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Abstract

Aim  Percutaneous mitral valve repair (PMVR) via MitraClip implantation is a therapeutic option for severe mitral regurgita-
tion (MR) in advanced stages of heart failure (HF). However, progressive left ventricular dilation in these patients may lead to
recurrent MR after PMVR and consequent re-do MitraClip implantation. Here, we describe the characteristics and outcomes of
this clinical scenario.

Methods and results Patients with systolic HF and functional MR undergoing a re-do MitraClip procedure were retrospec-
tively analysed. Inclusion criteria were age >18 years, technical, device and procedural success at first MitraClip procedure,
functional MR and systolic HF with an ejection fraction (EF) of <45%. Seventeen out of 684 patients undergoing PMVR with
the MitraClip device at our institution between September 2009 and July 2019 were included. All patients displayed advanced
HF with an EF of 20% (+9.9) and highly elevated N-terminal pro-brain natriuretic peptide. Technical success of the re-do
MitraClip procedure was 100%, whereas procedural and device success were only achieved in 11 patients (65%). Unsuccessful
re-do procedures were related to lower EF and implantation of more than one clip at initial procedure. However, despite re-
duction in MR grade and no occurrence of significant mitral stenosis after the procedure, the mortality during 12 months
follow-up remained high (8 of 17; 47%).

Conclusions In a cohort of patients with advanced HF undergoing PMVR, re-do MitraClip procedure was feasible, but pro-
cedural success was unsatisfactory and morbidity and mortality remained high, possibly reflecting the advanced stage of HF
in these patients.
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Introduction

Heart failure (HF) is a leading cause of death worldwide with
high morbidity and mortality, increasing incidence and preva-
lence, and a growing economic importance.l_3 HF often is
characterized by progressive dilation of the left ventricle
(LV), leading to widening of the mitral anulus with conse-
quent mitral regurgitation (MR).* This functional MR signifi-
cantly contributes to cardiac morbidity and mortality in HF
patients, and surgical correction of the MR is at high and of-
ten prohibitive risk.>® Thus, patients with multiple co-mor-
bidities and/or advanced stages of HF are thought to be

rather eligible for non-surgical techniques, such as edge-to-
edge percutaneous mitral valve repair (PMVR) via the
MitraClip device (Abbott Vascular, North Chicago, Illinois,
USA).%7® PMVR via MitraClip procedure in HF patients re-
cently has been evaluated in two large randomized trials:
the MITRA-FR trial (Multicentre Study of Percutaneous Mitral
Valve Repair MitraClip Device in Patients With Severe Sec-
ondary Mitral Regurgitation) and the COAPT trial (Cardiovas-
cular Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients With Functional Mitral
Regurgitation). ! Nevertheless, as correction of MR via
MitraClip procedure does not suspend LV dilation, in some
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patients, recurrent MR occurs after first MitraClip
procedure,® and re-do MitraClip procedure may be consid-
ered. Data on feasibility and outcomes of re-do MitraClip pro-
cedure are very limited and have not been explicitly
elaborated for patients with HF.*>*3 Here, we evaluated pro-
cedural data and outcomes after re-do PMVR with focus on
patients with advanced HF.

Methods

The study was performed in a retrospective approach and
conforms with the principles outlined in the Declaration of
Helsinki.** Medical decision for MitraClip implantation was
provided by cardiologists and cardiac surgeons in the heart
team.>*® All patients were informed about specific risks and
alternatives of MitraClip therapy, as well as the options for
continued medical treatment and high-risk surgical mitral
valve repair and gave informed written consent to the proce-
dure. The study protocol was in accordance with the local
ethics committee (reference number 5-299/2015).

Patient population

From September 2009 to July 2019, 684 consecutive high
surgical risk or non-surgical candidates with severe and
moderate to severe symptomatic MR were treated with the
MitraClip device at our institution. Of these, we retrospec-
tively identified 20 patients in whom MitraClip re-do proce-
dures were performed at our centre. As focus of the study

was on HF patients, inclusion criteria were defined as follows:
(i) severe or moderate to severe functional MR, (ii) dyspnoea
New York Heart Association (NYHA) class Il to IV, and (iii) re-
duced LV function. One patient was excluded because of
complex medical history with underlying congenital heart
disease and mitral valve dysplasia. This particular case was
published by our group previously.® Two other patients were
excluded because the underlying pathology was degenerative
MR and EF was >45%. The inclusion/exclusion pathway for
the study is depictured in Figure 1. All included patients
(n = 17) were on stable (at least 4 months) optimized individ-
ual target HF medication according to current guidelines.

Pre-interventional workup

Pre-interventional workup included the patient’s medical
history, careful clinical assessment, and determining NYHA
class as well as 6 min walk test (6-MWT). Further, laboratory
workup included high-sensitivity troponin T, N-terminal-pro-
brain-natriuretic peptide (NT-proBNP), and serum creatinine.
Glomerular filtration rate (GFR) was calculated by using the
MDRD (Modification of Diet in Renal Disease) formula. Car-
diac function, mitral regurgitation, and mitral valve morphol-
ogy were determined by transthoracic and transoesophageal
echocardiography (TTE and TEE)Y?® as previously
described.?° To objectify MR for all patients in the present
study in a standardized manner, vena contracta was
re-evaluated from the original echocardiography sequences
retrospectively. Laboratory data were taken from up to 4 days
before MitraClip procedure, echocardiography, and 6-MWT

Figure 1 Study protocol. All patients included in the study underwent a re-do MitraClip procedure at our institution between September 2009 and
June 2018 and met the following inclusion criteria: (i) severe or moderate to severe functional mitral regurgitation, (ii) dyspnoea New York Heart As-
sociation (NYHA) class Il to IV, and (iii) reduced left ventricular function. The main exclusion criteria were morphological properties of the mitral valve

that would make successful MitraClip implantation unlikely or impossible.

684 patients implanted with the
MitraClip device between September
2009 and June 2018

A4

20 patients with re-do MitraClip
procedure due to recurrent
mitral regurgitation

All patients without re-do MitraClip procedure
performed at our institution

Two patients with degenerative mitral
regurgitation and ejection fraction >45%; one

patient with mitral valve dysplasia
\ 4

17 patients with re-do MitraClip
procedure who met inclusion criteria
were analyzed retrospectively
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were performed within 2 weeks prior the procedure. NYHA
class and medication were reported at hospitalization for
the respective procedure (see Tables 1 and 2).

MitraClip implantation procedure and follow up

MitraClip procedures were performed under general
anaesthesia®*™2 as previously described.?* Procedural data
(see Table 3: number of implanted clips, MR before/after,
transmitral gradient, and mitral stenosis) were taken in-proce-
dure. For follow-up, patients were seen in our outpatient
clinic at 1, 6, and 12 months after PMVR. NYHA class after
the procedure (see Table 2) was reported at 30 day follow-
up. Study endpoint was defined as death from cardiovascular
or non-cardiovascular cause. Technical, device, and proce-
dural success were defined according to the Mitral Valve Aca-
demic Research Consortium (MVARC)?>: Technical success:

Table 1 Patients characteristics

Number of patients 17
Age at first procedure (a) 69 (£8.5)
Male sex 16 (94%)
Functional mitral regurgitation 17 (100%)
Ejection fraction at re-do procedure (%) 20 (+9.9)
EF < 35% at re-do procedure 16 (94%)
Time between 1st and 2nd procedure (d) 589 (+£790)
Follow-up after re-do procedure (d) 291 (+294)
Patients died during follow-up 8 (47%)
Heart failure aetiology
DCMP 8 (47%)
ICMP 9 (53%)
Previous CABG surgery 6 (35%)
Medical therapy at re-do procedure
Beta-blocker 16 (94%)
ACE-I/ARB 16 (94%)
Aldosterone antagonist 9 (53%)
Device therapy at re-do procedure
Pacemaker 1 (6%)
ICD 6 (35%)
CRT-D 6 (35%)
Cardiovascular risk factors
Arterial hypertension 14 (82%)
Diabetes mellitus 6 (35%)
Dyslipoproteinaemia 13 (76%)
(Previous) smoking 11 (65%)
Family history of cardiac disease 4 (24%)
Co-morbidities
Previous stroke 1 (6%)
Peripheral artery disease 4 (24%)
Obstructive lung disease 5 (29%)
CKD > Stage Il at re-do procedure 13 (76%)
Atrial fibrillation 11 (65%)

ACE-1, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CABG, coronary artery bypass graft; CKD, chronic
kidney disease (stages |-V according to KDIGO (Kidney Disease Im-
proving Global Outcomes); CRT-D, cardiac resynchronization ther-
apy with defibrillator; DCMP, dilated cardiomyopathy; EF, ejection
fraction; ICD, implantable cardioverter/defibrillator; ICMP, ischae-
mic cardiomyopathy.

All data were taken from before the initial MitraClip implantation,
if not stated otherwise. Data are given as mean (+standard devia-
tion) or absolute number (%).

successful device deployment. Device success: absence of pro-
cedural mortality or stroke and proper placement and posi-
tioning of the device and freedom from unplanned surgical
or interventional procedure related to the device or access
procedure and continued intended safety and performance
of the device including no evidence of structural or functional
failure, no specific device-related technical failure issues and
complications and reduction of MR to either optimal (trace
or absent residual MR) or acceptable (residual MR reduced
by at least one grade from baseline and to no more than
moderate in severity) levels without significant mitral stenosis
(postprocedural mean transmitral gradient <5 mmHg) and
with no greater than mild paravalvular MR (and without
associated haemolysis). Procedural success: device success
and absence of major device or procedure related serious
adverse events.

Statistical methods

Quantitative data are presented as mean (tstandard devia-
tion) and median and interquartile ranges [25; 75], depending
on the distribution of the data. For qualitative parameters ab-
solute and relative frequencies are presented. Parameters
were compared by using the Mann—-Whitney U-test, Wilcoxon
signed-rank test, or Fisher—Yates test, as appropriate. Survival
data were summarized by Kaplan—Meier survival curves. A
P < 0.05 was considered statistically significant. Statistical
analyses were performed using GraphPad Prism (GraphPad
Software, La Jolla, CA).

Results
Patient population

Of a total of 684 MitraClip patients during the study period, 17
re-do PMVR patients fulfilled inclusion criteria. All patients
displayed marks of advanced HF already at first MitraClip
procedure, including an EF of 25% (+8.8), NYHA class of 3
([3.0;3.5]; NYHA class | or Il: 0%, NYHA class Ill: 71%; NYHA
class IV: 29%), impaired functional capacity (6-MWT; 327 m
(£¥111)) and elevated NT pro-BNP (7958 ng/L (+¥9542)), with
further advancement at second procedure (see Tables 1 and
2). In all patients, secondary functional MR was the underlying
disease mechanism, and ischaemic (ICMP) and dilated
cardiomyopathy (DCMP) were evenly distributed (Table 1).
Therapy with implantable cardioverter/defibrillator (ICD)
and/or cardiac resynchronization with defibrillator (CRT-D)
therapy was realized in 70% of patients (n = 12). In two pa-
tients, EF was 40%, and there was no history of ventricular ar-
rhythmias, consequently decision was made against primary
prevention. Three patients refused ICD therapy (no indication
for CRT-D). Included patients display a high-risk population,
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Table 2 Heart failure related data at implantation

First procedure Re-do procedure P-value

6-MWT before the procedure (m) 364 (+129) 327 (£111) 0.493
NYHA class before procedure 3.0 [3.0; 3.5] 3.0 [3.0; 3.5] 0.692
NYHA class after procedure 2.5[2.0; 3.0] 3.0 [2.5; 3.0] 0.006
Delta NYHA class —0.5[-1.0; —0.5] 0 [-0.5; 0] 0.005
Cardiac biomarkers

NT-pro BNP (ng/L) 7958 (+9542) 10 196 (+9736) 0.510

High-sensitivity troponin T (pg/mL) 38 (+26) 39(+24) 0.907
Echocardiography data

Ejection fraction (%) 25 (+8.8) 20 (+£9.9) 0.043

LA diameter (mm) 53 (+6.9) 54 (+5.3) 0.644

LVED diameter (mm) 63 (£8.7) 68 (£11.7) 0.084

RV diameter (mm) 34 (£5.8) 37 (+5.2) 0.097

Tricuspid valve regurgitation 1.5 [0; 2.0] 1.5[1.0; 2.0] 0.741

Systolic PA pressure (mmHg) 53 (x4) 51 (x2) 0.765

6-MWT, 6-min walk test; LA, left atrium; LVED, left ventricular end-diastolic; NT pro-BNP, N-terminal pro-brain natriuretic peptide; NYHA,
New York Heart Association; PA, pulmonary artery; RV, right ventricle.

Data are compared between first MitraClip implantation and re-do MitraClip procedure. Data are given as mean (+standard deviation) or
median and interquartile ranges [25; 75]. Comparison was performed by using the Wilcoxon signed-rank test. Values in bold represent
P-values <0.05.

Table 3 Procedural results at first and re-do MitraClip procedure

First procedure Re-do procedure P-value
Number of clips 0.698
Patients with 1 clip 13 (76%) 12 (71%)
Patients with 2 clips 4 (24%) 5 (29%)
Mitral regurgitation
MR before procedure 4.0 [3.0; 4.0] 3.5 [3.0; 4.0] 0.227
MR after procedure 1.0 [1.0; 1.5] 2.0[1.0; 2.5] 0.043
Transmitral gradient (mmHg) 2.8 (£0.8) 2.8 (%£1.4) 0.686
Mitral stenosis (>5 mmHg) 0 0 0.999
Success rates
Technical success 7 (100%) 17 (100%) 0.999
Device success 7 (100%) 1 (65%) 0.007
Procedural success 7 (100%) 1 (65%) 0.007
30-day mortality 0 2 (12%) 0.145
Intraprocedural mortality 0 0 0.999
Intraprocedural complications 0 0 0.999

MR, mitral regurgitation.

Data are compared between first MitraClip implantation and re-do MitraClip procedure. Data are given as mean (+standard deviation),
median and interquartile ranges [25; 75] or absolute number (%). Comparison was performed by using Wilcoxon signed-rank test or Fish-
er's exact test. Values in bold represent P-values <0.05. Technical, device and procedural success were defined according to the Mitral
Valve Academic Research Consortium (MVARC)?*: Technical success: successful device deployment. Device success: absence of procedural
mortality or stroke and proper placement and positioning of the device and freedom from unplanned surgical or interventional procedure
related to the device or access procedure and continued intended safety and performance of the device including no evidence of struc-
tural or functional failure, no specific device-related technical failure issues and complications and reduction of MR to either optimal (trace
or absent residual MR) or acceptable (residual MR reduced by at least one grade from baseline and to no more than moderate in severity)
levels without significant mitral stenosis (postprocedural mean transmitral gradient <5 mmHg) and with no greater than mild paravalvular
MR (and without associated haemolysis). Procedural success: device success and absence of major device or procedure related serious ad-
verse events.

indicated by high incidence of previous coronary artery by- Re-do MitraClip procedure
pass graft (CABG) surgery (6/9 ICMP patients; 67%), and a

high burden of cardiovascular risk factors and co-morbidities,
in particular concomitant chronic kidney disease (Table 1),
the latter resulting in a rather low rate of aldosterone antag-
onist treatment in only 59% of patients. Howeuver, all patients
were on stable optimized individual target HF medication
(Table 1), as far as was tolerated.

In all 17 patients, re-do PMVR via MitraClip was performed
due to severe or moderate-to-severe recurrent MR (median
MR 3.0 [3.0; 4.0]), which was concomitant with distinct symp-
tomatic HF (NYHA class 3.0 [3.0;3.5]; 6-MWT 327 m (+111);
NT pro-BNP 10196 ng/L (+9736)). Mean interval between first
and second PMVR procedure was 589 days (+790), with the
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earliest re-interventions performed in two patients both at
28 days after first implantation. Intriguingly, in all patients,
the deployment of the clip was successful (n = 17; technical
success 100%). Moreover, transmitral gradients were in an
acceptable range (2.8 mmHg (x1.4)), and in none of the pa-
tients, significant mitral stenosis occurred (Table 3). And in
all patients, the re-do MitraClip procedure was safe, without
intraprocedural complications and without intraprocedural
mortality (Table 3). However, device success and procedural
success were only 65% according to MVARC,?> and symptom-
atic HF was not improved by the second MitraClip procedure
(delta NYHA class 0 [0; —0.5]). Moreover, outcome after re-do
MitraClip was unsatisfactory: eight patients (47%) died within
1 year after the re-do MitraClip implantation. Short-term
mortality at 30 days after PMVR was 12% (two patients)
(Figure 2).

Comparison of first and re-do procedure

Severity of MR was graded comparably at first and second
procedure (vena contracta 0.80 mm (+0.04) vs. 0.79 (+0.06);
P = 0.413)). Although re-do MitraClip procedure was per-
formed with high technical success rate and without produc-
ing further increased transmitral gradients nor procedural
complications compared with the first procedure, the im-
provements in NYHA class (Table 2) and MR (Table 3) were sig-
nificantly lower, indicating that patients did not benefit much
from the re-do intervention. However, pre-interventional
evaluation revealed a further decreased cardiac function at
the time of re-do PMVR (EF 25% vs. 20%; P = 0.043), as well
as further deteriorated ventricular geometry, indicated by

Figure 2 One year survival after re-do MitraClip procedure. Kaplan—
Meier estimated curve for patients who underwent a re-do MitraClip pro-
cedure due to recurrent severe or moderate-to-severe mitral
regurgitation.
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larger left ventricular end-diastolic (LVED) and right ventricu-
lar (RV) diameters (Table 2).

Comparison between successful and non-
successful re-do interventions

To identify potential risk factors for failure, we stratified
re-do MitraClip procedures for device and procedural suc-
cess. In the cases without device/procedural success after
MVARC,>® MR grade was decreased by less than one grade
or residual MR was between grade Il and Il after the inter-
vention, leading to classification as ‘no device/procedural
success achieved’ (6/17; 35%). Partial clip detachments or
complete loss of leaflet insertions were not observed;
however, in one patient, a partial loss of leaflet insertion
was interrelated to insufficient MR reduction, leading to
re-do procedure 28 days later. When re-do patients were
stratified for device/procedural success (Table 4), we found
no significant differences in parameters such as age at inter-
vention, time interval between first and re-do procedure,
and outcome (30 day mortality). But, in the patient group
with device/procedural success, one single clip was deployed
in all cases during the first procedure, whereas two clips were
necessary in four of six of the non-successful cases (66.6%)
during the first procedure. Further, we found systolic PA
pressure and LVED diameters numerically higher in the
non-successful cases at the time of the second procedure,
as well as a significantly impaired LV ejection fraction
(Table 4).

Discussion

Interventional edge-to-edge mitral valve repair is a feasible
therapy in patients with severe degenerative or functional
MR, who are at high surgical risk. Worldwide more
than 100 000 interventions have been performed up to
date,*®*2® making PMVR an already established therapeutic
option for MR by now. In some cases, severe MR after
MitraClip procedure re-occurs and, in this situation, the
clinical management remains unclear. Due to prohibitive
surgical risk, mitral valve surgery in these cases usually is
not an option and data regarding re-do PMVR are sparse.

General considerations for re-do MitraClip
procedure

Our data demonstrate that a re-do MitraClip procedure
after recurrent MR is not a commonly conducted procedure:
it was performed in 20 (3%) of 684 MitraClip patients,
which is comparable with the rate reported in other
series.>®29731 Correspondingly to this rare realization, only

ESC Heart Failure 2021; 8: 4617-4625
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Table 4 Stratification for device/procedural success

D/P success No D/P success P-value

Age at second procedure (a) 70.7 (£10.7) 71.7 (£5.7) 0.687
Time between 1st and 2nd proc. (a) 778 (=£917) 241 (+301) 0.145
Patient died during follow-up 5/11 (45.5%) 3/6 (50%) 0.793
30 day mortality 1/11 (9.1%) 1/6 (16.7%) 0.631
Number of clips at 1st procedure 0.002

Patients with 1 clip 11 2

Patients with 2 clips 0 4
MR after 1st procedure 1.0 [1.0; 1.5] 1.5[1.0; 1.6] 0.253
Cardiac parameters at 2nd procedure

Ejection fraction (%) 22.6 (=6.6) 15.8 (£4.9) 0.031

LVED diameter (mm) 66 (+£8.9) 71.4 (£12.5) 0.391

Systolic PA pressure (mmHg) 47.1 (+7.8) 53.4 (x10.5) 0.181

LVED, left ventricular end-diastolic; MR, mitral regurgitation; PA, pulmonary artery.

Data are compared between patients with achieved device/procedural (D/P) success and patients without. Data are given as mean (+stan-
dard deviation), median and interquartile ranges [25; 75] or absolute number (%). Comparison was performed by using Mann-Whitney
U-test or Fisher’s exact test. Values in bold represent P-values <0.05. Device and procedural success were defined according to the Mitral

Valve Academic Research Consortium (MVARC).?

two case series of 16 and 21 patients, respectively, with
mixed aetiology of MR, functional (71% and 53%, respec-
tively), and degenerative (29% and 47%, respectively) at first
intervention have been published so far on this subject.**?°
Although cardiac function was superior to our study and LV
diameters were smaller, in the other two series, the overall
procedural success rates were only 62% and 73%, respec-
tively, for the re-do MitraClip intervention.*>?° In our study,
the success rate was comparable with this (65%). Reasons
for lack of success were unsatisfying reduction of MR grade
in all cases (35%), without underlying partial clip detach-
ments or other procedure-related pathologies. Thus, the
stark contrast to the success rate of 100% at index interven-
tion may be explained by the further advanced HF status
documented by LV diameter, PA pressure, and LVEF. This
may then result in less favourable leaflet geometry for grasp-
ing at second attempt. And as a majority of the patients
(66.7%) already had two clips implanted in the first
procedure, result optimization during the re-do case by just
implanting another (fourth) clip was limited, giving a poten-
tial explanation for the inferior results. Nevertheless, the
exact underlying mechanism for recurrence of MR could
not be explored in detail in our study due to its retrospective
nature. However, as no partial clip detachment was ob-
served, and partial loss of leaflet insertion only in one single
patient, we speculate that one relevant mechanism was
progressive LV dilation with resulting functional MR, at least
in some of the patients.

Re-do percutaneous mitral valve repair in
advanced heart failure

All three studies on the topic of re-do PMVR, including the
present, demonstrate that this procedure is rather a bailout
strategy or must at least be seen as an ultima ratio for

high-risk patients: for instance, in the series of Kreidel, an el-
derly population, but not a severe HF cohort, 62% of patients
died within 3 months after re-do attempt, including three
(with functional MR) of five patients who were sent to sur-
gery. Likewise, in our study, only 53% of patients were alive
at 12 months after re-do procedure. The patients with failed
intervention were treated conservatively and not send to
surgery, as surgical risk was deemed too high. Taken together,
these data reflect the vulnerability of patients with recur-
rence of MR after successful index intervention. And, among
those, patients with advanced HF and recurrence of moder-
ate-to-severe or severe MR after a primary successful
MitraClip procedure are an especially challenging patient
cohort.3%33

Our data show that in patients with severe HF and func-
tional MR, re-do MitraClip is feasible, but symptomatic and
procedural results are lower compared with the index inter-
vention and outcomes remain unsatisfactory as HF further
advances in these patients. PMVR in HF patients is a complex
treatment option, as demonstrated in the MITRA-FR and CO-
APT trials.>** Certainly, the procedure is more successful un-
der optimized circumstances, and successful PMVR in
advanced HF patient cohorts has been reported from many
centres.’”*83% This has to be even more taken into account
when alternative treatment options such as permanent me-
chanical circulatory support are available, and patients with
end-stage HF may rather benefit from early implantation of
a ventricular assist device, and prior PMVR may only delay
this often unavoidable therapy.® In patients with advanced
HF, PMVR certainly is a potential therapeutic option, but
therapeutic strategies must be carefully evaluated. We be-
lieve that this is only possible in a specialized heart failure
team, including heart failure cardiologists, interventional car-
diologists, cardiac surgeons experienced in heart failure sur-
gery, and colleagues from other disciplines such as
anaesthesiology and nephrology.?
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Potential predictors for re-do success

What can we extract now from our data to potentially predict
re-do success of future procedures? First, in patients without
successful re-do procedures, the ejection fraction was lower,
pointing to a more advanced HF in the group with device/
procedural failure. Second, in the device/procedural failure
group significantly, more clips were implanted during the
first procedure. Thus, less space was left for further clip
placement, and as such, proper treatment of MR was
hampered. A maximum of three clips were placed in our
patients. For reasons of space or transmittal pressure
gradients, a fourth clip could not be deployed in any case.
No partial clip detachments occurred in the re-do cases
(data not shown). So, far advanced stages of heart failure as
well as space limitations due to multiple clips implanted
may be the most relevant limiting factors for re-do MitraClip
procedures.

Limitations

The present study bears many limitations, most of them
derived by the small number of patients included. Further,
the data were retrieved from a single centre in a retrospec-
tive approach, and data calculation was not realized by a core
lab. Further, grading of MR was not performed in a standard-
ized manner at the time of PMVR procedure, but retrospec-
tively. However, our study comprises the first series of
patients with advanced HF undergoing re-do MitraClip
implantation and therefore may add to current discussions.
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