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Abstract
Aims: Patients with severe secondary mitral regurgitation (MR) and normal ejection fraction are being 
excluded from clinical trials evaluating transcatheter mitral devices. We sought to evaluate the long-term 
mortality with medical management alone in this patient population.

Methods and results: We retrospectively evaluated patients diagnosed with ≥3+ MR at our institution 
over 15 years. Only patients with an ejection fraction ≥60% were included in the study. Those with degen-
erative mitral valve disease, papillary muscle dysfunction, or hypertrophic cardiomyopathy, and those who 
underwent mitral valve intervention were excluded. The study included 400 patients (age 71.1±14.8, 25.1% 
male, ejection fraction 62.5±3.6%). Mechanism of secondary MR was restricted valve motion, annular 
dilation and apical tethering in 91.5, 4.5 and 4%, respectively. One-year and three-year mortality were 
19.1 and 26.3%, respectively. On multivariable Cox proportional regression analysis, older age, New York 
Heart Association functional Class III or IV, >3+ MR and larger left atrium were independent predictors 
of mortality.

Conclusions: Severe secondary MR with normal left ventricular systolic function has significant mortality 
with medical management alone. This initial observation needs to be confirmed in larger prospective stud-
ies. These patients should be included in future transcatheter clinical trials.
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Abbreviations
AF atrial fibrillation
AMR atrial mitral regurgitation
CAD coronary artery disease
EF ejection fraction
LA left atrium
LV left ventricle
MR mitral regurgitation
MV mitral valve

Introduction
Mitral regurgitation (MR) is among the most common valvular 
heart disorders in the western world1-3. It is generally classified 
into primary – which is caused by a structural pathology of the 
valvular apparatus – and secondary MR – which occurs despite 
a structurally normal mitral valve (MV).

Secondary MR occurs most commonly secondary to left ventri-
cular (LV) dilation in heart failure patients due to the resultant 
mitral annular dilation and apical papillary muscle displacement4,5. 
More recently, newer factors for secondary MR have been 
described, where atrial remodelling (e.g., due to atrial fibrillation 
[AF]) is the main driver of imperfect leaflet coaptation; the term 
“atrial MR” (AMR) has been used to refer to the secondary MR 
demonstrated in this setting6-8. Those newer mechanisms have been 
recognised by the Mitral Valve Academic Research Consortium 
(MVARC)9; yet, in contrast to secondary MR in the setting of LV 
dysfunction, little is known about the prognosis and natural his-
tory of secondary MR in patients with normal LV systolic func-
tion. Furthermore, patients with severe secondary MR and normal 
ejection fraction (EF) are currently being excluded from clinical 
trials evaluating transcatheter MV intervention9.

In this study, we sought to characterise the clinical and 
echocardiographic features of this unique population of secondary 
MR patients and assess their long-term mortality with conserva-
tive management.

Methods
STUDY POPULATION
All consecutive patients who had comprehensive two-dimensional 
(2D) transthoracic echocardiography (TTE) or transoesophageal 
echocardiography (TEE) carried out at our institution between 
January 2000 and December 2014 had been prospectively main-
tained in the echocardiography data registry and were screened for 
eligibility for the current study. Only patients who were ≥18 years 
of age with 3+ (moderately severe) and/or 4+ (severe) secondary 
MR and EF ≥60% were eligible for inclusion and were retrospec-
tively identified. The study excluded patients with an EF <60%, 
those with MR mechanisms consistent with primary MR (myxo-
matous degeneration, mitral valve prolapse, rheumatic thickening, 
chordal rupture, etc.), papillary muscle scarring or dysfunction, 
hypertrophic or restrictive cardiomyopathy, constrictive pericar-
ditis, as well as those who underwent percutaneous or surgical 
MV intervention before or after the index echocardiogram. The 

Cleveland Clinic Institutional Review Board approved the study 
with waiver of individual informed consent.

ECHOCARDIOGRAPHY DATA
All echocardiographic images were reviewed and read by expe-
rienced cardiologists in the cardiac imaging section of our Heart 
and Vascular Institute at the Cleveland Clinic at the time of the 
original study. Standard echocardiographic measurements were 
recorded and severity of MR was graded from 1+ to 4+ after com-
prehensive evaluation, incorporating vena contracta, visual esti-
mate of opacification of LA, regurgitant volume and fraction, and 
effective regurgitant orifice area to report the grade of severity 
of MR, according to the European Association of Cardiovascular 
Imaging (EACVI) and the American Society of Echocardiography 
(ASE) guidelines10-12. The predominant mechanism of MR was 
determined and documented in the echocardiography data regis-
try at the time of the original study, and was used for selection 
of the study population. Upon retrospective review, the second-
ary MR population was defined by exclusion of MR mechanisms 
consistent with primary MR or papillary muscle scarring or rup-
ture, in addition to hypertrophic or restrictive cardiomyopathy and 
constrictive pericarditis (Figure 1). For patients who had more 
than one echocardiogram over time, the very first study showing 
3 or 4+ MR was used as the index echocardiogram. When rele-
vant clinical or echocardiographic data were missing, electronic 
medical records were interrogated and information was obtained 
by individual chart review.

FOLLOW-UP AND OUTCOMES
The date of the index echocardiogram was defined as the begin-
ning of the observational period. Follow-up was ascertained by 
chart review and we recorded the date at which events occurred. 
Mortality data for the cohort were obtained from medical records 
and the US Social Security Death Index database (last inquiry in 
October 2015). Primary outcome was one-year and three-year all-
cause mortality.

STATISTICAL ANALYSIS
Continuous variables were expressed as means±standard deviation 
(SD), or medians and interquartile range (IQR) for skewed dis-
tributions, and compared using the Student’s t-test or the Mann-
Whitney test, respectively. Categorical data were expressed as 
percentages and compared using Pearson’s chi-square test or 
Fisher’s exact test where applicable.

Multivariable Cox proportional regression analysis was per-
formed to identify significant independent predictors of adverse 
outcomes. The regression model was adjusted for age, sex, smok-
ing status, coronary artery disease (CAD; defined as history of 
myocardial infarction, coronary artery bypass grafting or percu-
taneous coronary intervention, or presence of >70% stenosis on 
prior coronary angiogram), AF, diabetes mellitus, hypertension, 
EF, mechanism of secondary MR, MR grade, LA diameter and 
New York Heart Association functional class. LA diameter was 
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analysed as both a continuous variable and as categorised into 
quartiles. Variables with >25% missing data were not included in 
the model (LA systolic surface area, LA volume, LA indexed vol-
ume, LV end-systolic and end-diastolic diameters, LV end-systolic 
and end-diastolic volumes, and effective regurgitant orifice area). 
Hazard ratios (HRs) with 95% confidence intervals (CI) were cal-
culated and reported. Kaplan-Meier curves were used to repre-
sent univariable data graphically, and event curves were compared 
using the log-rank test.

All p-values reported are from two-sided tests and p<0.05 was 
considered statistically significant. All model assumptions were 
examined including linearity, collinearity, additivity, and propor-
tional hazards. Statistical analysis was performed using Stata, ver-
sion 12 (StataCorp LP, College Station, TX, USA) and SAS 9.4 
(SAS Institute Inc., Cary, NC, USA).

Results
Figure 1 illustrates the selection process of the study population 
from our echocardiography database. Between January 2000 and 
December 2014, 991,107 studies were performed at our institu-
tion. Out of these studies, 679 patients were found to have 3 and/
or 4+ secondary MR and an EF ≥60%, 400 of whom had no sub-
sequent surgical or percutaneous MV intervention and were man-
aged conservatively. Those 400 patients were included in the 
current analysis. Baseline characteristics and echocardiographic 
data of the study population are shown in Table 1. Mean age was 
71.1±14.8 years, 25.1% were male, 60.5% were hypertensive, 
and 26 and 44.4% had CAD and AF, respectively. Mean EF was 
62.5±2.3%. Mean LV end-systolic and end-diastolic diameters 
were 29±6 and 46±7 mm, respectively, and mean LA diameter was 
47±10 mm. Patients with 3+ MR were 59.8% while those with 
>3+ MR (i.e., 3-4+ or 4+ MR) were 40.2%. The vast majority of 
patients (82%) were asymptomatic or with mild symptoms (New 
York Heart Association functional Class I or II).

MECHANISMS OF SECONDARY MR
The primary mechanisms of secondary MR identified in the study 
population were restricted valve motion (91.5%), annular dilation 
(4.5%) and apical tethering (secondary to apical displacement of 
the posteromedial papillary muscle) (4%), as shown in Figure 2. 
Mean LA diameter in patients with restricted valve motion, annu-
lar dilation and apical tethering was 47±10, 51±6 and 47±18 mm, 
respectively (p=0.449).

FOLLOW-UP AND OUTCOME DATA
Median follow-up was 15.7 (3.0-49.6) months. One-year and 
three-year mortality of the study population was 19.1 and 26.3%, 
respectively.

Echocardiography at one-year follow-up was available in 
153 patients (38.3%). In 63 of these (41%), EF dropped to <60% 
upon follow-up. Echocardiography at three-year follow-up was 
available for 124 patients (31%), with 51 patients (41%) show-
ing an EF drop below 60%. Cardiac resynchronisation therapy 
(CRT), left ventricular assist device (LVAD) and heart transplan-
tation were eventually performed in 17, one and one patients, 
respectively, upon long-term follow-up. The mean time to CRT 
implantation was 36±11 months. LVAD and heart transplanta-
tion were performed >5 and 6 years after index echocardiography, 
respectively.

Of 177 patients with AF, 19 (11%) underwent ablation pro-
cedures at a median of 38.3 (0.77-80.57) months after index 
echocardiography, and 43 (24%) received antiarrhythmics. 
Of 104 patients with CAD, revascularisation after the index 
echocardiography was performed in six patients (5.8%). The target 
vessel was left main stem in three patients, proximal left anterior 
descending artery in one patient and left circumflex artery in two 
patients. Revascularisation occurred within 30 days of the index 
echocardiography in three patients, and in the remaining three it 
occurred >1 year later.

Excluded:
– Myxomatous degeneration
– Mitral valve prolapse
– Rheumatic thickening
– Perforated cusp
– Vegetation
– Prosthetic valve
– Ruptured chordae
– Papillary muscle rupture or 

scarring
– Hypertrophic cardiomyopathy
– Restrictive cardiomyopathy
– Constrictive pericarditis
– Moderate or severe mitral 

stenosis (valve area <1.5 cm2)
– Severe aortic stenosis or 

regurgitation
– Duplicate patients (i.e., patients 

with more than one echo; 
the very first echo with 3-4+ MR 
was used)

Excluded:
– Patients who had 

percutaneous or surgical
mitral valve intervention
after the index echo

991,107 echocardiograms
over the past 15 years

48,946 with 3 
and/or 4+ MR

679 patients with 3-4+
functional MR and EF ≥0.60%

400 patients with 3-4+
functional MR and EF ≥0.60%,

conservatively managed

Figure 1. A schematic illustration of the selection process of the study population from our echocardiography database.
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After multivariable Cox proportional regression analysis, older 
age (HR per year increase 1.03, 95% CI: 1.02-1.05; p<0.001), >3+ 
MR (HR versus 3+ MR 1.45, 95% CI: 1.11-1.80; p=0.01), larger 
LA (HR per 10 mm increase 1.48, 95% CI: 1.17-1.69; p<0.001) 
and New York Heart Association functional Class III or IV (HR 
versus I or II 1.98, 95% CI: 1.40-2.60; p<0.001) were found to 
be significant independent predictors of cumulative mortality at 
last follow-up (Table 2). LA diameter was found to have a strong 
association with mortality, regardless of whether it was treated as 
a continuous (HR per 10 mm increase 1.48, 95% CI: 1.17-1.69; 
p<0.001) or categorical variable (HR of 4th [>52 mm] versus 

1st [<41 mm] quartile 2.44, 95% CI: 1.81-3.06; p=0.001). The 
Kaplan-Meier curves for survival according to MR grade and LA 
diameter are shown in Figure 3 and Figure 4, respectively.

Discussion
The study describes the outcomes of a unique subset of secondary 
MR patients with normal LV systolic function. The study demon-
strates a significant one-year and three-year mortality with medical 
management from the time of echocardiographic diagnosis. Other 
important findings include the association of older age, higher grade 
of MR, and larger LA size with mortality in this patient population.

Figure 2. Echocardiographic mechanisms of secondary mitral regurgitation (MR) identified in the study population. A) Apical four-chamber 
view (left) showing restricted motion of the posterior mitral leaflet (asterisk), and colour Doppler flow (right) in the same view demonstrating 
significant jet of MR (black star). B) Transoesophageal echo image (left) showing mitral annular dilation (double-headed arrow) secondary to 
severe left atrial dilation, and colour Doppler flow (right) in the same view demonstrating significant jet of MR (black star). C) Apical 
three-chamber view (left) showing apical tethering of mitral leaflets secondary to apical displacement of the posteromedial papillary muscle 
(arrowhead), and colour Doppler flow (right) in the same view demonstrating significant jet of MR (black star). LA: left atrium; LV: left 
ventricle
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restricting MV leaflet movement or by causing annular dilation. 
The latter was the second most prevalent secondary MR mecha-
nism identified in the study (4.5%). The extension of left atrial 
muscles into the leaflets of MV has been previously shown13-15. 
Atrial wall muscle spreads onto the surface of the MV in foe-
tal life16. This finding has been reinforced by studies that demon-
strated the electrical continuity of the mitral leaflets and the LA, 
highlighting the former as a possible origin for atrial dysrhyth-
mias17. Further, the LA endocardium is the embryological origin 
of the posterior mitral leaflet18. As such, structural remodelling of 
the left atrium (LA), with the resulting atrial dilation and fibrosis, 
may be implicated not only in mitral annular dilation but also in 
restricted leaflet motion. In our study, the presence of atrial remod-
elling was demonstrated by the increased LA size (LA diameter 
47±10 mm). While our study design lacks the ability to confirm 
whether this remodelling was a cause or an effect of the signi-
ficant secondary MR, the absence of another echocardiographic 
explanation for the secondary MR provides at least circumstantial 
evidence for causality. In such cases, AF and LV diastolic dys-
function secondary to CAD, hypertension, or aging may explain 
the LA remodelling in the study population.

Table 1. Baseline characteristics and echocardiographic data of 
the study population.

Variable N=400
Age, years 71.1±14.8

Sex, male 100 (25)

Body mass index, kg/m2 27.7±6.4

Smoking 163 (41)

Diabetes 81 (20)

Hypertension 242 (61)

Hyperlipidaemia 357 (89)

Chronic obstructive pulmonary disease 73 (18)

Coronary artery disease* 104 (26)

Atrial fibrillation 177 (44)

Functional status Asymptomatic/mildly 
symptomatic (NYHA I/II) 328 (8)

Symptomatic  
(NYHA III/IV) 72 (18)

History of liver disease 11 (3)

History of stroke 36 (9)

History of cancer 22 (6)

Active cancer 14 (4)

Dementia 7 (2)

Serum creatinine, mg/dl 1.34±1.1

Medications ACEIs/ARBs 99 (25)

Beta-blockers 189 (47)

Diuretics 165 (41)

Mineralocorticoid 
receptor antagonists 14 (3)

Ejection fraction, % 62.5±2.3

LA diameter, mm 47±10

LA systolic surface area, cm2 30.1±11.1

LA volume, ml 100.1±50.1

LA indexed volume, ml/m2 54.5±25.9

LV end-diastolic volume, ml 95.1±33.2

LV end-systolic volume, ml 34.7±13.5

LV end-diastolic diameter, mm 46±7

LV end-systolic diameter, mm 29±6

Average E/e’ 20.7±9.9

Mitral regurgitation 
grade

3+ 239 (60)

>3+ 161 (40)

Mechanism of mitral 
regurgitation

Restricted valve motion 366 (92)

Annular dilation 18 (5)

Apical tethering 16 (4)

Numbers are presented as frequency (percentage) or mean±SD. 
*Defined as history of myocardial infarction, coronary artery bypass 
surgery, percutaneous coronary intervention or documented coronary 
stenosis >70%. ACEIs: angiotensin-converting enzyme inhibitors; 
ARBs: angiotensin receptor blockers; E/e’: mitral annulus velocities; 
LA: left atrial; LV: left ventricular; NYHA: New York Heart Association

100
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60

40
0 6 12 18 24 30 36

Number at risk
3+ MR 232  165 139 123 100 93 91
More than 3+ MR 154  95 84 67 59 53 50
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S
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l (
%

)

Log-rank p-value: 0.02

3+ MR            More than 3+ MR

Figure 3. Kaplan-Meier curves showing long-term survival in 
patients with 3+ and >3+ MR. MR: mitral regurgitation

100
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Number at risk
LAD ≤47 mm 162  111 100 87 76 66 63
LAD >47 mm 131  94 79 70 62 57 56

Months

S
ur

vi
va

l (
%

)

Log-rank p-value: 0.007

LAD ≤47 mm           LAD >47 mm

Figure 4. Kaplan-Meier curves showing long-term survival based on 
LA diameter. LA: left atrial

In this study, the predominant secondary MR mechanism was 
restricted leaflet motion (91.5%), which, in the absence of organic 
MV disease or LV systolic dysfunction, emphasises the role of 
atrial remodelling in affecting proper MV function, whether by 
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The main outcome evaluated in the study was mortality of the 
study population with conservative management. The analysis 
demonstrated that around one fifth of the patients (19.1%) died 
in the first year after echocardiographic diagnosis, and more than 
one fourth (26.3%) within three years. Notably, according to the 
Centers for Disease Control and Prevention, in 2000 and 2014, 
the annual mortality rates in the USA for people between 65 and 
74 years of age were 2,980 per 100,000 (3.0%) and 2,176 per 
100,000 (2.2%) for males, respectively, and 1,921 per 100,000 
(1.9%) and 1,444 per 100,000 (1.4%) for females, respectively19. 
Interestingly, previous reports in patients with severe secondary 
MR and LV dysfunction demonstrated a comparable one-year 
mortality to our study population (20%) and a slightly higher 
three-year mortality (37%) with medical management20.

In a largely asymptomatic or mildly symptomatic population 
(82% of patients), with a relatively low prevalence of significant 
non-cardiac comorbid conditions, patients with more severe MR 
and larger LA diameter had significantly higher mortality. These 
findings were confirmed on multivariable regression analysis. This 
was an important finding given the relatively increased age of the 
population, which otherwise might have explained by itself the 
increased mortality in the study cohort. Further, outcomes and 
prognosis in patients with secondary MR due to severe LV dys-
function are believed to be more related to the underlying cardio-
myopathy9, hence treatment is mainly guideline-directed medical 
therapy and cardiac resynchronisation therapy when indicated4,5. 
However, in patients with preserved LV systolic function, the 
study showed that possible underlying aetiologies for secondary 
MR, such as AF and CAD, did not have a similar impact.

There is a knowledge gap in the outcomes of transcatheter 
mitral valve intervention in patients with severe secondary MR 

and normal LV systolic function. This gap is unlikely to be 
addressed in the near future based on the current criteria, which 
mandate an EF ≤60% for inclusion of severe secondary MR 
patients in clinical trials evaluating transcatheter MV devices9. The 
ongoing Cardiovascular Outcomes Assessment of the MitraClip 
Percutaneous Therapy for Heart Failure Patients With Functional 
Mitral Regurgitation (COAPT) trial (ClinicalTrials.gov Identifier: 
NCT01626079) is including patients with LVEF ≥20% and ≤50%, 
which means that our study population would be excluded even in 
the presence of significant heart failure symptoms. Similarly, the 
Multicenter Study of Percutaneous Mitral Valve Repair MitraClip 
Device in Patients With Severe Secondary Mitral Regurgitation 
(MITRA-FR) (ClinicalTrials.gov Identifier: NCT01920698) is 
only recruiting patients with an EF between 15 and 40%. A third 
ongoing trial, A Clinical Evaluation of the Safety and Effectiveness 
of the MitraClip System in the Treatment of Clinically Significant 
Functional Mitral Regurgitation (Reshape-HF2) (ClinicalTrials.
gov Identifier: NCT02444338), has an upper limit of 45% for 
EF in severely symptomatic patients. On the other hand, reports 
about commercial MitraClip® (Abbott Vascular, Santa Clara, CA, 
USA) use in secondary MR patients are showing that patients with 
EF >50% are being treated with the device in the real world21,22. 
The CARILLON Mitral Contour System for Reducing Functional 
Mitral Regurgitation (REDUCE FMR) trial (ClinicalTrials.gov 
Identifier: NCT02325830) will include patients with EF up to 50% 
and even with moderate (2+) MR, which will provide some insight 
into these patients but will not include completely normal EF 
patients. The inclusion of severe secondary MR patients with nor-
mal LV systolic function in future transcatheter mitral valve inter-
vention trials would provide much needed answers regarding the 
possibility of improving the outcomes of this patient population. 

Table 2. Multivariable Cox proportional regression analysis to identify independent predictors of cumulative mortality at last follow-up.

Variables HR LL of 95% CI UL of 95% CI p-value
Age, per year increase 1.03 1.02 1.05 <0.001

Male, vs. female 1.17 0.61 1.69 0.62

Smoking 0.93 0.58 1.53 0.83

Coronary artery disease 0.89 0.75 1.04 0.08

Atrial fibrillation 0.94 0.62 1.25 0.81

Diabetes mellitus 1.16 0.78 1.64 0.65

Hypertension 0.90 0.60 1.32 0.82

EF, per % increase 0.98 0.93 1.04 0.61

Mechanism of 
MR

Restricted leaflet motion Reference

Annular dilation 0.69 0.35 1.10 0.11

Apical tethering 0.42 0.07 3.10 0.71

MR grade 3+ Reference

>3+ 1.45 1.11 1.80 0.01

LA diameter, per 10 mm increase 1.48 1.17 1.69 <0.001

NYHA functional 
class

Asymptomatic/mild symptoms (NYHA I/II) Reference

Symptomatic (NYHA III/IV) 1.98 1.40 2.60 <0.001

CI: confidence interval; EF: ejection fraction; HR: hazard ratio; LA: left atrial; LL: lower limit; MR: mitral regurgitation; NYHA: New York Heart 
Association; UL: upper limit
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Importantly, given the insufficient data on the outcomes of the sur-
gical treatment in these patients, mitral valve surgery is not the 
“gold standard” therapy. Hence, patients would not have to be 
“non-surgical candidates” to be included in percutaneous mitral 
valve intervention trials.

In summary, to our knowledge, this is the first study to evaluate 
the characteristics and outcomes of patients with severe secondary 
MR and normal LV systolic function, including the more recently 
recognised entity of AMR. Whether surgical or percutaneous MV 
intervention would have improved outcomes in this population 
is beyond the scope of the study, yet the observed findings raise 
a question about the perception of secondary MR without LV dys-
function as a relatively benign condition. The exclusion of patients 
with normal EF from clinical trials evaluating transcatheter inter-
ventions for secondary MR, based on most recent consensus9, 
would make an evidence-based answer to this concern unforesee-
able in the near future. The findings also call for more research 
to understand the pathophysiological mechanisms, natural history 
and factors affecting the prognosis of AMR.

Study limitations
The current study has the inherent limitations of observational 
studies and potential for selection bias. The Cleveland Clinic is 
a tertiary referral centre; therefore, some patients may have been 
referred for further evaluation because of the identification of an 
atypical MR at other institutions. Although our study population 
was largely asymptomatic or mildly symptomatic, in those with 
significant symptoms the acuteness of presentation might have 
affected the severity of MR and the prognosis of patients. Further, 
there may be doubts about the homogeneity of the grading of the 
severity of MR throughout a period of 15 years where definitions 
of severity have varied. The study design lacks the ability to con-
firm whether LA remodelling was a cause or an effect of the signi-
ficant secondary MR in patients with restricted leaflet motion and 
annular dilation. However, the lack of another explanation for 
severe secondary MR in this group of patients may suggest cau-
sality. The absence of a comparative arm is another limitation to 
a better interpretation of the results. Yet, we tried to overcome this 
limitation by providing internal comparisons based on MR severity 
and LA size. Whether percutaneous or surgical mitral valve inter-
vention would alter the outcome of these patients remains unclear. 
Lastly, given the retrospective nature of the study, the completion 
of follow-up data remains a challenge. However, for our primary 
outcome of all-cause mortality, in addition to electronic medical 
records, we queried the US Social Security Death Index database to 
ensure the completeness and the accuracy of our outcomes.

Conclusions
Severe secondary MR with normal LV systolic function has signi-
ficant mortality with conservative management. Older age, more 
severe symptoms, worse degree of mitral regurgitation and larger 
left atrium were independent predictors of mortality. This initial 
observation needs to be confirmed in larger prospective studies, 

and further studies are needed to establish optimal medical ther-
apy in this setting. Further, inclusion of these patients, especially 
if symptomatic, in future transcatheter MV intervention trials may 
be warranted.

Impact on daily practice
Secondary mitral regurgitation in the setting of normal ejec-
tion fraction is not a well-studied entity and these patients are 
currently being excluded from clinical trials evaluating trans-
catheter mitral valve devices. Patients with severe secondary 
mitral regurgitation and normal left ventricular systolic func-
tion have significant mortality with medical management alone. 
Prospective studies evaluating transcatheter mitral valve inter-
vention should include patients with severe secondary mitral 
regurgitation and normal ejection fraction.
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