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Background-—The timing of mitral valve surgery in asymptomatic patients with primary mitral regurgitation (MR) is controversial.
We hypothesized that the forward left ventricular (LV) ejection fraction (LVEF; ie, LV outflow tract stroke volume divided by LV end-
diastolic volume) is superior to the total LVEF to predict outcomes in MR. The objective of this study was to examine the
association between echocardiographic parameters of MR severity and LV function and outcomes in patients with MR.

Methods and Results-—The clinical and Doppler-echocardiographic data of 278 patients with ≥mild MR and no class I indication of
mitral valve surgery at baseline were retrospectively analyzed. The primary study end point was the composite of mitral valve
surgery or death. During a mean follow-up of 5.4�3.2 years, there were 147 (53%) events: 96 (35%) MV surgeries and 66 (24%)
deaths. Total LVEF and global longitudinal strain were not associated with the occurrence of events, whereas forward LVEF
(P<0.0001) and LV end-systolic diameter (P=0.0003) were. After adjustment for age, sex, MR severity, Charlson probability,
coronary artery disease, and atrial fibrillation, forward LVEF remained independently associated with the occurrence of events
(adjusted hazard ratio: 1.09, [95% confidence interval]: 1.02–1.17 per 5% decrease; P=0.01), whereas LV end-systolic diameter was
not (P=0.48).

Conclusions-—The results of this study suggest that the forward LVEF may be superior to the total LVEF and LV end-systolic
diameter to predict outcomes in patients with primary MR. This simple and easily measurable parameter may be useful to improve
risk stratification and select the best timing for intervention in patients with primary MR. ( J Am Heart Assoc. 2017;6:e006309.
DOI: 10.1161/JAHA.117.006309.)
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M itral regurgitation (MR) is the most frequent valvular
disease in Western countries.1 Surgical or tran-

scatheter mitral valve (MV) repair or replacement are the
only available therapies for severe MR and are associated with
improved prognosis and survival.2 However, the optimal
timing of MV surgery in asymptomatic patients with severe
MR remains debated.3–11 In the 2016 American College of

Cardiology/American Heart Association12 and 2017 European
Society of Cardiology/European Association for Cardio-
Thoracic Surgery13 guidelines, the only Class I indication for
the realization of MV surgery in patients with severe MR is the
presence of symptoms and/or left ventricular (LV) systolic
dysfunction. In the guidelines, LV systolic dysfunction is
defined as an LV ejection fraction <60% and/or an LV end-
systolic diameter ≥4012 or ≥45 mm.13 However, several
studies suggest that, in patients with severe MR, MV surgery
performed before the onset of symptoms or LV systolic
dysfunction is associated with better survival compared to a
“watchful waiting” strategy.3–7 Hence, there is a need to
improve individualized risk stratification and therapeutic
decision making in MR.

A decline in LV ejection fraction (LVEF) or an increase in
LV end-systolic diameter is associated with worse progno-
sis in patients with MR.14–16 However, because of the
presence of MR, the “total” LVEF measured by the
Simpson’s method may grossly underestimate the extent
of intrinsic myocardial systolic dysfunction.17 Hence,
potentially irreversible myocardial dysfunction may develop
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insidiously despite maintained preserved LVEF and absence
of symptoms. We hypothesized that the forward LVEF
calculated by the Dumesnil method18 is more sensitive
than total LVEF to detect subclinical LV dysfunction and
predict events. The objective of this study was thus to
examine the impact of the echocardiographic parameters of
MR severity and LV systolic function on outcomes in
patients with primary MR.

Methods

Study Population
The clinical and Doppler-echocardiographic data of 278
consecutive patients with ≥mild primary MR were retrospec-
tively analyzed. Exclusion criteria were: (1) >mild mitral
stenosis, mild aortic regurgitation, or mild aortic stenosis, (2)
Class I indication for MV surgery (ie, severe MR with
symptoms and/or LV systolic dysfunction), and (3) history
of MV replacement or repair. Patients requiring an MV surgery
within 6 months following baseline echocardiography were
excluded.

The study was approved by the Ethics Committee of the
Quebec Heart and Lung Institute, and written informed
consent was waived for this retrospective analysis.

Clinical Data
Clinical data, including age, sex, weight, height, cardiovascular
risk factors, comorbidities, and current medications, were
collected. Charlson probability of 10 years mortality was
calculated for each patient at baseline.19

Doppler Echocardiographic Data
Doppler echocardiographic measurements were performed
according to recommendations of the American Society of
Echocardiography20 and included: MR severity, LV dimensions,
left atrial dimensions, LV forward stroke volume (SV) measured
in the LV outflow tract using pulsed wave Doppler, total and
forward LVEF, and global longitudinal strain (GLS). LV ejection
index (indexed LV end-systolic diameter divided by LV outflow
tract time-velocity integral)21 was also calculated.

MR severity

The etiology ofMRwas prolapse in 99% andmal-coaptation in 1%.
TheMR jet(s) was assessed by color Doppler echocardiography in
multiple windows, and MR severity was graded into 3 classes
using amultiparametric integrative approach as recommended in
the guidelines22:mild,moderate, or severe. The parametersofMR
severity were MR vena contracta width, effective regurgitation
orifice area, regurgitant volume and MR regurgitant fraction
calculated by proximal isovelocity area method and/or by the
volumetric method when available, pressure half time of MR jet
velocity, and flow reversal pattern in the pulmonary veins.

LV systolic function

We calculated the total and forward LVEFs. Total LVEF was
calculated by the biplane Simpson’s method:

Total LVEF¼100x
LV end diastolic volume�LV end systolic volume

LV end diastolic volume

where LV end-diastolic and end-systolic volumes were
measured by the biplane Simpson’s method.

The forward LVEF was calculated by the Dumesnil method
(Figure 1)18:

Forward LVEF ¼ 100 x
Forward SV

LV end diastolic volume

where the forward SV is measured by pulsed wave Doppler in
the LV outflow tract and LV end-diastolic volume is calculated
from the LV end-diastolic diameter by the Teichholz formula23:

LV end-diastolic volume¼ 7�LV end diastolic diameterðcmÞ3
2:4þLV end diastolic diameterðcmÞ

The intra- and interobserver percent variability for the measure-
ment of total LVEF were respectively 3.6% and 4.4% and the

Clinical Perspective

What Is New?

• Forward left ventricular (LV) ejection fraction (LVEF) is a
composite marker of mitral regurgitation (MR) severity and
LV systolic dysfunction, which is superior to total LVEF, LV
end-systolic diameter, or global longitudinal strain to predict
outcomes in patients with primary MR.

• Patients with a forward LVEF <50% are at higher risk for
adverse events. A preoperative forward LVEF <40% was
associated with increased risk of LV systolic dysfunction
after mitral valve surgery.

What Are the Clinical Implications?

• Forward LVEF is a simple parameter to calculate from
routine echocardiography.

• Forward LVEF may be useful to improve risk stratification
and trigger mitral valve surgical intervention before LV
dysfunction becomes irreversible in patients with severe
MR.

• A reduced forward LVEF in patients with mild or moderate
MR should lead to closer echocardiographic follow-up and/
or additional tests to corroborate MR severity.

• Forward LVEF could be very helpful in identifying the
patients potentially eligible for earlier mitral valve repair with
minimally invasive techniques.
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measurement of forward LVEF was 5.1% for both (intra and
inter). The intraclass coefficient for intra- and interobserver
agreement was 0.82 and 0.78, respectively, for total LVEF and
0.98 and 0.97 for forward LVEF. The measurements of LV GLS
were performed retrospectively by the speckle-tracking method
on a dedicated workstation (Cardiac Performance Analysis;
TomTec Imaging Systems, Munich, Germany). GLS was mea-
sured on the apical 2-, 3-, and 4-chamber views and averaged.
GLS measurements were available in 158 patients (57%). The
main reasons for missing GLS measurement were nonavailabil-
ity or poor quality (low frame rate, poor echogenicity) of
echocardiographic images, because of the retrospective design.
Intra- and interobserver variability for the GLS measures was
6.2% and 6.8%, respectively. Intraclass coefficient was 0.94 for
intraobserver and 0.94 for interobserver measurements of GLS.

Trans-tricuspid peak systolic pressure gradient was calcu-
lated from tricuspid regurgitation peak velocity using the
Bernoulli equation.

Study End Points
The primary end point of this study was the occurrence of the
composite of MV surgery or death. Patients were referred for
MV surgery because of the occurrence of symptoms, LV

systolic dysfunction, pulmonary hypertension, and/or atrial
fibrillation. The secondary end points were: (1) all-cause
mortality and (2) all-cause mortality under conservative
management. The information of the timing and type of MV
surgery was retrospectively collected from patients’ chart.
Mortality data were obtained from the central database of the
Quebec Institute of Statistics.

Statistical Analysis
Continuous variables are expressed as mean�SD and cate-
gorical variables as percentage. Results of the Cox propor-
tional hazards analyses are presented as hazard ratio (HR) and
95% confidence interval (95% CI). All variables in the Cox
models verified the proportional hazards assumption based on
inspection of trends in the Schoenfeld residuals (all P≥0.11).

Receiver operating characteristic curve analyses were used
to assess the sensitivity, specificity, and positive and negative
predictive values for various thresholds of each independent
predictor to determine outcomes. Kaplan–Meier curves and
Wilcoxon tests of the time-to-event data were used to assess
the impact of MR severity, indexed LV end-systolic diameter,
forward LVEF, indexed LV SV, indexed left atrial diameter, and
trans-tricuspid gradient on primary and secondary end points.
To identify the variables associated with the primary and
secondary end points, clinically relevant variables and
variables with a P<0.10 in univariable Cox proportional hazard
analyses were included into the multivariable model. We
avoided to include in the same model variables that were
strongly inter-related. Multicollinearity between the variables
entered in the models was assessed by variance inflation
factor. Variables were considered collinear if the variance
inflation factor ≥3. The predictive performance of multivari-
able models was assessed by comparing likelihood ratios of
the models. The incremental value of forward LVEF to predict
2-year events beyond traditional risk factors was assessed
using category-free net reclassification index. Statistical
analyses were performed with JMP software (version 12).
P<0.05 was considered statistically significant.

Results

Baseline Characteristics
Table 1 shows the baseline characteristics of the study
population. Mean age was 65�15 years, 58% of the patients
were males, 53% had diagnosis of hypertension, 7% diabetes
mellitus, 38% dyslipidemia, 28% had a history of coronary artery
disease, and atrial fibrillation was found in 22% of the cohort.
Mean Charlson probability index was 0.56�0.35. MR severity
wasmild in 105 patients (38%), moderate in 117 patients (42%),
and severe in 56 patients (20%; Table 2). Forward LVEF

Figure 1. Calculation of the forward LVEF by the Dumesnil
method. The forward LVEF is calculated by dividing the forward LV
SV measured in the LV outflow tract from the LV outflow tract
diameter (A) and flow velocity-time integral (B) by the LV end-
diastolic volume calculated from the LV end-diastolic diameter (C)

by the Teichholz formula ¼ 7�LV end diastolic diameterðcmÞ3

2:4þLV end diastolic diameterðcmÞ
LV indicates left ventricular; LVEDD, left ventricular end-diastolic
diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left
ventricular ejection fraction; LVOT, left ventricular outflow tract;
SV, stroke volume; VTI, velocity-time integral.
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calculated by the Dumesnil method was 53�16%, total LVEF
calculated by Simpson’s method was 65�5%, and GLS was
�21.2��2.8% (Table 2). Forward LVEF decreased with
increasing MR severity (P<0.0001), whereas total LVEF was
similar across all MR severity classes (P=0.61; Figure 2).
Sixteen patients were lost to follow-up. However, from the
Quebec Institute of Statistic database, we were able to confirm
that these patients were still alive at the time of the study.

Factors Associated With the Composite of MV
Surgery or Death
During a mean follow-up of 5.4�3.2 years, there were 147
(53%) primary end points: 96 MV surgeries and 51 deaths.
Furthermore, there were 15 postoperative deaths. Among the
105 patients with mild MR at baseline, 46 progressed to
moderate MR and 20 to severe MR during follow-up. Among
the 117 patients with moderate MR at baseline, 58
progressed to severe MR during follow-up. Seventeen patients
with mild MR and 49 with moderate MR required a MV surgery
during the follow-up.

Patients who experienced an event (MV surgery or death)
during follow-up were older, had more-severe MR at baseline,
and more comorbidities than those without events. There was
no association between heart rate or arterial pressure and
occurrence of events. In univariable analysis, higher values of
indexed LA diameter (P<0.0001), LV end-diastolic diameter
(P<0.0001), LV end-systolic diameter (P=0.0003) and trans-
tricuspid pressure gradient (P=0.002), and lower forward
LVEF (P<0.0001) and indexed LV forward SV (P=0.0003) were
associated with occurrence of MV surgery or death (Figure 3).
Patients with a forward LVEF <50% (HR, 2.47; 95% CI, 1.76–
3.50; P<0.0001) had at least 2-fold increased risk of MV
surgery or death compared with patients with higher forward
LVEF. Total LVEF (P=0.49) and GLS (P=0.50) were not
associated with events (Table S1).

On multivariable analysis, after adjustment for age, sex,
MR severity, Charlson probability, coronary artery disease,
treatment with angiotensin-converting enzyme inhibitors, and
atrial fibrillation, forward LVEF (HR, 1.09; 95% CI, 1.02–1.17
per 5% absolute decrease; P=0.01) and indexed LA diameter
(HR, 1.06; 95% CI, 1.02–1.101-mm/m2 increase; P=0.004)

Table 1. Baseline Clinical Characteristics According to Presence or Absence of Clinical Events

Variables
All Patients
n=278

No Events
n=131 (47%)

Events
n=147 (53%) P Value

Age, y 65.0�15.1 62.6�15.8 67.1�14.2 0.02

Male sex 160 (58) 65 (50) 95 (65) 0.01

BMI, kg/m² 23.5�3.6 23.4�3.6 23.7�3.8 0.44

Risk factors

Hypertension 143 (53) 62 (47) 81 (55) 0.25

Diabetes mellitus 20 (7) 7 (5) 13 (9) 0.28

Obesity 12 (4) 6 (5) 6 (4) 0.84

Dyslipidemia 101 (38) 43 (33) 58 (39) 0.28

Current smoking 28 (11) 10 (8) 18 (12) 0.19

History of smoking 84 (33) 39 (30) 45 (31) 0.88

Coronary artery disease 70 (28) 20 (18) 50 (36) 0.001

Atrial fibrillation 60 (22) 23 (18) 37 (25) 0.13

Charlson probability 0.56�0.35 0.62�0.32 0.50�0.36 0.02

Medications

Statins 88 (33) 41 (31) 47 (32) 0.92

ACEI 87 (32) 28 (22) 59 (42) 0.007

ARB 49 (18) 25 (19) 24 (16) 0.56

b-blockers 71 (26) 30 (23) 41 (28) 0.36

Diuretics 82 (30) 35 (27) 47 (32) 0.32

Nitrates 23 (9) 9 (7) 14 (10) 0.41

Follow-up time 5.4�3.2 7.1�2.7 3.9�2.8 <0.0001

Values are expressed as mean�SD or n (%). ACE indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BMI, body mass index.
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were the variables that had the strongest independent
association with outcomes (Table 3). The addition of forward
LVEF into the multivariable model, including all variables
mentioned above, significantly improved the model (likelihood
ratio test, P=0.03). Furthermore, forward LVEF significantly
improved the risk classification of patients for clinical events
with a net reclassification index of 32% (P=0.04).

In the subset of 174 patients with ≥moderate MR at
baseline, forward LVEF was independently associated with
clinical events (HR, 1.13; 95% CI, 1.05–1.21 per 5% decrease;
P=0.0007) in a multivariable model with the same adjustment
as described above.

When building a multivariable model including LV ejection
index instead of forward LVEF, this index was not associated
with clinical events (HR, 1.36; 95% CI, 0.73–2.37; P=0.32).
Association with events was stronger with forward LVEF than
with LV ejection index, and the likelihood ratio of the model
including forward LVEF was significantly better (P=0.02) than
that of the model including the LV ejection index.

Factors Associated With All-Cause Mortality

Sixty-six patients died during the follow-up; 23 from a
cardiovascular condition, 19 from cancer, 6 from a pulmonary
condition, 4 from a gastrointestinal condition, 4 from a renal
condition, and 10 from an unknown cause. Fifteen patients
died after an MV surgery.

Patients who died during follow-up were older and had more
comorbidities and more medications. In univariable analysis,
larger indexed end-systolic LV diameter and left atrial diameter,
lower indexed LV SV, higher trans-tricuspid gradient, and
absence of MV surgery were associated with increased risk of
mortality (all P<0.01; Figure S1). Forward LVEF, entered in
continuous or dichotomized (>/≤50%) format, was strongly
associated with all-causemortality (both P=0.008). There was a
trend toward an association between lower total LVEF and
mortality (P=0.10).

After adjustment for age, sex, Charlson probability, MR
severity, and MV surgery entered as a time-dependent

Table 2. Baseline Doppler Echocardiographic Data According to Presence or Absence of Clinical Events

Variables
All Patients
n=278

No Events
n=131 (47%)

Events
n=147 (53%) P Value

MR grade <0.0001

Mild 105 (38) 70 (53) 35 (24)

Moderate 117 (42) 50 (39) 67 (46)

Severe 56 (20) 11 (8) 45 (31)

MR effective regurgitant orifice area, cm2 0.35�0.19 0.27�0.14 0.43�0.19 <0.0001

MR regurgitant volume, mL 55�27 45�20 66�29 <0.0001

MR regurgitant fraction, % 44�12 40�11 47�13 0.0006

LV end-diastolic diameter, mm 51�6 49�6 53�6 <0.0001

Indexed LV end-diastolic diameter, mm/m2 29�3 28�3 30�3 0.002

LV end-systolic diameter, mm 31�6 29�5 31�6 0.007

Indexed LV end-systolic diameter, mm/m2 17�3 17�3 18�4 0.07

Forward LV stroke volume, mL 64�16 66�17 62�15 0.02

Indexed forward LV stroke volume, mL/m2 36�8 38�8 35�8 0.002

LV cardiac output, L/min 4.40�1.19 4.45�1.14 4.36�1.23 0.54

LV shortening fraction, % 41�9 41�8 41�9 0.93

LVEF, %

Forward LVEF (%) 53�16 59�15 47�15 <0.0001

Total LVEF, % 65�5 65�4 65�6 0.86

LV global longitudinal strain, % �21.22�2.83 �21.26�2.44 �21.18�3.26 0.86

LA diameter, mm 42�8 39�6 44�8 <0.0001

Indexed LA diameter, mm/m2 24�5 23�4 25�5 <0.0001

Indexed LA volume, mL/m² 37�17 33�11 42�20 0.0002

Trans-tricuspid gradient, mm Hg 30�10 28�9 31�11 0.006

LA indicates left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
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variable, the forward LVEF was independently associated with
increased mortality (HR, 1.14; 95% CI, 1.05–1.24 per 5%
decrease; P=0.0007; Table 3). Adjustment for indexed LV
end-systolic diameter instead of LV end-systolic diameter in
the multivariable model provided similar results. Further
adjustment for total LVEF did not modify the results: Total
LVEF was not associated with mortality (P=0.11), whereas
forward LVEF remained independently associated with mor-
tality (P=0.002).

In the subset of patients in whom GLS was available
(n=158, 57%), GLS was associated with increased all-cause
mortality (P=0.004). In multivariable analysis adjusted for age,
sex, and Charlson probability, forward LVEF (HR, 1.14; 95% CI,
1.01–1.29 per 5% decrease; P=0.04) was independently
associated with overall mortality in this subset of patients. In
a separate model including the same patients, adjusted for
the same variables, GLS was also associated with all-cause
mortality (HR, 2.32; 95% CI, 1.10–5.04 per 5% decrease in
absolute value; P=0.03). Comparison of the likelihood ratio of
the 2 models demonstrated no significant difference regard-
ing their respective impact on all-cause mortality (P=0.42).
Further analysis adjusted for the same variables and the same
patients, but including total LVEF instead of forward LVEF or
GLS, showed no significant association between total LVEF
and all-cause mortality (HR, 1.43; 95% CI, 0.92–2.22 per 5%
decrease; P=0.11).

In a multivariable model including LV ejection index instead
of forward LVEF, LV ejection index was independently
associated with overall mortality (HR, 2.04; 95% CI, 1.01–
3.79 per 5 mL/m2 decrease; P=0.05). The association with
overall mortality was similar for forward LVEF and LV ejection

index; likelihood ratio between the 2 models were comparable
(P=0.78).

Factors Associated With All-Cause Mortality
Under Conservative Management
During a mean follow-up of 5.4�3.2 years, 51 patients (18%)
died under conservative management. In univariable analysis,
severe MR, larger indexed end-systolic LV diameter, left atrial
diameter, higher trans-tricuspid pressure gradient, lower
indexed LV forward SV, forward LVEF, and GLS were
significantly associated with excess mortality on conservative
management (all P<0.01), whereas total LVEF showed no
significant impact (P=0.19; Figure S2; Table S1).

In multivariable analysis adjusted for age, sex, Charlson
probability, and MR severity, forward LVEF (HR, 1.13; 95% CI,
1.04–1.24 per 5% decrease; P=0.005) remained indepen-
dently associated with all-cause mortality under conservative
management (Table 3). Adjustment for indexed LV end-
systolic diameter instead of LV end-systolic diameter in the
multivariable model provided similar results.

Association Between Total LVEF or Forward LVEF
and Postoperative LV Dysfunction
Figure S3 shows the changes in total LVEF, forward LVEF, and
GLS following MV surgery. Among the 96 patients who
underwent MV surgery during follow-up, 27 (28%) had LV
systolic dysfunction (total LVEF <50%) within the first 6 months
after operation and 20 (21%) had LV systolic dysfunction beyond
6 months after operation. After adjustment for age and sex,
lower preoperative forward LVEF was significantly associated
with the occurrence of postoperative LV dysfunction (odds ratio,
1.51; 95% CI, 1.07–2.30 per 5% absolute decrease in LVEF;
P=0.02), whereas preoperative total LVEF (P=0.14) or LV end-
systolic diameter (P=0.50) were not. The cut-off value of
preoperative forward LVEF providing the best accuracy for
predicting postoperative LV systolic dysfunction (ie, total LVEF
<50%) was <40% (sensitivity, 82%; specificity=61%). Following
MV surgery, the forward LVEF increased by 12�1%, whereas
total LVEF decreased by 10�1%.

The addition of preoperative forward LVEF into a multivari-
able model including age, sex, preoperative total LVEF, and
preoperative LV end-systolic diameter significantly improved
the predictive value of the model for postoperative LV
dysfunction (likelihood ratio test, P=0.05).

Discussion
The findings of this study suggest that the forward LVEF,
which can easily be calculated by the Dumesnil method

Figure 2. Comparison of total LVEF and forward LVEF accord-
ing to MR severity. This figure shows the comparison of the total
LVEF vs the forward LVEF according to the MR severity grade at
baseline. LVEF indicates left ventricular ejection fraction; MR,
mitral regurgitation.
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(Figure 1), compares favorably with the parameters of LV
systolic function currently proposed in the guidelines,
that is, total LVEF and LV end-systolic diameter, to
predict outcomes in patients with primary MR.

Furthermore, compared with total LVEF, forward LVEF
better predicted the occurrence of postoperative LV
systolic dysfunction in the patients who underwent mitral
valve surgery.

Figure 3. Event-free survival in patients with MR according to baseline echocardiographic parameters. This figure shows the event-free
survival curves for the composite of MV surgery or death according to various echocardiographic parameters of MR severity and LV function: MR
grade (A), indexed LVES diameter (B); forward LVEF (C); indexed LVSV (D); Indexed LA diameter (E); trans-tricuspid gradient (F). LA indicates left
atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; LVES, left ventricular end-systolic; LVSV, left ventricular stroke volume; MR,
mitral regurgitation; MV, mitral valve.
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In patients with severe MR, surgery is almost unavoidable,
and the remaining question is more about the timing of the
intervention. Some studies support an earlier “prophylactic”
intervention,3–7 whereas others support a watchful waiting
strategy with intervention at the onset of symptoms and/or LV
systolic dysfunction.8–11 The 2016 American College of Cardi-
ology/American Heart Association updated guidelines for
management of patients with primary MR recommend surgery
for symptomatic patients or asymptomatic patients with LVEF
<60% or LV end-systolic diameter ≥40 mm (Class I).12

Enriquez-Sarano et al24 reported that long-term survival is
almost 2-fold lower in patients with severe MR operated for
Class I indication (heart failure symptoms, LVEF <60%, and/or
LV end-systolic diameter ≥40 mm) than asymptomatic
patients with severe MR operated earlier in the absence of
these criteria. Moreover, as reported in previous studies and
further confirmed in the present study, even a moderate MR is
associated with worse outcomes compared with mild MR. This
finding may be related to the following factors: (1) Patients
with moderate MR may rapidly progress to severe MR during
follow-up; (2) a large proportion (up to one third) of patients
with moderate MR at rest develop severe MR and pulmonary
hypertension during exercise25,26; and (3) subclinical myocar-
dial dysfunction may develop early in the course of MR well
before reaching the hemodynamically severe stage.27,28

The challenge in patients with asymptomatic MR is to
detect LV systolic dysfunction at an early or subclinical
stage so that surgical correction can be instituted to
prevent the development of irreversible dysfunction. The
deterioration in LVEF is often not preceded by the
occurrence of symptoms or atrial fibrillation, and when it
occurs it is often irreversible following surgery. LV
dysfunction may thus develop insidiously in the asymp-
tomatic patient and may become irreversible.29,30 The 2
sole parameters of LV function that are presented in the
guidelines to trigger MV intervention in severe MR are: a
total LVEF <60% and an LV end-systolic diameter ≥40 mm
(or ≥45 mm in the European Society of Cardiology/

European Association for Cardio-Thoracic Surgery guideli-
nes).12,13 However, these parameters may lack sensitivity
and there is a need to develop more-sensitive markers of
subclinical LV dysfunction. Total LVEF and LV end-systolic
dimensions may indeed underestimate the degree of actual
LV systolic dysfunction in the presence of significant MR.
Moreover, the more severe is the MR, the greater is the
underestimation of LV dysfunction by total LVEF or LV
systolic diameter (Figure 4). The GLS has the potential to
better reflect the intrinsic myocardial function compared
with total LVEF in MR.31–33 However, this parameter may
also be influenced, to some extent, by MR severity and
loading conditions. Hence, the GLS may actually be more
sensitive than total LVEF, but less sensitive than the
forward LVEF, for early detection of myocardial systolic
dysfunction (Figure 3 and 4).

In 1985, Clancy et al suggested that the forward LVEF,
that is, the ratio of the forward SV to the LV end-diastolic
volume, measured by cardiac catheterization may provide a
useful index of LV function in patients with MR and preserved
LVEF.34 In the present study, we found that the forward LVEF
is the parameter of LV systolic function that showed the
strongest association with the occurrence of clinical events
(ie, MV surgery or death). Hence, these findings suggest that,
although it does not reflect the true LVEF, the forward LVEF is
more sensitive than the total LVEF to detect subclinical LV
dysfunction and predict risk of adverse events in primary MR.
Consistent with our results, Magne et al recently reported
that the “LV ejection index,” calculated by dividing the
indexed LV end-systolic diameter by LV outflow tract time-
velocity integral, was a better predictor of mortality and LV
dysfunction after surgery than total LVEF.21 Our results,
however, suggest that forward LVEF may be superior to the LV
ejection index to predict outcomes in primary MR, especially
the need of MV surgery. Several studies15,29,35 reported that a
substantial proportion of patients may have a significant
deterioration of total LVEF immediately after MV surgery. This
finding was often interpreted as an acute deterioration in the

Table 3. Multivariable Predictors of Clinical Events, Mortality, and Mortality Under Conservative Management

Increment

MV Surgery or Death* All-Cause Mortality† Mortality on Medical Treatment†

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

LV end-systolic diameter 5-mm increase 1.08 (0.87–1.34) 0.48 1.18 (0.91–1.52) 0.21 1.13 (0.81–1.58) 0.46

Forward LVEF 5% decrease 1.09 (1.02–1.17) 0.01 1.14 (1.05–1.24) 0.0007 1.13 (1.04–1.24) 0.005

Indexed LA diameter 1-mm/m2 increase 1.06 (1.02–1.10) 0.004 1.05 (0.99–1.11) 0.11 1.04 (0.97–1.11) 0.28

Trans-tricuspid gradient 5-mm Hg increase 1.01 (0.90–1.13) 0.86 0.99 (0.86–1.14) 0.87 0.97 (0.82–1.15) 0.76

ACE indicates angiotensin-converting enzyme inhibitors; CI, confidence interval; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MV, mitral
valve.
*Adjusted for: age, sex, MR severity, Charlson probability, coronary artery disease, atrial fibrillation, and ACE inhibitors.
†

Adjusted for: age, sex, MR severity, Charlson probability, and mitral valve surgery.
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intrinsic myocardial function attributed to increase in LV
afterload related to the correction of MR. However, this acute
decline in myocardial function may not be entirely real and
may be, at least in part, the reflection of the actual state of LV
function before the surgery, whereas total LVEF grossly
underestimates the extent of LV systolic dysfunction before
surgery because of the confounding effect of the mitral
regurgitant volume. To this effect, Gelfand et al36 found that
there is a significant correlation and agreement between
preoperative forward LVEF and postoperative total LVEF. In
the present study, the forward LVEF measured before MV
surgery was superior to total LVEF to predict the occurrence
of LV systolic dysfunction after surgery. Hence, the forward
LVEF might be superior to the total LVEF to predict the LVEF
after correction of MR. Clancy et al34 also reported that
patients with forward LVEF <35% had higher short-term
mortality following MV surgery in patients with severe MR.
Further prospective studies are needed to confirm the
incremental prognostic value of forward LVEF beyond the
standard parameters of LV systolic function in patients with
MR.

Clinical Implications
The apparent lack of clinical equipoise attributed to the recent
publication of several studies3–7 supporting early prophylactic
surgery makes very difficult the realization of a randomized,
controlled trial comparing the 2 treatment strategies: that is,
early surgery versus watchful waiting. On the other hand, the
generalization of 1 strategy or the other to all patients with

asymptomatic severe MR would likely yield to suboptimal
management and outcome of a substantial proportion of
these patients.11,37

With the generalization of early surgery, there would be
a risk of overtreatment or treatment too early in the course
of the disease, whereas with the generalization of the
watchful waiting, there would be a risk of treatment too
late with ensuing permanent cardiovascular and functional
sequel. Individualized risk stratification and therapeutic
decision making is probably the best approach to manage
patients with primary MR. The main concern in patients
with asymptomatic moderate or severe MR is the risk of
subclinical and potentially irreversible LV dysfunction. The
forward LVEF is a simple parameter to calculate from the
routine echocardiography and it is superior to the total
LVEF, the LV systolic diameter, or the GLS to predict
outcomes in patients with primary MR. Furthermore, the
inter- and intraobserver reproducibility of forward LVEF
appears to be better than that of total LVEF. In patients
with asymptomatic severe MR, this parameter may be
helpful to trigger surgical intervention before LV dysfunction
becomes irreversible. A forward LVEF <50% was associated
with a 2.47-fold increase in the composite of MV surgery or
death in the present study. Furthermore, a preoperative
forward LVEF <40% was associated with increased risk of
LV systolic dysfunction after MV surgery. In patients with
mild or moderate MR, the finding of a reduced forward
LVEF should lead to closer echocardiographic follow-up
and/or additional tests (ie, exercise stress echo) to
corroborate the MR severity and identify the presence of

Figure 4. Comparison between total LVEF, forward LVEF and global longitudinal strain according to MR severity and associated
LV dysfunction. This figure shows the comparison of Total LVEF, Forward LVEF and Global Longitudinal Strain when there is no
mitral regurgitation (A), a mild mitral regurgitation with preserved LV systolic function (B), and a severe mitral regurgitation with a
LV systolic dysfunction (C). LV indicates left ventricular; LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
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other causes (coronary artery disease, hypertension, etc) to
explain the LV dysfunction.

The development of new minimally invasive and off-
cardiopulmonary bypass surgical techniques38–40 may allow
durable mitral valve repair with very low surgical risk. These
techniques could thus enhance the perspective and feasibility
of earlier intervention in patients with asymptomatic severe
MR. The assessment of the forward LVEF could be very helpful
in identifying the patients potentially eligible for earlier MV
repair with these new minimally invasive techniques.

Limitations
This study was an observational, retrospective study and
may have selection bias. We elected to also include patients
with mild or moderate MR because, as well illustrated in this
study, MR is a disease that may progress rapidly, and
moderate or even mild MR is not necessarily benign in all
patients. Furthermore, there is a paucity of data on the
echocardiographic parameters that may help to identify
patients who are at higher risk of rapid disease progression
and occurrence adverse events in patients with mild/
moderate MR. Echocardiographic exams were performed
and read by different sonographers and cardiologists, and
there was no centralized reading in a core laboratory. The
study sample size was relatively small and the limited
number of deaths prevented us to perform a comprehensive
multivariable analysis including all potentially relevant vari-
ables in the in the same model. Moreover, because of the
small number of cardiac deaths, it was not possible to
perform separate multivariable analyses for this end point.
The cardiovascular medications may change the LV preload
and afterload and therefore influence the total or forward
LVEF. However, in the present study, there was no
significant association between the different medications
and the forward or total LVEF.

Conclusion
This study shows that forward LVEF, that can be easily
calculated by the Dumesnil method, is strongly and indepen-
dently associated with adverse events, that is, MV surgery or
death, in patients with primary MR. Furthermore, the forward
LVEF compares favorably with the standard echocardiographic
parameters, that is, total LVEF calculated by Simpson’s method
and LV end-systolic diameter, to assess LV systolic function and
trigger MV surgery in MR. Patients with a forward LVEF <50%
are at higher risk for adverse events. These findings suggest
that forward LVEF may be taken into account for the risk
stratification and therapeutic decision making in patients with
primary MR. Further prospective studies are needed to confirm

the prognostic value and clinical utility of the forward LVEF in
these patients.
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Online Table 1: Univariable predictors of Clinical Events, Mortality, and Mortality under Conservative Management 

 
Increment MV surgery or mortality All-cause mortality 

All-cause mortality under 

medical treatment 

Variable  HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value 

Age 1 year Increase  1.02 (1.00-1.03) 0.006 1.10 (1.07-1.13) <0.0001 1.11 (1.07-1.15) <0.0001 

Male   1.62 (1.16-2.28) 0.005 1.04 (0.64-1.70) 0.89 1.11 (0.64-1.94) 0.71 

Hypertension  1.19 (0.85-1.66) 0.31 1.74 (1.04-3.00) 0.03 1.60 (0.89-2.97) 0.12 

Diabetes  1.33 (0.72-2.27) 0.34 2.27 (1.25-4.37) 0.04 2.26 (0.92-4.71) 0.07 

Dyslipidemia  1.12 (0.80-1.56) 0.49 1.91 (1.16-3.16) 0.01 1.57 (0.88-2.79) 0.13 

History of smoking  1.08 (0.75-1.54) 0.66 2.08 (1.24-3.49) 0.006 1.96 (1.08-3.55) 0.03 

Coronary artery disease  1.71 (1.20-2.41) 0.003 3.28 (1.96-5.50) <0.0001 3.92 (2.15-7.22) <0.0001 

Atrial fibrillation   1.45 (0.99-2.08) 0.06 2.44 (1.44-4.03) 0.001 2.67 (1.46-4.78) 0.002 

Charlson index  0.51 (0.32-0.82) 0.006 0.03 (0.01-0.07) <0.0001 0.02 (0.001-0.06) <0.0001 

ACE inhibitors  1.64 (1.17-2.28) 0.005 2.05 (1.24-3.38) 0.005 2.32 (1.30-4.12) 0.005 

ARB  0.87 (0.55-1.32) 0.53 0.94 (0.46-1.73) 0.85 1.09 (0.51-2.10) 0.81 

β-Blockers  1.26 (0.87-1.80) 0.21 2.42 (1.45-3.97) 0.0008 2.12 (1.17-3.76) 0.01 

Diuretics  1.15 (0.81-1.63) 0.43 4.16 (2.51-7.00) <0.0001 4.17 (2.33-7.73) <0.0001 

LV end-diastolic diameter 5 mm Increase  1.47 (1.27-1.71) <0.0001 0.93 (0.76-1.14) 0.49 0.94 (0.74-1.22) 0.67 
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ACE= angiotensin converting enzyme inhibitors; ARB = angiotensin receptor blockers; LA= left atrial; LV = left ventricular; LVEF = 

left ventricular ejection fraction; MR = mitral regurgitation; MV = mitral valve 

Indexed LV end-diastolic  diameter 1mm/m² Increase  1.09 (1.04-1.13) 0.0006 1.03 (0.96-1.10) 0.36 1.08 (1.00-1.17) 0.06 

LV end-systolic diameter 5 mm Increase  1.33 (1.14-1.55) 0.0003 1.09 (0.88-1.34) 0.43 1.11 (0.84-1.47) 0.46 

Indexed LV end-systolic diameter 1mm/m² Increase  1.09 (1.03-1.14) 0.002 1.08 (1.01-1.15) 0.03 1.14 (1.04-1.24) 0.007 

LA diameter 5 mm Increase  1.35 (1.23-1.48) <0.0001 1.31 (1.16-1.48) <0.0001 1.37 (1.17-1.59) 0.0003 

Indexed LA diameter 1mm/m² Increase  1.09 (1.05-1.12) <0.0001 1.12(1.07-1.17) <0.0001 1.15 (1.09-1.20) <0.0001 

Mild MR  Ref   Ref  Ref   

Moderate MR   2.61 (1.73-4.00) <0.0001 1.22 (0.69-2.16) 0.50 1.54 (0.79-3.53) 0.21 

Severe MR   7.11 (4.48-11.39) <0.0001 2.62 (1.38-4.93) 0.004 6.07 (2.88-12.75) <0.0001 

LV stroke volume  10 mL Decrease  1.14 (1.02-1.26) 0.02 1.32 (1.12-1.57) 0.0007 1.47 (1.22-1.78) <0.0001 

Indexed LV Stroke volume   5 mL/m² Decrease  1.20 (1.09-1.33) 0.0003 1.27 (1.09-1.49) 0.003 1.37 (1.15-1.63) 0.0003 

LV cardiac output  0.2 L/min Decrease  1.81 (0.88-3.81) 0.11 5.38 (1.72-18.09) 0.004 12.35 (3.22-51.13) 0.0002 

Total LVEF (Simpson’s method 5% Decrease  1.07 (0.89-1.28) 0.49 1.26 (0.96-1.68) 0.10 1.23 (0.91-1.72) 0.19 

Forward LVEF (Dumesnil method) 5% Decrease  1.21 (1.14-1.29) <0.0001 1.13(1.03-1.23) 0.008 1.19 (1.07-1.33) 0.0006 

Global longitudinal strain 5% Increase  1.16 (0.76-1.75)  0.50 2.73 (1.39-5.34) 0.004 2.76 (1.32-5.79) 0.007 

Trans-tricuspid gradient 5mmHg Increase  1.13 (1.05-1.22) 0.002 1.33(1.21-1.45) <0.0001 1.31(1.17-1.45) <0.0001 
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ONLINE FIGURE LEGENDS 

Online Figure 1: Overall Survival in Patients with MR According to Baseline 

Echocardiographic Parameters 

Caption: This figure shows the overall survival curves according to various echocardiographic 

parameters of MR severity and LV function. 

Abbreviations: LA = Left atrial; LVES = Left Ventricular End-Systolic; LVEF = Left Ventricular 

Ejection Fraction; LVSV= Left Ventricular Stroke Volume; MR = Mitral Regurgitation. 

 

Online Figure 2: Survival Under Conservative Management in Patients with MR According 

to Baseline Echocardiographic Parameters 

Caption: This figure shows the survival under conservative management curves according to 

various echocardiographic parameters of MR severity and LV function. 

Abbreviations: LA = Left atrial; LVES = Left Ventricular End-Systolic; LVEF = Left Ventricular 

Ejection Fraction; LVSV= Left Ventricular Stroke Volume; MR = Mitral Regurgitation. 

 

Online Figure 3: Total LVEF, Forward LVEF and GLS before and following MV surgery 

Caption: This figure shows the changes in total LVEF, forward LVEF and GLS between before 

the surgery and after the surgery.  

 Abbreviations: GLS = global longitudinal strain; LVEF = left ventricular ejection fraction



5 
 

 

Online Figure 1: 

 

  



Dupuis et al      Forward Ejection Fraction in Mitral Regurgitation 

6 
 

Online Figure 2: 

 

 



Dupuis et al      Forward Ejection Fraction in Mitral Regurgitation 

7 
 

 

Online Figure 3: 

 

 




