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Abstract

Aims We investigated short and mid-term safety and efficacy of the PASCAL system for percutaneous mitral valve repair
(PMVr) in severe mitral regurgitation (MR) in an all-comer population.
Methods and results In the first consecutive 41 patients undergoing PMVr using the PASCAL system in our centre, proce-
dural success and safety were assessed. Efficacy in improving MR and functional class were evaluated. Median patient age
was 74 years, 58.5% were male patients, and median European System for Cardiac Operative Risk Evaluation Score II was
5.1%. All patients suffered from severe MR with 59% functional MR, 29% degenerative MR, and 12% of mixed aetiology
MR. The technical success rate was 90%, limited by four cases where PASCAL implantation was aborted due to a prohibitive
mitral gradient. On average, 1.16 PASCAL devices per patient were implanted. All patients successfully implanted with a PAS-
CAL device were discharged with MR grade ≤ 2 and 79% with MR grade ≤ 1. Mean follow-up was 8.7 ± 4.9 months.
Ninety-seven per cent of patients remained at MR ≤ 2 at follow-up, which translated into a significantly improved New York
Heart Association functional class as well as a significant reduction of systolic pulmonary artery pressure and brain natriuretic
peptide levels. The procedure-related rate for major adverse events was 3%. Neither early nor late single-leaflet detachment
was found. In one patient, air embolism occurred, resulting in modification of the PASCAL instructions for use.
Conclusions Percutaneous mitral valve repair using PASCAL in a real-world, all-comer population was feasible and safe,
resulting in a significant mid-term reduction of MR with persistent clinical improvement.
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Introduction

Severe mitral regurgitation (MR) can result from distinct aeti-
ologies. Primary or degenerative MR is caused by anatomical
destruction of the leaflets or chordal structures, while sec-
ondary or functional MR is a consequence of left ventricular
or left atrial dilation. In either case, severe MR defines a poor
prognosis due to excess morbidity and mortality.1,2 With the
ageing population, prevalence of severe MR in patients with
multiple comorbidities and high surgical risk is rapidly
increasing.3,4 The development of catheter-based approaches
for treatment of MR and in particular the introduction of the
MitraClip edge-to-edge repair system (Abbott vascular, Santa

Clara, California, USA) greatly extended therapeutic possibili-
ties for these patients. While the anatomical inclusion criteria
for the EVEREST trial5 clearly determine suitable patients for
interventional percutaneous mitral valve repair (PMVr), there
remains a considerable number of patients not suitable ac-
cording to these criteria. Although, in clinical routine,
MitraClip devices have been successfully used in anatomies
beyond the EVEREST criteria, the need for an extension of
the armamentarium for PMVr persists. In February 2019,
the PASCAL transcatheter mitral repair system (Edwards
Lifesciences, Irvine, California, USA) received CE approval for
treatment of severe MR of functional and degenerative ori-
gin. This system is also based on leaflet repair technology
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but differs in device construction, steering, and grasping func-
tion. The recently published 1 year results of the CLASP trial6

confirmed safety and significant improvement of MR and
functional status in a yet strictly selected cohort. The aim of
this study was to evaluate device success and safety as well
as mid-term efficacy in a real-world cohort. This cohort con-
sists of the first 41 cases of severe symptomatic MR, which
were treated using the PASCAL repair system in our
high-volume centre.

Methods

Patient selection

The present study was performed as retrospective observa-
tional analysis and conforms with the principles outlined in
the Declaration of Helsinki. The study cohort comprises an
unselected all-comer population of the first 41 patients un-
dergoing PMVr using the PASCAL repair system in our centre.
All patients were screened by transthoracic and transesopha-
geal echocardiography prior to heart team discussion.
Patients with morphological criteria7 rendering successful
PMVr unlikely or impossible were excluded except for one
patient with a combined mitral valve disease non-operable
due to porcelain aorta. In this case, a bailout procedure was
performed. All patients were evaluated by our heart team
and allocated to PMVr due to high surgical risk, frailty, or
inoperability. Every patient gave informed written consent
for interventional MR repair. Overall, 37 patients were suc-
cessfully implanted with at least one PASCAL device and thus
enrolled for follow-up.

PASCAL procedure

The PMVr procedure using the PASCAL valve repair system
has been described previously.6–8 Briefly, the PASCAL system
consists of a 22F guide sheath, a steerable catheter, and the
implant catheter with the pre-attached PASCAL device. The
guide sheath with the steerable and implant catheter allows
three-dimensional manoeuvring of the device. Unique con-
structional features of the PASCAL device compared with
third generation MitraClip are a nitinol backbone with
broader shaped paddles and a central 5 mm spacer, aimed
to reduce the central MR jet. The contoured paddle design
and the flexible composition intent to reduce leaflet stress.
The PASCAL system also supports independent leaflet grasp-
ing, which allows optimization of leaflet insertion for anterior
and posterior leaflet separately. Finally, the PASCAL implant
can be fully elongated which shall improve manoeuvrability
within the valve and reduce chances of chordal entangle-
ment. All interventions were performed under general
anaesthesia with transesophageal echocardiography and

fluoroscopic guidance. The femoral vein access was routinely
closed using the Proglide Perclose device (Abbott Cardiovas-
cular, Plymouth, MN, USA). Upon completion of the
intervention, patients were extubated and transferred to
our intermediate care unit for post-interventional observa-
tion of at least 6 h.

Grading of mitral regurgitation severity and
follow-up

Mitral regurgitation severity was graded at baseline before
PASCAL device implantation including transthoracic and
transesophageal echocardiography as well as right heart
catheterization. Follow-up was performed by transthoracic
echocardiography using the integrated approach recom-
mended by current guidelines.9 MR quantification based on
the proximal isovelocity surface area was not assessed on
regular basis due to its technical limitations and compara-
tively high variance. MR was graded in mild (1), moderate
(2), or severe (3) MR as recommended by the Mitral Valve Ac-
ademic Research Consortium (MVARC).10 Procedural end-
points for device success and major adverse events (MAE)
were defined according to MVARC criteria.11 With the first
follow-up timepoint for most patients being beyond 30 days,
device success was assessed at time of discharge. Data collec-
tion was performed retrospectively in accordance with our
local ethics committee (S-299/2015). At baseline and
follow-up cardiac biomarkers, high-sensitive troponin T
(hsTNT) and NT-pro brain natriuretic peptide (NT-proBNP)
were measured.

Statistical analysis

All data sets were evaluated using D’Agostino–Pearson omni-
bus tests and Q–Q plot for normality and accordingly
expressed as mean ± standard deviation or median and inter-
quartile range (IQR). Categorized data are presented as
number of patients and percentages. For statistical analysis,
Mann–Whitney U or Wilcoxon matched-pairs signed-rank
test were used when appropriate. Statistical analysis was
performed using GraphPad Prism 9.0 (GraphPad Software,
San Diego, USA). For all statistical tests, a P value < 0.05
was accepted as statistically significant.

Results

Baseline clinical and echocardiographic
characteristics

A total of 41 symptomatic patients with moderate-severe or
severe MR were assigned to interventional mitral valve repair
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using the PASCAL repair system between April 2019 and
March 2020. The median patient age was 74 years (IQR:
63–81) and 58.5% were male patients. The median European
system for Cardiac Operative Risk Evaluation Score II was
5.1% (IQR: 3–8), underlining the elevated mortality risk in this
patient population. Comorbidities were frequent with arterial
hypertension (81%), atrial fibrillation (66%), chronic lung dis-
ease, and coronary artery disease (each 54%) representing
the most common pathologies. Eighty-eight per cent of
patients presented with a limited functional New York Heart
Association (NYHA) class of III or IV. In accordance with im-
paired functional capacity, left ventricular ejection fraction
(LVEF) [38% (IQR: 20–53)] and cardiac index [2.1 L/min/m2

(IQR: 1.8–2.4)] were found profoundly reduced. Forty-six
per cent of patients had an LVEF < 35%. This is further
underlined by the severely elevated NT-proBNP [4351 ng/L
(IQR: 1827–12 386)]. Invasively measured systolic pulmonary
arterial pressure (sPA) was elevated with a mean of
52 ± 15 mmHg. All patients suffered from severe MR with
58.5% functional MR, 29.3% degenerative MR, and 12.2% of
mixed aetiology. The mean vena contracta width derived
from three-chamber view was 7.1 ± 3.0 mm. Detailed clinical
and echocardiographic baseline patient characteristics are
summarized in Table 1.

Procedural outcomes

Successful interventional leaflet repair was achieved in 37 pa-
tients using the PASCAL mitral repair system. The technical
success according to MVARC criteria was 90% (37/41 pa-
tients) (Figure 1). The rate of success was 100% (12/12 pa-
tients) for degenerative MR, 88% (21/24 patients) for
functional MR, and 80% (4/5 patients) for MR of mixed
aetiology. At discharge, 100% of patients undergoing success-
ful PASCAL device implantation had an MR ≤ 2. Seventy-nine
per cent of patients were discharged with an MR ≤ 1. The de-
gree of MR was significantly reduced at discharge with a
mean reduction of severity of 1.9 ± 0.6. In 76% of patients
(28/37), a reduction of ≥2 MR grades was achieved (Figure
2A). The average number of PASCAL devices per patient
was 1.16 ± 0.4. Thirty-two patients (86%; 32/37) were im-
planted with one PASCAL device, four patients (11%; 4/37)
were implanted with two devices, while only one case (3%;
1/37) required the implantation of three PASCAL devices.
The device success according to MVARC criteria was 87%
(36/41 patients). Overall, four patients could not be im-
planted. In three cases, the PASCAL device could not be im-
planted due to a mean mitral valve gradient > 5 mmHg.
Among these, one case was a bailout procedure due to
inoperability as noted above. The other two cases presented
with moderate to severe restriction of leaflet mobility. One of
these patients had already undergone surgical mitral valve
reconstruction. In the fourth, non-implanted patient, a severe

MR at a mitral valve gradient close to 5 mmHg remained after
leaflet capture. Thus, the procedure was aborted without
PASCAL implantation. A detailed summary of mitral valve
anatomy is given in Supporting Information, Table S1.

Functional and clinical results on follow-up

The average follow-up period was 8.7 ± 4.9 months. Of the 37
patients that had undergone PMVr using PASCAL repair sys-
tem, follow-up data were available for 31 patients (84%;

Table 1 Baseline clinical and echocardiographic parameters of all
patients intended for PASCAL-based mitral valve repair (n = 41)

Baseline patient characteristic (n = 41)

Age (years) (median/IQR) 74/(63–81)
Male (n/%) 24/58.5
NYHA I (n/%) 0/0
NYHA II (n/%) 5/12.2
NYHA III (n/%) 26/63.4
NYHA IV (n/%) 10/24.4
NT-proBNP (ng/L) (median/IQR) 4353/(1827–12 386)
hsTNT (pg/mL) (median/IQR) 35/(20–53)
Creatinine (mg/dL) (mean ± SD) 1.34 ± 0.8
EuroSCORE log (%) (median/IQR) 14.7/(9–29)
EuroSCORE II (%) (median/IQR) 5.1/(3–8)

Comorbidities
Arterial hypertension (n/%) 33/80.5
Atrial fibrillation (n/%) 27/65.9
Coronary artery disease (n/%) 22/53.7
Chronic lung disease (n/%) 22/53.7
Chronic renal failure

(Crea > 1.3 mg/dL) (n/%)
16/39.0

Malignancy (n/%) 14/34.2
Diabetes mellitus (n/%) 13/31.7
Previous cardiac surgery (n/%) 5/12.2

Device therapy
ICD (n/%) 11/26.8
CRT (n/%) 6/14.6

MR severity
MR = 3 (n/%) 40/97.5
MR leading segment A2/P2 (n/%) 36/87.8
MR valve area (cm2) (mean ± SD) 5.78 ± 1.56
Vena contracta (mm) (mean ± SD) 7.14 ± 2.98

MR aetiology
Functional (n/%) 24/58.5
Degenerative (n/%) 12/29.3
Mixed (n/%) 5/12.2

Echocardiographic parameters
LVEF (%) (median/IQR) 38/(20–53)
Cardiac index (L/min/m2) 2.1/(1.8–2.4)
LVEDD (mm) (mean ± SD) 57.2 ± 10.1
LVESD (mm) (mean ± SD) 45.2 ± 13.4
MPG MV (mmHg) (mean ± SD) 1.4 ± 0.7
LA Diameter (mm) (mean ± SD) 51.8 ± 6.3
sPA (mmHg) (mean ± SD) 51.8 ± 14.6

CRT, cardiac resynchronization therapy; hsTNT, high-sensitive tro-
ponin T; ICD, implantable cardiac defibrillator; IQR, interquartile
range; LA, left atrial; LVEDD, left ventricular end-diastolic diameter;
LVEF, left ventricular ejection fraction; LVESD, left ventricular
end-systolic diameter; MPG MV, mean pressure gradient of the mi-
tral valve; MR, mitral regurgitation; NT-proBNP, N-terminal pro
brain natriuretic peptide; NYHA, New York Heart Association
functional class; sPA, systolic pulmonary arterial pressure.
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31/37). One patient (3%; 1/37) could not be recruited for fol-
low-up visit. Five patients (13%; 5/37) died before follow-up
visit (at 29, 42, 212, 215, and 231 days post procedure) (Fig-
ure 1). None of the deaths were directly associated with the
device implantation procedure. Echocardiographic MR as-
sessment confirmed a sustained significant reduction of MR
severity at follow-up visit (Figure 2A). MR ≤ 1 was present
in 19 patients (61%; 19/31). Thirty patients presented
MR ≤ 2 (97%; 30/31). Compared with baseline values, the re-
duction of MR was statistically significant (P < 0.0001). Nei-
ther early nor late single-leaflet device attachment
occurred. Successful MR repair translated not only into signif-
icantly reduced sPA (53 ± 16 vs. 43 ± 16 mmHg; P < 0.005)
(Figure 2E) but also improved NYHA functional class.
Seventy-three per cent of patients reported an improvement
of at least one NYHA grade at the time of follow-up visit
(P < 0.0001). Of the 31 patients, 58% (18/31) were in NYHA
II class or below at follow-up visit (Figure 2B). Analysis of
NT-proBNP and circulating hsTNT confirmed reduction of
chronic cardiac stress and wall tension as both biomarkers
had decreased after successful PASCAL implantation. For 23
patients, the values for hsTNT and NT-proBNP at baseline
and follow-up were available for sequential analysis. While
hsTNT values presented only a trend towards reduction in
successfully implanted patients [baseline 24 pg/mL (IQR:

17–49) vs. follow-up 19 pg/mL (IQR: 15–34), n = 23], NT-
proBNP values were found significantly decreased after PAS-
CAL device implantation [baseline 3903 ng/L (IQR: 1464–
6598) vs. follow-up 1587 ng/L (IQR: 725–2766); n = 23]
(Fig. 2C,D). A detailed summary is given in Table 2.

Procedural major adverse events and major
adverse events during follow-up

In the 41 patients undergoing PASCAL device implantation,
total rate of acute intervention related MAE was 2.4%
(1/41 patients). In this case, we observed a periinterventional
air embolism, with brief haemodynamic instability and
ST-segment elevation in right coronary artery corresponding
leads. Immediate angiography excluded coronary occlusion.
ST segment alterations resolved within 5 min. Maximum
hsTNT measured during 48 h observation was 99 ng/L. In an-
other case, not eligible as MAE, a small 3 × 3 mm thrombus at
the right atrial puncture site was detected after successful
PASCAL implantation and guide sheath retrieval. This was
fully resolved after 4 weeks of oral anticoagulation while
the patient remained asymptomatic.

During the average follow-up period of 8.7 ± 4.9 months,
five patients (14%; 5/36) died. One patient died 29 days after

Figure 1 Study flow chart. Patients were characterized regarding mitral regurgitation by transthoracic echocardiography, transesophageal echocardi-
ography, and invasive haemodynamics. Prior to PASCAL mitral repair, all patients received individual optimized heart failure therapy as well as coronary
interventions or cardiac resynchronization therapy if indicated. MR, mitral regurgitation.
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mitral leaflet repair due to a previously unknown progress of
a chronic oncological disease. The patient decided actively
against further surgical and oncological treatment and died
under palliative care. Overall, two deaths, including the afore-
mentioned, are attributable to oncological diseases. Three
cases remain unclear but could well be attributed to cardiac
disease due to advanced heart failure. Moreover, two of the
patients were beyond 85 years of age. In one patient who
had been evaluated for heart transplant before PASCAL inter-
vention, the cardiac output remained severely impaired, re-
quiring a left ventricular assist device implantation. Five
patients had to be admitted to the hospital due to acute
heart failure during follow-up. No cerebrovascular event or
severe bleeding occurred during PASCAL implantation or fol-
low-up. A detailed summary of MAEs is given in Table 3.

Discussion

Transcatheter mitral valve leaflet repair has become the stan-
dard therapy approach for severe MR in patients at high or
prohibitive surgical risk. Novel interventional devices like
the PASCAL mitral repair system hold promise to augment
treatment possibilities in patients not eligible for current de-
vices. In this context, the PASCAL device possesses several
unique features, including the capability of independent leaf-
let grasping, a central spacer filling the regurgitant orifice
area and a flexible nitinol backbone with broader shaped
paddles aiming at reducing stress on the mitral leaflets.

This study represents the first analysis in an unselected
single-centre real-life cohort providing results beyond a
6 month timeframe.12 We analysed the acute safety and

Figure 2 Mitral valve regurgitation (MR), functional status and biomarker results. PMVr by PASCAL repair system significantly reduced MR severity (A).
MR reduction translates into improvement of NYHA functional class (B). Biomarkers were reduced at follow-up for both NT-proBNP (C) and hsTNT (D).
Significant reduction of systolic echocardiographic derived pulmonary artery pressure (sPA) was measured at follow-up visit (E). Box plots represent
median, 25–75th percentile, and min–max values. hsTNT, high-sensitive troponin T; NT-proBNP, NT-pro brain natriuretic peptide; NYHA, New York
Heart Association.
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mid-term efficacy of PASCAL repair system-based MR repair
in the first 41 patients treated with this novel device in our
centre. Major findings of our study comprise (i) feasibility of
PMVr using the PASCAL system with high technical, device,
and procedural success rates also achieved in mitral valve
anatomies beyond the EVEREST criteria and maintained over
the mid-term follow-up period; (ii) safety of the procedure
with low early and mid-term MAE rates; (iii) significant early
and mid-term clinical improvement according to NYHA

functional class; and (iv) significant reduction of sPA and
NT-proBNP levels without translating into significant cardiac
remodelling or improved LVEF at mid-term follow-up.

Patients included in our study represent an unselected
all-comer population with an advanced state of disease. This
is evidenced by a lower baseline LVEF (38% vs. 45%) and
higher NT-proBNP (4353 vs. 4148 ng/L) compared with the
highly selected population in the CLASP trial.6,7 Even in com-
parison with recently published experiences from real-world
data reporting LVEF values from 41% to 47%,8,12–14 our co-
hort represents a severer impaired systolic function.

In this challenging cohort, successful PASCAL device im-
plantation could be achieved in 90% of patients (37/41) with
numerically higher technical success (100%; 12/12; P = 0.54)
in patients presenting with degenerative MR compared with
functional MR. Procedural failure was mainly due to aborted
implantation in four cases of complex anatomies, including a
bail out procedure where predominantly elevated transval-
vular gradients resulted in abortion of the procedure. This is
slightly below the 95% reported in the CLASP trial.6,7 Other
than expected, the non-successful procedures occurred in
later cases and are thus not attributable to a learning
curve. Yet a similar finding was described in the multicentre
analysis by Mauri et al. and is most probably attributable
to a more liberal patient selection with growing device
experience.14

Implantation of the PASCAL implant resulted in a signifi-
cant acute reduction of MR severity with 100% of patients
being discharged with an MR grade ≤ 2. In 86% of patients
(32/37), one PASCAL device was sufficient to achieve this re-
sult. Twelve patients undergoing PASCAL intervention (12/41,
29%) presented with complex and challenging mitral valve
anatomies, which would not be considered suitable for
MitraClip therapy according to the EVEREST criteria.

The implantation procedure proved safe with a MAE and
all-cause mortality rate of 3%, each. No cardiovascular deaths
occurred within 30 days after PMVr. Notably, the case of
periinterventional air embolism, which resolved without any
sequelae, resulted in a modification of the instructions for
use of the PASCAL repair system. After modification of the
de-airing procedure, no further cases of air-embolism
occurred.

Acute and discharge results of our patient cohort are in
line with previously published data of the CLASP study6,7

and early real-world single and multicentre reports,8,12–14

achieving 95–100% technical success rates resulting in 5–8%
30 day MAEs and a 3% all-cause mortality rate, respectively.
Unlike previous reports, implantation of a single PASCAL de-
vice was sufficient to achieve optimal MR reduction in a large
proportion of our patients (86%). In the CLASP study, 49% of
patients were treated with two PASCAL devices,7 and in the
real-world analysis of Besler et al., 48% of patients received
more than one device.13 However, the recently published ret-
rospective real-world analysis of Barth et al. reports the use

Table 2 Follow-up parameters for all patients with successful
PASCAL-based mitral valve repair (n = 37)

Follow-up outcome

Follow-up (months) (mean ± SD) 8.73 ± 4.9
NYHA class at follow-up visit (n = 31)

NYHA I (n/%) 5/16.1
NYHA II (n/%) 13/41.9
NYHA III (n/%) 13/41.9
NYHA IV (n/%) 0/0

MR at follow-up visit (n = 31)
MR < 1 (n/%) 7/22.6
MR 1 (n/%) 12/38.7
MR 2 (n/%) 11/35.5
MR 3 (n/%) 1/3.2

Echocardiographic parameters (n = 31)
LVEF (%) (median/IQR) 36/(20–46)
LVEDD (mm) (mean ± SD) 56.5 ± 8.6
LVESD (mm) (mean ± SD) 45.5 ± 12.5
MPG MV (mmHg) (mean ± SD) 2.8 ± 0.9
LA diameter (mm) (mean ± SD) 51 ± 7.0
sPA (mmHg) (mean ± SD) 42.8 ± 15.5

Biomarker (n = 23)
NT-proBNP (ng/L) (n = 23; median/IQR) 1587/(725–2766)
hsTNT (pg/mL) (n = 23; median/IQR) 19 / (15–34)

hsTNT, high-sensitive troponin T; LA, left atrial; LVEDD, left ventric-
ular end-diastolic diameter; LVESD, left ventricular end-systolic di-
ameter; LVEF, left ventricular ejection fraction; MPG MV, mean
pressure gradient of the mitral valve; MR, mitral regurgitation;
NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New
York Heart Association functional class; sPA: systolic pulmonary
arterial pressure.

Table 3 Overview of procedural and follow-up major adverse
events (MAE)

Procedural MAEs (n = 41)

Air embolism (n/%) 1/2.4
Procedure related mortality (n/%) 0/0
Major vascular access complications (n/%) 0/0
Severe bleeding/Transfusion (n/%) 0/0
Cerebrovascular event (n/%) 0/0
Urgent cardiovascular surgery (n/%) 0/0
Composite procedural MAE (n/%) 1/2.4

Follow-up MAEs [n = 36 (1 × lost to FU)]

All-cause mortality (n/%) 5/13.9
HF rehospitalization during follow-up (n/%) 5/13.9
Ventricular assist implantation (n/%) 1/2.8
Re-intervention for MR (n/%) 0/0
Cerebrovascular event (n/%) 0/0
Severe bleeding/Transfusion (n/%) 0/0
Composite follow-up MAE (n/%) 12/30.6

MAE rate of patients upon their last follow-up visit (on average
8.7 ± 4.9 months). HF, heart failure; MR, mitral regurgitation.
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of only one PASCAL device in 69% of patients (20/29), which
is well in line with our findings. Compared with a
propensity-score matched MitraClip cohort treated in the
same centre [one Clip approach sufficient in 10/29 patients
(34.5%)], significantly fewer devices were necessary if the
PASCAL repair system was used.12 The reduced number of re-
quired PASCAL devices is presumably related to the broader
shape of the device and the aforementioned novel device
features enabling optimized and augmented leaflet insertion
as well as filling of the regurgitant orifice area.

During the follow-up period of 8.7 months, MR reduction
was maintained with 97% of patients presenting MR ≤ 2. Nei-
ther early nor late single-leaflet device attachment was found.
Persisting successful PMVr translated into a significant and
sustained improvement of NYHA functional class with 58%
of our patients presenting in NYHA class II or below at the
time of latest follow-up visit. To the best of our knowledge,
this is the longest follow-up in a real-world setting using the
PASCAL repair system for PMVr published so far. It proves
mid-term efficiency of this intervention, expanding the
existing knowledge from short-term follow-up data based on
previous studies.7,8,12–15 Moreover, successful PMVr using
the PASCAL device resulted in a significant reduction of sPA.
sPA is of prognostic relevance and indicates a reduction of
post-capillary pressure, which in turn is associated with a
favourable outcome after PMVr.16,17 This is further underlined
by the significant reduction of NT-proBNP and numerical
reduction of hsTNT at follow-up, highlighting the sustained
reduction of cardiac stress.

However, contrary to the 1 year follow-up results of the
CLASP trial,6 MR reduction did not translate into significant
reverse cardiac remodelling within the analysed timeframe
in spite of improved functional class and biomarkers. This
seems attributable to several factors: (i) the severely im-
paired LV function in our cohort which might delay reverse
remodelling, (ii) the more heterogeneous cohort including
patients with degenerative origin of MR and preserved LVEF,
and (iii) the lower absolute patient number. Consistently, nei-
ther 30 day data from Besler et al.13 nor analysis of our early
real-life experience with the MitraClip device could detect
significant cardiac remodelling before 1 year follow-up.18

Given the positive effects of PMVr despite progressive LV
dilation in the COAPT trial, there remains a need for further
investigation in significance of reverse cardiac remodelling
in PMVr.19

Overall, the results of our study are well comparable
with current evidence from both, the CLASP trial6,7 and
first retrospective short-term analyses of real-world patient
cohorts.8,12–15 Thus, specific advantages of the PASCAL mitral
repair system may add additional possibilities for individual-
ized mitral valve repair tailoring procedures to the unique an-
atomical features and underlying pathologies in each patient.

To further elucidate advantages and shortcomings of the
novel PASCAL transcatheter valve repair system, a direct

comparison with the current MitraClip devices is necessary.
In this context, the CLASP IID/IIF trial is currently recruiting
patients to compare safety and effectiveness of these devices
in patients with degenerative and functional MR
(NCT03706833).

Limitations to the study

This is a single-centre, retrospective study analysing a limited
number of patients. Moreover, the lack of an external core
lab adjudicating the events may bias data interpretation. In
addition, only the first-generation PASCAL device has been
employed in this study. Meanwhile, in the context of acceler-
ated product improvement, in addition to this device, the
PASCAL Ace system has been introduced, featuring a
narrower design profile. However, despite these limitations,
the novel data indicate that PMVr using the PASCAL device
in high-risk patients presenting with severe MR is feasible,
safe, and effective and represents an alternative treatment
option for the anatomic variety of pathologies causal for se-
vere MR.

Conclusion

In high-risk patients presenting with severe MR, PMVr with
the PASCAL repair system is feasible and safe. Successful in-
terventional leaflet repair results in persistent mid-term MR
reduction as well as clinical improvement.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Anatomical MV characteristics of patients with
aborted implant procedures. In 4/41 cases PASCAL device
could not be implanted due to a prohibitive mean
transmitral gradient (MPG) after leaflet grasping and device
closure. To allow better interpretation of possible indicators
for device failure a detailed anatomical description is pro-
vided here. MR: mitral regurgitation, MVA: mitral valve or-
ifice area, AML: anterior mitral leaflet, PML: posterior
mitral leaflet, CABG: coronary artery bypass graft, MVr: sur-
gical mitral valve reconstruction, SAVR: surgical aortic valve
replacement.

Table S2. Baseline characteristics and follow-up outcomes of
all patients treated “per protocol” (successful PASCAL implan-
tation and follow-up visit). NYHA: New York Heart Association
functional class, NT-pro-BNP: n-terminal pro brain natriuretic
peptide, ICD: implantable cardiac defibrillator, CRT: cardiac
resynchronization therapy, MR: mitral regurgitation, LVEF: left
ventricular ejection fraction, LVEDD: left ventricular
end-diastolic diameter, LVESD: left ventricular end-systolic di-
ameter, MPG MV: mean pressure gradient of the mitral valve,
LA: left atrial, sPA: systolic pulmonary arterial pressure. #:
n = 23 for hsTNT and NT-proBNP (see also Figure 2).
Figure S1. Mitral valve regurgitation (MR) and clinical func-
tional status in patients undergoing “per protocol” interven-
tion and follow-up. PMVr by PASCAL repair system
significantly reduced MR severity (A). MR reduction translates
into improvement of NYHA functional class (B).
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