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Abstract

Aim Data on associations of invasively determined hemodynamic parameters with procedural success and outcomes in
patients suffering from mitral regurgitation (MR) undergoing transcatheter edge-to-edge repair of the mitral valve (M-TEER)
is limited.

Methods and results We enrolled 239 patients with symptomatic MR of grade 2+, who received M-TEER. All patients
underwent extensive pre-interventional invasive hemodynamic measurements via right heart catheterization (mean pulmonary
arterial pressure (mPAP), systolic- (PAPsys) and diastolic pulmonary arterial pressure (PAPdia), pulmonary arterial wedge
pressure (PAWP), a-wave, v-wave, pulmonary vascular resistance (PVR), transpulmonary pressure gradient (TPG), cardiac
index (CI), stroke volume index (SVI)). mPAP and PAWP at baseline were neither associated with procedural success, imme-
diate reduction of MR, nor residual MR after 6 months of follow-up. The composite outcome (All-cause mortality (ACM)
and/or heart failure induced rehospitalization (HFH)) and HFH differed significantly after M-TEER when stratified according
to mPAP, PAWP, PAPdia, a-wave and v-wave. ACM was not associated with the afore mentioned parameters. Neither PVR,
TPG, CI nor SVI were associated with the composite outcome and HFH, respectively. In multivariable analyses, PAWP was
independently associated with the composite outcome and HFH. PVR and SVI were not associated with outcomes.
Conclusion PAWP at baseline was significantly and independently associated with HFH and might serve as a valuable
parameter for identifying patients at high risk for HFH after M-TEER. ACM and procedural success were not affected by
pulmonary arterial pressure before M-TEER. We suggest that the post-capillary component of PH serves as the driving force
behind the risk of HFH.
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Introduction
Jiirgen Schreieck and Dominik Rath these authors share last Transcatheter edge-to-edge repair of the mitral valve
authorship. (M-TEER) has emerged as a safe and less invasive therapeu-

tic alternative in patients with severe mitral regurgitation and
at high-risk for surgical mitral valve repair [1-4]. M-TEER
is an effective intervention for both primary and secondary
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venous congestion leads to fibrotic remodeling of the ves-
sels via vasoconstriction and vascular remodeling, resulting
in a further increase in resistance and pressure. Subsequent
right ventricular dilation and dysfunction leads to tricuspid
valve regurgitation. The resulting postcapillary PH is the
most common form of PH [6].

Post-capillary PH, which can be either isolated (IpcPH)
or combined with a significant pre-capillary compo-
nent (CpcPH), is defined by a mPAP >20 mmHg and a
PAWP > 15 mmHg. Pulmonary vascular resistance (PVR)
is used to distinguish between IpcPH (PVR <2 Wood
units (WU)) and CpcPH (PVR >2 WU). Pre-capillary PH
is defined by mPAP >20 mmHg, PAWP <15 mmHg and
PVR>2 WU [6].

Higher pulmonary arterial pressure (PAP) at baseline is
associated with higher long-term mortality when compared
to lower PAP in patients undergoing M-TEER [7-10]. How-
ever, most studies are based on systolic pulmonary artery
pressure (sPAP) obtained by echocardiography [8—10]. Data
on invasive hemodynamic measurements in patients who
suffered from MR and underwent M-TEER is limited, espe-
cially regarding the differentiation of pulmonary hyperten-
sion into pre-capillary PH, IpcPH and CpcPH, respectively.
Understanding the influence of PH on the outcomes of
M-TEER procedures is crucial for optimizing patient selec-
tion, procedural planning, and post-procedural care.

Here, we aimed to evaluate associations of invasively
determined PAP and its components (mean pulmonary arte-
rial pressure (mPAP), systolic pulmonary arterial pressure
(PAPsys), diastolic pulmonary arterial pressure (PAPdia),

pulmonary arterial wedge pressure (PAWP), a-wave, v-wave,
pulmonary vascular resistance (PVR), transpulmonary pres-
sure gradient (TPG), cardiac index (CI) and stroke volume
index (SVI)) with procedural success and clinical outcomes
in patients undergoing M-TEER.

Methods

Patient cohort This is a retrospective monocenter study.
We consecutively enrolled 239 patients with symptomatic,
higher grade mitral valve regurgitation (MR) that were
admitted to the Department of Cardiology and Angiol-
ogy of the University Hospital of Tiibingen, Germany, for
M-TEER between January 2010 and February 2016 [11]. All
echocardiographic parameters in this study were originally
assessed in the echocardiographic laboratory of the Univer-
sity Hospital of Tiibingen [12—14]. Patients suffered from
ischemic or nonischemic heart failure with a left ventricular
ejection fraction (LVEF, %) from 15 to 60%. Patients had
grade 2+ to grade 4 [1, 8, 15] primary and/or secondary MR
and remained symptomatic (New York Heart Association
[NYHA] functional class II, III, or IV) despite treatment
with stable maximal doses of guideline-directed medical
therapy and cardiac resynchronization therapy (if appro-
priate). All patients underwent right heart catheterization
prior to M-TEER. Patients were assessed by a heart team
that consisted of a heart-failure specialist, an interventional
cardiologist, a cardiothoracic surgeon with expertise in
mitral-valve disease and an anesthesiologist with experience

January 2010 - Feburary 2016

n = 257 patients
admitted to M-TEER'

——| 18 patients excluded due to lack of
hemodynamic parameters*™

n = 239 patients enrolled

mPAP2? (n=238), PAPsys® (n=237), PAPdia* (n=237), PAWP? (n=235), v-wave (n=235),
a-wave (n=230), PVR® (n=218), CI” (n=231) SVI® (n=231) and TPG?® (n=234)

measured before M-TEER

T Mitral valve transcatheter edge-to-edge repair /~
2Mean pulmonary arterial pressure

3 Systolic pulmonary arterial pressure

4 Diastolic pulmonary arterial pressure

S Pulmonary arterial wedge pressure

€ Pulmonary vascular resistance

Follow-up TTE™ after median of
6 months (n = 205)

=——=)| 33 patients with incomplete data

7 Cardiac index h
8 Stroke volume index H
9 Transpulmonary pressure gradient

*Hemodynamics externally determined and
thus not available to our analysis

360 days of clinical follow-up
(n =214)

25 patients lost to follow-up

Fig. 1 Flowchart of the study cohort
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Table2 Good procedural result (MR <grade 2) immediately after
M-TEER and at 6-months follow-up stratified according to quartiles
(Q) of hemodynamic parameters

MR < grade 2 after M-TEER (%)

mPAP Q1 mPAP Q2 mPAP Q3 mPAP Q4 p-value
49 (92.5%) 51(85.0%) 52(81.3%) 49 (80.3%) 0.274
PAPsys Q1 PAPsys Q2  PAPsys Q3  PAPsys Q4
51 (92.7%) 48 (88.9%) 51(75.0%) 50(84.7%) 0.038
PAPdia Q1 PAPdia Q2 PAPdiaQ3 PAPdia Q4
41 (87.2%) 57 (86.4%) 51 (81.0%) 52(852%) 0.783
PAWP Q1 PAWP Q2 PAWP Q3 PAWP Q4
51 (91.1%) 47 (82.5%) 53(82.8%) 48 (82.8%) 0.509
a-wave Q1 a-wave Q2 a-wave Q3 a-wave Q4
48 (88.9%) 46 (85.2%) 49 (84.5%) 51(81.0%) 0.699
v-wave Q1 v-wave Q2  v-wave Q3 v-wave Q4
51 (87.7%) 51(87.9%) 49 (81.7%) 49 (81.7%) 0.523
PVR Q1 PVR Q2 PVR Q3 PVR Q4
47 (87.0%) 47 (85.5%) 47(88.7%) 43(76.8%) 0.316
TPG Q1 TPG Q2 TPG Q3 TPG Q4
51 (87.9%) 48 (90.6%) 47 (79.7%) 53 (82.8%)  0.355
CIQl CIQ2 CIQ3 CI Q4
45 (80.4%) 60 (88.2%) 40(85.1%) 51(85.0%) 0.685
SVIQ1 SVIQ2 SVIQ3 SVI Q4
45 (81.8%) 49 (86.0%) 50(87.7%) 47 (82.5%) 0.794
MR < grade 2 after 6 months (%)
mPAP Q1 mPAP Q2 mPAP Q3 mPAP Q4 p-value
34 (72.3%) 32(60.4%) 36 (67.9%) 32(62.7%) 0.594
PAPsys Q1  PAPsys Q2 PAPsys Q3  PAPsys Q4
32 (68.1%) 35(72.9%) 33 (58.9%) 34 (65.4%) 0.499
PAPdia Q1 PAPdiaQ2 PAPdiaQ3 PAPdia Q4
26 (63.4%) 42(70.0%) 34 (63.0%) 32(65.3%) 0.857
PAWP Q1 PAWP Q2 PAWP Q3 PAWP Q4
35(71.4%) 35(67.3%) 30(60.0%) 33(63.5%) 0.659
a-wave QI a-wave Q2  a-wave Q3  a-wave Q4
31(67.4%) 34 (70.8%) 30(62.5%) 33(60.0%) 0.666
v-wave Q1 v-wave Q2  v-wave Q3  v-wave Q4
34 (68.0%) 33(67.3%) 31(62.0%) 36(66.7%) 0.920
PVR QI PVR Q2 PVR Q3 PVR Q4
33(70.2%) 31(66.0%) 34(66.7%) 27 (58.7%) 0.697
TPG Q1 TPG Q2 TPG Q3 TPG Q4
30 (58.8%) 32(66.7%) 36(70.6%) 35(67.3%) 0.639
CIQl1 CIQ2 CIQ3 CIQ4
27 (60.0%) 38 (65.5%) 31(72.1%) 36 (67.9%) 0.677
SVIQl SVIQ2 SVI Q3 SVI Q4
28 (62.2%) 35(71.4%) 36 (66.7%) 33 (64.7%) 0.808

CI, cardiac index; mPAP, mean pulmonary arterial pressure; MR,
mitral valve regurgitation; M-TEER, transcatheter edge-to-edge repair
of the mitral valve; PAPdia, diastolic pulmonary arterial pressure;
PAPsys, systolic pulmonary arterial pressure; PAWP, pulmonary arte-
rial wedge pressure; PVR, pulmonary vascular resistance; Q, quar-
tiles; SVI, stroke volume index; TPG, transpulmonary pressure gradi-
ent

@ Springer

software (GraphPad Software, Inc. USA) as previously
described [21]. Non-normally distributed data are presented
as median with interquartile range (IQR) or count and per-
centage as appropriate. Kruskal-Wallis-tests (H-tests) were
applied as appropriate to analyze differences between more
than two groups. Cox proportional hazard (PH) regression
analyses with forward variable selection were applied to
investigate associations between survival outcomes and
hemodynamic parameters, using clinical factors as covari-
ables. The time-dependent covariate method was used to
check the proportional hazard assumption of the model. Sur-
vival functions were estimated by Kaplan—Meier curves. The
log-rank test was applied to compare survival functions. All
statistical tests were two-tailed and statistical significance
level was defined as p <0.05.

Results
Baseline characteristics

The study flow chart is presented in Fig. 1. Baseline
characteristics of the complete clinical cohort stratified
according to mPAP quartiles are presented in Table 1. We
enrolled 239 patients affected by primary, secondary or
combined MR. Of note, in one patient, only PAWP was
available. Therefore, Table 1 shows 238 patients. The
median age was 78 years, 37.8% were women, 55.5% had
degenerative MR, and 85.7% had 3 + MR. Patients with
higher mPAP were younger and suffered more often from
mild aortic stenosis as well as cardiomyopathies and were
more likely to have cardiac resynchronization therapy
(CRT). Creatinine levels were higher; however, renal
replacement therapy was evenly distributed. Prevalence
of concomitant TR, which is related to mPAP and PVR,
did not differ significantly between patient groups.

Procedural success

The MitraClip® procedure was completed in all patients.
After M-TEER, MR was reduced to mild or less in 200
patients (83.7%), to moderate in 33 patients (13.8%) while
there was no relevant reduction of MR in 6 patients (2.5%).
After 6 months of follow-up, 134 patients had MR of mild
or less severity (65.4%), 61 patients had moderate MR
(29.8%) whereas 10 patients hat severe MR (4.9%). MR
grade IV at baseline was associated with higher mPAP
(3rd and 4th quartile) before M-TEER. Immediate reduc-
tion of MR and success of the procedure (MR < grade 2)
were not associated with hemodynamic parameters before
M-TEER (Table 2, Fig. 2).
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Fig.2 Good procedural result (MR <grade 2) immediately after
M-TEER and at 6-months follow-up stratified according to mPAP
and PAWP at baseline. A and C: MR<grade 2 (%) immediately
after M-TEER. B and D: MR <grade 2 (%) after 6 months of fol-
low-up. mPAP Q1<24, mPAP Q2>24<30, mPAP Q3>30<37,

Outcomes

All-cause mortality did not differ significantly after the
MitraClip® procedure stratified according to hemodynamic
parameters before M-TEER. The composite outcome and
HFH were, however, significantly associated with mPAP,
PAWP, PAPdia, a-wave and v-wave, respectively. Of note,
neither PVR, TPG, CI nor SVI were associated with the
composite outcome, ACM and HFH, respectively (Table 3
and Figs. 3 and 4). Range of hemodynamic parameters in
quartiles 14 is presented in Table 3. While the incidence of
HFH was higher in the 3rd and 4th mPAP quartile at baseline
when compared to the 1st and 2nd quartile, PAWP showed
a linear trend towards higher pressure being associated with
HFH. In multivariable analyses, PAWP at baseline remained
independently associated with the composite outcome and
HFH after adjustment for covariates (Table 4).

Classification of PH

205 patients suffered from pulmonary hypertension (85.8%).
Out of these patients, 59 (28.8%) suffered from pre-capillary
PH, 53 (25.9%) from IpcPH and 91 (44.4%) from CpcPH.
Within these subgroups, 2 patients without PH (6.7%), 8
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mPAP Q4>37 mmHg. PAWP Ql<12, PAWP Q2>12<18,
PAWP Q3>18<25, PAWP Q4>25 mmHg. Abbreviations: mPAP,
mean pulmonary arterial pressure; MR, mitral valve regurgita-
tion; M-TEER, transcatheter edge-to-edge repair of the mitral valve;
PAWP, pulmonary arterial wedge pressure; Q, quartile.

patients with pre-capillary PH (15.7%), 13 patients with
IpcPH (26.5%) and 26 patients with combined CpcPH
(31.0%) were hospitalized due to heart failure. Of note, nei-
ther PVR nor TPG were associated with outcomes whereas
parameters suggestive of left heart disease such as v-wave
and PAWP were. Hence, we suggest that the post-capillary
component of pulmonary hypertension serves as the driv-
ing force behind the risk of recurrent hospitalization due to
heart failure.

A limitation of the current study is incomplete data on
PVR. Hence, we provide data on patients with PVR avail-
able in the supplementary material.

Discussion

The current study revealed that (1) pulmonary arterial pres-
sure before M-TEER was neither associated with procedural
success nor reduction of mitral regurgitation after M-TEER.
(2) Pulmonary arterial wedge pressure at baseline was sig-
nificantly and independently associated with the composite
outcome and heart failure induced rehospitalization after
M-TEER. (3) Pulmonary arterial pressure was not associ-
ated with all-cause mortality.
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Table 3 Number of events, patients at risk and incidence rate/100 person years for the composite outcome, ACM and HFH stratified according

to quartiles of hemodynamic parameters

Event mPAP 1st quartile mPAP 2nd quartile mPAP 3rd quartile mPAP 4th quartile Log rank p

Composite outcome 10/46/21.7 14/53/26.4 23/56/41.1 26/59/44.1 0.040

ACM 7/46/15.2 12/52/23.1 12/56/21.4 12/54/22.2 0.802

Hospitalization due to heart failure 5/46/10.9 6/53/11.3 17/56/30.4 21/58/36.2 0.002
PAPsys 1st quartile PAPsys 2nd quartile PAPsys 3rd quartile PAPsys 4th quartile

Composite outcome 15/48/31.3 9/47/19.1 25/59/42.4 23/57/40.4 0.066

ACM 13/48/27.1 4/46/8.7 14/58/24.1 11/54/20.4 0.261

Hospitalization due to heart failure 6/48/12.5 5/47/10.6 18/59/30.5 20/57/35.1 0.006
PAPdia Ist quartile PAPdia 2nd quartile PAPdia 3rd quartile PAPdia 4th quartile

Composite outcome 9/39/23.1 14/60/23.3 26/54/48.1 23/59/39.0 0.028

ACM 6/39/15.4 9/60/15.0 16/52/30.8 11/56/19.6 0.208

Hospitalization due to heart failure 5/39/12.8 9/60/15.0 18/54/33.3 17/59/28.8 0.042
PAWP Ist quartile PAWP 2nd quartile PAWP 3rd quartile PAWP 4th quartile

Composite outcome 12/49/23.1 10/49/20.4 21/58/36.2 28/55/50.9 0.003

ACM 9/49/15.4 7/49/15.0 15/57/30.8 10/51/19.6 0.493

Hospitalization due to heart failure 5/49/10.2 7/49/14.3 14/58/24.1 23/55/41.8 <0.001
a-wave 1st quartile a-wave 2nd quartile a-wave 3rd quartile a-wave 4th quartile

Composite outcome 16/45/35.6 8/48/16.7 15/51/29.4 31/61/50.8 0.002

ACM 12/45/26.7 7/48/14.6 9/50/18.0 13/57/22.8 0.452

Hospitalization due to heart failure 9/45/20.0 2/48/4.2 12/51/23.5 25/61/41.0 <0.001
v-wave lst quartile v-wave 2nd quartile v-wave 3rd quartile v-wave 4th quartile

Composite outcome 13/48/27.1 9/50/18.0 20/56/35.7 29/57/50.9 0.002

ACM 10/48/20.8 5/50/10.0 13/56/23.2 13/52/25.0 0.285

Hospitalization due to heart failure 5/49/10.4 6/48/12.0 15/50/26.8 23/57/40.4 <0.001
PVR Ist quartile PVR 2nd quartile PVR 3rd quartile PVR 4th quartile

Composite outcome 15/49/30.6 16/50/32.0 14/50/28.0 20/47/42.6 0.304

ACM 6/49/12.2 11/48/22.9 9/50/18.0 10/45/22.2 0.531

Hospitalization due to heart failure 10/49/20.4 12/50/24.0 9/50/18.0 16/47/40.4 0.177
TPG 1st quartile TPG 2nd quartile TPG 3rd quartile TPG 4th quartile

Composite outcome 23/56/41.1 11/47/23.4 17/51/33.3 20/56/35.7 0.365

ACM 9/54/16.7 9/46/19.6 11/50/22.0 12/55/21.8 0.924

Hospitalization due to heart failure 17/56/30.4 6/47/24.0 11/51/18.0 15/56/40.4 0.177
CI Ist quartile CI 2nd quartile CI 3rd quartile CI 4th quartile

Composite outcome 21/50/42.0 21/63/33.3 15/42/35.7 13/51/25.5 0.458

ACM 14/49/28.6 12/59/20.3 8/42/19.0 6/51/11.8 0.261

Hospitalization due to heart failure 17/50/34.0 10/63/15.9 12/42/28.6 10/51/19.6 0.198
SVI 1st quartile SVI 2nd quartile SVI 3rd quartile SVI 4th quartile

Composite outcome 19/52/36.0 21/53/38.5 14/51/27.5 16/50/32.0 0.637

ACM 12/50/24.0 12/51/23.5 8/51/15.7 8/49/16.3 0.630

Hospitalization due to heart failure 13/52/25.0 15/53/28.3 9/51/17.6 12/50/24.0 0.669

ACM, all-cause mortality; CI, cardiac index; mPAP, mean pulmonary arterial pressure; PAPdia, diastolic pulmonary arterial pressure; PAPsys,
systolic pulmonary arterial pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; SVI, stroke volume index;
TPG, transpulmonary pressure gradient

mPAP Q1 <24, mPAP Q2 >24 <30, mPAP 03>30<37, mPAP Q4>37 mmHg

PAPsys Q1 <39, PAPsys Q2 >39 <48, PAPsys Q3 >48<59.5, PAPsys 04 >59.5 mmHg
PAPdia Q1 <11, PAPdia Q2> 11<17, PAPdia Q3> 17 <22, PAPdia 04 >22 mmHg
PAWP Q1< 12, PAWP Q2>12<18, PAWP Q3 >18<25, PAWP Q4>25 mmHg

a-wave Q1 <15, a-wave Q2> 15 <28, a-wave Q3 >22 <28, a-wave Q4>28 mmHg
v-wave Q1 <17, v-wave Q2> 17 <26, v-wave Q3 >26 <36, v-wave 04 >36 mmHg

PVR Q1< 1.8, PVR 02>1.8<2.7, PVR 03>2.7<4.3, PVR 04>4.3 WU

TPG Q1<8.8, TPG 02>8.8<12, TPG 03>12<16, TPG 04> 16 mmHg
CIQI<18,C102>1.8<22, CI 03>2.2<2.8, CI 04 >2.8 l/min/m>

SVI Q1 <23.7,SVI Q2>23.7<31.3, SVI 03>31.3<41.8, SVI 04>41.8 ml/m>
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Fig.3 Kaplan—Meier estimates showing composite outcome (A, B)
and ACM (C, D) stratified according to mPAP and PAWP at base-
line. mPAP Ql<24, mPAP Q2>24<30, mPAP Q3>30<37,
mPAP Q4 >37 mmHg. PAWP Q1 <12, PAWP Q2>12<18, PAWP

Previous studies have shown that higher pulmonary arte-
rial pressure is associated with a worse prognosis in patients
undergoing M-TEER when compared to those without sig-
nificant pulmonary hypertension. Tigges et al. [9] evaluated
the efficacy of MitraClip® therapy in patients without, with
mild and severe pulmonary hypertension, respectively, based
on echocardiographically determined systolic pulmonary
arterial pressure levels. Similar to our current findings, they
showed that interventional success and reduction of MR
were achieved in all groups. Our study demonstrated com-
parable findings based on invasively measured pulmonary
arterial pressure. Neither mPAP nor PAWP at baseline were
associated with procedural success or with the reduction of
MR immediately after M-TEER or at 6 months of follow-
up, suggesting M-TEER to be an effective option even for
patients with severe PH.

It is well known, that PH is associated to HFH and ACM.
In our current study, PH was associated to HFH but not
to ACM, which seems to be contradictory. However, we
believe, that there are good reasons that may explain our
findings. First and foremost, a longer than 360-days follow-
up period may have yielded to differences in ACM. This
hypothesis is in our opinion supported by other studies in
this field. Matsumoto et al. albeit offering a smaller sam-
ple size than the current investigation, showed a significant
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Q3>18<25, PAWP Q4 >25 mmHg. Abbreviations: ACM, all-cause
mortality; mPAP, mean pulmonary arterial pressure; PAWP, pulmo-
nary arterial wedge pressure; Q, quartiles.

difference in ACM stratified according to PH. However, the
Kaplan—Meier estimates in this study showed no difference
after 360 days of follow-up but a significant difference after
720 days of follow-up [8]. In a sub-study of the COAPT
trial, follow-up for ACM was 24 months. Differences in
ACM stratified according to PAPsys were most pronounced
after 24 months of follow-up even tough trends were evident
after 12 months of follow-up. Interestingly, hospitalization
for heart failure within 1-year prior to study inclusion did
not differ between patients with PAPsys > 50 mmHg vs PAP-
sys <50 mmHg at study inclusion [10]. Tehrani et al. could
show an association of an immediate increase of mPAP after
M-TEER with HFH but not ACM in a 12 months follow-
up. Again, the sample size was small [22]. On the other
hand, Tigges et al. found an effect of PAPsys on ACM but
not rehospitalization [9]. In a large retrospective analysis by
Al-Bawardy and colleagues, associations of elevated pul-
monary arterial pressure with both HFH and ACM were
clearly demonstrated. There are differences and similari-
ties in these patients when compared to our cohort. In the
study by Al-Bawardy, patients tended to be of older age and
suffered more frequently from primary MR, respectively.
Interestingly, in our cohort, significantly more patients with
higher mPAP had undergone cardiac resynchronization ther-
apy (CRT) prior to study inclusion when compared to those
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Fig.4 Kaplan—-Meier estimates showing HFH stratified accord-
ing to mPAP (A), PAWP (B), PVR (C) and SVI (D), respec-
tively, at baseline. mPAP QI <24, mPAP Q2>24<30, mPAP
Q3>30<37, mPAP Q4>37 mmHg. PAWP Ql<12, PAWP
Q2>12<18, PAWP Q3>18<25, PAWP Q4>25 mmHg. PVR
Q1<1.8, PVR Q2>1.8<2.7, PVR Q3>2.7<4.3, PVR Q4>43

with lower mPAP, which may have influenced outcomes.
To the best of our knowledge, information on CRT is not
available in the study by Al-Bawardy et al.. Of note, over

Table4 Cox regression analyses with forward variable selection
showing independent associations of PAWP with the composite out-
come and HFH after adjustment for covariates

Variable HR (95% CI) p (Com-
posite
outcome)

Hb 0.81 (0.71-0.92) 0.001

CRT 1.93 (1.09-3.43) 0.025

PAWP quartiles 1.31 (1.04-1.64) 0.022

Variable HR (95% CI) p (HFH)

PAWP quartiles 1.75 (1.31-2.33) <0.001

AS, aortic stenosis; CMP, cardiomyopathy; CRT, cardiac resyn-
chronization therapy; Hb, hemoglobin; HFH, heart failure induced
rehospitalization; HR, hazard ratio; LVEF, left ventricular ejection
fraction; mPAP, mean pulmonary arterial pressure; MR, mitral valve
regurgitation; PAPdia, diastolic pulmonary arterial pressure; PAP-
sys, systolic pulmonary arterial pressure; PAWP, pulmonary arterial
wedge pressure; TR, tricuspid regurgitation

Variables included into the model: Age, CMP, CRT, Hb, creatinine,
MR, AS, TR, LVEF, mPAP, PAPsys, PAPdia, PAWP, a-wave and
v-wave
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4000 patients were included into this analysis increasing the
statistical power significantly [7].

Several studies show that PH in left heart disease is asso-
ciated to ACM with patients hospitalized due to HF having
mortality rates significantly higher than patients never hos-
pitalized [23, 24]. However, a considerable amount of these
studies is dated with newer therapeutic strategies address-
ing heart failure (e.g. CRT, state of the art medication) not
yet available and/or offer follow-up exceeding 12 months by
far [25-27]. Cappola et al. e.g. state that “among patients
with myocarditis, mPA is particularly good at predict-
ing death at 1 year, whereas its prognostic value is much
less among other cardiomyopathies” [26]. If we compare
the current study to landmark trials in heart failure like the
DAPA-HF Trial [28], we see that effects on HFH especially
at 360 days of follow-up are much more pronounced than
effects on ACM. Also, here, follow-up was 24 months. In
a large international cohort of patients hospitalized for HF,
prior HF hospitalization was associated with increased mor-
tality in unadjusted and partially adjusted analyses but was
not independently associated with 180-day mortality after
adjustment for patient characteristics. In this study, 180-days
ACM was 11.9% in patients without prior HFH vs. 15.5% in
those with prior HFH, respectively [29]. Hence, we suggest
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that the combination of a limited follow-up period, a moder-
ate sample size, and state of the art therapy are key factors,
why PH and HFH are not associated to ACM in the current
collective.

We could show that PAWP at baseline remained indepen-
dently associated with the composite outcome and recurrent
HFH after adjustment for covariates. In our analysis, PAWP
at baseline was the strongest predictor of HFH, which we
consider novel and a strength of our current investigation.

Most previous studies defined pulmonary hypertension
based on systolic PAP assessed in transthoracic echocardiog-
raphy giving an incomplete evaluation of the hemodynamic
situation. Our retrospective study tried to overcome these
limitations by only including patients with right heart cath-
eterization prior to M-TEER. Thus, we provide more subtle
information on pulmonary hypertension than can be given
by echocardiographic measurements which may be biased by
image quality or presence and severity of tricuspid regurgita-
tion. Furthermore, we can evaluate the effect of postcapillary
pulmonary hypertension on prognosis, which is hardly pos-
sible in echocardiographic measurements.

In conclusion, pulmonary arterial wedge pressure at
baseline might serve as a valuable parameter for identifying
patients at high risk for HFH even after successful M-TEER.
Hence, patients with high pulmonary arterial wedge pressure
before M-TEER might benefit from intensified monitoring
and a more stringent medical therapy after intervention to
avoid recurrent hospitalization.

Limitations

The current study has several limitations. First, this is a
retrospective study. Hence, the design is susceptible for
bias and misinterpretation. Second, the number of included
patients is moderate and the study was conducted at a single
center. Third, the study collective was rather heterogenous
consisting of patients with ischemic and non-ischemic cardi-
omyopathy as well as primary and secondary MR or a com-
bination of both. This, however, also reflects a “real-world”
setting. Fourth, our study does not include a prospective
validation cohort. Fifth, a considerable number of patients
was lost to follow-up. Finally, a major limitation of the cur-
rent study is incomplete data on PVR. However, results did
not change substantially if only patients with PVR available
were analyzed.
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