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Abstract

Background and objectives

MitraClip implantation is an established therapy for secondary mitral regurgitation (MR) in

high-risk patients and has shown to improve several important outcome parameters such as

functional capacity. Patient selection is both challenging and crucial for achieving therapeu-

tic success. This study investigated baseline predictors of functional improvement as it was

quantified by the six-minute walk distance (6MWD) after transcatheter mitral valve repair.

Methods and results

We retrospectively analyzed 79 patients with secondary MR treated with MitraClip implanta-

tion at an academic tertiary care center. Before and four weeks after the procedure, all

patients underwent comprehensive clinical assessment, six-minute walk tests and echocar-

diography. 6MWD significantly improved after MitraClip therapy (295 m vs. 265 m, p <
0.001). A linear regression model including seven clinical baseline variables significantly

predicted the change in 6MWD (p = 0.002, R2 = 0.387). Female gender, diabetes mellitus

and arterial hypertension were found to be significant negative predictors of 6MWD improve-

ment. At baseline, female patients had significant higher left ventricular ejection fraction

(49% vs. 42%, p = 0.019) and lower 6MWD (240 m vs. 288 m, p = 0.034) than male patients.

Conclusion

MitraClip implantation in secondary MR significantly improves functional capacity in high-

risk patients even in the short term of four weeks after the procedure. Female gender, diabe-

tes mellitus and arterial hypertension are baseline predictors of a less favourable functional

outcome. While further validation in a larger cohort is recommended, these parameters may

improve patient selection for MitraClip therapy.
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Introduction

Secondary mitral regurgitation (MR) is a very common valvular heart disease and associated

with poor prognosis in patients with heart failure [1–3]. Surgical therapy consisting of valve

repair or replacement did not show to improve prognosis and is often prohibited by an unac-

ceptable high perioperative risk in patients with secondary MR [4–6]. As an alternative to oth-

erwise conservative management, the MitraClip procedure is an established method for the

percutaneous edge-to-edge repair of the mitral valve with a superior safety profile in high-risk

patients [7,8]. As two randomized controlled studies recently delivered differing results, the

procedure’s efficacy in reducing mortality in patients with secondary MR remains controver-

sial [9,10]. Yet, several registry studies consistently demonstrated an improvement in symp-

toms and quality of life after treatment with the MitraClip procedure [7,8,11], which seems to

be a preferential outcome measure in those elderly and multimorbid patients.

The underlying cardiac pathology and mechanism leading to the development of secondary

MR are highly variable. They comprise ischemic heart disease, nonischemic cardiomyopathy,

annular dilation and abnormal leaflet tethering [12]. Additionally, patients with secondary MR

often exhibit significant cardiac and noncardiac comorbidities, which further contribute to the

heterogeneity of this collective [4]. As a consequence, selecting patients who will benefit from

MitraClip implantation is both important and challenging [13]. Various studies attempted to

identify predictors of therapeutic success after MitraClip implantation, mainly focusing on

mortality [14–18] and thereby neglecting functional improvement as an equivalent outcome

parameter. Therefore, besides improving prognosis, a main therapeutic goal is the reduction of

symptoms and improvement in functional capacity. To assess the latter, the six-minute walk

test is a widely used tool in cardiovascular research which correlates with echocardiographic

signs of MR reduction after transcatheter mitral valve repair [19,20]. In order to improve

patient selection, the aim of this study was to identify clinical baseline predictors of the

improvement in the six-minute walk distance (6MWD) after MitraClip implantation.

Methods

Study population

Patients who underwent transcatheter mitral valve repair by MitraClip implantation at the

University Hospital Regensburg from 2011-2019 were analyzed retrospectively. Qualifying

inclusion criterion was symptomatic moderate-to-severe or severe secondary MR with or

without left ventricular (LV) systolic dysfunction. Indication for MitraClip therapy was given

by an interdisciplinary Heart Team consisting of interventional cardiologists, cardiac surgeons

and anesthesiologists. The procedure was performed as described elsewhere [21] under general

anesthesia, guidance by fluoroscopy and three-dimensional transesophageal echocardiogra-

phy. Exclusion criteria were intraprocedural failure to implant a clip, conversion to surgery or

repeat MitraClip procedure. Also, patients who did not complete the follow-up and/or did not

perform a six-minute walk test were excluded in the intent of a complete case analysis. The

study was approved by the local ethics committee. As only pre-existing data was analyzed ret-

rospectively and anonymously, consent was not required. The inclusion process is illustrated

in Fig 1.

Clinical and echocardiographic assessment

As part of the routine care at our institution, all patients underwent a clinical and echocardio-

graphic assessment at baseline and four weeks after MitraClip implantation. Evaluation incor-

porated past medical history, physical examination, laboratory measurements, transthoracic

PLOS ONE Predictors of functional improvement after MitraClip implantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0232817 May 28, 2020 2 / 16

Funding: The authors received no specific funding

for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0232817


echocardiography, New York Heart Association (NYHA) functional class and measurement of

6MWD. Additionally, NYHA functional class was also evaluated at a short visit twelve months

after the procedure. Echocardiography included measurement of left ventricular dimensions,

left ventricular systolic function and quantification of MR in accordance to current guidelines

[22]. MR grading was based on color and continuous wave Doppler evaluation including vena

contracta width, effective regurgitant orifice area and regurgitation volume estimated by proxi-

mal isovelocity surface area method, and regurgitant jet area. MR grade was scored from 1 to 4

(1: mild, 2: mild-to-moderate, 3: moderate-to-severe, 4: severe). Device success was defined as

residual MR grade� 2 after MitraClip implantation.

Six-minute walk tests were conducted as described elsewhere [19]. Δ6MWD was calculated

as 6MWD at four weeks after MitraClip procedure minus 6MWD at baseline.

Statistical analysis

Continuous variables with normal distribution were reported as mean ± standard deviation,

continuous variables with skewed distribution as median [interquartile range]. Categorical

variables were reported as numbers and percentages. Differences between continuous variables

in paired data were tested with a paired t-test, continuous variables in unpaired data were com-

pared with an unpaired t-test. Ordinal variables in paired samples and ordinal variables in

unpaired samples were compared using Wilcoxon signed-rank tests and Mann-Whitney U

tests, respectively. Comparisons of nominal variables were performed by Pearson’s chi-squared

tests, comparisons of binary variables by McNemar’s test. Correlation between variables was

analyzed by calculating Spearman’s rank correlation coefficient.

To identify independent predictors of improvement in 6MWD after MitraClip implanta-

tion, multiple linear regression was used. Selection of predictors was based on clinical consid-

erations and exploratory statistical analysis. To avoid overfitting the regression model, clinical

and echocardiographic predictors were investigated in two separate regression models. Each

model included age, MR grade and baseline 6MWD as covariates. Outliers were identified by

Fig 1. Flow chart depicting the inclusion process. Only patients who completed 6MWD at baseline and at the four

weeks follow-up were included in the intent of a complete case analysis. mon, month; MR, mitral regurgitation;

6MWD, six-minute walk test.

https://doi.org/10.1371/journal.pone.0232817.g001
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calculating studentized residuals and Cook’s distance. A two-sided p-value< 0.05 was consid-

ered statistically significant. All statistical analyses were performed using SPSS Statistics 25.0

(IBM, Armonk, NY USA).

Results

Patient characteristics

In total, 79 consecutive patients who underwent MitraClip implantation between November

2011 and January 2019 were included in the study. Baseline characteristics are shown in

Table 1. Mean age was 76 ± 7 years, gender distribution was almost equal (46.8% female).

Table 1. Baseline characteristics of the study population (n=79).

Age, y 76 ± 7

BMI, kg/m2 26.1 ± 4.4

Female gender 37 (46.8)

Heart failure entity

HFpEF 32 (40.5)

HFmrEF 19 (24.1)

HFrEF 28 (35.4)

Coronary artery disease 47 (59.5)

Dilated cardiomyopathy 12 (15.2)

Prior PCI 38 (48.1)

Prior CABG 19 (24.1)

Prior myocardial infarction 25 (31.6)

Atrial fibrillation 51 (64.6)

Arterial hypertension 52 (65.8)

Diabetes mellitus 25 (31.6)

Chronic kidney disease 51 (64.6)

COPD 9 (11.4)

CRT 9 (11.4)

ICD 22 (27.8)

Logistic EuroSCORE, % 19.5 ± 12.3

EuroSCORE II, % 7.6 ± 6.5

NTproBNP, pg/ml 3618 [1949–5983]

Serum creatinine, mg/dl 1.48 ± 0.63

GFR, ml/min 47 ± 19

MR etiology

secondary 73 (92.4)

mixed 6 (7.6)

No. of clips implanted

1 50 (63.3)

2 29 (36.7)

Continuous variables with normal distribution are expressed as mean ± SD, continuous variables with skewed

distribution as median [IQR]. Categorical variables are expressed as n (%).

BMI, body mass index; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; CRT,

cardiac resynchronization therapy; GFR, glomerular filtration rate; HFmrEF, heart failure with mid-range ejection

fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction;

ICD, implantable cardioverter-defibrillator; IQR, interquartile range; MR, mitral regurgitation; PCI, percutaneous

coronary intervention; SD, standard deviation.

https://doi.org/10.1371/journal.pone.0232817.t001
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Preserved left ventricular ejection fraction (LVEF >50%) was present in 40.5% of patients,

while 35.4% had reduced LVEF (<40%) and the remaining 24.1% being classified as mid-

range LVEF (40-50%). Concerning underlying heart disease, 59.5% of patients suffered from

coronary artery disease and 15.2% presented with dilated cardiomyopathy. Atrial fibrillation,

arterial hypertension and chronic kidney disease were very common comorbidities (64.6%,

65.8% and 64.6%, respectively). Mean logistic EUROScore and EUROScore II were 19.6 ±
12.3% and 7.6 ± 6.5%, reflecting high perioperative risk. One MitraClip was implanted in

63.3% of the patients, the remaining 36.7% received two MitraClips. Intake of heart failure

medication and loop diuretics was highly prevalent at baseline and did not significantly change

four weeks after the procedure (see Table 2).

Echocardiographic and functional data at baseline and four weeks after

MitraClip implantation

All patients showed moderate-to-severe or severe MR at baseline (grade 3 26.6%, grade 4

73.4%), which was significantly reduced four weeks after MitraClip implantation (grade 1

70.9%, grade 2 24.1%, grade 3 5.1%, p< 0.001). Thus, device success was achieved in 94.9% of

patients. Mean LVEF was 45 ± 14% and remained unchanged in the short follow up after the

procedure. Left ventricular end diastolic (LVEDD) and end systolic diameter (LVESD)

decreased slightly yet significantly four weeks after MitraClip therapy (59 ± 9 mm vs. 57 ± 9

mm, p = 0.035 and 47 ± 11 mm vs. 46 ± 11 mm, p = 0.049). Data are reported in detail in

Table 2.

At baseline, the study population was highly symptomatic, with 77.2% presenting with

NYHA functional class III and 17.7% with class IV. Symptoms significantly improved four

weeks after MitraClip procedure, when 62.0% of the patients were judged NYHA class I or II

(p< 0.001). Improvement in NYHA class remained stable after twelve months (I: 20.0%, II:

52.7%, III: 27.3%, IV: 0%, p < 0.001 vs. baseline). Correspondingly, 6MWD was markedly

reduced at baseline and significantly improved at the four weeks follow up (265 ± 103 m vs.

295 ± 104, p< 0.001). Furthermore, postprocedural 6MWD correlated with NYHA class both

four weeks and twelve months after MitraClip therapy (r=-0.38 and r=-0.36, see Fig 2). Mean

Δ6MWD was 30 ± 68 m and did not differ between patients with baseline MR grade 3 and

grade 4 (17 ± 88 m vs. 34 ± 60 m, p = 0.312).

Baseline predictors of improvement in 6MWD four weeks after MitraClip

implantation

A multiple linear regression including eight clinical variables, adjusted for age, MR grade,

baseline LVEDD and 6MWD, significantly predicted Δ6MWD from baseline to the four weeks

follow up (p = 0.002, see Table 3). R2 of the overall model was 0.387, indicating a high good-

ness-of-fit. While no positive baseline predictors of Δ6MWD were found, several independent

negative predictors were identified. The strongest negative predictor was diabetes mellitus (B

= -46.9, p = 0.002), followed by arterial hypertension (B = -39.2, p = 0.010). Furthermore,

6MWD at baseline and female gender also negatively predicted Δ6MWD (B = -0.2, p = 0.044

and B = -32.3, p = 0.042). Coronary artery disease, dilated cardiomyopathy and atrial fibrilla-

tion did not independently predict Δ6MWD.

To assess echocardiographic predictors of functional improvement, an additional multiple

regression model including four variables, adjusted for baseline 6MWD, age and MR grade,

was calculated (see S1 Table). The model significantly predicted Δ6MWD from baseline to the

four weeks follow up with moderate goodness-of-fit (p = 0.028, R2 = 0.226). Apart from base-

line 6MWD (B = -0.3, p = 0.001), no independent predictor was identified. Neither LVEF,
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LVEDD, left atrial volume index or left ventricular mass index independently predicted

Δ6MWD.

Gender-specific differences in baseline characteristics and outcomes

Considering the findings of the regression model, baseline characteristics and outcomes of the

study population were analyzed for gender-specific differences. Results on baseline character-

istics are shown in Table 4. Men and women were of similar age. Distribution of dilated car-

diomyopathy and coronary artery disease did no differ significantly, yet there was a trend

Table 2. Echocardiographic data, functional capacity and medication at baseline and four weeks after MitraClip implantation (MCI).

baseline 4 weeks after MCI p

NYHA functional class

NYHA I 0 11 (13.9) <0.001

NYHA II 2 (2.5) 38 (48.1)

NYHA III 61 (77.2) 15 (19.0)

NYHA IV 14 (17.7) 0

6MWD, m 265 ± 103 295 ± 104 <0.001

Δ6MWD, m 30 ± 68

MR Grade

1 0 56 (70.9) <0.001

2 0 19 (24.1)

3 21 (26.6) 4 (5.1)

4 58 (73.4) 0

MR PISA EROA, cm2 0.33 ± 0.17 0.12 ± 0.08 <0.001

MR PISA RVol, ml 53 ± 27 18 ± 10 <0.001

MV mean pressure gradient, mmHg 2.4 ± 1.2 3.7 ± 1.8 <0.001

Device success 75 (94.9)

LVEF, % 45 ± 14 45 ± 13 0.719

LVEDD, mm 59 ± 9 57 ± 9 0.035

LVESD, mm 47 ± 11 46 ± 11 0.049

LAVI, ml/m2 71 ± 36 71 ± 33 0.914

sPAP, mmHg 38 ± 12 36 ± 11 0.186

Severe tricuspid regurgitation 15 (19.0) 19 (24.1) 0.317

ACE inhibitor 27 (50.9) 31 (50.0) 1.000

AT1 antagonist 13 (24.5) 14 (22.6) 1.000

ARNI 4 (7.5) 5 (8.1) 1.000

β-adrenergic antagonist 49 (92.5) 52 (83.9) 0.219

Aldosterone antagonist 27 (50.9) 39 (62.9) 0.289

Loop diuretic 49 (94.2) 59 (95.2) 1.000

Loop diuretic dose, mg furosemide equivalenta 20 [10–40] 20 [10-60] 0.103

Continuous variables are expressed as mean ± SD, continuous variables with skewed distribution as median [IQR]. Categorical variables are expressed as n (%). P-values

represent results of the comparison of baseline and four weeks after MitraClip implantation using paired t-tests for continuous variables, Wilcoxon signed-rank tests for

categorical variables and McNemar’s test for binary variables.
a10 mg torasemide was converted to 20 mg furosemide equivalent.

ACE, Angiotensin-converting-enzyme; ARNI, Angiotensin receptor neprilysin inhibitor; AT1, Angiotensin II receptor type 1; EROA, effective regurgitation orifice area;

IQR, interquartile range; LAVI, left atrial volume index; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular

end systolic diameter; MCI, MitraClip implantation; MR, mitral regurgitation; MV, mitral valve; NYHA, New York Heart Association; PISA, proximal isovelocity

surface area; RVol, regurgitation volume; SD, standard deviation; sPAP, systolic pulmonary artery pressure; 6MWD, six-minute walk distance.

https://doi.org/10.1371/journal.pone.0232817.t002
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towards a higher percentage of men suffering from coronary artery disease (69.0% vs. 48.6%,

p = 0.065). Rates of atrial fibrillation, diabetes mellitus and arterial hypertension were compa-

rable between female and male patients. Also, perioperative risk as expressed by logistic

EUROScore and EUROScore II was without significant gender-related differences.

Fig 2. Correlation between 6MWD four weeks after the procedure with NYHA functional class. Data is shown as a

scatterplot with a line of best fit. (A) Correlation between 6MWD four weeks after MCI and NYHA class four weeks

after MCI. (B) Correlation between 6MWD four weeks after MCI and NYHA class twelve months after MCI. Results

are expressed as Spearman’s rank correlation coefficient r. MCI, MitraClip implantation; mon, months; NYHA, New

York Heart Association; wk, weeks; 6MWD, six-minute walk distance.

https://doi.org/10.1371/journal.pone.0232817.g002

Table 3. Clinical predictors of Δ6MWD four weeks after MitraClip implantation in the multiple linear regression model.

B SE β t p

6MWD at baseline -0.2 0.1 -0.28 -2.06 0.044

Age 0.5 1.2 0.06 0.41 0.684

MR grade 10.0 16.1 0.07 0.62 0.534

LVEDD 0.4 1.0 0.07 0.45 0.658

Atrial fibrillation -12.6 16.6 -0.10 -0.76 0.453

Coronary artery disease -12.7 16.5 -0.10 -0.77 0.446

Dilated cardiomyopathy 20.8 22.4 0.13 0.93 0.356

Arterial hypertension -39.2 14.6 -0.31 -2.67 0.010

Diabetes mellitus -46.9 14.6 -0.37 -3.20 0.002

Female gender -32.3 15.6 -0.27 -2.08 0.042

Preserved LVEF 14.2 16.0 0.12 0.88 0.381

NYHA functional class at baseline -4.4 16.4 -0.03 -0.27 0.790

R 0.622

R2 0.387

Adjusted R2 0.260

F (12, 58) = 3.048

p 0.002

n 77

Results on the predictors are reported as coefficient B, standard error SE, standardized coefficient β, t-statistic t and p-value. Overall model characteristics are reported

as multiple correlation coefficient R, coefficient of determination R2 and F-ratio F.

LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Association; SE, standard

error; 6MWD, six-minute walk distance.

https://doi.org/10.1371/journal.pone.0232817.t003
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Gender-specific differences in echocardiographic and functional outcome four weeks after

MitraClip implantation are shown in Table 5. While NYHA functional class was without gen-

der-specific disparities, 6MWD was notably lower in women both at baseline (240 ± 112 m vs.

288 ± 89 m, p = 0.034) and four weeks after MitraClip implantation (267 ± 109 m vs. 320 ± 94

m, p = 0.024). Baseline LVEF was markedly better in female than in male patients (49 ± 12%

vs. 42 ± 14%, p = 0.019), mainly driven by a higher percentage of women with preserved LVEF

(54.1% of female vs 28.6% of male patients, p=0.032). Concomitantly, baseline LVEDD and

LVESD were significantly smaller in female patients (54 ± 7 mm vs. 63 ± 9 mm, p< 0.001 and

42 ± 10 mm vs. 51 ± 11 mm, p< 0.001). Additionally, baseline MR grade was less severe in

women than in men (grade 3 37.8% vs. 16.7%, grade 4 62.2% vs. 83.3%, p = 0.035), while

Table 4. Gender-specific differences in baseline characteristics.

male female p

Age, y 76 ± 6 76 ± 8 0.974

Heart failure entity

HFpEF 12 (28.6) 20 (54.1) 0.032

HFmrEF 10 (23.8) 9 (24.3)

HFrEF 20 (47.6) 8 (21.6)

Coronary artery disease 29 (69.0) 18 (48.6) 0.065

Dilated cardiomyopathy 8 (19.0) 4 (10.8) 0.309

Atrial fibrillation 30 (71.4) 21 (56.8) 0.174

Arterial hypertension 29 (69.0) 23 (62.2) 0.520

Diabetes mellitus 15 (35.7) 10 (27.0) 0.407

Chronic kidney disease 31 (73.8) 20 (25.3) 0.067

Logistic EuroSCORE, % 20.1 ± 11.6 18.9 ± 13.2 0.680

EuroSCORE II, % 8.6 ± 6.7 6.5 ± 6.1 0.156

NTproBNP, pg/ml 3244 [2168-5843] 3911 [1362-6228] 0.923

NYHA functional class

NYHA I 0 0 0.224

NYHA II 2 (4.9) 0

NYHA III 33 (80.5) 28 (77.8)

NYHA IV 6 (14.6) 8 (22.2)

6MWD, m 288 ± 89 240 ± 112 0.034

MR Grade

1 0 0 0.035

2 0 0

3 7 (16.7) 14 (37.8)

4 35 (83.3) 23 (62.2)

LVEF, % 42 ± 14 49 ± 12 0.019

LVEDD, mm 63 ± 9 54 ± 7 < 0.001

LVESD, mm 51 ± 11 42 ± 10 < 0.001

LAVI, ml/m2 77 ± 43 64 ± 25 0.152

Continuous variables with normal distribution are expressed as mean ± SD, continuous variables with skewed distribution as median [IQR]. Categorical variables are

expressed as n (%). P-values represent results of unpaired t-tests for continuous variables, Pearson’s chi-squared tests for nominal variables and Mann–Whitney U tests

for ordinal variables.

HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; IQR,

interquartile range; LAVI, left atrial volume index; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end

systolic diameter; MR, mitral regurgitation; MV, mitral valve; NYHA, New York Heart Association; SD, standard deviation; 6MWD, six-minute walk distance.

https://doi.org/10.1371/journal.pone.0232817.t004
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residual MR after MitraClip therapy did not differ. However, mitral valve mean pressure gradi-

ent after MitraClip procedure was significantly higher in women (4.2 ± 2.1 mmHg vs 3.2 ± 1.2

mmHg, p = 0.017). Considering this finding, additional regression analysis adjusted for age,

baseline 6MWD and MR Grade was conducted and revealed a negative correlation between

post-procedural mitral valve mean pressure and Δ6MWD in the overall collective (B = -9.2,

p = 0.023, see S2 Table). Heart failure medication and diuretics intake four weeks after the

intervention was without gender-specific difference.

Discussion

To the best of our knowledge, this is the first study to investigate clinical predictors of

improvement in 6MWD after MitraClip implantation. Our main findings were:

Table 5. Gender-specific differences in echocardiographic parameters, functional outcome and medication four

weeks after MitraClip implantation.

male female p

NYHA functional class

NYHA I 6 (17.6) 5 (16.7) 0.391

NYHA II 22 (64.7) 16 (53.3)

NYHA III 6 (17.6) 9 (30.0)

NYHA IV 0 0

6MWD, m 320 ± 94 267 ± 109 0.024

MR Grade

1 32 (76.2) 24 (64.9) 0.181

2 10 (23.8) 9 (24.3)

3 0 4 (10.8)

4 0 0

MV mean pressure gradient, mmHg 3.2 ± 1.2 4.2 ± 2.1 0.017

LVEF, % 41 ± 14 49 ± 11 0.008

LVEDD, mm 62 ± 9 53 ± 7 < 0.001

LVESD, mm 51 ± 11 40 ± 9 < 0.001

LAVI, ml/m2 74 ± 39 67 ± 23 0.316

ACE inhibitor 17 (53.1) 13 (43.3) 0.459

AT1 antagonist 6 (18.8) 8 (26.7) 0.550

ARNI 4 (12.5) 1 (3.3) 0.355

β-adrenergic antagonist 29 (90.6) 24 (80.0) 0.294

Aldosterone antagonist 22 (68.8) 16 (53.3) 0.298

Loop diuretic 30 (93.8) 28 (96.6) 1.000

Loop diuretic dose, mg furosemide equivalenta 20 [10–40] 20 [10-60] 0.862

Continuous variables with normal distribution are expressed as mean ± SD, continuous variables with skewed

distribution as median [IQR]. Categorical variables are expressed as n (%). P-values represent results of the

comparison between male and female patients using unpaired t-tests for continuous variables, Mann–Whitney U

tests for categorical variables and Fisher’s exact test for binary variables.

ACE, Angiotensin-converting-enzyme; ARNI, Angiotensin receptor neprilysin inhibitor; AT1, Angiotensin II

receptor type 1; IQR, interquartile range; LAVI, left atrial volume index; LVEDD, left ventricular end diastolic

diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter; MR, mitral

regurgitation; MV, mitral valve; NYHA, New York Heart Association; SD, standard deviation; 6MWD, six-minute

walk distance.
a10 mg torasemide was converted to 20 mg furosemide equivalent.

https://doi.org/10.1371/journal.pone.0232817.t005
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1. Patients showed a significant increase in 6MWD and a decrease in NYHA class four weeks

after MitraClip implantation, reflecting relevant functional improvement early after inter-

vention. Higher postprocedural 6MWD was associated with lower NYHA class twelve

months after the intervention.

2. Diabetes mellitus and arterial hypertension were negative predictors of improvement in

6MWD after MitraClip implantation.

3. Female gender was a negative predictor of increase in 6MWD after MitraClip therapy, with

women presenting more often with preserved LVEF, less LV dilatation and higher postpro-

cedural mitral valve mean pressure gradient than male patients.

Identifying the patients who profit from transcatheter mitral valve therapy is crucial for

both achieving therapeutic success and avoiding futile interventions [13]. As heart failure

symptoms like exertional dyspnea are a pivotal criterion for patient selection in current guide-

lines [23], symptom relief is a main therapeutic goal of transcatheter mitral valve repair. There-

fore, improvement in functional capacity as expressed by an increase in 6MWD is an

important aspect of the outcome of MitraClip therapy. Our study identified several factors

indicative of worse functional outcome which could aid to improve patient selection and gen-

erate new hypotheses on the determinants of therapeutic response to transcatheter mitral valve

repair.

Gender-related differences in functional outcome of MitraClip therapy

Our analysis identified female gender to be a negative predictor of improvement in 6MWD

after MitraClip implantation, expressing a less favourable functional outcome in women com-

pared to men. Significant gender-specific differences have been reported in the outcome after

mitral valve surgery, with female patients exhibiting both higher short- and long-term mortal-

ity [24–27]. Also, surgical mitral valve repair restored life expectancy to normal compared to

matched controls in men, but not in women [25]. According to previous investigations, this

does not apply to transcatheter mitral valve repair. In several registries, short- and long-term

mortality was equal between men and women, with one study even reporting superior long-

term survival in women [28–32]. However, congruous with our observations, gender-related

differences were noted in the functional improvement after transcatheter mitral valve repair.

In the TRAMI registry, female patients exhibited less improvement in functional NYHA class

one year after MitraClip implantation than male patients [30]. In another retrospective study,

Tigges et al reported an increase in 6MWD only in men, while it stagnated in women [29].

Notably, procedural efficacy in reducing MR did not differ between males and females. Fur-

thermore, a subgroup analysis of the randomized COAPT-Trial also supports our observa-

tions. Patients’ gender nearly significantly interacted with the rate of hospitalization for heart

failure, with a notable trend towards worse outcome in women [10].

The reasons for the observed gender-related differences in functional outcome are not clear

and most likely multifactorial. In our study population, women and men showed comparable

age, perioperative risk and non-cardiac comorbidities. However, female patients presented

more commonly with preserved LVEF and less LV dilatation than male patients. Given similar

findings in other registry studies [28–30], these gender-specific disparities in baseline charac-

teristics appear to be inherent in the population treated with transcatheter mitral valve repair.

Worse functional outcome in women might implicate that therapeutic response to MitraClip

implantation is less effective in patients with preserved LVEF. Conversely, differences in LV

geometry between male and female patients may constitute a major cause for female gender

negatively predicting functional improvement. Furthermore, smaller and different mitral valve
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morphologies in women [26], which are mirrored by the lower number of clips implanted in

female patients [29,30], possibly pose a higher challenge to transcatheter mitral valve repair.

This might particularly lead to higher postprocedural mitral valve pressure gradients in

women than in men, as it was observed in our study. Importantly in this context, postproce-

dural mitral valve pressure gradient negatively correlated with improvement in 6MWD in the

overall study population. Elevated mitral valve pressure gradient might increase left atrial pres-

sure, of which the latter is associated with less improvement in 6MWD after MitraClip implan-

tation [33]. A recent trial on MitraClip therapy for secondary MR did not show a correlation

between postprocedural mitral valve pressure gradient and 6MWD, but with worse NYHA

class [34]. Therefore, elevated mitral valve pressure gradient in women might be an important

factor in the observed gender-specific difference.

In our study population, women tended to have less severe MR at baseline, which could

lead to the assumption that our observations are not genuinely gender-related. However, func-

tional outcome was equal between patients with MR grade 3 and grade 4. Besides, given the

lack of indexed cut-off parameters in MR grading [22], echocardiography might underestimate

MR severity in female patients. This could also lead to a delay in diagnosis and treatment in a

later stage of the disease.

While female gender was identified as a negative predictor for improvement in 6MWD,

NYHA functional class was not significantly different between male and female patients.

This is most likely due to the fact that NYHA functional class is a highly subjective and approx-

imate measure of functional status, relying on the physician’s opinion derived from patient’s

history [35]. Indeed, clinical research demonstrated that reproducibility of NYHA classifica-

tion when assessed by two independent physicians is only 56% [36]. The 6MWD, however, is

an objective measure of functional performance with good reproducibility in patients with

heart failure [37,38]. Hence, in our study, NYHA classification might not have been sensitive

enough to detect the gender-specific difference in functional outcome which was observed in

the results of the 6MWD. Previous research reported an increase in 6MWD after repeated

administration within one day or one week in the absence of any intervention, demonstrating

a learning or training effect [39,40]. However, as our study population only performed 6MWD

twice and four weeks apart and considering the immobilization during the hospital stay, a sig-

nificant training effect seems unlikely. Still, it cannot be ruled out when interpreting the

results.

Apart from reasons of physical nature, socioeconomic factors and health behavior might

also contribute to the observed gender-specific differences. As our study population was

treated at a center for transcatheter valve repair, evaluation for MitraClip therapy relied on the

referral of symptomatic patients by general practitioners and external cardiologists. It is possi-

ble that women underexaggerate their disease or display atypical symptoms, leading to delayed

treatment. Concomitantly, experience from mitral valve surgery shows that women are less

likely to receive elective therapy, but present more frequently on an urgent basis and with

advanced disease [27]. Thus, in the context of our findings, valve repair might be performed at

a stage when MR already inflicted irreversible impairment of ventricular and atrial function.

On the other hand, it is also thinkable that women are more sensitive in perceiving symptoms

of MR such as dyspnea. In previous studies on the clinical care of heart failure, women experi-

enced more symptoms than men [41,42]. This might result in a larger proportion of female

patients with clinical less significant MR and worse functional improvement after MitraClip

procedure, consecutively. Furthermore, patients’ gender might also influence perception and

decision of medical personnel and family members when considering performing an invasive

therapy in this elderly patient population.
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Impact of diabetes mellitus und arterial hypertension on the outcome of

MitraClip implantation

Diabetes mellitus and arterial hypertension are very frequent comorbidities in patients with

secondary MR [4]. In this study, both diseases were identified as negative predictors of the

functional improvement after MitraClip procedure. Consistent with our results, diabetes mel-

litus was found to be a determinant of NT-proBNP nonresponse after MitraClip implantation

[43]. In a large MitraClip registry study, it was also an independent predictor of 1-year mortal-

ity [44]. Diabetes is known to cause diabetic cardiomyopathy, which is characterized by myo-

cardial interstitial fibrosis and extracellular remodeling, leading to LV hypertrophy and

reduced LV compliance [45]. Arterial hypertension also classically induces LV hypertrophy

with myocardial fibrosis [46,47]. Thus, both diseases contribute to the development of LV dia-

stolic dysfunction with increased myocardial stiffness and elevated LV filling pressures.

Our results might indicate that these hemodynamic changes respond less favorable to a

reduction of secondary MR by transcatheter repair. Furthermore, differences in the patho-

physiology of MR induced by diastolic dysfunction as opposed to MR caused by severe systolic

dysfunction could affect the success of MitraClip therapy. Interestingly, these considerations

fit to our observations concerning gender-related differences as described above, as female

patients more often had preserved LVEF and less LV dilation. Apart from left atrial volume,

whose validity in estimating LV filling pressure is limited in the presence of MR [48], our

study did not investigate additional parameters of diastolic function. Thus, this interpretation

remains hypothetical and should be investigated in future studies.

Previous randomized controlled studies on the efficacy of transcatheter mitral valve repair

in secondary MR only included patients with severe LV systolic dysfunction [9,10]. In contrast,

our study and other large registries report that in common practice a significant proportion of

patients treated with MitraClip implantation for secondary MR has preserved LVEF [8,30].

This calls for further investigation of the efficacy of transcatheter mitral valve repair in patients

with secondary MR and heart failure with preserved ejection fraction.

Limitations

Our study might have some limitations. It presents outcome data of an experienced academic

institution and might therefore not be transferable to other MitraClip centers. Participants

without four-weeks follow-up and/or a missing 6MWD at baseline were excluded from the

analysis. This markedly reduced the study population, thus potentially limiting the statistical

power of our analysis. As the reasons for not conducting 6MWD or the follow-up were not

reported, attrition bias cannot be ruled out. Hence, our results need to be considered explor-

atory and should be validated in a greater cohort. Still, our sample size is comparable to other

registry studies on the outcome of MitraClip therapy [49,50]. As data on 6MWD at later time-

points was not available, our findings might not be applicable to long-term functional outcome

in full extent. However, NYHA class remained stable after twelve months and strongly corre-

lated with short-term 6MWD. Due to the retrospective analysis and lack of a control group,

clinical and echocardiographic assessment might have been influenced by observation bias.

However, the six-minute walk test is considered to be robust against bias and is widely used in

the assessment of patients with cardiopulmonary diseases because of its validity and reliability

[19].

Although functional capacity is an important aspect in the treatment of patients suffering

from heart failure, we acknowledge that the decision for MitraClip therapy should primarily

be based on mortality and morbidity outcomes. Therefore, guidance for patient selection can-

not be given solely on the basis of our results. Unlike several previous registry studies on
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predictors of outcome [16,18,49], we only included patients with MR of secondary origin,

given its distinct pathophysiologic difference to primary MR. Nevertheless, the mechanisms

causing secondary MR and the underlying heart disease are manifold [12]. Consequently, our

study collective remains considerably heterogenous, reflecting the patient population treated

with transcatheter mitral valve repair. Hence, the identified predictors might not be applicable

to all subgroups of the collective. Further subgroup and sensitivity analysis, which could not be

conducted in this study due to the sample size, would be useful to confirm our results. Last, we

acknowledge that a complete evaluation of functional outcome after MitraClip therapy should

also incorporate information on quality of life, which could not be collected in our study due

to its retrospective design.

Conclusions

In this retrospective study, we confirmed that MitraClip therapy of secondary MR in a real-

world and high-risk collective improved functional capacity even in the short-term. Female

gender was found to be a negative predictor of functional improvement, with women exhibit-

ing preserved LVEF more often, less LV dilatation and higher postprocedural mitral valve

pressure gradient. Diabetes mellitus and arterial hypertension, both diseases associated with

LV hypertrophy and diastolic dysfunction, were also found to be predictors of less favourable

functional outcome. While further validation of the results in a larger cohort is recommended,

these parameters may be used to improve patient selection for MitraClip therapy.
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and echocardiographic outcomes at 30-day and 12-month follow up after MitraClip implantation in the

GRASP registry. Catheter Cardiovasc Interv. 2015; 85: 889–897. https://doi.org/10.1002/ccd.25715

PMID: 25367550

29. Tigges E, Kalbacher D, Thomas C, Appelbaum S, Deuschl F, Schofer N, et al. Transcatheter Mitral

Valve Repair in Surgical High-Risk Patients: Gender-Specific Acute and Long-Term Outcomes. Biomed

Res Int. 2016; 2016: 3934842. https://doi.org/10.1155/2016/3934842 PMID: 27042662

30. Werner N, Puls M, Baldus S, Lubos E, Bekeredjian R, Sievert H, et al. Gender-related differences in

patients undergoing transcatheter mitral valve interventions in clinical practice: 1-year results from the

German TRAMI registry. Catheter Cardiovasc Interv. 2019. https://doi.org/10.1002/ccd.28372 PMID:

31233278

31. Doshi R, Shlofmitz E, Vadher A, Shah J, Meraj P. Impact of sex on short term in-hospital outcomes with

transcatheter edge-to-edge mitral valve repair. Cardiovasc Revasc Med. 2018; 19: 182–185. https://

doi.org/10.1016/j.carrev.2017.07.002 PMID: 28784307

32. Gafoor S, Sievert H, Maisano F, Baldus S, Schaefer U, Hausleiter J, et al. Gender in the ACCESS-EU

registry: a prospective, multicentre, non-randomised post-market approval study of MitraClip® therapy

in Europe. EuroIntervention. 2016; 12: e257–64. https://doi.org/10.4244/EIJV12I2A40 PMID:

27290685

33. Maor E, Raphael CE, Panaich SS, Reeder GS, Nishimura RA, Nkomo VT, et al. Acute Changes in Left

Atrial Pressure After MitraClip Are Associated With Improvement in 6-Minute Walk Distance. Circ Cardi-

ovasc Interv. 2017; 10. https://doi.org/10.1161/CIRCINTERVENTIONS.116.004856 PMID: 28314742

34. Patzelt J, Zhang W, Sauter R, Mezger M, Nording H, Ulrich M, et al. Elevated Mitral Valve Pressure Gra-

dient Is Predictive of Long-Term Outcome After Percutaneous Edge-to-Edge Mitral Valve Repair in

Patients With Degenerative Mitral Regurgitation ( MR ), But Not in Functional MR. J Am Heart Assoc.

2019; 8: e011366. https://doi.org/10.1161/JAHA.118.011366 PMID: 31248323

35. Bennett J, Riegel B, Bittner V, Nichols J. Validity and reliability of the NYHA classes for measuring

research outcomes in patients with cardiac disease. Heart Lung. 2002; 31: 262–270. https://doi.org/10.

1067/mhl.2002.124554 PMID: 12122390

PLOS ONE Predictors of functional improvement after MitraClip implantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0232817 May 28, 2020 15 / 16

https://doi.org/10.1002/ccd.26137
http://www.ncbi.nlm.nih.gov/pubmed/26268819
https://doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/pubmed/12091180
https://doi.org/10.1186/s12947-017-0120-9
http://www.ncbi.nlm.nih.gov/pubmed/29310672
https://doi.org/10.1016/j.jacc.2009.03.077
https://doi.org/10.1016/j.jacc.2009.03.077
http://www.ncbi.nlm.nih.gov/pubmed/19679246
https://doi.org/10.1016/j.echo.2017.01.007
http://www.ncbi.nlm.nih.gov/pubmed/28314623
https://doi.org/10.1093/eurheartj/ehx391
https://doi.org/10.1093/eurheartj/ehx391
http://www.ncbi.nlm.nih.gov/pubmed/28886619
https://doi.org/10.1055/s-0032-1331583
https://doi.org/10.1055/s-0032-1331583
http://www.ncbi.nlm.nih.gov/pubmed/23258762
https://doi.org/10.1016/j.athoracsur.2013.04.055
http://www.ncbi.nlm.nih.gov/pubmed/23915585
https://doi.org/10.7326/0003-4819-149-11-200812020-00003
https://doi.org/10.7326/0003-4819-149-11-200812020-00003
http://www.ncbi.nlm.nih.gov/pubmed/19047025
https://doi.org/10.1532/HSF98.20111030
https://doi.org/10.1532/HSF98.20111030
http://www.ncbi.nlm.nih.gov/pubmed/21997648
https://doi.org/10.1002/ccd.25715
http://www.ncbi.nlm.nih.gov/pubmed/25367550
https://doi.org/10.1155/2016/3934842
http://www.ncbi.nlm.nih.gov/pubmed/27042662
https://doi.org/10.1002/ccd.28372
http://www.ncbi.nlm.nih.gov/pubmed/31233278
https://doi.org/10.1016/j.carrev.2017.07.002
https://doi.org/10.1016/j.carrev.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28784307
https://doi.org/10.4244/EIJV12I2A40
http://www.ncbi.nlm.nih.gov/pubmed/27290685
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004856
http://www.ncbi.nlm.nih.gov/pubmed/28314742
https://doi.org/10.1161/JAHA.118.011366
http://www.ncbi.nlm.nih.gov/pubmed/31248323
https://doi.org/10.1067/mhl.2002.124554
https://doi.org/10.1067/mhl.2002.124554
http://www.ncbi.nlm.nih.gov/pubmed/12122390
https://doi.org/10.1371/journal.pone.0232817


36. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibility and validity of systems for

assessing cardiovascular functional class: advantages of a new specific activity scale. Circulation.

1981; 64: 1227–1234. https://doi.org/10.1161/01.cir.64.6.1227 PMID: 7296795

37. Uszko-Lencer NHMK, Mesquita R, Janssen E, Werter C, Brunner-La Rocca H-P, Pitta F, et al. Reliabil-

ity, construct validity and determinants of 6-minute walk test performance in patients with chronic heart

failure. Int J Cardiol. 2017; 240: 285–290. https://doi.org/10.1016/j.ijcard.2017.02.109 PMID: 28377186

38. Demers C, McKelvie RS, Negassa A, Yusuf S. Reliability, validity, and responsiveness of the six-minute

walk test in patients with heart failure. Am Heart J. 2001; 142: 698–703. https://doi.org/10.1067/mhj.

2001.118468 PMID: 11579362

39. Larsson UE, Reynisdottir S. The six-minute walk test in outpatients with obesity: reproducibility and

known group validity. Physiother Res Int. 2008; 13: 84–93. https://doi.org/10.1002/pri.398 PMID:

18446882

40. Wu G, Sanderson B, Bittner V. The 6-minute walk test: how important is the learning effect. Am Heart J.

2003; 146: 129–133. https://doi.org/10.1016/S0002-8703(03)00119-4 PMID: 12851620

41. Petrie MC, Dawson NF, Murdoch DR, Davie AP, McMurray JJ. Failure of women’s hearts. Circulation.

1999; 99: 2334–2341. https://doi.org/10.1161/01.cir.99.17.2334 PMID: 10226101

42. McMurray J, McDonagh T, Morrison CE, Dargie HJ. Trends in hospitalization for heart failure in Scot-

land 1980-1990. Eur Heart J. 1993; 14: 1158–1162. https://doi.org/10.1093/eurheartj/14.9.1158 PMID:

8223728

43. Kaneko H, Neuss M, Weissenborn J, Butter C. Role of Right Ventricular Dysfunction and Diabetes Melli-

tus in N-terminal pro-B-type Natriuretic Peptide Response of Patients With Severe Mitral Regurgitation

and Heart Failure After MitraClip. Int Heart J. 2017; 58: 225–231. https://doi.org/10.1536/ihj.16-255

PMID: 28216549

44. Pighi M, Estevez-Loureiro R, Maisano F, Ussia GP, Dall’Ara G, Franzen O, et al. Immediate and 12-

Month Outcomes of Ischemic Versus Nonischemic Functional Mitral Regurgitation in Patients Treated

With MitraClip (from the 2011 to 2012 Pilot Sentinel Registry of Percutaneous Edge-To-Edge Mitral

Valve Repair of the European Society of Cardiology). Am J Cardiol. 2017; 119: 630–637. https://doi.

org/10.1016/j.amjcard.2016.10.049 PMID: 27964904

45. van Hoeven KH, Factor SM. A comparison of the pathological spectrum of hypertensive, diabetic, and

hypertensive-diabetic heart disease. Circulation. 1990; 82: 848–855. https://doi.org/10.1161/01.cir.82.

3.848 PMID: 2394006

46. Cramariuc D, Gerdts E. Epidemiology of left ventricular hypertrophy in hypertension: implications for the

clinic. Expert Rev Cardiovasc Ther. 2016; 14: 915–926. https://doi.org/10.1080/14779072.2016.

1186542 PMID: 27159191

47. Moreno MU, Eiros R, Gavira JJ, Gallego C, González A, Ravassa S, et al. The Hypertensive Myocar-
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