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Abstract

The interactions and hemodynamic impact of transcatheter percutaneous mitral valve repair (TMR) have not yet been
investigated in patients undergoing left ventricular assist device (LVAD) implantation, but hemodynamic adverse effects
are feared in the combination of TMR and LVAD for altered mitral valve flow. This study investigated the hemodynamic
interplay in combination of TMR and LVAD in 119 patients, and propensity score match analysis revealed no difference in
both perioperative mortality and 2-year follow-up survival (p=0.84). Nonetheless, postoperatively mean pulmonary arterial
pressure, pulmonary capillary wedge pressure, and cardiac index improved, and multivariable cox regression analysis at
2 years identified preoperative total bilirubin and temporary right ventricular mechanical circulatory support as independent
risk factors for all-cause mortality but not TMR. Prior TMR has no impact on mortality or cardiovascular complications in

patients with LVAD.
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TEE
MCS

Transesophageal echocardiography
Mechanical circulatory support

Clinical Relevance
What Is Known

MitraClip procedure and LVAD implantation are increas-
ingly performed to improve symptoms but also survival in
end-stage heart failure. Nevertheless, in this context, nothing
is known about the interplay of MitraClip and LVAD ther-
apy, and rumors proclaim that prior MitraClip may impair
LVAD inflow and decrease LVAD therapy effectiveness.

What Is New in This Study

This is the first study to analyze the impact of MitraClip in
patients with LVAD in a clinical, but also 2-year follow-up
setting, including invasive right heart catherization measure-
ments and mortality. Our findings are substantiated through
propensity score—-matched analysis in the largest cohort
investigated yet. We demonstrate safety of prior MitraClip
implantation in patients undergoing LVAD implantation,
and our results proclaim that MitraClip is not associated
with worse outcome when LVAD is implanted, and we
can show positive influence of LVAD regarding right heart
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hemodynamics encouraging colleagues to consider heart
transplantation in these patients.

What Is Next

Patients with prior MitraClip can unscrupulously undergo
LVAD implantation, but further trials will have to validate
significance of functional mitral regurgitation treatment
prior to LVAD implantation in end-stage heart failure.

Introduction

Functional severe mitral regurgitation (FMR) is frequently
observed in patients with advanced heart failure (HF). FMR
in HF patients is common, and it is not only associated with
increased HF symptoms, but also poor clinical outcome
[1-3]. Conventional mitral valve surgery often is a high-risk
procedure in HF patients with FMR, and transcatheter percu-
taneous edge-to-edge mitral valve repair (MitraClip system,
Abbott Vascular, Menlo Park, CA) (TMR) is considered an
alternative in symptomatic patients [2, 4]. A recently pub-
lished clinical trial showed that TMR in HF patients may
be superior to optimal medical therapy (OMT) regarding
survival and hospitalization frequency [4]. However, con-
flicting data are available, and retentions are expressed in HF
patients after TMR that require left ventricular assist device
(LVAD) implantation for HF progression [5]. It has been
hypothesized that TMR may restrict mitral valve mobility,
which could increase transvalvular gradients, and this could
interfere or even impair LVAD inflow and LVAD function
[6]. Despite this single-center and small patient cohort study,
only little is known about the interplay of TMR and subse-
quent LVAD implantation so far, and this relationship has
not yet been studied in detail. In addition to that, there is no
data available on complication and mortality rates in patients
treated with the combination of TMR and LVAD to date.
This study is the first trial to investigate pre-, peri-, and
postoperative hemodynamic parameters as well as clinical
outcomes in LVAD HF patients with and without TMR.

Methods
Study Design and Follow-up

Data was retrieved from our prospectively maintained
patient database, and this single-center study was approved
by our Institutional Ethics Committee of Ruhr-University
Bochum in Bad Oeynhausen, Germany. Informed consent
has been obtained between 2016 and 2020 from all end-stage
HF patients with severe functional mitral valve regurgita-
tion (FMR) in our hospital that additionally received LVAD

implantation with the HeartMate 3 (HM3) device (Abbott,
Abbott Park, IL, USA). This is an observational prospec-
tive study, and medical decision for either TMR or LVAD
implantation was made in the heart team independently from
study participation. We conducted an all-comer study; all
patients with TMR were enrolled; there were no study exclu-
sion criteria for elevated mitral valve gradient after TMR.
During HM3 implantation, no patient had TMR removal or
explantation.

Patients are divided into two groups: HF patients with
FMR and HM3 implantation without TMR (group 1) and
patients with HM3 and TMR (group 2). Patients with mitral
valve stenosis without TMR (mean mitral valve gradi-
ent>5 mmHg), surgical mitral valve repair, or mitral valve
replacement were excluded. Patients with mitral valve sur-
gery simultaneously during LVAD implantation were also
not considered. Follow-up data of clinical status, survival,
and cardiovascular events were collected, including trans-
plantation, death, stroke, arrhythmia requiring cardiover-
sion, and VAD-related complications, and follow-up is com-
pletely available in all study patients enrolled. The clinical
follow-up was closed after 2-year follow-up, and endpoints
of this study were predefined as all-cause death or heart
transplantation.

Left Ventricular Assist Device Implantation: Surgical
Procedure

All procedures were performed by experienced board-certi-
fied cardiovascular surgeons via median sternotomy or left
thoracotomy. Concomitant surgical procedures included aor-
tic valve replacement, tricuspid valve repair, ASD closure, or
resection of left atrial appendage. Cardio-pulmonary bypass
(CPB) was established in standard fashion through direct
cannulation of the ascending aorta and both caval veins or
the right atrium in the sternotomy approach or via left groin
vessels for left thoracotomy approach. Warm blood cardio-
plegia was applied into the aortic root, and cross-clamping
was used in cases with concomitant aortic valve replace-
ment. All other procedures were performed in beating-heart
technique.

In all patients, intraoperative transesophageal echocardi-
ography (TEE) was performed to ensure correct inflow can-
nulation position, and the cannula was placed in dumpling
position to allow unobstructed LVAD inflow. The outflow
cannula was anastomosed with an end-to-side running suture
to the ascending or descending aorta using side-clamping in
both sternotomy and left thoracotomy approach, respectively.

Temporary mechanical circulatory support (MCS) for
right heart failure was implemented by percutaneous can-
nulation of a femoral vein and anastomosis of an §-mm
vascular graft (Hemashield, Getinge Gothenburg, Sweden)
to the pulmonary trunk, both connected via heparin-coated
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standard tubing using CentriMag system (Abbott, Abbott
Park, IL) with or without oxygenator (Eurosets, Medolla,
Italy).

Interventional Transcatheter Valve Repair
Procedure: MitraClip Implantation

All TMR procedures were performed prior to LVAD implan-
tation. Only patients meeting accepted and established pub-
lished TMR criteria were eligible [2, 4]. The institutional
multidisciplinary heart team (including cardiologists, car-
diac surgeons, perfusionists, heart failure specialists, and
cardiothoracic anesthesia) reviewed all indications and
decided on every therapeutic approach individually based
on influencing factors, such as age, calculated surgical risk,
and cardiac and non-cardiac comorbidities, as well as mitral
valve anatomy assessed by TEE. All interventional TMR
procedures were performed by experienced interventional
cardiologists. Clips applied (arm length 9 mm) were utilized
according to established standard practice as recommended
by the manufacturer in shallow sedation, guided by TEE and
fluoroscopy. Residual mitral valve regurgitation had to be
below moderate in TEE grading, at a mean blood pressure
of > 60 mmHg, to be accepted as an effective procedure.
Additional clips were placed, or clips were repositioned until
this requirement was met in all patients.

Statistical Analysis

Results are expressed as mean + standard deviation (SD) or
as median+ 25th to 75th percentile interquartile range for
continuous variables and frequency and percentage for cat-
egorical variables. Univariable comparisons were performed
using Student’s paired or unpaired ¢ test for continuous nor-
mally distributed data. The Mann—Whitney U test was used
for comparisons of non-parametric continuous data and
Fisher’s exact test for categorical data. Survival and freedom
from all-cause death were derived using the Kaplan—-Meier
method, and comparisons were made using the log-rank test.
Patient characteristics of both the HM3 and TMR + HM3
group were further analyzed using propensity score match
(PS) analysis with adjustments for the 5 major characteristics
known to confound mortality in LVAD patients. Patients
of the HM3 group were matched in a one-on-one basis to
patients of the TMR +HM3 group through practice of pro-
pensity score calculations using the nearest-neighbor match
without replacement, within a matching tolerance (caliper)
of 0.20 and an absolute standardized difference of < 10%.
The rates of freedom from all-cause death in the matched
cohort were generated using the Kaplan—-Meier method, and
comparisons were made using the stratified log-rank test.
To estimate independent effects regarding all-cause death,
Cox proportional-hazards regression analysis (also stratified
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on matched pairs) was subsequently applied to the matched
population to identify independent predictors of mortality.
Candidate covariates were chosen based on current medical
knowledge. A p value of <0.05 was considered statistically
significant, and all reported p values are two-sided. All sta-
tistical analyses were performed using R.

Results

Baseline Patient Characteristics and Perioperative
Parameters

A total of 119 patients with FMR undergoing HeartMate
3 LVAD implantation were identified for inclusion in this
study during 2016 and 2020. All demographics and clinical
characteristics are summarized in Table 1. Study patients
were divided into two groups: patients without TMR (group
1,n=92) and patients with TMR (group 2, n=27) (Table 1).
Patients in group 2 were marginally older (p=0.050)
and had worse left ventricular ejection fraction (LVEEF,
p=0.035), while all other baseline characteristics revealed
no statistically significant differences and therefore allow
comparability of the two study groups (Table 1). Etiology of
HF was ischemic in n=47 patients (51%) and non-ischemic
in n=45 patients (49%) in group 1, as well as ischemic in
n=19 patients (70%) and non-ischemic in n =8 patients
(30%) in group 2 (p =0.084). At the time of LVAD implan-
tation, the mean distance from TMR was 26 months (3.5-26;
range, 0-85), and distribution of the Interagency Registry for
Mechanically Assisted Circulatory Support INTERMACS)
Profile levels were comparable in both groups (p =0.76). All
patients underwent coronary angiography prior to LVAD
implantation to assess coronary artery status, and only one
patient in group 1 required concomitant coronary artery
bypass graft surgery.

Propensity Score (PS) Matching Analysis Results

To minimize potential confounding effects of selection
bias and to decrease variability of both groups, we per-
formed propensity score (PS) matching for the two groups
FMR + HM3 and TMR + HM3 for clinical characteristics.
PS matching was executed for age, sex, body mass index, HF
etiology, and INTERMACS level, resulting in 27 matched
pairs in the two groups (Fig. 1).

Baseline Characteristics and Perioperative
Outcomes in Propensity Score (PS) Match Analysis

PS preoperative attributes revealed a higher number of ICD
implantation and history of stroke for group 2. Interest-
ingly, patients in group 2 had significantly lower pulmonary
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Table 1 Baseline characteristics, results of transthoracic echocardiography, and right heart catheterization of the full cohort and PS-matched
cohort; n (%) if not otherwise specified

Characteristics

Unmatched cohort

PS-matched cohort

HM III+FMR (n=92) HM III4+TMR (n=27) p value

HM III+FMR (n=27) HM III4+TMR (n=27) p value

Age, mean + SD (years)
Male gender

Body mass index,
mean + SD (kg/mz)

Arterial hypertension
Diabetes mellitus
COLD

PAD

Stroke

Heart failure etiology
Ischemic heart failure

Non-ischemic heart
failure

Previous CRT
Previous ICD

Number of MitraClips
implanted

INTERMACS

Level 1

Level 2

Level 3

Level 4

Laboratory parameters
Blood urea nitrogen
Creatinine

T-bilirubin
Echocardiography
LVEF mean + SD (%)
LVDd, mean +SD (mm)
LVDs, mean+ SD (mm)
RVDd, mean+ SD (mm)
LVEDYV, mean + SD (ml)
LVESYV, mean +SD (ml)
MR grade, mean+SD
TR grade, mean +SD

TAPSE, mean + SD (mm)
MVPG, mean + SD (mm)
Right heart catheterization

Systolic PAP, mean+SD
(mmHg)

Mean PAP, mean+SD
(mmHg)

Diastolic PAP, mean+ SD

(mmHg)
PCWP, mean+SD
(mmHg)

SVR, mean + SD (dynes/
sec/em™)

58+12
80 (87)
27+4.7

48 (52)
22 (24)
14 (15)
10(11)
13 (14)

47 (51)
45 (49)

29 (32)
69 (75)

2.5+0.93
14 (15)
36 (39)
28 (30)
14 (15)

67+41
1.5+0.78
1.8+2.3

22+6.1
70+10
64+9.9
45+9.7
281+125
205+89
2.5+0.52
1.8+0.76
17+5.5

S1+15

3610

28+9.0

27+9.2

1883 £722

63+9.1
23 (85)
27+4.3

18 (67)
8 (30)
311
4(15)
9(33)

19 (70)
8 (30)

17 (63)
27 (100)
1.8+0.64

2.5+0.94
3(11)

12 (44)

7 (26)
5(19)

7046
1.5+0.55
1.6+1.1

19+4.9
72+6.1
68+7.6
43+7.8
317+100
246+ 86
2.3+0.68
1.8+0.72
17+4.8
2.44+0.95

5013

34+8.0

26+6.2

25+8.2

1665+ 585

0.05
0.73
0.76

0.2
0.62
0.76
0.52
0.045

0.084
0.084

0.0062
0.0018

0.76

0.75
0.97
0.72

0.035
0.37
0.23
0.44
0.31
0.12
0.28
0.79
0.94

0.92

0.35

0.39

0.35

0.23

64+5.5
25 (93)
28+4.5

20 (74)
10 37)
5(19)
4(15)
2(3.7)

18 (67)
9(33)

10 37)
21 (78)

2.7+0.83
2(74)

9 (33)

12 (44)
4(15)

79+43
1.5+0.49
1.5+1.2

22+6.2
69+11
65+11
4610
267141
198 +107
2.3+047
1.9+0.75
18+5.6

59+13

41+9.1

31+8.2

31+£7.9

1764 £ 581

63+9.1
23 (85)
27+4.3

18 (67)
8 (30)
311
4(15)
9 (33)

19 (70)
8 (30)

17 (63)
27 (100)
1.8+0.64

2.5+0.94
3(11)
12 (44)
7 (26)
5(19)

7046
1.5+0.55
1.6+1.1

19+4.9
72+6.1
68+7.6
43+7.8
317+100
246+ 86
2.3+0.68
1.8+0.72
17+£4.8
2.44+0.95

5013

34+8.0

26+6.2

25+8.2

1665+ 585

0.72
1
0.41

0.77
0.77
0.7

1
0.039

0.1
0.023

0.54

0.48
0.7
0.82

0.054
0.18
0.4
0.41
0.27
0.18
0.82
0.56
0.84

0.037

0.0071

0.018

0.014

0.58
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Table 1 (continued)

Characteristics Unmatched cohort

PS-matched cohort

HM III+FMR (n=92) HM III+TMR (n=27) p value HM II+FMR (n=27) HM I+ TMR (n=27) p value

PVR, mean+SD (dynes/ 274 +191 237+138 04 303 +246 237+1 38 0.28
sec/em™)

CO, mean+SD (L/min)  3.3+2.2 35+1.1 0.7 3.2+0.95 35+1.1 0.34

CI, mean + SD (L/min/m?) 1.5+0.41 1.7+0.48 0.11 1.6+0.48 1.7+0.48 0.45

CVP, mean+SD (mmHg) 14+6.6 15+5.4 0.68 15+6.2 15+5.4 0.86

DPG, mean +SD (mmHg) 8.9+4.2 9.3+43.0 0.7 10+4.5 9.3+3.0 0.41

TPG, mean+SD (mmHg) 10+6.3 94+53 0.69 11+6.3 94+53 0.52

HM, HeartMate 3; TMR, transcatheter percutaneous mitral valve repair; COLD, chronic obstructive lung disease; PAD, peripheral artery disease;
CRT, cardiac resynchronization therapy; /CD, implanted cardioverter defibrillator; INTERMACS, Interagency Registry for Mechanically Assisted
Circulatory Support; LVEF, left ventricular ejection fraction; LVDd, left ventricular diastolic diameter; LVDs, left ventricular systolic diameter;
RVDd, right ventricular diastolic diameter; RVDs, right ventricular systolic diameter; LVEDV, left ventricular end-diastolic volume; LVESYV,
left ventricular end-systolic volume; MR, mitral valve regurgitation; TR, tricuspid valve regurgitation; TAPSE, tricuspid annular plane systolic
excursion; MVPG, mitral valve pressure gradient; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; SVR, systemic
vascular resistance; PVR, pulmonary vascular resistance; CO, cardiac output; CI, cardiac index; CVP, central venous pressure; DPG, diastolic
pressure gradient; 7PG, transpulmonary pressure gradient.

Fig. 1 Graphical abstract: study
flow diagram Total aumber of patients referred for LVAD (HM III) implantation

n=202

|
| |

FMR grade 0-1 or IV FMR grade II-111
n=83 n=119

|

Prior MC implantation
n=27

HM III implantation
n=92

HM Il implantation
n=27

Propensity Score
analysis

HM III-group
n=27

MC+HM III-group

n=27

artery pressure (PAP) and precapillary wedge pressure
(PCWP) in comparison to group 1 (Table 1).

All intraoperative characteristics are summarized in
Table 2. All LVAD implantations, but one group 2 patient,
were performed via median sternotomy. Concomitant surgi-
cal procedures were uniformly performed in both groups,
however with an expectedly higher rate of atrial septal defect
closures in group 2 because of TMR (p <0.001). Temporary
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mechanical circulatory support (MCS) for perioperative
right heart failure was required in n=8 patients (30%) in
group 1 and in n=7 patients (26%) in group 2 (p >0.05).
The 30-day mortality rate was n=1 patient (3.7%) in group
1 and n=2 patients (7.4%) in group 2, respectively, and all
these patients needed temporary MCS for perioperative right
heart failure. Causes of death were septic shock and multi-
organ failure.
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Table 2 ?r chdur al Perioperative outcomes in PS-matched cohort (n =27)
characteristics of PS-matched
cohort; n (%) if not otherwise HM3+FMR (n=27) HM3+TMR (n=27) p value
specified
Time frame between TMR - 26 months (3.5-26; range, 0-85) -
implantation and LVAD implan-
tation
Surgical access
Median sternotomy 27 (100) 26 (96) 1
Lateral thoracotomy 00 14) 1
Additional surgical procedure during LVAD implantation
Atrial septum defect closure 2(74) 16 (59) <0.001
Aortic valve replacement 2(7.4) 4 (15) 0.67
Tricuspid valve repair 3(11) 9 (33) 0.099
Ascending aorta replacement 0(0) 14) 1
Left atrial appendage closure 0(0) 4 (15) 0.11
Perioperative outcomes
CentriMag implantation 8 (30) 7 (26) 1
Mortality within 30 days 1 (4, sepsis) 2 (7.4, MOF) 1

HM, HeartMate 3; TMR, transcatheter percutaneous mitral

device; MOF, multiple organ failure.
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Number at risk
HM3 92 72 59 47 35
HM3+MC 27 16 14 10 7

Fig.2 Kaplan—Meier survival analysis

Freedom from all caue death

0.8

06

04

02

0.0

HMII

valve repair; LVAD, left ventricular assist

T
0

Number at risk
27

HMIlI+MC 27

20
17

10 15 20
Month

16 13 1"

15 12 9

Invasive Hemodynamics After LVAD Implantation

In PS-matched analysis, pulmonary artery pressure (PAP)
and pulmonary capillary wedge pressure (PCWP) signifi-
cantly declined in both groups in comparison to preopera-
tive measures (Tables 1 and 2). LVAD implantation was
associated with a significant increase of cardiac index (CI)
(Tables 1 and 2), and invasive hemodynamic parameters
were not statistically significantly different between the
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Fig.3 Comparison of invasive hemodynamic measures before, after
LVAD implantation (right heart catheter), and at follow-up. There
was no statistical difference at each time (preoperative, postoperative,

two groups at the time of discharge (Fig. 2). After a mean
follow-up of 15 months, invasive PAP and PCWP were in
normal range in most patients (Table 4), while transpul-
monary pressure gradients were lower in TMR patients,
which was not statistically significantly different between
the two groups (Fig. 3). This aspect is of particular impor-
tance in the context of heart transplantation.

Mid-term Survival and Predictors of All-Cause
Mortality After 2 Years of Follow-up

Two-year survival after LVAD implantation was 83.5%
(95%CI 73.6-90%) in group 1 and 80% (95%Cl 52.4-92.6%)
in group 2, respectively (p=0.87). No baseline characteristic
reached statistical significance regarding survival prediction
between the two groups during the 2-year follow-up (Fig. 2).
Similarly, in the PS-matched cohort, 2-year survival after
LVAD implantation was 81.1% (95%CI 60.4-91.7%) in
group 1 and 80% (95%CI 52.4-92.6%) in group 2 (p=0.84),
while patients that had received heart transplantation were
censored in the follow-up analysis (Table 3).

Severe adverse events in group 1 consisted of one patient
suffering from therapy refractory right heart failure, another

@ Springer

and follow-up) between HM3 and HM3 +MC group. HM3, Heart-
Mate 3; MC, MitraClip

patient had gastrointestinal (GI) bleeding, and one patient
developed LVAD pump infection. All three group 1 patients
received urgent heart transplantation at 2, 3, and 22 months
after LVAD implantation. In group 2, one patient devel-
oped progressive right heart failure and one suffered from
substantial GI bleeding, and these two group 2 patients
received urgent heart transplantation at 1.5 and 13 months
after LVAD implantation.

During follow-up, no MitraClip-associated complica-
tion was observed, except for relative mitral valve stenosis
with a peak transvalvular pressure gradient of 7.5 mmHg
in one patient without clinical correspondence. Multivari-
able Cox regression analysis after 2 years in the unmatched
cohort identified postoperative temporary MCS for periop-
erative right heart failure to represent an independent risk
factor for mortality (HR 4.6; 95%CI 1.8-11.7, p=0.0013).
In PS-matched analysis, only preoperative total bilirubin
level remained as an independent risk factor for mortality
(HR 1.8; 95%CI 1.2-2.7, p=0.0051) (Table 4). MitraClip
application was not associated with an increased risk in any
aspect in this LVAD study population.
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Table'g? Cox regression model Hazard ratio 95%CI p value Hazard ratio 95%CI p value
analysis at 2-year follow-up TMR group FMR group

Complete cohort

Total bilirubin 1.07 0.88-1.30 0.48

CentriMag use 4.55 1.78-11.64  0.0015 4.61 1.81-11.70  0.0013

MitraClip use 1.36 0.44-4.20 0.59

Matched cohort

Total bilirubin 1.53 0.95-2.46 0.07763 1.79 1.19-2.69 0.0051

CentriMag use 2.49 0.52-12.02  0.25

MitraClip use 1.06 0.28-4.10 0.93

Discussion

This is the first study to investigate hemodynamics and
safety for the combined use of the two increasingly utilized
HF treatments, transcatheter mitral valve repair (TMR), and
left ventricular assist device (LVAD) implantation. No study
has analyzed the interplay or reciprocal interference of the
two therapies yet, and our study further includes invasive
pre-, peri-, and post-surgical hemodynamics as well as a
2-year follow-up mortality analysis. In addition, this study
evaluated TMR impact on perioperative complications dur-
ing LVAD implantation and investigated all interactions dur-
ing the 2-year follow-up.

We found no statistically significant interplay of TMR
in patients undergoing LVAD implantation. TMR had no
adverse or downside effect in our study, not even through
propensity score match analysis. Nevertheless, TMR
appeared to have beneficial purposes with reduced pulmo-
nary artery pressures and lower pulmonary capillary wedge
pressures in the TMR study group.

Mortality after LVAD implantation is comparable in
patients with and without TMR. TMR and untreated func-
tional severe mitral valve regurgitation were both predictors
of mortality. Only periprocedural right ventricular mechani-
cal support and preoperative bilirubin remained as independ-
ent predictors of mortality in this trial.

In line with current literature on durable MCS, our cur-
rent data indicates that right heart failure and the necessity
for temporary MCS trigger adverse outcome [7-9]. Many
efforts have been made to identify predictors for peri- and
postoperative right heart failure [7-9], but it remains an
open question because no parameter has been identified to
improve outcome in LVAD right heart failure so far and
cardiac index decline during follow-up in our study popula-
tion may particularly represent right heart failure [10, 11].
No predictor for right heart failure is available in LVAD
patients, neither for worsening of preexisting right heart
failure, not for postprocedural right heart failure develop-
ment [12].

Inclusion of additional HF comorbidities is essential
in the context of mortality, and liver dysfunction has been
acknowledged as a clear risk factor for outcome before [13],
and our study results are unconflicted with the current litera-
ture by showing preoperative bilirubin as a robust independ-
ent predictor of mortality after LVAD implantation.

For the lively discussion whether patients with end-stage
HF would benefit from TMR in conjunction with the neces-
sity of LVAD implantation, our study now demonstrates not
only endured TMR efficacy and safety for the combination
of TMR and LVAD with no relevant complications in this
setting during a 2-year follow-up period, but we can also
show potential benefit for combining TMR and LVAD,
because our study group of TMR and LVAD had reduced
pulmonary artery pressures and lower pulmonary capillary
wedge pressures, which is of importance when it comes to
heart transplantation [14]. Combining TMR and LVAD may
therefore allow heart transplantation in patients that other-
wise have a contraindication for increased pulmonary artery
and pulmonary capillary wedge pressures. One could there-
fore argue that TMR may be an option to bridge end-stage
HF patients with FMR to heart transplantation, because the
development of excessive secondary pulmonary hyperten-
sion and pulmonary vascular resistance are contraindica-
tions for heart transplantation [15]. Moreover, perioperative
pulmonary hypertension has also been suggested to trigger
postoperative right heart failure in LVAD [14].

Hereafter, our study does not confirm previous findings
indicating that TMR would negatively interfere with LVAD
performance [6, 16]. In our study trans-mitral valve pres-
sure gradients after TMR did not exceed 4 mmHg under
LVAD, even when 3 clips were implanted, and only one
patient revealed a trans-mitral valve gradient of 7.5 mmHg,
which was clinically inert on LVAD.

Nevertheless, our study design does not allow to draw
conclusions whether TMR could accelerate HF progres-
sion in LVAD as suggested before [6], questions that clearly
require future prospective investigation. This aspect is under
intense discussion currently, because it remains to be elu-
cidated whether the reduction of right ventricular afterload
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Table 4 Comparison of preoperative, postoperative, and follow-up values of right heart catheterization of the full cohort and PS-matched cohort. HM3, HeartMate 3; FMR, functional mitral
regurgitation; TMR, transcatheter percutaneous mitral valve repair; CI, cardiac index; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; 7PG, transpulmonary pres-

sure gradient.

*p value; preoperative vs. follow-up

HM3+TMR

(n=06)

HM3+TMR

HM3+FMR

(n=9)

HM3

*p value

Follow-up

20) p value

Postoperative (n

21)

*p value Preoperative (n

Follow-up

p value

Postoperative
(n=22)

=24)

Preoperative (n

0.44

2.0+0.32
21+8.1

<0.001
0.037

2.6+0.31
30+£8.2

1.740.48
34+8.0

0.0084

+6.0

2.1+£0.41

<0.001
0.0016
0.0035
0.44

2.6+0.34
27+9.2

41+9.1

1.6+0.48
31+

CI, mean + SD (L/min/m?)

0.048

<0.001
0.0015
0.711

23

Mean PAP, mean + SD (mmHg)
PCWP, mean +SD (mmHg)

TPG,

0.018
0.93

11+8.4

<0.001
0.059

+5.8
15+73

25+8.2
94+53

13+£7.4
10+4.3

14+7.4

7.9

11+6.3

10+3.9

16+7.1

(mmHg)

mean + SD

based on scaled mitral valve regurgitation through clip appli-
cation is of help or whether simply the intra-atrial shunt
through iatrogenic atrial septal defect after TMR facilitates
beneficial effect [17]. In fact, controlled atrial septostomy
may be considered as a palliation in the treatment of pulmo-
nary hypertension [17].

Our study results add to the present controversial dis-
cussion on whether severe functional mitral regurgitation
requires treatment in patients eligible for LVAD implanta-
tion [18]. We cannot demonstrate benefit of TMR in the
context of outcome after LVAD implantation, but most of
our study patients are classified emergency corresponding
as INTERMACS level 1 or 2.

Interestingly, survival after LVAD implantation is bet-
ter in our trial (81.4%) than reported in the COAPT trial
after TMR (71.8%) [4], but the combination has hardly been
studied.

A small case series of Ammirati et al. describes six
patients with TMR undergoing LVAD implantation, and
two patients in that study underwent subsequent heart
transplantation [19]. Three patients died 3 months after
implantation for right heart failure, one patient died after
13 months because of major stroke, and one patient died
after 3 years because of sepsis [19]. With only one patient
alive in this report, it is impossible to draw any conclusion
[19]. Our study reveals a 2-year survival above 80% both
in the TMR +HM3 and the FMR + HM3 group. Although
tear, degeneration, and increased infection rates of the mitral
valve are known to be TMR associated complications [20],
there was no such complication observed during follow-up
in our study population.

When not only regarding mortality in this exquisitely vul-
nerable end-stage HF patient population, we identified right
heart failure with indication of temporary right ventricu-
lar mechanical support, as well as perioperative bilirubin
to predict outcome, but not TMR, clearly representing the
complexity of accompanied comorbidities in these patients
[21-23].

Therefore, more investigations are needed to elucidate
optimized treatment strategies for both end-stage heart fail-
ure and functional mitral valve regurgitation, with taking
notice of important accompanying comorbidities in this
growing and scarcely studied patient population.

Study Limitations

This is a single-center observational study with a limited
number of patients. Due to the design of our study, it may
miss confounding factors that could potentially have influ-
enced our results. Thus, conclusions from our study should
be interpreted with caution until confirmed by large prospec-
tive and randomized clinical trials.
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Conclusion

In patients with TMR, HeartMate 3 LVAD implantation was
safe and not affecting LVAD function as well as adverse
events such as mortality in a 2-year follow-up, while TMR
significantly improved right heart hemodynamics. Tempo-
rary right ventricular mechanical support is a predictor of
mortality, while in propensity score match analysis, preop-
erative bilirubin is the only remaining predictor of mortality
in this patient population.
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