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BACKGROUND: Little is known about the impact of transcatheter mitral valve edge-to-edge repair on changes in left ventricular 
ejection fraction (LVEF) and the effect of an acute reduction in LVEF on prognosis. We aimed to assess changes in LVEF after 
transcatheter mitral valve edge-to-edge repair for both primary and secondary mitral regurgitation (PMR and SMR, respec-
tively), identify rates and predictors of LVEF reduction, and estimate its impact on prognosis.

METHODS AND RESULTS: In this international multicenter registry, patients with both PMR and SMR undergoing transcatheter 
mitral valve edge-to-edge repair were included. We assessed rates of acute LVEF reduction (LVEFR), defined as an acute rela-
tive decrease of >15% in LVEF, its impact on all-cause mortality, major adverse cardiac event (composite end point of all-cause 
death, mitral valve surgery, and residual mitral regurgitation grade ≥2), and LVEF at 12 months, as well as predictors for LVEFR. 
Of 2534 patients included (727 with PMR, and 1807 with SMR), 469 (18.5%) developed LVEFR. Patients with PMR were older 
(79.0±9.2 versus 71.8±8.9 years; P<0.001) and had higher mean LVEF (54.8±14.0% versus 32.7±10.4%; P<0.001) at baseline. 
After 6 to 12 months (median, 9.9 months; interquartile range, 7.8–11.9 months), LVEF was significantly lower in patients with 
PMR (53.0% versus 56.0%; P<0.001) but not in patients with SMR. The 1-year mortality was higher in patients with PMR with 
LVEFR (16.9% versus 9.7%; P<0.001) but not in those with SMR (P=0.236). LVEF at baseline (odds ratio, 1.03 [95% CI, 1.01–
1.05]; P=0.002) was predictive of LVEFR for patients with PMR, but not those with SMR (P=0.092).

CONCLUSIONS: Reduction in LVEF is not uncommon after transcatheter mitral valve edge-to-edge repair and is correlated with 
worsened prognosis in patients with PMR but not patients with SMR.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT05311163.

Key Words: afterload mismatch ■ left ventricular ejection fraction ■ mitral regurgitation

Correspondence to: Leor Perl, MD, Department of Cardiology, Rabin Medical Center–Beilinson Hospital. 39 Jabotinsky St, Petach Tikva 4941492, Israel. 
Email: leorperl@gmail.com; leorper@clalit.org.il

*A complete list of the MITRA-EF study members can be found in the Appendix at the end of the article.

This article was sent to Amgad Mentias, MD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

Supplemental Material is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.123.029735

For Sources of Funding and Disclosures, see page 12.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

D
ow

nloaded from
 http://ahajournals.org by on June 27, 2023

https://orcid.org/0000-0002-0625-7937
mailto:
mailto:
https://orcid.org/0000-0002-7735-4419
https://orcid.org/0000-0002-7727-0573
https://orcid.org/0000-0002-4834-2187
https://orcid.org/0000-0002-3075-0203
https://orcid.org/0000-0003-3626-3876
https://orcid.org/0000-0001-5416-165X
https://orcid.org/0000-0002-2451-4626
https://orcid.org/0000-0003-3554-6938
https://orcid.org/0000-0002-8014-0702
https://orcid.org/0000-0003-2159-1359
https://orcid.org/0000-0001-9770-4626
https://orcid.org/0009-0003-5833-4791
https://orcid.org/0000-0002-2732-1205
https://orcid.org/0000-0001-7881-7609
https://orcid.org/0000-0002-9854-9063
https://orcid.org/0000-0002-7860-0298
https://orcid.org/0000-0003-4164-4972
https://orcid.org/0000-0002-2105-7693
https://orcid.org/0000-0002-6646-9317
https://orcid.org/0000-0003-4711-0891
https://orcid.org/0000-0003-2897-8919
https://orcid.org/0000-0002-2852-061X
https://orcid.org/0000-0002-9854-5046
https://orcid.org/0000-0002-0700-1781
https://orcid.org/0000-0002-0517-1410
https://orcid.org/0000-0002-5055-2917
https://orcid.org/0000-0002-3691-1709
https://orcid.org/0000-0002-7708-8253
https://www.clinicaltrials.gov
mailto:leorperl@gmail.com
mailto:leorper@clalit.org.il
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.029735
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2023;12:e029735. DOI: 10.1161/JAHA.123.029735� 2

Perl et al� Reduction in Left Ventricular Function After TEER

Transcatheter mitral valve edge-to-edge repair (TEER) 
is considered a safe and important alternative to mi-
tral valve surgery in patients with severe primary and 

secondary mitral regurgitation (PMR and SMR, respec-
tively) at a high surgical risk.1–4 Following surgical mitral 
valve repair for PMR, improved left ventricular (LV) and 
left atrial remodeling was demonstrated.5 However, little 
is known about the impact of TEER in patients with PMR 
or those with SMR who are poor candidates for surgery. 
Studies in these populations are limited and vary in the 

inclusion criteria and the cause of mitral regurgitation. 
Some showed no improvement or even reduction in LV 
ejection fraction (LVEF) following TEER,6–10 whereas in 
others an improvement in LVEF was shown.11–17

Previous studies suggested that an acute reduc-
tion in left ventricular function may develop in a signif-
icant number of patients undergoing TEER or mitral 
valve surgery.17–20 This so-called afterload mismatch is 
thought to occur because of the immediate loss of the 
low-resistance leak into the left atrium, leading to an 
acute change in left ventricular loading conditions. The 
clinical importance of this phenomenon is not clear yet. 
It has been studied in a few small, mostly single-center 
studies, where it was not defined universally. Currently 
available data suggested worse prognosis for patients 
with acute LVEF reduction (LVEFR) in some studies,18–20 
but not in others.21 Also, in studies including patients 
undergoing mitral valve surgery, predictors of LVEFR in-
clude pulmonary hypertension, atrial fibrillation, low pre-
operative LVEF, and large left ventricles.20,22,23 However, 
little is known about the causes of LVEFR after TEER. 
We therefore aimed to learn more about the dynamics 
in left ventricular function after TEER for both PMR and 
SMR, identify predictors for an acute reduction in left 
ventricular function, and understand its impact on prog-
nosis in these 2 different patient populations.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Patients and Data Collection
In this international, multicenter registry (Clini​calTr​ials.
gov identifier: NCT05311163), patients undergoing 
TEER using the MitraClip percutaneous mitral valve 
repair (Abbott Vascular, Inc, Santa Clara, CA) were in-
cluded. Information was collected from a multicenter 
collaboration in a retrospective manner and incor-
porated into the MITRA-EF registry in European and 
North American centers.

To reflect patients in the real-world setting, we have 
decided to include patients with both PMR and SMR 
undergoing TEER, regardless of cause or baseline 
LVEF, and study them separately. Exclusion criteria 
were “mixed cause” of PMR and SMR, single-leaflet 
device attachment, immediate conversion to surgery, 
unavailability of echocardiographic data after dis-
charge, concomitant transcatheter tricuspid repair, ac-
tive malignant tumor, systemic infection, or cardiogenic 
shock at presentation. All recruited patients signed an 
informed consent form following the approval of the 
institutional review board ethics committee in compli-
ance with the Declaration of Helsinki.

CLINICAL PERSPECTIVE

What Is New?
•	 We assessed the rates of left ventricular ejec-

tion fraction reduction (LVEFR; defined as a 
reduction of >15% in left ventricular ejection 
fraction) following transcatheter mitral valve 
edge to-edge repair, predictors of this phenom-
enon, and its impact on prognosis in primary 
and secondary mitral regurgitation.

•	 We have included 2534 patients, of whom 469 
(18.5%) developed LVEFR.

•	 The 1-year mortality rates were higher in pa-
tients with primary mitral regurgitation with 
LVEFR (16.9% versus 9.7%; P<0.001) but not 
in those with secondary mitral regurgitation 
(P=0.236).

What Are the Clinical Implications?
•	 LVEFR is not uncommon after transcatheter 

mitral valve edge-to-edge repair and is corre-
lated with worsened prognosis in patients with 
primary mitral regurgitation only.

•	 There is a need to identify mechanisms for 
LVEFR following mitral transcatheter mitral valve 
edge-to-edge repair, in particular in patients 
with primary mitral regurgitation.

Nonstandard Abbreviations and Acronyms

COAPT	 Cardiovascular Outcomes Assessment of 
the MitraClip Percutaneous Therapy for 
Heart Failure Patients With Functional 
Mitral Regurgitation

LVEDV	 left ventricular end-diastolic volume
LVEFR	 left ventricular ejection fraction reduction
MR	 mitral regurgitation
PMR	 primary mitral regurgitation
SMR	 secondary mitral regurgitation
TEER	 transcatheter mitral valve edge-to-edge 

repair
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End Points
We measured changes in LVEF before discharge (up to 
a week after procedure), and 6 to 12 months following 
the procedure, compared with baseline. LVEFR was 
defined as an acute relative decrease of ≥15% in LVEF 
[(LVEF at discharge)/(LVEF at baseline)<0.85]. This 
value represented the approximate median value of the 
reduction in LVEF (14.9%) in our study cohort, and was 
therefore considered as the threshold to define the oc-
currence of LVEFR. Primary end points were the rates 
of all-cause death and major adverse cardiac events 
(a composite of death, need for mitral valve surgery, 
or redo percutaneous mitral valve repair and rates of 
mitral regurgitation grade ≥2) at 12 months. We also 
measured rates of relative LVEF improvement (by 10% 
and 15%) after TEER. Secondary outcomes included 
New York Heart Association classification, heart failure 
admissions, and need for mitral valve surgery or redo 
percutaneous mitral valve repair at 12 months. Also 
included were in-hospital outcomes, such as proce-
dural success and device success (as defined by the 
Mitral Valve Academy Research Consortium24), num-
ber of devices implanted, mean mitral valve gradient 
(after TEER), tamponade, right-to-left shunt, need for 
immediate surgery, sepsis, acute coronary syndrome, 
vascular complication or gastrointestinal bleeding, 
stroke, acute renal failure, length of hospitalization, and 
hospital death. Finally, we assessed for independent 
determinants of the occurrence of LVEFR.

Statistical Analysis
Normality of distribution of continuous variables was 
explored using the Kolmogorov-Smirnov and Shapiro-
Wilk tests. Continuous variables following a normal dis-
tribution are reported as mean±SD and were compared 
using Student t-test (paired or unpaired), whereas 
those not following a normal distribution are presented 
as median and interquartile range and were compared 
using the Mann-Whitney U test for independent groups 
and Wilcoxon signed-rank test for paired comparisons. 
Categorical variables are reported as counts and per-
centages and were compared using the χ2 or Fisher 
exact test, as appropriate.

Survival rate free from clinical end points was es-
timated using the Kaplan-Meier method, and the dif-
ferences between groups were calculated using the 
log-rank test. Binary logistic regression analysis was 
performed to identify the univariate and multivariable 
predictors of LVEFR. Variables with P<0.25 on univar-
iate analysis were included in the final multivariable 
model. In logistic regression analysis, the model fit and 
predictive power were validated using the Hosmer-
Lemeshow goodness-of-fit test for logistic regres-
sion. Each result is expressed as an odds ratio (OR) 
and corresponding 95% CI. Finally, Cox proportional 

hazards regression analysis was performed to deter-
mine independent predictors of mortality at 12 months, 
accounting for known baseline cardiovascular risk dif-
ferences, which included the following: age, sex, cause 
of mitral regurgitation (MR) (SMR or PMR), LVEF, dia-
betes, MR severity, pulmonary artery systolic pressure, 
left atrial pressure, right ventricular dysfunction, renal 
failure (defined as glomerular filtration rate <50 mL/
min per 1.73 m2, according to the Modification of Diet 
in Renal Disease formula), and LVEFR. The scaled 
Schoenfeld residuals test verified the proportional haz-
ard assumption.

In addition, we sought to assess the correlation be-
tween patients with “disproportionate MR,” based on 
the ratio of effective regurgitant orifice area (EROA)/left 
ventricular end-diastolic volume (LVEDV),25 on rates 
of LVEFR. We also compared rates of LVEFR in pa-
tients who fit the COAPT (Cardiovascular Outcomes 
Assessment of the MitraClip Percutaneous Therapy 
for Heart Failure Patients With Functional Mitral 
Regurgitation) Trial criteria versus those who did not, 
according to the following parameters: LVEF be-
tween 20% and 50%, left ventricular end–systolic di-
meter (LVESD) ≤70 mm, tricuspid regurgitation (TR) 
less than severe, tricuspid annular plane systolic ex-
cursion ≥15 mm, systolic pulmonary artery pressure 
≤70 mm Hg, and hemodynamic stability.4,26 Finally, to 
potentially allocate patients with SMR who fit the cri-
teria of heart failure with preserved ejection fraction, 
thus also uncovering patients with atrial SMR, we de-
cided to analyze those with LVEF >50% at baseline 
separately.

For all analyses, a 2-sided P<0.05 was considered 
to indicate statistical significance. All statistical anal-
yses were performed using SPSS version 28.0 (IBM 
Corp, Armonk, NY).

RESULTS
Of 2932 patients screened in 16 centers, 2534 were 
enrolled in the final study cohort. At baseline, 727 
(28.7%) experienced symptomatic PMR, and 1807 
(71.3%) experienced SMR. Of the entire cohort, 469 
(18.5%) of the patients fit the definition of LVEFR follow-
ing TEER: 152 (20.9%) of the patients with PMR, and 
317 (17.5%) of the patients with SMR (Figure 1).

Clinical Baseline Characteristics
Patients with PMR were older than patients with SMR 
(79.0±9.2 versus 71.8±8.9 years; P<0.001), consisted 
of fewer women (38.0% versus 49.9%; P<0.001), and 
were less likely to have diabetes (15.1% versus 35.6%; 
P<0.001) and other cardiovascular risk factors, but more 
had previous oncological disease or valvular surgery 
(Table 1). Both the Society of Thoracic Surgeons Score 
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for mortality and the EuroSCORE II were higher for pa-
tients with SMR (6.7±3.6 versus 6.1±3.8 [P<0.001] and 
7.9±3.8 versus 7.5±3.7 [P=0.04], respectively). Rates of 
LVEFR were higher in patients with PMR (20.9% ver-
sus 17.5%; P=0.02). For both PMR and SMR, patients 
with LVEFR were similar to controls in most base-
line characteristics, including age (79.0±9.4 versus 
78.9±9.1 years for PMR [P=0.359] and 71.7±9.1 versus 
71.9±8.8 years for SMR [P=0.282]), sex (37.8% versus 
38.1% were women in the PMR group [P=0.429] and 
50.1% versus 49.7% were women in the SMR group 
[P=0.223]), New York Heart Association classification 
(P=0.376 for PMR and 0.283 for SMR), and surgical 
risk (Society of Thoracic Surgeons score for mortal-
ity, 6.2±3.2 versus 6.1±4.0 [P=0.457] in patients with 
PMR and 6.6±3.7 versus 6.7±3.6 [P=0.625] in patients 
with SMR; and EuroSCORE II 7.4±3.4 versus 7.5±3.7 
[P=0.822] and 7.8±4.1 versus 7.9±3.7 [P=0.183], re-
spectively; Table 1).

Change in LVEF Over Time
Mean LVEF was 56.0±14.0% for PMR and 33.0±10.4% 
for SMR at baseline. In the first postprocedural 
echocardiography study (mean, 1.4±0.4 days after 
TEER), the mean LVEF was 52.3±13.9% for PMR and 
32.1±10.3% for SMR, whereas at follow-up (median, 
9.9; interquartile range, 7.8–11.9 months after TEER), it 

was 53.0±14.5% for PMR and 33.1±10.9% for SMR. 
The decrease in mean LVEF was not statistically sig-
nificant for patients with SMR, whereas the reduction 
in LVEF for patients with PMR was significant at both 
time points (P<0.001 for both; Figure 2).

There were also differences in the rates of patients 
who have improved LVEF after the procedure: it im-
proved by 10% following TEER in 21.1% of the patients 
with SMR, compared with 10.9% of patients with 
PMR, and by 15% in 17.6% versus 7.6%, respectively. 
After 12 months, LVEF improved by 10% in 30.4% of 
the patients with SMR versus 13.3% of patients with 
PMR, and by 15% in 25.1% versus 9.8%, respectively 
(P<0.001 for all). There were no differences in the rates 
of MR improvement (P=0.733 for PMR, and P=0.343 
for SMR). The residual mitral regurgitation was nu-
merically higher in the PMR group, but not statistically 
significant (rates of MR ≥2 were 17.8% versus 11.9% 
in patients with SMR before discharge [P=0.092] and 
18.1% versus 13.8% after 6 to 12 months [P=0.120]; 
Figure 3). Other echocardiographic and hemodynamic 
data are presented in Table 2.

Predictors for LVEFR
In patients with PMR, predictors for a reduction in 
LVEF (the Hosmer-Lemeshow goodness-of-fit test 
P=0.450) include baseline LVEF (OR, 1.03 [95% CI, 

Figure 1.  Flowchart of the present study.
LVEF indicates left ventricular ejection fraction; LVEFR, left ventricular ejection fraction reduction; PMR, 
primary mitral regurgitation; SLDA, single-leaflet device attachment; SMR, secondary mitral regurgitation; 
and TEER, transcatheter mitral valve edge-to-edge repair.
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1.01–1.05 for each additional 1% in LVEF]; P=0.002), 
left atrial pressure V-waves >30 mm Hg (OR, 1.22 
[95% CI, 1.02–1.55]; P=0.042), right ventricular dys-
function (OR, 1.22 [95% CI, 1.02–1.45]; P=0.034), and 
systolic blood pressure >120 mm Hg on presenta-
tion (OR, 1.32 [95% CI, 1.12–1.76]; P<0.001; Table 3). 

In patients with SMR (the Hosmer-Lemeshow 
goodness-of-fit test P=0.822), baseline LVEF had no 
independent impact on LVEFR (P=0.092). However, 
left atrial pressure >30 mm Hg remained a significant 
predictor for LVEFR (OR,1.35 [95% CI, 1.11–1.61]; 
P=0.005), as did right ventricular dysfunction (OR, 

Table 1.  Baseline Characteristics

Parameter
PMR LVEFR 
(n=152)

PMR 
controls 
(n=575) P value

SMR LVEFR 
(n=317)

SMR 
controls 
(n=1490) P value

PMR vs SMR

P value

Age, mean±SD, y 79.0±9.4 78.9±9.1 0.359 71.7±9.1 71.9±8.8 0.282 <0.001

Female sex, % 37.8 38.1 0.429 50.1 49.7 0.223 <0.001

Diabetes, % 14.2 15.6 0.162 35.5 35.6 0.983 <0.001

Hypertension, % 70.9 71.0 0.852 71.7 71.6 0.536 0.420

Smoking, % 25.4 25.7 0.293 36.8 36.7 0.691 0.004

Dyslipidemia, % 53.7 55.3 0.272 59.9 61.1 0.173 0.121

Chronic kidney  
disease, %

52.6 52.2 0.473 62.1 62.9 0.568 <0.001

Hemoglobin, mean±SD, 
g/dL

12.1±2.4 12.2±2.2 0.835 12.0±2.1 12.1±2.4 0.706 0.742

Past cerebrovascular 
accident, %

10.6 10.8 0.346 12.1 11.9 0.230 0.215

Peripheral arterial 
disease, %

10.7 10.9 0.453 16.4 16.6 0.325 <0.001

Anemia, % 46.4 48.2 0.134 49.9 49.3 0.236 0.320

COPD, % 16.3 17.0 0.122 18.1 18.4 0.323 0.273

Oncological disease, % 19.3 18.2 0.146 13.5 13.1 0.542 <0.001

Coronary artery 
disease, %

30.1 29.3 0.311 59.4 58.7 0.230 <0.001

Previous CABG, % 17.8 18.0 0.572 27.9 28.1 0.446 <0.001

Past valvular surgery, % 18.0 18.1 0.627 14.1 13.9 0.264 <0.001

Atrial fibrillation, % 61.5 61.1 0.276 52.4 51.9 0.204 0.002

Pacemaker/ICD  
implant, %

15.2 14.9 0.283 54.6 54.8 0.427 <0.001

NYHA baseline, % 0.548

Class I 4.7 5.0 0.376 4.9 5.1 0.283

Class II 18.9 21.2 20.2 19.6

Class III 58.3 53.8 58.5 54.7

Class IV 18.1 20.0 16.4 20.6

STS score, mean±SD 6.2±3.2 6.1±4.0 0.457 6.6±3.7 6.7±3.6 0.625 <0.001

EuroSCORE II, 
mean±SD

7.4±3.4 7.5±3.7 0.822 7.8±4.1 7.9±3.7 0.183 0.002

β-Blockers, % 66.1 66.2 0.862 88.8 85.1 0.120 <0.001

ACEi/ARB, % 47.2 47.0 0.921 75.6 76.2 0.241 <0.001

MRA, % 36.1 34.5 0.108 42.1 40.3 0.145 <0.001

ARNi, % 2.6 2.5 0.324 9.8 10.2 0.322 <0.001

Diuretics, % 80.1 81.2 0.422 92.1 92.2 0.945 <0.001

SGLT2i, % 12.1 10.4 0.332 16.4 15.5 0.572 <0.001

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor/neprilysin inhibitor; CABG, coronary 
artery bypass grafting; COPD, chronic obstructive pulmonary disease; ICD, implantable cardioverter-defibrillator; LVEFR, left ventricular ejection fraction 
reduction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; PMR, primary mitral regurgitation; SGLT2i, sodium-glucose 
transport protein 2 inhibitor; SMR, secondary mitral regurgitation; and STS, Society of Thoracic Surgeons.
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1.26 [95% CI, 1.10–1.42]; P=0.044) and systolic blood 
pressure >120 mm Hg (OR, 1.41 [95% CI, 1.09–2.03]; 
P<0.001; Table 4).

In 2 further analyses within the SMR group, we 
sought to assess the impact of “disproportionate MR” 
(according to the EROA/LVEDV ratio) and “COAPT Trial–
like” characteristics on rates of LVEFR. In both cases, 
no correlation was found (P=0.183 for EROA/LVEDV ratio 
and P=0.892 in the comparison of 1102 COAPT Trial–like 
patients and 705 non–COAPT Trial–like controls). Finally, 
rates of LVEFR were also not different in the comparison 
of 197 (10.9%) patients with SMR with LVEF >50% ver-
sus those with LVEF <50% at baseline (P=0.291).

Clinical Outcomes
In patients with PMR, all-cause mortality at 12 months 
was significantly higher for patients with LVEFR (16.9% 
versus 9.7%; P<0.001; Figure 4 and Table S1), as were 
rates of major adverse cardiac events (24.5% ver-
sus 14.6%; P=0.006; Table  S1). In fact, death rates 
were already higher during admission for patients 
with PMR with LVEFR (4.2% versus 2.8%; P=0.043). 
Hospitalization rates for heart failure were also higher 
(20.4% versus 11.6%; P=0.015). In patients with 
SMR, there were no major differences in mortality 
(P=0.236; Figure  5 and Table  S1) or major adverse 
cardiac events (31.5% versus 30.1%; P=0.582). Other 

Figure 2.  Mean left ventricular ejection fraction (LVEF) according to mitral regurgitation cause.
PMR indicates primary mitral regurgitation; and SMR, secondary mitral regurgitation.

Figure 3.  Degree of mitral regurgitation (MR) before and after transcatheter mitral valve edge-to-edge repair.
PMR indicates primary mitral regurgitation; and SMR, secondary mitral regurgitation.
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secondary outcomes, including rates of New York 
Heart Association classification 3 to 4, needed for re-
peated TEER or mitral valve surgery, were not differ-
ent between the patients with LVEFR and controls in 
either PMR or SMR. Notably, patients with LVEFR were 
treated with more clips in both groups (1.9±0.6 versus 
1.7±0.6 in the PMR group [P=0.008] and 1.9±0.7 ver-
sus 1.7±0.7 in the SMR group [P=0.020]; Table S1).

Following Cox proportional hazards regression 
analysis of the whole cohort, adjusting for confounding 
factors, age (hazard ratio [HR], 1.08 for each additional 
year [95% CI, 1.02–1.20]; P=0.013), PMR cause (HR, 
0.84 [95% CI, 0.69–0.97]; P=0.003), LVEF at baseline 
(HR, 0.93 for each additional 1% [95% CI, 0.70–0.97]; 
P=0.020), left atrial pressure V-wave >30 mm Hg (HR, 

1.29 [95% CI, 1.01–2.03]; P=0.041), and renal failure 
(HR, 1.96 [95% CI, 1.31–2.44]; P<0.001) were predic-
tors of mortality at 12 months. However, LVEFR (HR, 
1.48 [95% CI, 0.88–2.21]; P=0.110; Table  5) was not 
significantly associated with mortality. However, within 
the PMR group, LVEFR was independently associated 
with mortality at 12 months (HR, 1.37 [95% CI, 1.04–
1.76]; P=0.040; Tables S2 and S3).

DISCUSSION
In this study, which assessed the impact of transcath-
eter mitral valve edge-to-edge repair on left ventricular 
function, we found that >20% of patients with PMR 

Table 3.  Predictors of Acute LVEFR in Patients With PMR

Variable

Univariate analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age, each additional year 1.32 (0.94–1.65) 0.108 1.35 (0.90–3.22) 0.274

Female sex 1.24 (0.88–1.72) 0.180 1.21 (0.82–1.96) 0.372

LV ejection fraction at baseline, each 
additional 1%

1.04 (1.02–1.08) <0.001 1.03 (1.01–1.05) 0.002*

LV end-diastolic diameter >55 mm 1.06 (0.85–1.41) 0.245 0.88 (0.57–1.71) 0.370

Atrial fibrillation 1.32 (0.98–1.68) 0.094 1.25 (0.80–2.03) 0.628

PAPs >50 mm Hg 1.30 (0.94–1.78) 0.114 1.22 (0.83–2.44) 0.831

Left atrial pressure V-wave 
>30 mm Hg

1.24 (1.05–1.48) 0.022 1.22 (1.02–1.55) 0.042*

Right ventricular dysfunction 1.44 (1.11–1.83) 0.008 1.22 (1.02–1.45) 0.034*

Systolic blood pressure >120 mm Hg 1.33 (1.09–1.60) <0.001 1.32 (1.12–1.76) <0.001*

Residual mitral regurgitation ≥2 0.84 (0.49–1.27) 0.202 0.93 (0.44–2.30) 0.449

LV indicates left ventricular; LVEFR, left ventricular ejection fraction reduction; OR, odds ratio; PAPs, pulmonary artery systolic pressure; and PMR, primary 
mitral regurgitation.

*P<0.05.

Table 4.  Predictors of Acute LVEFR in Patients With SMR

Variable

Univariate analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age, each additional year 1.32 (0.98–1.68) 0.120 1.24 (0.83–1.49) 0.483

Female sex 1.12 (0.78–1.43) 0.244 1.09 (0.62–3.01) 0.573

LV ejection fraction at baseline, each 
additional 1%

1.05 (1.01–1.12) 0.040 1.04 (0.99–1.11) 0.092

LV end-diastolic diameter > 55mm 1.08 (0.76–1.50) 0.248 0.95 (0.67–2.04) 0.446

Atrial fibrillation 1.11 (0.99–1.25) 0.082 1.07 (0.91–1.33) 0.357

PAPs >50 mm Hg 1.34 (1.01–1.66) 0.035 1.32 (0.99–1.69) 0.101

Left atrial pressure V-wave 
>30 mm Hg

1.38 (1.20–1.56) 0.008 1.35 (1.11–1.61) 0.005*

Right ventricular dysfunction 1.27 (1.02–1.51) 0.010 1.26 (1.10–1.42) 0.044*

Systolic blood pressure >120 mm Hg 1.42 (1.18–1.68) <0.001 1.41 (1.09–2.03) <0.001*

Residual mitral regurgitation ≥2 0.86 (0.55–1.17) 0.220 0.81 (0.38–1.84) 0.386

LV indicates left ventricular; LVEFR, left ventricular ejection fraction reduction; OR, odds ratio; PAPs, pulmonary artery systolic pressure; and SMR, secondary 
mitral regurgitation.

*Denotes P<0.05.
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and 17.5% of patients with SMR incurred an acute 
reduction in LVEF soon after TEER. The ventricular 
function of patients with PMR is impacted differently 
by TEER than those with SMR: although both groups 
demonstrate a significant rate of LVEFR after TEER, 
in patients with SMR, this rate is significantly lower. 

Nevertheless, a heterogenous response of the left 
ventricle was apparent over time, especially in patients 
with SMR, where an almost 2-fold rate of the patients 
demonstrated an improvement in LVEF after TEER, 
compared with patients with PMR. Yet, as expected, 
the initial LVEF is much higher in patients with PMR, 

Figure 4.  The impact of left ventricular ejection fraction reduction (LVEFR) on all-cause death at 
12 months in patients with primary mitral regurgitation.

Figure 5.  The impact of left ventricular ejection fraction reduction (LVEFR) on all-cause death at 
12 months in patients with secondary mitral regurgitation.
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and these dynamics are somewhat anticipated. Finally, 
the presence of LVEFR is independently associated 
with an increased risk of adverse events in patients 
with PMR, whereas in patients with SMR, it confers no 
increased risk.

Previous studies assessing the dynamics in 
LV function after TEER were incongruent. In the 
EVEREST (Endovascular Valve Edge–to–Edge Repair 
Study) trial, among 107 patients who underwent car-
diac catheterization before and immediately following 
TEER, cardiac output and stroke volume increased, 
whereas systemic vascular resistance decreased. 
LVEF was reduced in these patients with PMR, from 
59.8±8.3% to 56.3±9.4%.10 In one small recent study 
of patients with SMR, a decrease in LV end-diastolic 
and LV end-systolic diameters was observed after 
TEER, mean pulmonary artery pressures were re-
duced, and LVEF was unchanged. Again, cardiac 
output increased.6 In another study of 130 patients 
with mixed cause, in whom 54% had reduced LVEF 
(<40%), varying results according to LVEF range were 
observed: in patients with middle or preserved ejec-
tion fraction, reverse remodeling with reduced LV 
dilatation and increased contractility was reported. 
On the other hand, in patients with reduced ejec-
tion fraction, there was no reverse remodeling and 
no improvement in LV function.7 Another small study 
(n=43) found no changes in LVEF following TEER, 
but a reduction in pulmonary artery pressures was 
noted.8 Pleger et al assessed 1-year outcomes in 41 
patients with SMR (LVEF=33±3%), and found signifi-
cantly reduced left atrial volume and LV end-systolic 
diameter, as well as significantly increased LVEF.12 In 
the COAPT Trial, mean LVEF actually deteriorated fol-
lowing TEER and in the control arm, albeit at a lower 

rate in the study group (reduction of 5.6±1.2% versus 
8.8±1.1% of control; P=0.048).27

For predictors of change in LV function and dimen-
sions, one study suggested reverse remodeling only in 
patients with lower values of logistic EuroSCORE and 
Society of Thoracic Surgeons scores, LVEDV index, 
right ventricular end-systolic area, and systolic pulmo-
nary artery pressure at baseline. In multivariable anal-
ysis, only systolic pulmonary artery pressure remained 
an independent predictor of improvement.28 Another 
study using cardiovascular magnetic resonance to 
assess extent and predictors of reverse remodeling 
(defined by reduction of LVEDV index >15% compared 
with baseline) demonstrated improvement in 34% of 
the patients, predicted by improvement in MR volume 
and MR fraction.9 Recently, Hagnas et al assessed 
immediate changes in left ventricular function in 399 
patients with SMR, and showed that in most it had not 
changed, whereas in close to 10% it had slightly im-
proved (by only 1%), and in a similar rate it had deteri-
orated. Patients with improved LVEF had lower mean 
LVEF at baseline (26% versus 35%; P<0.001), as well 
as a higher EuroSCORE II. Notably, decreased post-
procedural LVEF was associated with a higher risk 
for mortality, whereas improved LVEF was protective, 
compared with unchanged LVEF,19 as opposed to the 
findings in our study for this same population.

In our study, by far the largest to date to assess 
changes in LVEF following TEER, we noted a differ-
ence in both the dynamics and the clinical impact of 
LVEF decline according to cause. It is imperative to 
mention that PMR and SMR are completely different 
patient populations, as was also apparent in this study, 
experiencing MR attributable to valvular disease in the 
first and predominantly ventricular disease in the latter. 
In addition, the rates of residual MR ≥2 were somewhat 
(but not significantly) higher in the PMR group. More 
important, residual MR was not independently associ-
ated with LVEFR in patients with either PMR or SMR. 
Nevertheless, we have seen that, although in patients 
with SMR, the decrease in LVEF was temporary, and 
did not impact prognosis, in patients with PMR, there 
was a 3.0% absolute reduction in the ejection fraction 
at discharge, which persisted after 6 to 12 months. In 
addition, for those patients with PMR who had a ≥15% 
reduction in LVEF immediately following TEER, a sig-
nificantly higher risk for death was noted. Predictors 
for LVEFR in patients with PMR included a higher LVEF, 
high left atrial pressure V-waves, right ventricular dys-
function, and systolic blood pressure >120 mm Hg at 
presentation. In patients with SMR, a higher LVEF was 
not independently associated with LVEFR.

The reduction in LVEF following TEER may rep-
resent the response to the rapid increase in left ven-
tricular afterload, attributable to the rapid loss of the 
low-resistance “shunt” into the left atrium. Afterload is 

Table 5.  Predictors of 12-Month All-Cause Mortality

Variable HR (95% CI) P value

Age, each additional year 1.08 (1.02–1.20) 0.013*

Female sex 1.21 (0.80–2.32) 0.356

Cause of MR, primary 0.84 (0.69–0.97) 0.003*

LV ejection fraction at 
baseline, each 1%

0.93 (0.70–0.97) 0.020*

Diabetes 1.28 (0.76–1.91) 0.364

MR severity 1.45 (0.98–2.14) 0.533

PAPs >50 mm Hg 1.34 (0.79–2.37) 0.322

Left atrial pressure V-wave 
>30 mm Hg

1.29 (1.01–2.03) 0.041*

Right ventricular dysfunction 1.30 (0.81–1.84) 0.235

Renal failure 1.96 (1.31–2.44) <0.001*

LVEFR 1.48 (0.88–2.21) 0.110

HR indicates hazard ratio; LV, left ventricular; LVEFR, left ventricular 
ejection fraction reduction; MR, mitral regurgitation; and PAPs, pulmonary 
artery systolic pressure.

*Denotes P<0.05.
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thought to be mitigated by mitral regurgitation, which, 
in turn, increases myocardial contraction and may lead 
to underestimation of the severity of myocardial impair-
ment.29 However, this theory is not fully accepted, as 
some models demonstrate a high impedance to the 
retrograde flow through the mitral valve in patients with 
chronic severe MR, exceeding the impedance to for-
ward flow.30 More important, there are known hemo-
dynamic differences between PMR and SMR,29,31,32 
which perhaps could explain the differences in LVEFR 
and its prognostic significance in our study. In patients 
with PMR, who had preserved left ventricular systolic 
function, the immediate impact of abruptly augmented 
afterload after TEER appears to be greater compared 
with patients with SMR. The fact that elevated sys-
temic blood pressure is independently associated with 
LVEFR in our study supports that theory. However, 
the exact pathophysiological processes that explain 
the reduction in LVEF, as well as the observed differ-
ences between PMR and SMR (including the ventricu-
lar response after TEER), warrant further investigation. 
Another putative mechanism is takotsubo syndrome, 
or stress-induced cardiomyopathy, which was previ-
ously described after both mitral valve replacement 
and TEER,33–35 and may be the cause of LVEFR in 
some patients.

As for the impact of LVEFR on outcomes, previ-
ous studies have shown that LVEFR following MVR 
or TEER is associated with worse outcomes.18–20,22,23 
Several theories are possible to explain the differential 
impact of LVEFR in PMR versus SMR. First, the relative 
decrease of 15% in LVEF is a larger absolute reduction 
in ejection fraction for patients with PMR, who begin 
with a mean LVEF of around 55%, whereas in patients 
with SMR, whose mean LVEF is 32.7% at baseline, 
the relative decrease translates to a lower absolute re-
duction. In addition, although the mechanism of MR 
in patients with PMR is primarily attributable to a dis-
eased valve, myocardial disease has been reported as 
well, including hypertrophy, myocardial fibrosis, and 
adverse remodeling.36–38 The rapid decrease in LVEF 
could represent more severe underlying pathologic 
feature of the left ventricle. These changes are likely 
underdiagnosed in cases of PMR, are possibly under-
treated, and may contribute to the worse prognosis of 
these patients.

The main limitation of this study is in its observa-
tional design. We also had no comprehensive infor-
mation on hemodynamic measurements, in particular 
about the components of the true afterload, which 
could have contributed to the understanding of LVEFR 
in these patients. In addition, the definition used for 
LVEFR was arbitrary, as there is no consensus on 
the cutoffs for patients with PMR or SMR. As in other 
studies, we based our definition on the median of 
change in LVEF. Finally, measurements are based on 

echocardiography performed at different time points 
before and after TEER, and not at uniform schedule, 
as would have occurred in a prospective study. Finally, 
information from cardiac magnetic resonance imaging 
could have added important information on left ven-
tricular remodeling and myocardial fibrosis, and could 
distinguish stress-induced cardiomyopathy from other 
myocardial diseases.

CONCLUSIONS
In conclusion, we found that acute reduction in LV per-
formance occurs in around 20% of patients undergoing 
TEER. This phenomenon is persistent after 1 year and 
independently increases the risk for all-cause mortality 
and major adverse cardiac events in PMR, whereas in 
patients with SMR, it is reversible and does not seem 
to affect prognosis.
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Table S1. Rates of events during admission and at 12 months. 

Parameter PMR* 
LVEFR† 
(n=152) 

PMR 
Controls 
(n=575) 

P-Value SMR‡ 
LVEFR 
(n=317) 

SMR 
Controls 
(n=1,490) 

P-Value

Events during index admission 

Technical success (%) 100.0 100.0 .892 100.0 94.3 .083 

Device success (%) 94.0 96.1 0.126 92.4 91.8 0.238 

Number of clips (mean±SD§) 1.9±0.6 1.7±0.6 .008 1.9±0.7 1.7±0.7 .020 

Mean mitral valve gradient 
(mmHg±SD) 

3.7±1.2 3.4±1.1 .780 2.4±0.8 2.2±1.0 .602 

Pericardial tamponade (%) 1.3 1.2 .822 0.6 1.1 .089 

Right to left shunt (%) 4.6 4.5 .856 5.0 5.4 .101 

Mitral valve surgery (%) 0.0 0.3 .059 0.3 0.3 .849 

Sepsis (%) 3.9 2.8 .294 0.6 0.6 .995 

Acute coronary syndrome (%) 0.0 0.2 .960 0.0 0.2 .104 

Vascular complication major 
(%) 

2.0 2.1 .456 1.9 2.0 .247 

Gastrointestinal bleeding (%) 0.7 1.0 .201 0.8 0.6 .106 

Cerebrovascular accident (%) 0.7 1.0 .112 1.1 0.9 .267 

Acute kidney injury (%) 4.6 4.5 .640 5.4 5.3 .621 

Length of index admission 
(days±SD) 

4.2±1.8 3.8±1.9 .074 6.2±2.2 6.1±2.0 .861 

Mechanical ventilation over 24 
hours (%) 

4.2 3.5 .080 5.0 4.7 .438 

Hospital death (%) 4.2 2.8 .043 4.0 4.9 .143 

Events at 12 months 

All-cause mortality (%) 16.9 9.7 <0.001 16.7 16.4 0.236 

MACE|| (%) 24.5 14.6 0.006 31.5 30.1 0.582 
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NYHA# class 3-4 (%) 10.5 8.5 .492 26.7 25.2 .402 

Hospitalizations for heart 
failure (%) 

20.4 11.6 .015 28.1 24.5 .151 

Mitral valve surgery or repeat 
TEER** (%) 

2.6 2.8 .490 3.2 2.4 .644 

*PMR- Primary mitral regurgitation, †LVEFR- Left ventricular ejection fraction reduction, ‡SMR- Secondary mitral

regurgitation, §SD- Standard deviation, ||MACE- major adverse cardiac events, #NYHA- New York Heart Association, 

**TEER- transcatheter mitral valve edge-to-edge repair.  
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Table S2. Predictors of 12-month all-cause mortality in primary MR*

Variable HR† (95% CI) P-Value

Age (each additional year) 1.09 (1.03-1.28) 0.008 

Female sex 1.19 (0.82-1.93) 0.427 

LV‡ ejection fraction at baseline (each 1%) 0.96 (0.78-1.08) 0.196 

Diabetes mellitus 1.22 (0.73-1.77) 0.282 

MR Severity 1.42 (0.91-1.83) 0.120 

PAPs§ >50mmHg 1.39 (1.02-1.99) 0.024 

Left atrial pressure V-wave >30mmHg 1.22 (0.93-1.78) 0.243 

Right ventricular dysfunction 1.09 (0.87-1.55) 0.327 

Renal failure 1.97 (1.23-2.03) <0.001 

LVEFR|| 1.37 (1.04-1.76) 0.040 

*MR- mitral regurgitation, †HR- Hazard ratio, ‡LV- left ventricular, §PAPs- Pulmonary artery systolic pressure, ||LVEFR- left

ventricular ejection fraction reduction. 
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Table S3. Predictors of 12-month all-cause mortality in secondary MR*

Variable HR† (95% CI) P-Value

Age (each additional year) 1.06 (1.02-1.18) 0.003 

Female sex 1.23 (0.89-1.67) 0.388 

LV‡ ejection fraction at baseline (each 1%) 0.92 (0.65-0.94) <0.001 

Diabetes mellitus 1.33 (1.07-1.64) 0.020 

MR Severity 1.46 (0.98-1.92) 0.098 

PAPs§ >50mmHg 1.32 (0.91-1.48) 0.273 

Left atrial pressure V-wave >30mmHg 1.33 (1.03-1.97) 0.028 

Right ventricular dysfunction 1.38 (0.93-1.64) 0.284 

Renal failure 1.93 (1.34-2.11) <0.001 

LVEFR|| 1.51 (0.84-2.17) 0.101 

*MR- mitral regurgitation, †HR- Hazard ratio, ‡LV- left ventricular, §PAPs- Pulmonary artery systolic pressure, ||LVEFR- left

ventricular ejection fraction reduction. 
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