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Abstract

Aims Therapeutic options for patients with heart failure with preserved ejection fraction (HFpEF) are sparse. Mitral regur-
gitation (MR) is a common feature of HFpEF and worsens heart failure symptoms and prognosis. Our study examines the out-
come of patients with preserved left ventricular ejection fraction (LVEF) and elevated left atrial (LAP) or left ventricular filling
pressures (LVEDP), indicative of HFpEF, after undergoing percutaneous edge-to-edge mitral valve repair (pMVR) for moderate–
severe MR.
Methods and results Two hundred eleven patients with preserved LVEF (>50%), who underwent pMVR, were dichotomized
by LAP (< / ≥15 mmHg) and LVEDP (< / ≥16 mmHg). Forty-nine per cent of patients showed elevated LAP, and LVEDP was el-
evated in 55%, both indicating HFpEF. Patients with elevated filling pressures featured typical clinical characteristics of HFpEF,
higher N-terminal pro-brain natriuretic peptide levels (5544.9 pg/mL in high LAP group vs. 3071.7 pg/mL in normal LAP group,
P = 0.06; 5061.0 pg/mL in high LVEDP group vs. 3230.3 pg/mL in normal LVEDP group, P = 0.08), and higher prevalence of pul-
monary hypertension (mean pulmonary artery pressure 36.4 mmHg in high LAP group vs. 26.3 mmHg in normal LAP group,
P < 0.001; 35.2 mmHg in high LVEDP group vs. 29.7 mmHg in normal LVEDP group, P = 0.004) and atrial fibrillation (78.8%
in normal LAP group vs. 61.0% in high LAP group, P = 0.04; 75.3% in high LVEDP group vs. 67.5% in normal LVEDP group,
P = 0.25). Pre-treatment MR grade and New York Heart Association (NYHA) class were similar in both normal filling pressure
and HFpEF groups. pMVR in HFpEF patients achieved effective heart failure symptom relief comparable with patients with nor-
mal filling pressures: significant decrease of MR grade and NYHA class, as well as significant reduction of heart failure hospi-
talizations 12 months after compared with 12 months before MitraClip.
Conclusion Percutaneous edge-to-edge mitral valve repair for moderate–severe MR is an effective treatment option for
symptom relief in HFpEF patients.
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Introduction

Mitral valve regurgitation (MR) is a frequent feature of pa-
tients presenting with heart failure (HF) and can be detected
in up to 75% of HF patients of various stages.1 MR can be
specified as ‘primary’, when the mechanism of MR is

originated in the valve apparatus itself (i.e. mitral leaflets,
chordae tendineae, papillary muscles, or annulus). ‘Second-
ary’ or ‘functional’ MR (FMR) occurs without apparent valvu-
lar disease and is often due to left ventricular (LV)
dysfunction with mitral annulus dilatation and/or restricted
leaflet motion.1 Percutaneous edge-to-edge mitral valve
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repair (pMVR) has been well established in treatment of pri-
mary and secondary MR with suitable anatomical characteris-
tics and high surgical risk.2 pMVR for FMR has been shown to
reduce hospitalization rates for HF as well as all-cause mortal-
ity compared with optimal medical therapy.3 While ventricu-
lar mechanisms of FMR have been well described, the
occurrence of FMR in atrial fibrillation (AF) and/or heart fail-
ure with preserved ejection fraction (HFpEF) has remained
largely unspoken. Both AF and HFpEF are closely related,
and their symptoms overlap with symptoms of MR. Annular
dilatation and impaired annular dynamics as well as insuffi-
cient leaflet growth or atriogenic leaflet tethering through in-
creasing annulo-papillary distance are seen as mechanical
culprits of atrial FMR.4,5 The presence of MR in HFpEF patients
can further impair functional capacity and is associated with
an increased risk for adverse events.6,7 HFpEF itself accounts
for more than 50% of HF cases and should be suspected in pa-
tients presenting with symptoms of HF with preserved left
ventricular ejection fraction (LVEF) and at least one typical risk
factor (e.g. age, arterial hypertension, or diabetes mellitus).
Making a firm diagnosis of HFpEF, however, can be challeng-
ing. Apart from scoring systems such as the H2FPEF score help-
ing to identify HFpEF candidates,8 elevated left atrial (LAP) or
left ventricular end-diastolic pressures (LVEDP) determine the
diagnosis of HFpEF.9

In this study, we analysed the effect of elevated LAP and
LVEDP on the outcome of patients with preserved ejection
fraction (EF) after pMVR.

Methods

For this study, we assessed 618 consecutive patients receiv-
ing pMVR at our centre between January 2010 and December
2018. All patients underwent diagnostic work-up prior to the
pMVR as previously described.10 Flow limiting coronary ar-
tery disease (>50%) was ruled out by coronary angiography.
Patients were on optimal medical HF therapy according to
present guidelines. Two hundred eleven patients (34%) with
preserved LVEF (>50%) were selected consecutively. One
hundred ninety-five (92%) of these patients completed a full
12 month follow-up. LAP data were available in 163 patients
(77%). In cases where LAP was unknown, pulmonary capillary
wedge pressure (PCWP) was considered a surrogate. LVEDP
data were available in 177 patients (84%).

The study was ethically approved by the ethics committee
of the University of Ulm and complied with the principles
outlined in the Declaration of Helsinki (Br Med J 1964; ii:
177). Nearly all patients included in the present study were
symptomatic in terms of HF [New York Heart Association
(NYHA) functional class ≥ II] despite guideline-directed medi-
cal therapy. Device success was defined as clip implantation

with a reduction of the mitral regurgitation of more than
two degrees.11

Patients were dichotomized by LAP and LVEDP levels.
Cut-offs of ≥15 and ≥16 mmHg, respectively, were chosen ac-
cording to suggestions for the diagnosis of HFpEF in current
literature.9 After dichotomization, the occurrence of
all-cause and cardiovascular mortality, rehospitalization due
to HF, and major adverse cardiac and cerebrovascular events
(MACCE, composite endpoint of rehospitalization due to HF,
neurological events or bleeding, further reintervention on
the mitral valve, need for LV assist device, and mortality)
were analysed.

Severity of MR was classified in four degrees according to
the EVEREST criteria for MR quantification.12 Most included
patients had severe MR (i.e. grade III/IV) except for 19 pa-
tients with dynamic high-grade MR. Echocardiographic char-
acteristics at baseline were available for all study patients.
The LV end-diastolic diameters (LVEDd) were measured by
transthoracic echocardiography in the parasternal long-axis
view. LVEF was measured using the biplane Simpson’s
method. MR severity was assessed by 2D and 3D transesoph-
ageal echocardiography after final device placement and re-
moval of guide catheter. MR was semi-quantitatively
assessed by visual estimation of MR jet area and by (biplane)
determination of the vena contracta of the major MR jet. In
addition to MR severity, mitral valve gradients and area by
pressure half-time method and in 3D technique were
assessed before MitraClip deployment and after deployment
and removal of the guide catheter.

The H2FPEF score was calculated as described previously.8

NYHA class and echocardiographic and clinical outcome
was evaluated after 12 months.

Statistical analysis was performed using Statistica 7
(StatSoft Inc, Tulsa, USA) and SPSS software (IBM Corp.,
Armonk, USA). Analyses were performed in the following
subgroups: patients with normal LAP (<15 mmHg, n = 59)
vs. elevated LAP (≥15 mmHg, n = 104) and patients with nor-
mal LVEDP (<16 mmHg, n = 80) vs. elevated LVEDP
(≥16 mmHg, n = 97).

Categorical variables are expressed as counts and percent-
ages and were compared by χ2 test or Wilcoxon test for
paired variables. Continuous parameters are presented as
the mean ± standard deviation and were compared with t-
test, two-way ANOVA, or Mann–Whitney test for unpaired
comparisons. All-cause and cardiovascular mortality, MACCE,
and rehospitalization were examined using log-rank analysis.
If the cause of death was unknown, the cause was considered
cardiovascular.

To identify predictors of rehospitalization due to HF, uni-
variate analysis was performed for the two LVEDP groups
for all potential influential variables (significant P < 0.05,
and probable P < 0.10). In multivariate Cox regression
analysis, a backward stepwise algorithm was applied to all
potential influential parameters (P < 0.10) from univariate
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Cox regression analysis. Variables that were included in the
multivariate model were LVEDP ≥ 16 mmHg and
≥25 mmHg, respectively, Troponin T, and N-terminal pro-
brain natriuretic peptide (NT-proBNP). Receiver operating
characteristic (ROC) analysis was carried out for the diag-
nostic ability of LVEDP to predict rehospitalization.
Performance was tested using Youden’s J statistic. Differ-
ences were considered statistically significant when
P < 0.05.

Results

Baseline characteristics

Of the 618 patients receiving pMVR, 211 patients (34%) with
preserved LVEF (>50%) were identified. One hundred four of
these patients (49%) showed elevated LAP levels
(≥15 mmHg); 59 patients (28%) had normal LAP (<15 mmHg).
Between both groups, patients did not differ in terms of sex

Table 1 Baseline characteristics of patient groups dichotomized by left atrial pressure and left ventricular end-diastolic pressure

LA pressure
< 15 mmHg

LA pressure
≥ 15 mmHg P

LVEDP
< 16 mmHg

LVEDP
≥ 16 mmHg P

n 59 104 — 80 97 —

Patient characteristics and medical history
Age 78.5 (±7.2) 79.1 (±6.7) 0.59 80.0 (±7.0) 78.8 (±6.3) 0.21
Female gender 31 (52.5%) 53 (51.0%) 0.85 37 (46.3%) 51 (52.6%) 0.4
Body mass index (kg/m2) 25.3 (±4.7) 25.8 (±4.2) 0.48 24.9 (±4.0) 25.9 (±4.8) 0.13
Arterial hypertension 49 (83.1%) 83 (79.8%) 0.61 67 (83.8%) 80 (82.5%) 0.82
Diabetes mellitus 10 (17.0%) 13 (14.3%) 0.48 8 (10.0%) 20 (20.6%) 0.05
Coronary artery disease 44 (74.6%) 67 (64.4%) 0.62 52 (65.0%) 66 (68.0%) 0.67
Atrial fibrillation 36 (61.0%) 82 (78.8%) 0.04 54 (67.5%) 73 (75.3%) 0.25
History of stroke 7 (11.9%) 9 (8.7%) 0.51 10 (12.5%) 9 (9.3%) 0.49
COPD 8 (13.6%) 16 (15.4%) 0.75 11 (13.8%) 13 (13.4%) 0.95
Blood tests and scores
Baseline creatinine (μmol/L) 123.2 (±59.8) 120.0 (±48.7) 0.71 110.9 (±37.9) 125.3 (±58.5) 0.06
Baseline haemoglobin (mg/dL) 12.2 (±1.9) 12.1 (±1.7) 0.83 12.2 (±1.8) 12.0 (±1.9) 0.4
Baseline Troponin T (ng/L) 33.7 (±23.1) 39.8 (±42.5) 0.39 29.3 (±22.3) 39.9 (±40.5) 0.08
Baseline NT-proBNP (pg/mL) 3071.7 (±4170.0) 5544.9 (±7511.3) 0.06 3230.3 (±3353.2) 5061.0 (±7106.1) 0.08
Baseline NYHA class 3.1 (±0.7) 3.2 (±0.6) 0.31 3.1 (±0.7) 3.1 (±0.6) 0.74
EuroScore II 7.1 (±6.9) 6.9 (±7.1) 0.8 7.2 (±7.0) 6.1 (±6.9) 0.31
STS score 4.3 (±4.2) 4.0 (±3.3) 0.61 4.5 (±4.8) 4.2 (±3.9) 0.57
H2FPEF score 4.3 (±2.1) 5.1 (±1.9) 0.02 4.3 (±1.7) 5.1 (±2.1) 0.006
Echocardiographic parameters
LVEF (%) 62.1 (±7.2) 63.7 (±8.9) 0.3 62.6 (±7.5) 63.5 (±9.2) 0.51
LVEDd (mm) 53.8 (±7.2) 54.1 (±8.0) 0.79 54.0 (±7.7) 53.4 (±7.9) 0.64
LA diameter (mm) 53.1 (±7.2) 55.9 (±9.9) 0.09 55.7 (±10.1) 53.8 (±7.9) 0.2
IVSd (mm) 11.2 (±2.4) 11.2 (±2.2) 0.95 11.0 (±2.4) 11.4 (±2.0) 0.26
LVPWd (mm) 10.9 (±2.1) 11.3 (±1.9) 0.31 10.8 (±2.1) 11.4 (±1.9) 0.11
MR severity >II° 52 (89.7%) 90 (88.2%) 0.78 72 (91.1%) 82 (85.4%) 0.24
MS severity >I° 0 (0%) 2 (2.0%) 0.28 1 (1.3%) 1 (1.1%) 0.88
Functional MR 22 (50.0%) 22 (50.0%) 1.0 18 (37.5%) 30 (62.5%) 0.23
Grade of TR 1.9 (±0.9) 2.2 (±0.9) 0.08 2.0 (±0.9) 2.0 (±0.9) 0.9
TAPSE 21.1 (±5.4) 19.8 (±5.4) 0.15 20.1 (±4.9) 20.7 (±5.4) 0.42
Haemodynamic parameters
Mean LA pressure (mmHg) 12.4 (±5.6) 22.6 (±16.3) <0.001 15.5 (±7.5) 21.1 (±17.3) 0.01
LA v-wave (mmHg) 22.5 (±10.6) 37.3 (±16.1) <0.001 26.8 (±13.5) 35.5 (±17.5) <0.0001
LVEDP (mmHg) 16.0 (±6.3) 18.8 (±6.2) 0.008 12.2 (±3.1) 22.1 (±5.3) <0.0001
Mean RA pressure 7.5 (±5.2) 12.5 (±6.1) <0.001 9.3 (±5.7) 12.8 (±7.0) 0.002
sPAP (mmHg) 42.3 (±14.8) 56.2 (±15.6) <0.001 47.7 (±14.6) 54.1 (±17.3) 0.02
mPAP (mmHg) 26.3 (±9.6) 36.4 (±10.3) <0.001 29.7 (±9.9) 35.2 (±11.3) 0.004
PVR (dyn × s × cm�5) 246.2 (±176.9) 424.8 (±325.5) 0.02 241.1 (±156.6) 411.7 (±326.4) 0.04
Cardiac index (L/min/m2) 2.3 (±0.6) 2.0 (±0.5) 0.04 2.2 (±0.5) 2.1 (±0.6) 0.13

Periprocedural events
Death within 30 days 1 (2.0%) 3 (3.1%) 0.68 1 (1.4%) 3 (3.3%) 0.44
Need for CPR 0 (0%) 1 (1.0%) 0.45 1 (1.3%) 1 (1.0%) 0.89
Need for catecholamines 5 (8.5%) 11 (10.6%) 0.66 7 (8.8%) 8 (8.3%) 0.9

COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; IVSd, interventricular septum diameter; LA diameter,
left atrial diameter; LVEDd, left ventricular end-diastolic diameter; LVEDP, left ventricular end-diastolic pressure; LVEF, left ventricular ejec-
tion fraction; LVPWd, left ventricular posterior wall diameter; mPAP, mean pulmonary artery pressure; MR, mitral regurgitation; MS, mitral
stenosis; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; PCWP, pulmonary capillary wedge
pressure; PVR, pulmonary vascular resistance; RA pressure, right atrial pressure; sPAP, systolic pulmonary artery pressure; STS, Society
of Thoracic Surgeons; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation. Significant values are marked in bold.
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and body mass index (BMI) as well as prevalence of diabetes
mellitus or arterial hypertension. As expected, the prevalence
of AF was significantly higher in the elevated LAP group
(78.8% vs. 61.0%, P = 0.04). Troponin T and NT-proBNP levels
were insignificantly elevated in the high LAP group (Troponin
T: 39.8 vs. 33.7 ng/L, P = 0.39; NT-proBNP: 5544.9 vs.
3071.7 pg/mL, P = 0.06). The H2FPEF score indicating diagnos-
tic probability for HFpEF was significantly higher in the ele-
vated LAP group (5.1 vs. 4.3, P = 0.02). LVEDP, right atrial
(RA) pressure, systolic pulmonary artery pressure (sPAP),
mean pulmonary artery pressure (mPAP), PCWP, and pulmo-
nary vascular resistance (PVR) each were significantly ele-
vated in patients with higher LAP (Table 1).

Ninety-seven patients (55%) had elevated LVEDP levels
(≥16 mmHg), while 80 patients (45%) showed normal LVEDP
(<16 mmHg). The number of female patients (52.6% vs.
46.3%, P = 0.4) and BMI (25.9 vs. 24.9, P = 0.13) were numer-
ically higher in patients with elevated LVEDP, as was the prev-
alence of AF (75.3% vs. 67.5%, P = 0.25) and diabetes

mellitus, closely missing statistical significance (20.6% vs.
10.0%, P = 0.05). Accordingly, the H2FPEF score was signifi-
cantly higher (5.1 vs. 4.3, P = 0.006). Troponin T and NT-
proBNP levels were also distinctively, yet insignificantly, ele-
vated in this group (Troponin T: 39.9 vs. 29.3 ng/L, P = 0.08;
NT-proBNP: 5061.0 vs. 3230.3 pg/mL, P = 0.08). Furthermore,
LAP, RA pressure, sPAP, mPAP, and PVR were significantly
higher. Baseline characteristics of the LAP and LVEDP groups
are shown in Table 1. Baseline characteristics of patients with
both elevated LAP and LVEDP are shown in the Supporting In-
formation, Table S1.

Procedural outcome—mitral regurgitation grade
reduction

A total of 89.8% of patients with normal LAP and 88.2% of pa-
tients with elevated LAP had grade III or IV MR. The number
of patients with grade III or IV MR could be reduced to 8% in

Figure 1 Mitral regurgitation grade distribution before and 12 months after percutaneous edge-to-edge mitral valve repair (pMVR) in left atrial (LA)
pressure (A) and left ventricular end-diastolic pressure (LVEDP) (B) collectives.

MitraClip improves symptoms in HFpEF patients 5013

ESC Heart Failure 2021; 8: 5010–5021
DOI: 10.1002/ehf2.13561



the normal LAP group (P < 0.001) and to 15% in the elevated
LAP group (P < 0.001). A total of 91.4% of patients with nor-
mal LVEDP and 85.4% with elevated LVEDP had grade III or IV
MR. pMVR could reduce the number of patients with grade III
or IV MR to 20% in the normal LVEDP group (P < 0.001) and
to 10% in the elevated LVEDP group (P < 0.001). In summary,
MR grade reduction was efficient in both elevated and nor-
mal pressure groups. The procedural results regarding MR
grade reduction are shown in Figure 1.

Procedural outcome—New York Heart
Association class reduction, biomarkers, and
heart failure-induced hospital admissions

Eighty-six per cent of patients with normal LAP and 89% of
patients with elevated LAP had dyspnoea equivalent to an
NYHA class of III or IV before pMVR. Twelve months after
the procedure, the number of patients with NYHA classes III

and IV was reduced significantly to 28% (P < 0.001) and
34% (P < 0.001), respectively. In a paired analysis,
NT-proBNP levels decreased insignificantly [normal LAP
group: 3277.6 to 2500.1 pg/mL (P = 0.28), elevated LAP
group: 6530.4 to 5456.7 pg/mL (P = 0.21), P for post-pMVR
comparison = 0.07]. Importantly, the total number of
HF-induced hospitalizations in the 12 months following pMVR
could be reduced significantly compared with 12 months be-
fore the procedure (normal LAP group: 8 vs. 49 hospitaliza-
tions, P < 0.001; elevated LAP group: 12 vs. 69
hospitalizations, P < 0.001). Creatinine levels rose irrespec-
tive of LAP (164.3 vs. 127.9 μmol/L, P = 0.09).

Pre-treatment NYHA class III or IV occurred equally in 88%
of patients with normal and elevated LVEDP. Significant re-
duction of dyspnoea could be achieved in both groups, and
the number of patients with NYHA class III or IV 12 months
after pMVR was 30% in the normal LVEDP group
(P < 0.001) and 34% in the elevated LVEDP group
(P < 0.001). In a paired analysis, NT-proBNP levels decreased

Figure 2 New York Heart Association (NYHA) class before and 12 months after percutaneous edge-to-edge mitral valve repair (pMVR) in left atrial (LA)
pressure (A) and left ventricular end-diastolic pressure (LVEDP) (B) collectives.
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insignificantly after 12 months [normal LVEDP group: 3780.7
to 3392.2 pg/mL (P = 0.56), elevated LVEDP group: 5840.2
to 4510.1 pg/mL (P = 0.09), P for post-pMVR compari-
son = 0.6]. HF-induced hospitalizations could be reduced sig-
nificantly (normal LVEDP group: 5 vs. 61 hospitalizations,
P < 0.001; elevated LVEDP group: 17 vs. 75 hospitalizations,
P < 0.001). Creatinine levels increased significantly in both
groups (143.4 and 188.4 μmol/L, P = 0.001). The procedural
results are shown in Figures 2 and 3.

Twelve-month outcome—mortality, major
adverse cardiac and cerebrovascular events, and
rehospitalization

Thirty-day mortality was 3.1% in patients with elevated LAP
and 3.3% in patients with elevated LVEDP. After a 12 month
follow-up, all-cause and cardiovascular mortality was 20% in
patients with normal LAP and 15% in patients with high LAP
(P = 0.31). Similar results were observed in the normal
LVEDP (all-cause and cardiovascular mortality of 16%) and
high LVEDP groups (all-cause and cardiovascular mortality
of 16%, P = 0.81). These findings are demonstrated in
Figure 4A and 4B.

Major adverse cardiac and cerebrovascular event occurred
in 15 patients with normal LAP and in 30 patients with high
LAP (26% vs. 30%, P = 0.58). MACCE was observed in 18 pa-
tients with normal LVEDP and in 31 patients with high LVEDP
(23% vs. 33%, P = 0.17) (Figure 4C). Five patients with normal
LAP and nine patients with high LAP (14% vs. 12%, P = 0.79)
were rehospitalized due to HF. Rehospitalization occurred
significantly less often in the normal LVEDP group [3 patients
(5%)] compared with the high LVEDP group [12 patients
(16%), P = 0.049] (Figure 4D). Similar, yet statistically insignif-
icant, results were obtained after limiting data analysis to

patients with FMR (12 month rehospitalization in the normal
vs. elevated LVEDP group: 0% vs. 23.81%, P = 0.06;
Supporting Information, Figure S1). No significant difference
in outcome was seen regarding patients with simultaneously
elevated LAP and LVEDP (Supporting Information, Table S1
and Figure S2).

Univariate Cox regression analysis identified baseline Tro-
ponin T and LVEDP as significantly (P < 0.05) and
NT-proBNP as probably (P < 0.1) associated with higher risk
of HF-induced rehospitalization (Table 2). However, in multi-
variate Cox regression analysis including those three vari-
ables, the regular LVEDP cut-off of ≥16 mmHg failed to
predict HF-induced rehospitalization [hazard ratio (HR)
2.971, 95% confidence interval (CI) 0.628–14.042, P = 0.073]
(Table 3). Through ROC analysis and Youden’s J statistic
(Table 4), the two best sensitivity/specificity proportions for
prediction of HF-induced rehospitalization occurred for
LVEDP cut-offs of ≥16 mmHg (sensitivity 78.6%, specificity
46.0%, J 0.246) and ≥25 mmHg (sensitivity 35.7%, specificity
91.3%, J 0.269). Therefore, a second multivariate Cox regres-
sion analysis including Troponin T, NT-proBNP, and the alter-
native ≥25 mmHg cut-off was carried out (Table 5). In this
analysis, LVEDP ≥ 25 mmHg was significantly associated with
a higher risk for rehospitalization due to worsening of HF (HR
4.073, 95% CI 1.078–15.384, P = 0.038).

Discussion

Heart failure with preserved ejection fraction has emerged
as a highly relevant phenomenon. Roughly 5% of the popu-
lation aged 60 and older were identified with HFpEF.9 How-
ever, the condition is still notoriously underdiagnosed.13 MR
is a frequent feature of HFpEF and can lead to a further

Figure 3 Total number of hospital admissions due to heart failure before and after percutaneous edge-to-edge mitral valve repair (pMVR) in normal
and elevated left atrial (LA) pressure groups (A) and normal and elevated left ventricular end-diastolic pressure (LVEDP) groups (B).
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Figure 4 Twelve-month outcome of percutaneous edge-to-edge mitral valve repair patients with preserved left ventricular ejection fraction and nor-
mal or elevated left atrial pressure (LAP) (left column) and left ventricular end-diastolic pressure (LVEDP) levels (right column). (A) All-cause mortality,
(B) cardiovascular mortality, (C) major adverse cardiac and cerebrovascular events (MACCE), and (D) rehospitalization due to worsening of heart fail-
ure. Red line: LAP < 15 mmHg/LVEDP < 16 mmHg. Blue line: LAP ≥ 15 mmHg/LVEDP ≥ 16 mmHg.
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worsening of symptoms, increased readmission rates, and
even mortality.6,7 pMVR has been established as a
therapeutical option for patients with moderate to severe

MR especially in heart failure with reduced EF (HFrEF) pa-
tients. Studies evaluating the effect of pMVR in HFpEF pa-
tients are sparse.

While scoring systems such as the H2FPEF score are easy
to apply to identify potential HFpEF candidates, a multistep
diagnostic approach as suggested by Pieske et al. includes
invasive haemodynamic measurements such as LVEDP and
PCWP/LAP to account for the complex pathophysiological
hallmarks of this disease. Therefore, the aim of our study
was to examine patients with preserved EF who
underwent pMVR regarding their functional outcome
dependent on normal or elevated LAP or LVEDP, indicating
HFpEF.

Table 2 Univariate Cox regression analysis for prediction of
12 month rehospitalization due to worsening of heart failure

Variable P
Hazard
ratio

95% confidence
interval

Age 0.841 0.992 0.921–1.069
Sex 0.254 1.784 0.660–4.825
Body mass index 0.611 1.025 0.928–1.136
Arterial hypertension 0.498 1.473 0.480–4.519
Diabetes mellitus 0.547 1.581 0.361–6.912
Coronary artery disease 0.234 1.782 0.688–4.620
Atrial fibrillation 0.285 0.507 0.146–1.763
Stroke 0.719 1.449 0.192–10.928
COPD 0.297 25.106 0.059–10 755.274
Baseline creatinine 0.427 1.002 0.997–1.007
Baseline haemoglobin 0.272 1.175 0.881–1.565
Baseline Troponin T 0.03 1.009 1.001–1.017
Baseline NT-proBNP 0.081 1.000 1.000–1.000
NYHA class 0.545 0.778 0.394–1.537
EuroScore II 0.545 0.967 0.868–1.077
STS score 0.913 0.994 0.889–1.111
H2FPEF score 0.162 1.189 0.933–1.516
LVEF 0.331 1.028 0.972–1.087
LVED diameter 0.412 1.028 0.963–1.097
LA pressure 0.927 1.002 0.970–1.034
LA diameter 0.152 1.033 0.988–1.079
IVS 0.938 1.010 0.793–1.285
LVPW 0.730 0.953 0.726–1.252
MR grade >II 0.378 0.402 0.053–3.045
MS grade >I 0.320 20.305 0.000–3.913e12
LVEDP 0.006 1.103 1.029–1.183
Functional MR 0.538 0.663 0.180–2.450
TR grade 0.555 1.204 0.649–2.233
LA v-wave 0.159 1.022 0.991–1.054
sPAP 0.724 1.006 0.973–1.040
mPAP 0.794 1.007 0.957–1.059
PVR 0.850 1.000 0.998–1.003
Cardiac index 0.893 0.959 0.518–1.773

COPD, chronic obstructive pulmonary disease; CPR, cardiopulmo-
nary resuscitation; IVS, interventricular septum (diastolic); LA, left
atrial; LVED, left ventricular end-diastolic; LVEDP, left ventricular
end-diastolic pressure; LVEF, left ventricular ejection fraction;
LVPW, left ventricular posterior wall (diastolic); mPAP, mean pul-
monary artery pressure; MR, mitral regurgitation; MS, mitral steno-
sis; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA,
New York Heart Association; PCWP, pulmonary capillary wedge
pressure; PVR, pulmonary vascular resistance; sPAP, systolic pulmo-
nary artery pressure; STS, Society of Thoracic Surgeons; TR, tricus-
pid regurgitation. Significant values are marked in bold.

Table 3 Multivariate analysis including baseline Troponin T,
N-terminal pro-brain natriuretic peptide, and left ventricular
end-diastolic pressure ≥ 16 mmHg for prediction of 12 month
rehospitalization due to worsening of heart failure

Variable P
Hazard
ratio

95% confidence
interval

Troponin T 0.257 1.010 0.993–1.026
NT-proBNP 0.692 1.000 1.000–1.000
LVEDP ≥ 16 mmHg 0.170 2.971 0.628–14.042

LVEDP, left ventricular end-diastolic pressure; NT-proBNP,
N-terminal pro-brain natriuretic peptide.

Table 4 Receiver operating characteristic analysis of left
ventricular end-diastolic pressure cut-off values for prediction of
12 month rehospitalization due to worsening of heart failure

LVEDP ≥ Sensitivity 1 � Specificity Specificity J

5.0 1.000 1.000 0.000 0.000
6.5 1.000 0.982 0.018 0.018
7.5 1.000 0.965 0.035 0.035
8.5 1.000 0.947 0.053 0.053
9.5 1.000 0.876 0.124 0.124
10.5 1.000 0.832 0.168 0.168
11.5 1.000 0.779 0.221 0.221
12.5 0.929 0.743 0.257 0.186
13.5 0.929 0.717 0.283 0.212
14.5 0.857 0.664 0.336 0.193
15.5 0.786 0.549 0.451 0.237
16.5 0.786 0.540 0.460 0.246
17.5 0.500 0.469 0.531 0.031
18.5 0.500 0.426 0.574 0.074
19.5 0.429 0.354 0.646 0.075
20.5 0.357 0.212 0.788 0.145
21.5 0.357 0.177 0.823 0.180
22.5 0.357 0.150 0.850 0.207
23.5 0.357 0.133 0.867 0.224
25.0 0.357 0.088 0.912 0.269
26.5 0.214 0.062 0.938 0.152
28.0 0.214 0.053 0.947 0.161
30.0 0.143 0.027 0.973 0.116
32.0 0.143 0.018 0.982 0.125
33.5 0.143 0.009 0.991 0.134
37.5 0.071 0.000 1.000 0.071
42.0 0.000 0.000 1.000 0.000

J, Youden’s J or Youden’s index (J = sensitivity + specificity � 1);
LVEDP, left ventricular end-diastolic pressure.

Table 5 Multivariate analysis including baseline Troponin T,
N-terminal pro-brain natriuretic peptide, and left ventricular
end-diastolic pressure ≥ 25 mmHg for prediction of 12 month
rehospitalization due to worsening of heart failure

Variable P Hazard ratio 95% confidence interval

Troponin T 0.590 1.005 0.986–1.025
NT-proBNP 0.888 1.000 1.000–1.000
LVEDP ≥ 25 mmHg 0.038 4.073 1.078–15.384

LVEDP, left ventricular end-diastolic pressure; NT-proBNP, N-termi-
nal pro-brain natriuretic peptide. Significant values are marked in
bold.

MitraClip improves symptoms in HFpEF patients 5017

ESC Heart Failure 2021; 8: 5010–5021
DOI: 10.1002/ehf2.13561



Baseline characteristics and typical heart failure
with preserved ejection fraction features

While there were certain differences in the clinical character-
istics of the patients in the elevated compared with the normal
LAP group—patients were older, had a higher BMI, and AF was
more frequent—the elevated LVEDP group comprised a typi-
cal HFpEF collective14: a higher proportion of female patients,
higher average BMI, and higher prevalences of diabetes (all
non-significant) and AF (statistically significant). Coronary ar-
tery disease as a potential confounder of worsening HF,
MACCE, or death was present in similar proportions in both
groups. Flow-limiting coronary artery stenosis had been ruled
out before pMVR. NT-proBNP and Troponin T values were in-
significantly, yet considerably, higher in patients with elevated
filling pressures. Both NT-proBNP and high-sensitive Troponin
T have been characterized as negative prognostic markers for
the outcome of hospitalized HFpEF patients.15,16 In a large
analysis, elevated troponin levels occurred in 23% of patients
with decompensated HFpEF and were associated with higher
odds of in-hospital mortality, greater length of stay, mortality,
and 30 day readmission.17 Moreover, in biomarker studies re-
garding pMVR in a mixed patient group comprising HFpEF and
HFrEF, even moderately increased Troponin T levels of
>21 ng/mL were predictive of a higher hospital readmission
rate after treatment.10 In our study, univariate regression anal-
ysis showed a similar effect in a pure HFpEF collective. Tropo-
nin T was significantly (P< 0.05) and NT-proBNP was probably
(P < 0.1) associated with a higher risk of HF-induced rehospi-
talization. Multivariate Cox regression however could not con-
firm either of the two as an independent predictor in this
cohort. Of note, follow-up NT-proBNP levels were not mea-
sured as part of the study routine and were mainly taken from
rehospitalized patients. Interpretation of the paired analysis
(NT-proBNP levels pre vs. post pMVR) therefore requires con-
sideration of a possible selection bias.

In the high LVEDP group, a strong elevation of baseline cre-
atinine could be observed. Worsening renal function has
been shown to be a frequent feature of all types of HF, espe-
cially HFpEF. Its occurrence is a manifestation of a more com-
promised clinical status and has been linked to subsequent
long-term mortality.18 Remarkably, creatinine levels in-
creased in all patient groups over 12 months. The underlying
mechanisms for this effect are unclear, because worsening of
HF occurred less often after pMVR. A natural decrease in re-
nal function was to be expected due to the high age and co-
morbidities of the patients in our study. Secondly, creatinine
measurements were not carried out in all patients as part
of the study protocol. Therefore, the probability of a selection
bias (patients with known progressing impairment of renal
function or rehospitalization for renal or HF) is high. None-
theless, further studies are necessary to investigate the
course of renal function after pMVR in HFpEF patients.

The H2FPEF score indicating diagnostic probability for
HFpEF was significantly higher in both elevated LAP and
LVEDP groups. While limitations such as lack of generalizabil-
ity due to the underlying single-centre study and missing ex-
ternal validation are overt, this score has already been
discussed as a predictor of adverse outcome in HFpEF.19

Systolic pulmonary artery pressure, mPAP, and PVR were
strongly elevated in patients with higher LVEDP or LAP. These
striking results are indicative of consecutive pulmonary hy-
pertension, a negative effect of persistent HF. These data ar-
gue in favour of adequate patient selection. It is known that
an acute increase of LVEDP and LAP levels in the context of
HFpEF can lead to stress failure of the pulmonary capillaries
and alveolar membrane and results in pulmonary oedema
and dyspnoea.20 Whereas the occurrence of pulmonary hy-
pertension is a clear sign of severe haemodynamic impair-
ment through LAP elevation, the underlying cause of
increased pressure levels in our cohort is hard to distinguish.
Diastolic ventricular dysfunction and MR can amplify each
other’s effect on increasing LAP, and adjusted LA pressure
cut-offs in MR patients have not been defined yet. Preferring
LVEDP instead of LAP measurement to diagnose HFpEF in a
setting of MR might be appropriate. Similar mechanisms exist
for RA pressure, because the right ventricle is also affected by
diastolic dysfunction. While tricuspid annular plane systolic
excursion did not differ relevantly between groups, RA pres-
sure was significantly elevated to 13 mmHg in patients with
high LAP or LVEDP, as described before for HFpEF
patients.21,22 Nonetheless, RA pressure levels were not as
high as would be expected during excessive fluid overload.
Mean tricuspid regurgitation grade did not differ significantly
between groups. While fluid retention as a cause of elevated
filling pressures cannot be ruled out completely, all patients
underwent a diuretic scheme in order to achieve a clinically
euvolaemic state. More likely, the elevated right heart filling
pressures occur as a result of higher pulmonary artery pres-
sures and haemodynamic compromise due to HFpEF.

Finally, 30 day mortality was lower than expected by
EuroScore II and Society of Thoracic Surgeons (STS), yet com-
parable with previously published MitraClip cohorts irrespec-
tive of LVEF.23–25 It has been discussed previously that STS
and EuroScore II are prone to overestimation of 30 day
mortality.26,27

Mitral regurgitation grade and symptom
reduction by percutaneous edge-to-edge mitral
valve repair after 12 months was independent of
left atrial pressure and left ventricular
end-diastolic pressure levels

Before treatment, most patients suffered from moderate to
severe MR. The number of patients presenting with severe
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(grade IV) MR was considerably lower compared with studies
involving HFrEF patients, for example, the COAPT trial.3

Aetiology of MR was mostly degenerative or prolapse of
the mitral valve. FMR occurred less often; however, it was
distinctively more frequent in patients with elevated LVEDP.
This finding is in accordance with opinions in current litera-
ture, which are linking the development of MR to pathologic
atrial remodelling in the absence of degeneration or LV sys-
tolic dysfunction (atrial FMR).4,5 Studies have found a preva-
lence of up to 7% in patients with lone AF and up to 53% in
HFpEF.4

Significant MR grade reduction could be achieved in most
cases regardless of filling pressure levels. Our data show that
this device success leads to successful symptom reduction.
Pre-treatment NYHA class was similar in all patient groups.
Dyspnoea on exertion and—importantly—hospitalizations
for worsening of HF could be reduced significantly in patients
with both normal and elevated filling pressures. To our
knowledge, this is the first set of data demonstrating the
efficacy of pMVR to alleviate HF symptoms in an HFpEF
collective. Recent pharmacotherapy trials for HFpEF
failed to prove efficacy. For instance, in the most recent PAR-
AGON trial, Sacubitril/Valsartan, which is successfully used
for treatment of HFrEF, could not significantly reduce
hospitalizations for HF or cardiovascular death in a large
HFpEF patient collective.28 Furthermore, Candesartan29 and
Spironolactone30 have failed to prove efficacy so far.

Elevated left ventricular end-diastolic pressure
levels predict higher risk for rehospitalization

No significant difference could be seen between all groups
concerning all-cause and cardiovascular mortality, as well as
MACCE. However, rehospitalization for decompensation of
HF has been considered an equally important parameter in
recent HFpEF studies. Strikingly, a significant increase of
HF-induced rehospitalizations of 11% could be seen in pa-
tients presenting with elevated LVEDP levels. Similar results,
however restricted by small sample size, were obtained for
patients with sole atriogenic FMR. No significant difference
was seen in patients with both elevated LAP and LVEDP.
Larger patient cohorts are necessary to improve
conclusiveness.

Pieske et al. suggested an LVEDP cut-off level of
≥16 mmHg to reach a definite HFpEF diagnosis in HF
patients.9 Through ROC analysis, we could confirm the opti-
mal sensitivity/specificity proportion (Youden’s index) for
the prediction of rehospitalization for this cut-off in our
pMVR cohort. However, multivariate Cox regression analysis
including Troponin T, NT-proBNP, and LVEDP ≥ 16 mmHg
could not confirm the latter as an independent predictor
for HF rehospitalization. When using a higher LVEDP

cut-off of ≥25 mmHg, for which the second highest
Youden’s index was calculated, multivariate Cox regression
analysis resulted in a significant four-fold increase of risk
for rehospitalization due to worsening of HF. These data
suggest that, while the use of the ≥16 mmHg cut-off is suit-
able for diagnosis of HFpEF, a higher cut-off of ≥25 mmHg
can be used as a predictor of 12 month rehospitalization of
HFpEF patients undergoing pMVR.

Study limitations

These data resemble a single-centre experience and a ret-
rospective cohort study. Although short-term procedure-as-
sociated complications were very rare, patient outcome is
dependent on a small number of operating physicians at
our centre and generalizability of our data is therefore lim-
ited. Furthermore, the size of our patient collective was
small. Larger as well as external cohorts should provide fur-
ther validation of our data. Moreover, echocardiographic
assessment and classification were carried out at
our centre without the use of an independent core
laboratory.
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Figure S1. 12 month outcome of MitraClip patients with pre-
served LV-EF, atriogenic MR and normal or elevated
LA-Pressure and LVEDP levels. A all cause mortality B cardio-
vascular mortality C MACCE D rehospitalisation due to wors-
ening of heart failure.
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Figure S2. 12 month outcome of MitraClip patients with pre-
served LV-EF and both normal or both elevated LA-Pressure
and LVEDP levels. A all cause mortality B cardiovascular mor-
tality C MACCE D rehospitalisation due to worsening of heart
failure.
Table S1. Baseline characteristics of patients with both nor-
mal or both elevated LA-Pressure and LVEDP.
COPD: chronic obstructive pulmonary disease; NT-proBNP:
N-terminal pro brain natriuretic peptide; NYHA: New York
Heart Association; STS: Society of Thoracic Surgeons; LV-EF:

left ventricular ejection fraction; LVEDd: left ventricular
end-diastolic diameter; LA-Diameter: left atrial diameter;
IVSd: interventricular septum diameter; LVPWd: left ventricu-
lar posterior wall diameter; MR: mitral regurgitation; MS: mi-
tral stenosis; TR: tricuspid regurgitation; LVEDP: left
ventricular end-diastolic pressure; RA-Pressure: right atrial
pressure; sPAP: systolic pulmonary artery pressure; mPAP:
mean pulmonary artery pressure; PCWP: pulmonary capillary
wedge pressure; PVR: pulmonary vascular resistance; CPR:
cardiopulmonary resuscitation
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