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Background: Limited information has been reported regarding the impact of percutaneous mitral valve
repair (PMVR) on ventricular arrhythmic (VA) burden. The aim of this study was to address the incidence
of VA and appropriate antitachycardia implantable cardiac defibrillator ICD) therapies before and after
PMVR.

Methods: We retrospectively analyzed all consecutive patients with heart failure with reduce left ventricular
ejection fraction (LVEF), functional mitral regurgitation (FMR) grade 3+ or 4+ and an active ICD or cardiac
resynchronizer who underwent PMVR in any of the eleven recruiting centers. Only patients with complete
available device VA monitoring from one-year before to one year after PMVR were included. Baseline
clinical and echocardiographic characteristics were collected before PMVR and at 12-months follow-up.
Results: Ninety-three patients (68.2£10.9 years old, male 88.2%) were enrolled. PMVR was successfully
performed in all patients and device success at discharge was 91.4%. At 12-month follow-up, we observed
a significant reduction in mitral regurgitation severity, NT-proBNP and prevalence of severe pulmonary
hypertension and severe kidney disease. Patients also referred a significant improvement in NYHA functional
class and showed a non-significant trend to reserve left ventricular remodeling. After PMVR a significant
decrease in the incidence of non-sustained ventricular tachycardia (VT) (5.0+£17.8 vs. 2.7+13.5, P=0.002),
sustained VT or ventricular fibrillation (0.9£2.5 vs. 0.5£2.9, P=0.012) and ICD antitachycardia therapies
(2.5£12.0 vs. 0.9+5.0, P=0.033) were observed.

Conclusions: PMVR was related to a reduction in arrhythmic burden and ICD therapies in our cohort.

Keywords: MitraClip®; ventricular arrhythmias; implantable cardiac devices; heart failure with reduced ejection

fraction; functional mitral regurgitation (FMR)
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Introduction

Heart failure with reduced left ventricular ejection fraction
(HFrEF) represents an increasingly prevalent condition
associated with a high risk of adverse outcomes despite
advances in HF therapies (1). Ventricular arrhythmias (VA) is
a major cause of morbidity and mortality in this population,
particularly in patients with advanced HFrEF (2).
Functional mitral regurgitation (FMR) is a common finding
among these patients, with a prevalence around 50% in
either ischemic or non-ischemic dilated cardiomyopathy
(DCM), and prognosis is poor if medically managed (3,4).
From a theorical point of view, chronic MR induces volume
overload of the left ventricle (LV) leading to LV adverse
remodeling and fibrosis, enhanced myocardial stress and
progression of HF (5). All these factors have been identified
as potential triggers for VA in patients with HF and may
explain that MR is associated to an increased incidence of
VA in patients with DCM (6,7).

Percutaneous mitral valve repair (PMVR) with
MitraClip® (Abbott Vascular, Santa Clara, USA) has proved
to effectively reduce FMR in patients with HFrEF (8).
Limited information has been reported regarding the
impact of PMVR on VA burden (9,10). The aim of this
study was to address the incidence of VA and appropriate
antitachycardia pacing (ATP) and defibrillation shocks
before and after PMVR in patients with HFrEF, FMR and
implantable cardiac devices (ID).

Methods

We retrospectively included all consecutive patients with
HF and FMR grade 3+ or 4+ who underwent MitraClip®
implantation in any of the eleven participating European
centers and fulfilled all the following inclusion criteria: (I)
HF symptoms with New York Heart Association (NYHA)
functional class > II despite guideline-directed optimal
medical therapy (GDOMT); (II) left ventricular ejection
fraction (LVEF) <40%; (I1I) active implantable cardiac
defibrillator (ICD) or cardiac resynchronization therapy
(CRT) with or without ICD, implanted at least one year
before PMVR; (IV) complete available device arrhythmic
event monitoring from one-year before to one year after
MitraClip®. Patients were excluded if they met any of the
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following exclusion criteria: (I) VT ablation or upgrade
procedure for CRT therapy within the 2-year device
observation period; (IT) loss of follow-up, re-do MitraClip®
or cardiac surgery during the first year follow-up after
PMVR.

The study was carried out in eleven European high-
volume centers. Indication for MitraClip® was discussed
in an interdisciplinary heart team including interventional
and clinical cardiologists, cardiac surgeons and specialists in
cardiovascular imaging. All patients were deemed to be at
GDOMT for HF at maximum tolerated doses at the time
PMVR was performed according to the referring physician.
Preprocedural 2D transthoracic and 3D transesophageal
echocardiography were performed in all patients to
address morphologic suitability for clip implantation,
quantitative MR analysis and LVEF estimation by Simpson
biplane method according to the European Association
of Cardiovascular Imaging recommendations for heart
valve disease and cardiac chambers assessments (11,12).
The procedure was performed following standard
practices under general anesthesia with fluoroscopic and
transesophageal echocardiographic guidance.

Study design is summarized in Figure SI. Baseline
characteristics and procedural outcomes were collected.
Available N'T-proBNP levels, glomerular filtration rate
and echocardiographic data, as well as NYHA functional
class and concomitant HF medical therapies were gathered
before PMVR and at one-year follow-up. For statistical
purposes, we followed the methodology reported in the
COAPT trials (8) and considered as significant, changes
in HF drugs consistent with a new drug class start or
discontinuation, an increase by >100% or a decrease by
<50% of preprocedural dose. VA recorded by ID were
reviewed within 1-year before and 1-year after PMVR (8).
Postprocedural results and clinical adverse events after
MitraClip® were defined according to Mitral Valve
Academic Research Consortium (MVARC) definitions (13).

Frequency and characteristics of VA in all subjects and
ICD antiarrhythmic therapies in case of patients with
ICD or ICD-CRT were determined by assessment of
clinical follow-up reports, device intracardiac recordings
and remote monitoring electronic and local databases.
Classification of VA events was performed by local experts
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Table 1 Baseline characteristics of included cohort

Characteristics Value
Age (years) 68.2+10.9
Men (%) 88.2
Diabetes mellitus (%) 28.0
Ischemic heart disease (%) 60.2
Prior myocardial infarction (%) 52.7
Atrial fibrillation (%) 52.7
Peripheral artery disease or Stroke (%) 19.4
Chronic obstructive pulmonary disease (%) 22.6

Chronic kidney disease with GFR <45 mL/min (%) 43.0
Prior heart failure admission (%) 74.2
Implantable cardiac device (%)
ICD 57.0
CRT = ICD 43.0

Device stimulation (%)

One chamber 46.2

Two chambers 17.2

Three chambers 36.6
Time from device implantation (days) 1,932+1,407
Left ventricular ejection fraction (%) 29.4+6.2
EuroScore logistic (%) 13.1£13.4
EuroScore Il (%) 6.2+5.1

GFR, glomerular filtration rate; ICD, implantable cardiac defibrillator;
CRT, cardiac resynchronization therapy.

according to the following prespecified criteria (14): (I)
ventricular tachycardia (VT) was defined as a ventricular
tachyarrhythmia with a cycle length between 300-400 ms
and was classified as sustained (SV'T) or non-sustained
(NSVT) depending on duration > or <30 seconds (but
>4 beats), respectively; (II) VT with a cycle length between
400-600 ms were also included if considered clinically
relevant (documented symptoms or prompting hospital
admission or ICD antiarrhythmic therapy); (III) ventricular
fibrillation and rapid VT (RVT) were defined as a sustained
VT with a cycle length <300 ms, and analyzed together
with SVT; (IV) ATP attempts and shocks in the subgroup
of patients with ICD or ICD-CRT were collected only
if appropriate (not triggered by any supraventricular
arrhythmia or device malfunction).
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Continuous variables were summarized as mean =
standard deviation (SD) or as medians and interquartile
range (IQR), and were compared using paired or unpaired
Student 7 tests, or the non-parametric Wilcoxon rank sum
tests if the normal distribution the variables could not be
demonstrated. Derangement from the normal distribution
was assessed with the Shapiro-Wilk test. Categorical
variables were described as percentages and compared using
Chi-square or Fisher exact tests accordingly to expected
frequency over or below 5, respectively. McNemar’s or
exact binominal tests were used to compare before and
after PMVR paired categorical variables depending sample
size over or below 25. Survival curves for time-to-event
were constructed on the basis of all available follow-up data
using Kaplan-Meier estimates and comparisons between
groups were performed using the log-rank test. A two-
tailed P value <0.05 was regarded as statistically significant.
Statistical analyses were performed using STATA software
version 14.2.

Results
Study population

Ninety-three subjects (68.2+10.9 years old, male 88.2%)
with HFrEF, an active ID and FMR grade 3+ or 4+ who
underwent PMVR before December 2018 in one of the
recruiting centers were enrolled in this study. Baseline
characteristics of the population are summarized in Table 1.
Included patients had a severely depressed LV function
(LVEF 29.4+6.2) and were severely symptomatic at the time
of the procedure so that 89.3% had been priorly admitted
for HF and/or were in advanced functional class NYHA
III-1V.

Procedural outcomes

PMVR was successfully performed in all patients (technical
success 100%) and more than one clip was implanted in 51
(53.8%) cases. All but 1 (98.9%) patient had a reduction
in at least one degree in the severity of preprocedural
MR and 90 (96.8%) subjects presented residual MR <2+.
Postprocedural mean MV gradient was 2.8+1.4 mmHg and
3 (3.2%) patients had a mean gradient >5 mmHg. Major
complications occurred in 4 (4.3%) cases: 2 patients had an
in-hospital stroke, 1 patient had a cardiac tamponade and
1 patient presented a partial MitraClip® detachment.
Opverall, device success was 91.4%.
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Table 2 Ventricular arrhythmic burden before and after percutaneous
mitral valve repair (events per patient per year) (n=93)

Ventricular arrhythmic

Before PMVR  After PMVR P value*

events

Non-sustained 5.0+17.8 2.7+13.5 0.002
ventricular tachycardia

Sustained ventricular 0.9+2.5 0.5+2.9 0.012
tachycardia or

Ventricular fibrillation

Any ventricular 5.9+17.9 3.2+15.4 <0.001
tachycardia

Anti-tachycardia 1.6+9.0 0.4+2.2 0.021
pacing**

ICD shock*™ 0.8+3.5 0.5+2.9 0.235
Any ICD therapy™* 2.5£12.0 0.9+£5.0 0.033

*, Wilcoxon matched-pairs signed-ranks test; **, among patients
with ICD or ICD-CRT.

Arrbythmic outcomes

Overall, 55 (59.1%) patients presented at least one VA
within the 2-year observation period before and after
PMVR. In the year before PMVR, the following VA events
were documented: 471 NSVTs in 31 (33.3%) patients, 85
SVT or VF in 28 (30.1%) patients, 151 ATPs in 18 (19.4%)
patients and 77 appropriate ICD shocks in 19 (20.4%)
patients. In the year after PMVR, we observed the following
VA events: 251 NSVTs in 19 (20.4%) patients, 49 SVT or
VF in 15 (16.1%) patients, 33 ATPs in 10 (10.8%) patients
and 49 appropriate ICD shocks in 12 (12.9%) patients.

After PMVR a significant reduction in the prevalence
and incidence of NSVT (32.3% wvs. 20.4%, P=0.043;
5.0£17.8 vs. 2.7£13.5 per patient/year, P=0.002), SVT or
VF (30.1% vs. 16.1%, P=0.012; 0.9£2.5 vs. 0.5+2.9 per
patient/year, P=0.012) and any ICD antitachycardia therapy
(31.2% wvs. 18.3%, P=0.023; 2.5£12.0 vs. 0.9+5.0 per patient/
year, P=0.033) were observed (1able 2, Figures 1,2). A non-
significant decrease in the burden of appropriate ATP
(19.4% wvs. 10.8%, P=0.115; 1.6+9.0 vs. 0.4£2.2 per patient/
year, P=0.021) or defibrillation shocks (20.4% vs. 12.9%,
P=0.167; 0.8+3.5 vs. 0.5£2.9 per patient/year, P=0.235) were
also noted.

Echocardiographic outcomes

At one-year follow-up, PMVR was associated with a
significant reduction in the degree of MR (Figure 34) so
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that 79.1% of patients remained with a residual MR <2+.
Mean transmitral gradient at this point was 3.1+1.9 mmHg.
PMVR was also related with a significant reduction in
the prevalence of severe pulmonary hypertension (PH)

(P=0.027) and to a non-significant reverse LV remodeling
(Tiable 3).

Clinical outcomes

At one-year follow-up, a significant improvement in NYHA
functional class (P<0.001, Figure 3B) and a significant
reduction in NT-proBNP (P=0.010) and in the prevalence
of advance chronic kidney disease (CKD) (P=0.004) were
found.

Heart failure and antiarrbytbmic medical therapy

Patients were deemed to be at optimal GDOMT at the
time PMVR was performed: 89.3% were on beta-blockers,
86.2% were either on ACE inhibitors, angiotensin receptor
blockers (ARB) or angiotensin receptor-neprilysin inhibitor
(ARNI) and 74.2% were on mineralocorticoid receptor
antagonist. Documented changes in HF drugs are displayed
in Table 4. No significant differences were found in the
proportion of patients who received each class of HF drug
before and after PMVR. Up-titration, down-titration or
changes in drug class occurred more frequently within
blockers of the renin-angiotensin-aldosterone system.
About a third of patients were on amiodarone at the time of
MitraClip® procedure, with no significant changes during
the entire follow-up.

Discussion

This study addressed the impact of MitraClip® on the
incidence of VA among a multicenter cohort of patients
with advanced HFrEF, moderate to severe FMR and ID
who remained symptomatic despite GDOMT. The main
finding of our report was that PMVR was associated with
a significant decrease in overall VA and ICD therapies.
Furthermore, a significant reduction in MR, NTproBNP
and prevalence of severe PH and advanced CKD, as well as
a significant improvement in NYHA functional class were
noted at 12-month follow-up after MitraClip®. Some issues
should be highlighted regarding these results.

From a pathological perspective, MR prompts a volume
overload to left cardiac chambers leading to increased
myocardial stress and progressive LV remodeling (5) and
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Figure 1 Proportion of patients who presented ventricular arrhythmias and antitachycardia device therapies before and after MitraClip®.
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Figure 2 Incidence of ventricular arrhythmias and antitachycardia device therapies before and after percutaneous mitral valve repair. NSVT,
non-sustained ventricular tachycardia; SVT, sustained ventricular tachycardia; VT, ventricular tachycardia; VE, ventricular fibrillation; ATP,

antitachycardia pacing; ICD, implantable cardiac defibrillator.
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Figure 3 Changes in the degree of functional mitral regurgitation (A) and NYHA functional class (B) at 12-month follow-up after

percutaneous mitral valve repair.

Table 3 Echocardiographic and clinical changes at one-year follow-up (n=93)

Clinical or echocardiographic findings Before PMVR 12-month follow-up P value*
Mitral regurgitation (%) <0.001

1+ - 38.4

2+ - 40.7

3+ 15 11.6

4+ 85 9.3
Severe pulmonary hypertension (%) 25.8 14.0 0.027
Left ventricular ejection fraction (mL) 29.2+6.1 30.4+10.3 0.312
Left ventricular end-diastolic volume (mL) 231.8+90.0 220.8+100.4 0.142
Left ventricular end-systolic volume (mL) 165.6+70.7 156.8+83.7 0.153
NYHA functional class (%) <0.001

| - 23.3

Il 23.7 47.8

1l 65.6 25.6

\% 10.8 3.3
NTproBNP (pg/mL) 2,991 [1,676-5,400] 2,460 [1,453-4,368] 0.010
Chronic kidney disease with GFR <45 mL/min (%) 43.0 26.9 0.004

NYHA, New Your Heart Association; GFR, glomerular filtration rate.

fibrosis (15), both associated with the development of VA
(16,17). In fact, moderate to severe MR was independently
associated with the incidence VA in patients with dilated
cardiomyopathy (18). Theoretically, correcting MR may
break the vicious circle of FMR, volume overload, LV
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remodeling and more FMR, preventing further disease
progression and thus, reducing VA burden. In this regard,
left ventricular unloading has been previously associated
with a reduction in myocardial stress and arrhythmic
burden in a preclinical model (19).
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Table 4 Pharmacological treatment for heart failure and antiarrhythmic drugs at the time percutaneous mitral valve repair was performed and at

12-month follow-up (n=93)

Medical therapy Baseline 12-month Follow-up P value
Beta-blockers (%) 89.3 89 1.0
Decrease dose by >50% or discontinue (%) - 7.7
Increase dose by >100% or new drug class started (%) - 7.7
ACEI/ARBII/ARNI (%) 86.2 84.2 1.0
Decrease dose by >50% or discontinue (%) - 22
Increase dose by >100% or new drug class started (%) - 20.4
Mineralocorticoid receptor antagonists (%) 74.2 67.0 0.263
Decrease dose by >50% or discontinue (%) - 16.5
Increase dose by >100% or new drug class started (%) - 7.9
Amiodarone (%) 30.1 29.9 0.804

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor.

Previous studies, in accordance with our research,
reported an effective reduction in MR severity after
PMVR (8), which translated into a significant increase in
cardiac output and a significant reduction in LV filling
pressures and PH in invasive observational series of
advanced HFrEF (20). In parallel, in our series a significant
reduction in NTproBNP and in the prevalence of severe
PH were documented at 12-month follow-up. NTproBNP
is considered a major non-invasive marker of myocardial
stress and has been independently related with the risk of
VA (21). Similar reductions in brain natriuretic peptides in
patients with HFrEF and FMR have been reported before in
observational studies (18) and, more recently, in the COAPT
randomized controlled trial after PMVR. In a subanalysis
of this trial, MitraClip® was related to a significant
reduction in BNP at 6 and 12 months, while no significant
changes were observed in the conservative arm (22).

Disease progression facilitates the development
of arrhythmic triggers and substrate (23). Advanced
NYHA functional class and impaired renal function, as
markers of advanced HF, have been previously identified
as independent predictors of sudden cardiac death and
appropriate device therapies in patients with an ICD
(24,25). Parallelly to hemodynamic enhancement, clinical
improvement after MitraClip® has been consistently found
in patients with FMR (26), although conflicting results
were reported in recent randomized controlled trials
(RCT5) regarding the superiority of this therapy over stand-
alone medical treatment (8,27). Similarly, Wang er al. (28)
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published a statistically significant increase in GFR in
patients with advanced CKD associated to the reduction
in MR severity. As such, PMVR was related to a significant
improvement in symptoms and to a reduction in the
prevalence of advanced CKD at 12-month follow-up in our
series.

On the contrary, although LV volumes tended to be
lower at 12-month, no significant LV reverse remodeling
was found in our cohort. In a recent meta-analysis including
over 1,200 patients with FMR from 16 observational
reports, a significant, albeit modest, favorable LA and LV
remodeling was noted after PMVR (29). Nevertheless,
these results were not reproduced in recent RCTs (8,27). In
the COAPT study, despite reductions in brain natriuretic
peptides and favorable clinical outcomes, LV dimension
did increase and LVEF was reduced over time, with
less negative remodeling in the interventional group at
12-month follow-up (30).

VA burden is related to pump failure progression (23) and
increased rates of re-hospitalizations for HF and death (31).
Furthermore, VA and sudden cardiac death are a frequent
cause of mortality in patients with advanced HF (32)
and ICD shocks also impair their prognosis (33). Little
information is available regarding the impact of MitraClip®
in the occurrence of VA and defibrillation shocks. A
reduction in the incidence of VA and ICD therapies after
successful PMVR were found in a small cohort of patients
with HFrEF and FMR who had either a pacemaker, ICD
or CRT implanted (9). Similarly, Ledwoch et a/. (10)
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documented by 24-hour electrocardiographic monitoring
a reduction in ectopic ventricular activity, NSVT and SVT
at 6-month follow-up after PMVR. Whether these changes
have any impact on mortality, has not been evaluated.
To date, conflicting results of recently published RCTs
regarding the survival impact of MitraClip® implantation
over stand-alone medical treatment in patients with FMR
makes this question yet unsolved (34).

Pharmacological HF therapies have shown to
improve clinical outcomes in patients with HFrEF (35).
Furthermore, a positive impact on VA burden and in the
incidence of sudden cardiac death in this population has
also been reported for most HF drugs (23). In our study,
no major changes in the proportion of patients treated with
either beta-blockers, renin-angiotensin system inhibitors or
mineralocorticoid receptor antagonists were documented
before and at 1-year after PMVR. Nevertheless, mild to
moderate changes in dosing and type of drug administration
occurred within follow-up that could influence the VA
burden and even the clinical outcome of our patients.
Unfortunately, this relation could not be evaluated from the
data obtained in our study.

Limitations

"To the best of our knowledge this is the largest multicenter
registry to address VA and ICD therapies in patients with
HEFrEF, FMR and ID undergoing PMVR. Nevertheless,
our study has some limitations. First, the retrospective
design might have introduced selection bias, some
confounding variables associated to the incidence of VA
could be missed or inaccurate event adjudication. At this
regard, invasive and non-invasive dedicated antiarrhythmic
therapies were taken into consideration. Thus, patients
who underwent VT ablation or upgrade to CRT during
the observation period were excluded and concomitant
administration of amiodarone was evaluated before
PMVR and after the one year follow-up. On the contrary,
differences in device programming, changes in the dose
of antiarrhythmic drugs as a result of a documented VA,
metabolic disturbances and incidence of new ischemic
coronary events or revascularization procedures were not
addressed. Regarding arrhythmic events adjudication,
most patients were under device home monitoring which
facilitates accurate recordkeeping. Second, a multilevel
analysis was not performed to evaluated differences in
baseline characteristics in-between patients from different
participating centers. Third, patients who died before
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completing one year follow-up after PMVR were not
included in the analysis, which may have underestimated
the incidence of VA after MitraClip® since those might be
the sickest subgroup of patients. Four, no control group was
enrolled.

Conclusions

In conclusion, PMVR was related to a reduction in
arrhythmic burden and ICD therapies in our cohort. Given
the inherent limitations of this study, the results reported
should be interpreted with caution as hypothesis generating.
Further investigation should be performed to confirm
these findings and address their potential impact on clinical
outcomes.
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Figure S1 Study design flow chart. NYHA, New York Heart Association; HFMT, Heart Failure Medical Therapy; TTE, transthoracic

echocardiogram; PMVR, percutaneous mitral valve repair; VA, ventricular arrhythmias.
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