to
describe TRF as a concept and therefore to demonstrate its
prognostic and predictive value in patients with CAMR. This
could help identify patients with CAMR who are more likely
to require aortic valve surgery in the future, thereby allowing
for closer clinical monitoring.

Unlike other studies, LVEDV and LVESV were not in-
dependent predictors of surgery in our cohort. Myerson et al
[4] found that after a median follow-up of 21 months, 35%
of patients developed an indication for surgery. These patients
had a mean LVEDV and LVESV values of 301 and 113 mL, re-
spectively. Postigo et al [5] described an incidence of 39% af-
ter a median follow-up of 33 months. Full cohort LVEDV and
LVESYV values were 213 and 87 mL in this study. Compared
with these populations, our patients had lower ventricular vol-
umes and a lower proportion of events (22%). This suggests
that in our study, CMR was performed at an earlier stage of
remodeling and thus, LVEDV and LVESV had a limited pre-
dictive value in these patients.

A significant percentage (46.7%) of patients had BAV. At
the participating centers, most CMR were indicated due to diffi-
culties in evaluation with convectional echocardiographic crite-
ria in such patients. This reflects the real clinical practice in our
environment and might explain why patients had baseline CMR
performed at earlier stages compared to other studies. Neverthe-
less, results might differ in a prospective study where CMR is
performed in a more representative, unselected population. Such
a design would likely provide a more accurate estimate of the
utility and diagnostic performance of TRF across the full spec-

trum of aortic insufficiency severity and etiologies.

Patients with DAA can present helical flow patterns at the
level of the aortic root, with a theoretical risk of loss of pre-
cision in the quantification of volumes by conventional two-
dimensional (2D) VEPC imaging due to its dependency on the
flow intercept angle. In this scenario, four-dimensional (4D)
flow imaging is believed to be more accurate than convention-
al 2D VEPC [13]. Nevertheless, there is discordant evidence
in the literature regarding this matter [14], and more research
is needed to establish the role of 4D flow imaging in patients
with CAMR. However, trying to overcome this potential limi-
tation, we performed a subgroup analysis of patients with and
without DAA. Patients without DAA presented similar results
to the entire cohort, with an AUC for TRF of 0.84 compared
to AUC for ARF of 0.75, also with a trend towards superiority
without reaching the statistical signification.

DAFR was present in all baseline CMR studies of patients
who developed surgery indications, showing a high sensitivity,
as previously described by Kammerlander et al [15]. Neverthe-
less, its specificity might be improved with additional quanti-
tative measurements that, due to the acquisition angle of the
PC sequences, were not feasible in our study.

Limitations

Our study has some limitations. Considering the sample size
and the lack of significant differences with conventional ARF
measurements, our results are inadequate to prove a signifi-
cant benefit, should be considered as hypothesis-generating,
and require confirmation in further studies including a larg-
er population. In addition, most of the patients had MR with
low grade of severity. Nevertheless, our hypothesis - that the
measurement of LV overload of combined valvular regurgi-
tant volumes and fractions is a better predictor of prognosis
than the isolated measurement of the dominant valvulopathy,
in our case AR - is highly appealing from a pathophysiologi-
cal standpoint. Therefore, our findings in this population with
mild-to-moderate MR should be reproduced in future larger
studies including patients with more severe grades of MR.

Conclusions

TRF is a promising novel CMR parameter that may predict
the need for surgery in patients with CAMR compared to
ARF alone. Conventional CMR-calculated ARF thresholds
may have some limitations to predict the need for surgery in
patients with CAMR. Further studies with larger populations
should be performed to confirm these findings. Moreover, our
work adds evidence of the usefulness of CMR in a thorough
evaluation of MR and AR. In this scenario, CMR should be
considered as a first-line modality in future studies.
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