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Background: Functional mitral valve regurgitation is a frequent consequence of left ventricular
dysfunction in patients with severe heart failure and is associated with a poor prognosis. It is hypothesized
that in this patient group the mitral valve repair, respectively replacement, improves hemodynamics and
clinical symptoms. As operative interventions with the help of heart-lung-machine are high risk procedures
in these cases, the transcatheter mitral repair with MitraClip® (Abbott Vascular, TL, USA) has recently
become frequently used. Most of these cases experience a progress in left ventricular dysfunction, which
finally leads to in an implantation of a left ventricular assist device. In this report, we describe a series of six
cases in which patients with end stage heart failure and consecutive functional mitral valve regurgitation were
supported with a left ventricular assist device after MitraClip implantation. We aimed to investigate, whether
the MitraClip implantation leads to an improvement of the hemodynamic prior left ventricular assist device
(LVAD)-implantation.

Methods: We retrospectively analyzed the data of 6 patients (5 males, 1 female) with severe heart failure,
who underwent LVAD implantation after the MitraClip procedure. The mean age at MitraClip procedure
was 64.6 years, mean age at time of LVAD implantation was 65.5 years. The parameters examined were
cardiac index (CI), left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD)
and the pulmonary capillary wedge pressure (PCWP).

Results: All patients had functional mitral regurgitation (MR). Severity of MR was reduced successfully in all
treated patients. All patients were discharged with MR I-IT and NYHA functional class IIT or IV after MitraClip
procedure. The mean CI was 2.93 before MitraClip procedure and 2.36 before LVAD-Implantation. Mean
LVEDD was 71 mm before MitraClip, mean LVEDD was 70.6 mm before LVAD, and 63.2mm after LVAD
implantation respectively. The mean PCWP was 21.5 mmHg before MitraClip and 19.8 mmHg before LVAD
implantation respectively. The mean left ventricular ejection fraction (LVEF) was 19.2% before MitraClip,
the mean LVEF was 17.6% before LVAD and 15 % after LVAD implantation. Two of the LVAD implanted
patients died due to post-operative complications. There were no complications after MitraClip procedure.
Conclusions: Our presented patient cohort presented little hemodynamic improvement after the
MitraClip procedure. There was no clinical benefit for the patients after MitraClip procedure, progressing

left ventricular dysfunction could not be prevented and resulted in subsequent LVAD implantation.
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Introduction

Functional mitral valve regurgitation is a frequent
consequence of left ventricular dysfunction in patients
with severe heart failure and is associated with a poor
prognosis (1). It is anticipated that in this patient group
the mitral valve repair, respectively replacement, improves
hemodynamics and clinical symptoms (2). As operative
interventions with the help of heart-lung-machine are high
risk procedures in these cases, the transcatheter mitral
repair with MitraClip® (Abbott Vascular, IL, USA) has
recently become frequently used. The MitraClip procedure
is safe with high procedural success rate and low procedural
mortality (3,4). Most of these cases lead to left ventricular
dysfunction, which finally ends in an implantation of a left
ventricular assist device, the fastest developing treatment
option in cardiac surgery (5-15).

In this report, we describe six cases in which patients with
end-stage heart failure and consecutive functional mitral
valve regurgitation were supported with a left ventricular
assist device after MitraClip implantation.

Methods

This case series includes 6 patients (5 males, 1 female). The
mean age at MitraClip procedure was 64.6 years, mean age
at time of LVAD implantation was 65.5 years. All patients
had functional mitral regurgitation (MR). The description
of each case is provided in this section.

Case 1

The first case was a 62-year-old male with dilated
cardiomyopathy and accompanying grade three to four MR.
At that time the ejection fraction (EF) was 10% (Simpson),
New York Heart Association (NYHA) classification was
grade four, left ventricular end-diastolic diameter (LVEDD)
was 64 mm and cardiac index (CI) was 2.5 L/min/m?. A
MitraClip device was successfully implanted in May 2014
which led to a reduction of the MR to grade one to two.
The EF increased to 20%, NYHA classification remained
unchanged, the LVEDD increased to 70 mm and the CI
decreased to 2.01 L/min/m?. In October 2015 he presented
with recurrent cardiac decompensations, NYHA IV
symptoms, pulmonary hypertension, moderately right heart
failure and INTERMACS 3 graduation. A centrifugal third
generation left ventricular assist device (LVAD) (HeartMate
3, Abbott) was implanted urgently in October 2015. Due to
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a previously implanted Paracor® HeartNet device (Paracor
Medical, Sunnyvale, CA, USA), the operation was a high-
risk procedure. Right heart failure occurred postoperatively
and required inotropic support and mechanical ventilation
for 21 days. Other postoperative complications included
atrial fibrillation, bleeding with the need of redo
thoracotomy and a septiformal hemodynamic situation
requiring vasoconstrictive medical support. Unfortunately,
the patient died on postoperative day 21 due to multi-organ
failure.

Case 2

A 70-year-old male with ischemic cardiomyopathy,
consecutive grade three MR and grade three tricuspid
regurgitation (TR) presented with NYHA grade four
symptoms and pulmonary hypertension. The EF at that
time was 25%, LVEDD 68 mm and CI 2.6 L/min/m?2. In
March 2010 a MitraClip implantation was successfully
performed. The MR was reduced to grade two as well as the
TR. The EF decreased to 15%, the LVEDD increases to
71 mm and the CI to 1.92 L/min/m?2. In October 2010 there
was a readmission with signs of NYHA III decompensation
and consisting grade two secondary MR. On October
12, 2010 an HVAD (Medtronic, Minnesota, MIN, USA)
centrifugal pump was implanted and supported the patient
for 41 days until the patient died because of a hypoxic brain
damage.

Case 3

A 70-year-old male was diagnosed with ischemic
cardiomyopathy presented with decompensated heart failure
NYHA class IV, MR grade three to four and TR grade two.
There was a mitral and tricuspidal regurgitation grade two.
At hospital admission the patient was at INTERMACS
grade 3. Echocardiographic assessment revealed an EF of
20% with a LVEDD of 60 mm. The CI was evaluated at
2.3 L/min/m?2. A MitraClip was implanted on July, 2013.
Within one year after the procedure MR decreased to
grade one to two and TR remain unchanged. The EF
decreased to 15%, LVEDD increased to 66 mm and CI
was evaluated with 1.94 L/min/m?. On July, 2014 the
patient was readmitted with NYHA grade four for LVAD
implantation. A HVAD (Medtronic, Minnesota, MN,
USA) centrifugal pump and a biological tricuspid valve
were successfully implanted.
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Table 1 Baseline characteristics of the patient cohort
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ID Sex Age (years) Cardiac diagnosis NYHA before LVAD INTERMACS before LVAD
1 M 62 DCM 4 4

2 M 70 ICM 3 3

3 M 70 ICM 4 3

4 M 65 ICM 4 3

5 M 61 DCM 4 4

6 F 60 DCM 4 4

M, male; F, female; LVAD, left ventricular assist device; DCM, dilatative cardiomyopathy; ICM, ischemic cardiomyopathy.

Case 4

A 65-year-old male with ischemic cardiomyopathy and
NYHA class III heart failure symptoms was diagnosed with
a MR II to III and an EF of 26%. The echocardiography
presented a LVEDD of 79 mm, CI was 2.89 L/min/m?2. A
MitraClip procedure was performed with no intraoperative
complications. After the procedure the MR decreased
to grade I. There has been no change in the value of
the EF after intervention. The LVEDD increased to
86 mm. After 20 months the patient exhibited heart failure
symptoms NYHA IV. The INTERMACS classification at
hospital readmission was stage 3. The MR was mild with
first degree. The echocardiography showed an EF of still
25% and an increased LVEDD of 86 mm. In a right heart
catheter the CI was 1.97 L/min/m? and the PCWP was
11 mmHg. An HVAD centrifugal left ventricular assist
device was implanted at this time. There were no
postoperative complications. After LVAD implantation the
heart failure symptoms decreased to NYHA 2.

Case 5

A 61-year old male was diagnosed with dilated
cardiomyopathy, secondary MR grade three and TR grade
two. At first hospital admission NYHA classification was
three, INTERMACS classification was stage four. The
EF was evaluated with 10%, LVEDD was 92 mm and CI
was 2.1 L/min/m?2. In July 2014 a MitraClip procedure
was performed. After five months the MR was reduced to
grade two and TR remained unchanged. The EF remained
nearly unchanged (13%). The LVEDD decreased to
73 mm and the CI increased to 2.5 L/min/m2. In December,
2014 the patient was readmitted in our hospital with
NYHA grade four symptoms and recurrent signs of cardiac
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decompensation. An LVAD implantation (HeartWare,
Medtronic) was successfully performed.

Case 6

A 60-year-old female exhibited dilated cardiomyopathy
and grade three MR as well as tricuspid regurgitation. At
first hospital admission the NYHA classification was grade
three. The EF was 24 %, LVEDD was 60 mm and CI was
2.98 L/min/m?. She underwent MitraClip procedure,
after which the MR (grade one) and the LVEDD
improved (55 mm). The EF decreased to 15%. The
TI did not change after MitraClip procedure. After
49 days NYHA classification changed to grade four with
recurrent symptoms of cardiac decompensation. An LVAD
(Medtronic) and tricuspid ring was successfully implanted.

Results

Six patients (5 males, 1 female) with a mean age of
64.6 years at MitraClip procedure, and mean age at
time of 65.5 years at LVAD implantation, were treated
as part of this study. All patients had functional MR and
demonstrated successfully reduced severity of MR after
treatment. All patients were discharged with MR I-II
and NYHA functional class III or IV after MitraClip-
procedure (Table 1).

The mean CI was 2.93 before MitraClip-procedure
and 2.36 before LVAD-Implantation. Mean LVEDD was
71 mm before MitraClip, mean LVEDD was 70.6 mm
before LVAD, and 63.2 mm after LVAD implantation
respectively. The mean PCWP was 21.5 mmHg before
MitraClip and 19.8 mmHg before LVAD implantation
respectively. The mean LVEF was 19.2% before MitraClip,
the mean LVEF was 17.6% before LVAD and 15% after
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Figure 1 LVEF before [1] and after [2] MitraClip procedure.
LVEEF left ventricular ejection fraction.
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Figure 2 Mitral regurgitation (MR) before [1] and after [2]
MitraClip procedure.
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Figure 3 LVEDD before [1] and after [2] MitraClip procedure.
LVEDD, left ventricular end-diastolic diameter.

LVAD implantation (Figures 1-6). Two of the LVAD
implanted patients died due to postoperative complications.
There were no complications after MitraClip procedure.
Furthermore there were no adverse events and complications
caused by the interventional approach regarding the
iatrogenic atrioseptal defect.

Discussion

Although the MitraClip procedure improves hemodynamic
parameters and therefore symptoms of patients with high
grade mitral regurgitation and is frequently used as the
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Figure 4 Tricuspid regurgitation (TR) before [1] and after [2]
MitraClip procedure.
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Figure 5 NYHA classification before [1] and after [2] MitraClip

procedure.
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Figure 6 Cardiac Index (CI) before [1] and after [2] MitraClip

procedure.

implantation can be easily done via transcatheter technique,
little is known of the outcome in patients with end-stage
heart failure (16-18). In the presented case series, we have
reported on six patients who underwent left ventricular
assist device implantation in our clinic after a MitraClip
procedure due to secondary mitral valve regurgitation.

As expected, there was a significant improvement of the
mitral regurgitation in all patients (Figure 2), which led to
an improvement of clinical symptoms (dyspnea, edema,
physical capacity). However, no other cardiac parameter
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improved as for example the EF or LVEDD. There was
even an overall worsening of tricuspidal regurgitation
(Figure 4), which could be due to the combination of the
left ventricular failure, which has adapted to the MR. An
improvement of the MR with the MitraClip procedure
could lead to a functional (or relative) stenosis with an
increased pressure load of the right ventricle with an
increase of the tricuspidal annulus.

The presented cases demonstrate that the percutaneous
interventional MitraClip procedure leads not to surgical-
technical problems regarding the subsequent implantation
of the LVAD.

The validity of the results in this case series is limited
by the selection of the patients. All the patients were heart
failure patients who were refractory to the percutaneous
mitral valve repair therapy.

Conclusions

Our presented patient cohort presented little hemodynamic
improvement of hemodynamic after the MitraClip
procedure. There was no clinical benefit for the patients
after MitraClip procedure, progressing left ventricular
dysfunction could not be prevented and resulted in
subsequent LVAD implantation.
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