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ment strategy with MitraClip therapy might complicate future heart failure management in patients who are also
considered for CF-LVAD.

Methods: We retrospectively identified 6 patients (median age of 62 years; 2 women) who had been treated with
MitraClip, that were eventually implanted with a CF-LVAD (all Heartware HVAD) in 3 hospitals between 2013
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MitraClip Results: Patients were treated in 4 cases with 2 clips, and in 2 cases with 1 clip. Median time from MitraClip im-

plantation to CF-LVAD implant was 282 days (interquartile range 67 to 493), and median time on CF-LVAD sup-
port was 401 days (interquartile range 105 to 492 days). Two patients underwent a heart transplant, 3 patients
died on support, and 1 is alive on support. In all cases, there was a reduction of functional mitral regurgitation
without MitraClip-related complications.

Conclusions: Based on this small case series, implantation of a CF-LVAD appears safe in patients with a previously
positioned MitraClip system, at least, with 1 or 2 clips in place, with no need for additional mitral valve surgery.
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1. Introduction

Functional mitral regurgitation (FMR) resulting from functional dis-
ruption in the force balance between tethering and closing forces is a
common finding in patients with advanced heart failure (HF) and is as-
sociated with poor outcome [1]. The MitraClip system, a transcatheter
therapy which permanently opposes the anterior and posterior mitral
leaflets, is increasingly used in patients with advanced HF and FMR
[2]. Even if successful MitraClip treatment can improve symptoms of
HF in patients with FMR [3,4], the underlying cardiomyopathy can prog-
ress to refractory HF requiring continuous-flow left ventricular assist
device (CF-LVAD) or heart transplant (HTx). In some cases, the
MitraClip system is used as an alternative treatment in patients that
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are already eligible for CF-LVAD to prevent or postpone surgery [5]. Ef-
ficacy of percutaneous FMR is still a matter of debate, based on contrast-
ing results of recent clinical trials [5-7]. Furthermore, too much
reduction in mitral valve area after MitraClip therapy could be of con-
cern as a potential cause of iatrogenic stenosis. latrogenic mitral stenosis
could lead to restricting the blood flow into the left ventricle (LV), and
decreasing the ability of the CF-LVAD to reduce pulmonary pressures.

At present, no data regarding the safety of CF-LVAD implantation in
patients with previous MitraClip have been reported. Thus, it remains
unknown whether an initial treatment strategy with MitraClip therapy
might complicate future HF management in patients who are also con-
sidered for CF-LVAD and HTx.

2. Methods
2.1. Study population
We retrospectively identified 6 patients (2 women) who had been treated with

MitraClip, that were eventually implanted with a CF-LVAD (all Heartware HVAD) in 2
European hospitals (Niguarda hospital in Milan, Italy and Antwerp University Hospital
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in Edegem, Belgium) and 1 US hospital (University of California San Diego, San Diego, Cal-
ifornia, US) between 2013 and 2018. All patients had FMR at the time of transcatheter
mitral-valve repair. Retrospective data were collected in accordance with the local Institu-
tional Review Board.

2.2. Echocardiography

Left ventricular ejection fraction (LVEF) and LV volumes were calculated by the
Simpson's biplane method. Valvular regurgitation severity was assessed by the integrative
approach as recommended [8]. The mitral valve orifice area was measured by planimetry
at the level of the mitral valve tips on a short axis view. The mean mitral gradient was ob-
tained by continuous wave Doppler at the tips of the mitral valve leaflets with optimal
alignment of the echo beam and the diastolic transmitral flow.

2.3. Statistical analysis

Continuous variables were reported as median and quartile (Q) 1 through Q3. Survival
curve was generated according to the Kaplan-Meier method. Software package used was
GraphPad Prism (version 6).

3. Results

Patients (3 with dilated cardiomyopathy and 3 with ischemic
cardiomyopathy) were treated in 4 cases with 2 clips, and in 2
cases with 1 clip. At LVAD implantation, median age was 62 years
(Q1-Q3: 52 to 65 years), median LVEF was 22% (Q1-Q3: 20 to
23%), and right ventricular (RV) function was preserved or mildly
reduced in 5 cases and moderately reduced in 1 case. Median LV
end-diastolic diameter (EDD) was 77.5 mm (62.0-84.0 mm) and
end-diastolic volume was 286 mL (Q1-Q3: 241-356 mL). All cases
had no, or mild aortic regurgitation and tricuspid regurgitation
was mild to moderate. Median mitral gradient was 4.0 mm Hg
(Q1-Q3: 2.8-4.3 mm Hg), median valve area was 3.2 cm? (Q1-Q3:
2.9-4.0 cm?; data available from 5 patients), and residual or recur-
rent moderate mitral regurgitation was present in all cases. Median
time from MitraClip implantation to CF-LVAD implant was 282 days
(interquartile range 67 to 493 days). In 3 cases the surgeon closed
the residual atrial septal defect. Median time on CF-LVAD support
was 401 days (interquartile range 105 to 492 days). Two patients
underwent HTXx, 3 patients died on support (1 due to RV failure, 1
due to sepsis, and the other 1 due to intracranial bleeding) and one
is alive on LVAD support (Fig. 1 and Supplemental Fig. 1). No compli-
cations related to the MitraClip system were observed. In all cases
there was a reduction of FMR severity from moderate to mild mitral
regurgitation after CF-LVAD implantation. No clip displacement oc-
curred, although pre-existing partial detachment of one element
from the mitral leaflets had been described in 2 patients (in both
cases 2 clips were in place) before CF-LVAD implantation. Fig. 2A
shows chest X-ray of a patient supported by a CF-LVAD with 2 clips
attached to the mitral leaflets. Fig. 2B and Online Videos 1-2 show
transesophageal echocardiogram images of a patient treated with
1 clip.

4. Discussion

Based on this small case series, implantation of a CF-LVAD ap-
pears safe in patients with previously positioned MitraClip system,
with no need for additional mitral valve surgery. Thus, the presence
of MitraClip does not appear to represent a contraindication or a risk
factor for CF-LVAD implantation, at least in the absence of a signifi-
cant reduction of the mitral valve area as in our experience, where
no >2 clips were in place. It must be noted that 2 patients were
treated with only 1 clip, and 2 out of 4 patients treated with 2 clips
had a partial detachment of one clip, potentially explaining the
larger mitral valve orifice area (median of 3.2 cm?) compared with
a previous report (1.9 to 2.8 cm?) [9]. In the present case series,
LVAD implantation was performed for advanced HF due to the un-
derlying cardiomyopathy, while FMR was at most moderate after
successful MitraClip therapy in all cases. Mitral valve replacement
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Fig. 1. Overall survival of patients with MitraClip system and centrifugal left ventricular
assist device (CF-LVAD). Overall survival of patients who initially underwent a
percutaneous mitral repair with MitraClip system and later were implanted with a CF-
LVAD without replacing the mitral valve. Cases 1, 2 and 6 received a CF-LVAD with a
bridge to transplant indication; case 3 as destination therapy and cases 4 and 5 as bridge
to candidacy. HTx indicates heart transplant; RV, right ventricular.

is rarely performed in patients who undergo CF-LVAD implantation.
In fact, among 4667 CF-LVAD patients with significant mitral regur-
gitation reported in the Interagency Registry for Mechanically
Assisted Circulatory Support, only 11 patients underwent mitral
valve replacement [10]. Patients who underwent combined surgery
with mitral valve replacement had a poorer outcome compared
with those who did not undergo concurrent mitral valve surgery or
those who underwent concurrent mitral valve repair [10]. It must
be emphasized that the need for mitral valve replacement cannot
be excluded in patients with moderate to severe stenosis after
MitraClip therapy (for instance patients with 3 clips, not observed
in this series).

The recently published COAPT trial showed that patients with
advanced HF and significant FMR can benefit from transcatheter
mitral-valve repair resulting in a lower all-cause mortality at
2 years of follow up [5]. In that study, a total of 3 out of 298 patients
treated with MitraClip (1.2%) received a LVAD implant during fol-
low up. Nevertheless, no additional data regarding feasibility/
safety have been reported [5]. Based on this trial, in the next future,
it is expected that a larger number of patients with progression of
HF symptoms will undergo CF-LVAD implant despite previous
MitraClip therapy. On the other hand, in patients with end-stage
dilated HF it remains unclear whether MitraClip has any value as
a bridge to HTx or VAD. Of note, the COAPT trial did not include pa-
tients with LVEDD > 70 mm [5], in contrast to the MITRA-FR trial
that did not show outcome benefit [6].

Finally, the safety of MitraClip system in patients supported by a CF-
LVAD, is further documented by a recent report of a patient on CF-LVAD
(Thoratec Heart Mate II) who developed severe FMR, and who was suc-
cessfully treated with MitraClip [11].

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.02.039.
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Fig. 2. Representative diagnostic images of patients who received a centrifugal left ventricular assist device (CF-LVAD) who previously received a MitraClip system. A. Chest X-ray
projections of a patient supported on CF-LVAD treated with 2 clips. B. Transesophageal echocardiogram shows one clip at the level of the mitral valve and the inflow cannula of a CF-
LVAD. LVOT indicates left ventricular outflow tract.
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