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ABSTRACT

Background: An independent panel of experts reviewed all investigator-reported cases of mitral
valve leaflet adverse events (LAE) after MitraClip™ NTR/XTR in the EXPAND Study.

Aims: We aimed to report the findings of the expert panel and standardize definitions for LAE.
Methods: Standard definitions for different types of LAE were formulated and events
adjudicated after detailed review by the expert panel.

Results: Enrolling centers reported LAE in 35 cases, 11 leaflet injuries (9 tear, 2 perforation)
and 24 single leaflet device attachment (SLDA). The panel confirmed LAE in 20 cases (2.0%
incidence), 18 patients had SLDA and 4 had leaflet injury (2 cases had both SLDA and injury).
Leaflet injury occurred during device implant and resulted in surgical valve replacement or
death. SLDA-alone events were identified during implant (n=2), pre-discharge (7) or at 30 days
of follow-up (7) and were resolved (< 2+ residual MR) with additional clips in 75% of cases.
Conclusions: Mitral valve repair with MitraClip™ NTR/XTR is safe. The rate of LAE is lower
than previously reported using older generation devices. The proposed definitions and findings
will help differentiate leaflet injury from inadequate leaflet insertion and SLDA, and provide

guidance to consistently diagnose LAE post MitraClip™.

Classifications / Keywords: Mitral Regurgitation, Mitral Valve Repair, Transesophageal

echocardiogram, Miscellaneous.
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Condensed Abstract.

A multidisciplinary panel of independent experts provided novel standard definitions for
different types of leaflet adverse events (LAE) and adjudicated LAE related to MitraClip™
NTR/XTR in the EXPAND study. The incidence of LAE was 2.0%, 18 patients had SLDA and 4
had leaflet injury (2 cases had both). All leaflet injury events occurred during device implant and
resulted in surgical valve replacement or death. SLDA was identified at time of implant or during
follow-up and was resolved with additional clips in most cases. The definitions and echo

findings reported will provide guidance to consistently diagnose LAE post MitraClip™,

Abbreviations List

MR = mitral regurgitation

PMR= primary mitral regurgitation
SMR= secondary mitral regurgitation
TMVr = transcatheter mitral valve repair
LAE = leaflet adverse events

ECL= Echo Core Lab

SLDA = single leaflet device attachment
MVL= mitral valve leaflet

TAVR= transcatheter aortic valve replacement
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INTRODUCTION

Transcatheter mitral valve repair (TMVr) through edge-to-edge leaflet approximation
with the MitraClip™ is an approved therapy that is widely used and has been supported by large
randomized clinical trials demonstrating its safety and efficacy in patients with primary and
secondary MR (PMR, SMR) (1-4). Despite its track record of safety, small, albeit important
number of device-related leaflet adverse events (LAE) have been reported (5). In real world
clinical practice, however, there is limited safety data available on LAE (6). (7). Importantly,

there has been a lack of unified definitions to characterize LAE in a standardized manner.

The EXPAND Study is prospective, reflects real-world contemporary practice with the
MitraClip™ NTR and XTR Systems globally including PMR and SMR patients. During the
initial analysis, LAE was reported by the enrolling centers in 3.4% of the patients. While various
factors could be associated with LAE, an in-depth assessment to identify the root cause of such
events was difficult due to the lack of standardization in LAE-specific image acquisition and
variations in terminology for the definition of various forms of LAE. In concert, these
circumstances have resulted in reporting inconsistencies across the study sites, which in turn
complicated the proper understanding of the incidence and mechanisms leading to LAE. The
EXPAND Study collected standardized echocardiographic and clinical data from index
procedure through 1 year of follow up, providing a unique opportunity for an independent
committee to adjudicate the presence and nature of LAE associated with MitraClip™ procedure.

Accordingly, our aim was to report the incidence of LAE in this global post market study,

provide details on the different types of LAE encountered and to propose practical standardized
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definitions for LAE. These definitions will be critical to facilitate proper recognition and

homogeneous reporting of LAE in future clinical trials and in clinical practice.

METHODS

EXPAND Study Design. EXPAND is a prospective, multi-center, single-arm, post-market, real
world observational study conducted at 57 centers in Europe, Middle East and the United States.
Enrolling centers were required to have experience with previous generations of the MitraClip
and had performed at least 3 cases with the NTR/XTR systems prior to enrollment in the study.
A minimum of 1000 consecutive subjects with PMR or SMR undergoing TM Vr with third-
generation MitraClip™ NTR and XTR Systems were consented in EXPAND Study. In
accordance with clinical practice guidelines, patients were enrolled if they had symptomatic 3+
or 4+ MR and were deemed candidates for MitraClip™ implant by the heart teams at the
enrolling institution (8—10) s. Follow-up was conducted per standard of care at 30-days, 6 and 12
months and at times of adverse events. All echocardiograms (transesophageal and transthoracic)
have been analyzed by two independent Echocardiography Core Laboratories (ECL), the first
ECL for MR etiology, MR severity and valve complexity, and the second ECL for detailed
mitral valve anatomic measurements. Major adverse events were adjudicated by an independent
Clinical Events Committee. Device-related LAE, including single leaflet device attachment
(SLDA), leaflet injury, device embolization or mitral stenosis were initially reported by the

enrolling centers in the absence of standard definitions for LAE.

Multidisciplinary Expert Panel. A panel of independent experts including interventional
echocardiographers, interventional cardiologist and cardiovascular surgeons was convened to
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review all cases of LAE reported by the enrolling centers between the time of implant and 12
months of follow-up. This team of multidisciplinary experts was built to provide a wide range of
perspectives to complement each other’s expertise and provide a comprehensive analysis of each
case. The study sponsor (Abbott, Santa Clara, CA) assisted in collecting the data requested by
the panel but did not participate in any discussion or outcome adjudication. The evaluation
included review of all echocardiograms related to the LAE, TMVr procedure and follow-ups, as
well as all clinical data, procedural reports and surgical or autopsy reports when available. The
panel met through video-conferences and in-person for group discussion of every case. The goal
of this panel was to adjudicate the LAE and to formulate standard echocardiographic definitions
for different types of LAE based on the observations from the EXPAND study and the panel
member’s clinical expertise (Central [llustration). The panel chair (FMA) and members had full
access to all data provided by the clinical centers and take full responsibility for data completion

and integrity.

Case-Reviews. EXPAND Study sites reported 11 cases of leaflet injury and 24 cases of isolated
SLDA in subjects treated with MitraClip™ NTR and XTR Systems. Upon detailed review of
each case, LAE were adjudicated by the panel. The panel reviewed the echocardiographic
images and all available clinical information and reached an adjudication decision by consensus,
which required agreement among at least 2/3 of the panel members. The adjudication results
indicate whether the reported event was deemed as no LAE, a leaflet injury (perforation or tear),
chordal entrapment and/or SLDA based on the images and clinical evidence provided by the
enrolling centers. Each leaflet injury case was also adjudicated for residual MR, presence of

mitral valve anatomic complexity including small mitral valve orifice, primary jet outside of A2-
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P2 coaptation zone, wide jet, more than one significant MR jet, minimal leaflet tissue for

attachment, cleft or calcification in the grasping zone.

Definitions of LAE. The specific echocardiographic and clinical characteristics of each type of
LAE were formulated to ensure consistency in definitions and diagnosis of MitraClip ™-related
LAE. The types of LAE included leaflet perforation, leaflet tear, leaflet shape distortion, partial
leaflet gripping, chordal entrapment and SLDA are described in the Central Illustration. SLDA
was defined by three criteria based on surgical or anatomic reports (Criteria 1), an
echocardiographic or fluoroscopic demonstration of complete separation between device and
leaflet tissue (Criteria 2) or combination of imaging-specific anatomic (Criteria 3.1 - failure to
demonstrate diastolic tissue bridge, Criteria 3.3 - new excessive leaflet mobility following device
deployment), MR (Criteria 3.2 - new onset significant MR) descriptors. Definite SLDA
definition required fulfillment of Criteria 1 or 2 or 3 (all descriptors under Criteria 3). Likely
SLDA required partial fulfillment of Criteria 3 (3.1 must be met with either 3.2 or 3.3). The

consented definitions of types of LAE are described in the central illustration.

RESULTS

Between April 2018 and June 2019, 1041 patients were enrolled in EXPAND. Patients were 77.3
years old (£9.7) and 54.9% were male. There were 909 subjects with baseline echocardiograms
of acceptable quality, but MR etiology could not be determined by the echocardiography core lab
in 74 of them. Etiology of MR was considered to be PMR in 382 cases (46%), SMR in 413
(49%) and mixed in 40 (5%). Mitral valve complex anatomy was identified in 156 cases (18%),
including complex degenerative leaflets with a wide gap (n=75), jet outside A2/P2 (17), small
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valves (7), calcified landing zone (52) and/or minimum leaflet tissue (16). Fifty-four patients
(5.2%) had prior mitral valve procedures (surgical or transcatheter repair). The number of clips
implanted per patient was 1.5+0.6 (416 received only NTR, 463 only XTR, and 151 received at
least one of each). The average number of grasps attempted per clip implanted was 1.9 overall
(range 1 to 15), 2.0 for cases receiving only NTR clips (range 1-10), 1.7 for those receiving only
XTR (range 1-15), and 1.8 for those receiving at least one XTR (XTR-only or XTR and NTR,
range 1-15). Procedural and echocardiographic characteristics for the entire EXPAND cohort and
those with LAE are presented in Table 1.
Site-reported LAE. The enrolling centers reported LAE in 35 cases, of which 11 were reported
as leaflet injury (9 tear, 2 perforation) and 24 as SLDA alone (without leaflet injury). No cases of
isolated leaflet shape distortion or chordal entrapment were reported by the sites or identified by
the adjudication committee.
Independent Committee adjudication of LAE. The adjudication committee confirmed LAE in
20 cases (2.0% incidence in the EXPAND Study), 11 in patients with PMR and 9 in SMR (2.9%
vs 2.4%, P=0.82, Table 2). Among the patients with confirmed LAE who completed the study
(n=1446withdrew before the 12 -month follow up), 10 (71%) survived at least 12 months.
Leaflet injury. Leaflet injury was confirmed in 4 cases (0.4% incidence), including 2
that had coexisting leaflet injury and SLDA (cases 1 and 2 below). The cases that were not
confirmed as leaflet injury (n=7) were presented with unresolved residual MR despite multiple
grasping attempts. Disruption of leaflet integrity (tears or perforations) was not present in these
cases and no obvious leaflet folding or tension could be identified. Three of the confirmed
injuries were related to XTR devices and 1 to NTR. All cases were identified during the implant
procedure. Only 1 of these cases had features of mitral valve anatomical complexity (a cleft) and
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all resulted in 3+ or 4+ MR. All events resulted in surgical mitral valve replacement and /or
death. Detailed images of the four leaflet injury examples are shown in Figures 1-4.

Single Leaflet Device Attachment. Of the 24 patients reported as having SLDA by the
enrolling centers, 14 were confirmed by the committee and 5 were ruled out; in 5 other patients
the adjudication was inconclusive due to insufficient imaging and clinical data for the
committee’s case review. The committee identified 4 additional SLDA events, i.e., 2 had SLDA
alone and 2 had coexisting SLDA and leaflet injury (cases 1 and 2 described above), that were
reported by the sites as leaflet injury. Overall, SLDA was confirmed in 18 patients (1.8%
incidence). Sixteen of these patients had SLDA alone and 2 had coexisting SLDA and leaflet
injury (cases 1 and 2 described above). The clip was detached from the posterior MVL in 15
cases (83%), and from the anterior MVL in the remaining 3 cases (17%). Ten were related to
XTR and 8 related to NTR. Four events were identified during the implant procedure (including
the 2 with leaflet injury), 7 before hospital discharge and 7 at 30 days of follow up (2 were
reported by the sites at 6 months but upon review of the committee they were present in earlier
echoes). Details of the 16 cases adjudicated as SLDA alone are described in Table 3; examples
are shown in Figure 5. Among cases with SLDA alone (2 of which had double SLDA, both in
cases of PMR) 5 (31%) had features of mitral valve complexity including 2 with complex
degenerative leaflets with a wide gap, 2 with the jet outside A2/P2 and 3 with small valves,
calcified landing zone and/or minimum leaflet tissue for grasping. Residual MR after the
procedure was 3+ or 4+ in 4 cases (25%), 2+ in 5 (31%) and 1+ or less in the remaining 7 (44%).
Serious adverse events occurred in 4 cases (25%): one death, one stroke and 2 cases that required

cardiac surgery.
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The proposed SLDA diagnostic criteria 2 -complete separation of clip and leaflet- was
present in all 16 cases. All three features of the Criteria 3 (3.1 lack of diastolic bridge, 3.2 jet
between device and leaflet, and 3.3 excessive leaflet mobility) was present in 8 cases. Six cases
had 2 features and 2 cases had a single feature (these were all confirmed -definite SLDA- on the
basis of criteria 2). The site-reported suspected SLDA cases that were reviewed by the
committee and not adjudicated as SLDA (n=5) had a common echocardiographic presentation of
a small jet between the clip and leaflet, lacking complete clip/leaflet separation or without clear

lack of diastolic tissue bridge.

DISCUSSION

Over the last decade, the practice of edge to edge mitral valve repair with the MitraClip™
technology has expanded enormously worldwide. Meanwhile, the 3" generation evolution of the
MitraClip™ introduced NTR and XTR clip sizing options and an improved delivery catheter for
ease of use. The XTR has longer clip arms (by 3 mm) and adds 2 additional rows of frictional
elements per arm to distribute the load across the leaflet. The XTR clip design is aimed at
improving grasping, coaptation area and overall ease of use, and together with the improvements
in the delivery system resulted in greater MR reduction without an increase in adverse events
(11).

The expert panel in EXPAND performed the first comprehensive review on leaflet
adverse events associated with MitraClip™, adjudicating site-reported LAE and providing the
first set of definitions and classification of different forms of leaflet injuries and suboptimal
device attachment. Our findings are as follows: 1) the use of novel standardized definitions
allowed for accurate systematic adjudication of LAE; 2) the overall incidence of LAE was low
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(2.0 %) and occurred similarly with NTR (in 9 cases) and XTR (in 12 cases); 3) LAE seemed to
be related to multiple grasping attempts but not to mitral valve anatomical complexity and
occurred both in PMR and SMR; 4) leaflet injury was rare and was significantly over-reported
by the enrolling centers, occurred at time of implant, resulted in severe MR and portrayed an
ominous prognosis; 5) SLDA incidence was low, occurred either at time of implant or during
follow-up, and most cases could be resolved with subsequent deployment of additional clips.
Study sites reported 35 suspected LAE in 1041 enrolled subjects, out of which 20 (2.0%)
were confirmed as LAE by the expert committee. The committee was able to evaluate all events
except 5 cases which could not be properly evaluated due to missing images. The final
adjudication results indicate low incidence of LAE (2.0%), SLDA or leaflet injury event rate (4
leaflet injury [0.4%], 16 SLDA-alone [1.6%] events) and demonstrate the safety of MitraClip™
NTR and XTR Systems in a multicenter, international study in contemporary real world settings.
The incidence of adverse events was comparable to previous generations of the MitraClip™
System. The TVT registry reported 1.5 % incidence of SLDA and 0.8% of other device-related
adverse events (7). However, this US registry only captured procedural and in-hospital events
and therefore may have under-reported later SLDA events that were captured in our clinical
study (7 cases occurred after discharge in EXPAND). In ACCESS-EU, SLDA occurred in 4.8%
of the cases and data regarding leaflet injury was not reported (12). Of note, these 2 studies
reflect early experience in clinical centers, involved earlier generations of the device and lacked
systematic, independent analysis of the cases by an expert multidisciplinary panel. The results
from our analysis suggest that contrary to initial concerns, the 3" generation MitraClip™ NTR
and XTR Systems are at least as safe as previous generations. It is important to note that clinical

centers participating in EXPAND were required to have experience with previous generations of
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the device and completed at least 3 implant cases of the NTR/XTR Systems prior to enrolling
subjects into the study.

Agreement rate between the site and the committee assessment was high for SLDA. Only
for 5 cases the committee adjudication results differed from the site reporting. Leaflet injury,
however, was over-reported by the sites and only confirmed in 4 of the 11 cases. This high
disagreement rate reflects the lack of specific definitions and directives on how to accurately and
consistently diagnose LAE at the study inception, and highlights the need for the consented
definitions introduced in this manuscript. The definitions for SLDA and a variety of leaflet
injury categories will allow timely identification and consistent reporting of LAE in clinical trials
and in clinical practice, and improve evaluating safety of the TMVr procedures. The LAE
definitions provided by the expert panel based on the EXPAND Study are novel and can
potentially be further improved over time as the global experience with transcatheter edge-to-
edge repair with MitraClip™ and other TMVr techniques grow.

Based on the observations from EXPAND Study, leaflet injury occurred at the time of the
implant, while SLDA occurred mostly during the implant or prior to hospital discharge (early
events), and less often post-procedurally through 30 days (late events). There were no reported
LAE after 30 days through 1 year follow up. Therefore, it is important to explore leaflet injury
and SLDA when significant MR occurs during the implant procedure and to consider late SLDA
in the event of worsening MR severity during follow-up.

Differential diagnosis between types of LAE is crucial for helping the decision-making
process in the catheterization lab. If a LAE happens intra-procedurally, the correct interpretation
of the echocardiographic and fluoroscopic findings will be of paramount importance. The

presence of a clip attached on one of the two leaflets often results in minimal challenges to the
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operator, as SLDA can be managed by an additional MitraClip™ implantation in most cases
(13). However, some SLDA cases can be more difficult to handle, particularly those with
anatomical valve complexity such as significant leaflet or annular calcification, restricted valve
opening, small leaflet tissue to grasp, commissural jets or presence of a large cleft. The review of
site-reported events revealed that partial leaflet insertion, misalignment between the clip arms
and leaflets and the associated residual jet can often be confused with SLDA. Consented
echocardiographic definitions provided herein should be used for the differential diagnosis of
SLDA to identify the corrective action to reduce the regurgitant jet. While leaflet injuries are
uncommon, they carry a worst prognosis and can rarely be treated without a surgical procedure
(14-16). Leaflet perforations cannot be treated by an additional clip implantation, but successful
treatment of residual MR and perforations with a nitinol occluder has been reported in isolated
cases, although there is a risk of device embolization or inducing hemolysis due to residual leak
(17, 18). Rarely, a small leaflet tear could potentially be amenable to correction with an
additional clip implantation or an occlude (19). However, the chances of achieving a good result
are limited and most likely patients will require emergency valve replacement, as it was the case
in 3 of the 4 patients in our study. Our findings suggest that operators should caution multiple
grasping attempts particularly when treating patients with frail mitral valve leaflets. Shape
distortion of the leaflets is most frequently the result of a misalignment between the clip arms
and leaflets during gripping. In case of non-central implantation, the misalignment can originate
before crossing the valve leaflets, since the presence of the chordae under the annular level will
prevent proper alignment after valve crossing. When a distortion is generated, resolution with
additional clips is unlikely, therefore safety checks with TEE are critical immediately after

grasping and before releasing as clips cannot be retrieved once released from the delivery
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system. Any newly directed jet prior to clip release should be a trigger to rule out misalignment
of clip implantation and have a low threshold for repositioning. Leaflet shape distortion could

also be the results of chordal entrapment.

LIMITATIONS

While EXPAND was a prospective study, the retrospective analysis of echocardiographic
images by the committee and the real-world nature of the study results in variability in the
quality of echocardiographic acquisitions and hence certain measurements and views may not
have been available for all patients. Particularly, event-related images for 5 site-reported SLDA
cases were not available for the committee’s adjudication. Authors acknowledge that the rate of
SLDA can be between 1.8 to 2.2% if any of the 5 inconclusive cases were actual SLDA.
Furthermore, it is possible that the implanted hardware (clips) precludes proper viewing of
smaller leaflet tears or perforations that did not result in significant MR. However, the committee
had access to every echocardiogram submitted by the sites for each case and performed an
independent analysis of the images that was then complemented with the individual procedural
reports to arrive to consented conclusions.

Enrollment was based on site interpretation of MR severity and anatomy rather than
prospective core lab adjudication as it was the case in randomized controlled studies such as
COAPT, MITRA FR or EVEREST II (2—4). While this resulted in enrollment of some patients
considered to have only moderate MR by Core lab, it also included a significant number of cases
with characteristics of “high risk anatomy” that may have been excluded from other clinical
trials. Despite the inclusion of such patients, our analysis of the EXPAND study proves the
safety of the 3" generation MitraClip™ NTR and XTR Systems. Finally, while this is the longest
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follow-up report of MitraClip™ safety and leaflet events to date, longer term events have not

been recorded in this study.

CONCLUSION

TMVr with 3™ generation MitraClip™ NTR and XTR Systems is safe and provides more sizing
options for percutaneous treatment of MR than previous generations. The rate of adverse events
is lower than previously reported in large registries with older generations. As implantation of
MitraClip™ NTR and XTR Systems continue to rise world-wide, increasing the awareness and
proper diagnosis of significant LAE is timely and of critical importance. This study presents the
first comprehensive review on leaflet related adverse events associated MitraClip™ by a multi-
disciplinary expert physician panel. The analysis reports the full adjudication of the leaflet
adverse events on the next generation MitraClip™ NTR and XTR Systems. The echo findings
reported in this study will help differentiate leaflet injury events from inadequate leaflet insertion

and SLDA, and provide guidance to consistently diagnose leaflet events with MitraClip ™.
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Impact on Daily Practice
Mitral valve repair with 3™ generation MitraClip™ NTR/XTR Systems is safe for percutaneous
treatment of MR. The rate of adverse events is lower than previously reported in large registries

using older generations.

Funding: The EXPAND study was funded and sponsored by Abbott, Santa Clara, CA.

ClinicalTrials.gov Identifier: NCT03502811

Acknowledgements: Authors acknowledge Onur Dur and Kartik Sundareswaran, from Abbott,
for their support in coordinating activities related to the independent Leaflet Adverse Events
Review Committee. The authors also want to acknowledge all sites and study principle

investigators that contributed to the EXPAND Study.

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers -
has been published immediately upon acceptance as it was received in the last round of revision. The content of this article is the
responsibility of the authors.



References.

1.

Feldman T, Kar S, Rinaldi M, Fail P, Hermiller J, Smalling R, Whitlow PL, Gray W, Low
R, Herrmann HC, Lim S, Foster E, Glower D, EVEREST I. Percutaneous mitral repair with
the MitraClip system: safety and midterm durability in the initial EVEREST (Endovascular
Valve Edge-to-Edge REpair Study) cohort. ] Am Coll Cardiol. 2009;54:686—694.

Feldman T, Foster E, Glower DD, Glower DG, Kar S, Rinaldi MJ, Fail PS, Smalling RW,
Siegel R, Rose GA, Engeron E, Loghin C, Trento A, Skipper ER, Fudge T, Letsou GV,
Massaro JM, Mauri L, EVEREST III. Percutaneous repair or surgery for mitral
regurgitation. N Engl J Med. 2011;364:1395-1406.

Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piriou N, Lefévre T, Piot C,
Rouleau F, Carrié D, Nejjari M, Ohlmann P, Leclercq F, Saint Etienne C, Teiger E, Leroux
L, Karam N, Michel N, Gilard M, Donal E, Trochu JN, Cormier B, Armoiry X, Boutitie F,
Maucort-Boulch D, Barnel C, Samson G, Guerin P, Vahanian A, Mewton N, MITRA-FR 1.
Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation. N Engl J
Med. 2018;379:2297-2306.

Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, Whisenant B,
Grayburn PA, Rinaldi M, Kapadia SR, Rajagopal V, Sarembock 1J, Brieke A, Marx SO,
Cohen DJ, Weissman NJ, Mack MJ, COAPT I. Transcatheter Mitral-Valve Repair in
Patients with Heart Failure. N Engl J Med. 2018;379:2307-2318.

Gheorghe L, Ielasi A, Rensing BJWM, Eefting FD, Timmers L, Latib A, Swaans MJ.
Complications Following Percutaneous Mitral Valve Repair. Front Cardiovasc Med.

2019;6:146.

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers -
has been published immediately upon acceptance as it was received in the last round of revision. The content of this article is the
responsibility of the authors.



6. lkenaga H, Makar M, Rader F, Siegel RJ, Kar S, Makkar RR, Shiota T. Mechanisms of
mitral regurgitation after percutaneous mitral valve repair with the MitraClip. Eur Heart J
Cardiovasc Imaging. 2020;21:1131-1143.

7. Sorajja P, Vemulapalli S, Feldman T, Mack M, Holmes DR, Stebbins A, Kar S, Thourani
V, Ailawadi G. Outcomes With Transcatheter Mitral Valve Repair in the United States: An
STS/ACC TVT Registry Report. ] Am Coll Cardiol. 2017;70:2315-2327.

8. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, Iung B, Lancellotti P,
Lansac E, Rodriguez Muioz D, Rosenhek R, Sjogren J, Tornos Mas P, Vahanian A,
Walther T, Wendler O, Windecker S, Zamorano JL, ESC SDG. 2017 ESC/EACTS
Guidelines for the management of valvular heart disease. Eur Heart J. 2017;38:2739-2791.

9.  Bonow RO, O’Gara PT, Adams DH, Badhwar V, Bavaria JE, Elmariah S, Hung JW,
Lindenfeld J, Morris AA, Satpathy R, Whisenant B, Woo YJ. 2020 Focused Update of the
2017 ACC Expert Consensus Decision Pathway on the Management of
Mitral Regurgitation: A Report of the American College of Cardiology Solution Set
Oversight Committee. J Am Coll Cardiol. 2020;75:2236-2270.

10. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP, Guyton RA, O’Gara PT,
Ruiz CE, Skubas NJ, Sorajja P, Sundt TM, Thomas JD, American COCHATFOPG. 2014
AHA/ACC guideline for the management of patients with valvular heart disease: a report
of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines. J] Am Coll Cardiol. 2014;63:e57—-185.

11. Praz F, Braun D, Unterhuber M, Spirito A, Orban M, Brugger N, Brinkmann I, Spring K,

Moschovitis A, Nabauer M, Blazek S, Pilgrim T, Thiele H, Lurz P, Hausleiter J, Windecker

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers -
has been published immediately upon acceptance as it was received in the last round of revision. The content of this article is the
responsibility of the authors.



12.

13.

14.

15.

16.

17.

S. Edge-to-Edge Mitral Valve Repair With Extended Clip Arms: Early Experience From a
Multicenter Observational Study. JACC Cardiovasc Interv. 2019;12:1356—1365.

Maisano F, Franzen O, Baldus S, Schifer U, Hausleiter J, Butter C, Ussia GP, Sievert H,
Richardt G, Widder JD, Moccetti T, Schillinger W. Percutaneous mitral valve interventions
in the real world: early and 1-year results from the ACCESS-EU, a prospective,
multicenter, nonrandomized post-approval study of the MitraClip therapy in Europe. J] Am
Coll Cardiol. 2013;62:1052—-1061.

Van den Branden BJ, Swaans MJ, Post MC, Rensing BJ, Eefting FD, Jaarsma W, Van der
Heyden JA. Redo mitral valve clipping after partial clip detachment. JACC Cardiovasc
Interv. 2010;3:251-252.

Calafiore AM, Al Abdullah M, Iaco AL, Shah A, Sheikh AA, Allam A, Kheirallah H,
Awadi MO, Di Mauro M. Mitral valve replacement after MitraClip therapy. J Card Surg.
2015;30:414-418.

Citro R, Baldi C, Mastrogiovanni G, Silverio A, Bossone E, Giudice P, Piscione F, Di
Benedetto G. Partial clip detachment and posterior mitral leaflet perforation after mitraclip
implantation. Int J Cardiol. 2014;171:e113-6.

Rahhab Z, Ren B, Oei F, de Jaegere PP, Van Mieghem NM. Mitral Valve Injury After
MitraClip Implantation. JACC Cardiovasc Interv. 2016;9:e185—6.

Eng MH, Frisoli TM, Greenbaum AB, Villablanca P, Wang DD, Lee J, O’Neill W.
Percutaneous Approaches to the Treatment of Mitral Leaflet Perforation and to Residual
Regurgitation After Transcatheter Edge-to-Edge Mitral Valve Repair. Interv Cardiol Clin.

2019;8:383-391.

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers -
has been published immediately upon acceptance as it was received in the last round of revision. The content of this article is the
responsibility of the authors.



18. Kubo S, Cox JM, Mizutani Y, Uberoi A, Chakravarty T, Nakajima Y, Hussaini A, Tat E,
Makar M, Kar S. Transcatheter Procedure for Residual Mitral Regurgitation After
MitraClip Implantation Using Amplatzer Duct Occluder II. JACC Cardiovasc Interv.
2016;9:1280-1288.

19. Naeim HA, Abuelatta R. Tear of Posterior Mitral Valve Leaflet During MitraClip,

Successful Bailout Using Vascular Plugs. JACC: Case Reports 2019;1:197.

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers -
has been published immediately upon acceptance as it was received in the last round of revision. The content of this article is the
responsibility of the authors.



FIGURE LEGENDS

Central Illustration. Classification and definitions of MltraClip-related Leaflet Adverse Events

Figure 1. Example 1 with clefts, leaflet tear and SLDA. The baseline MV anatomy (Panel A)
showed primary MR with a lateral cleft (large arrow) and a medial small cleft (small arrow). The
first clip (XTR, 3 grasping attempts) created tension in P2, increasing the opening of the lateral
cleft (Panel B). After a second, medial clip (XTR, 4 grasping attempts), the edge of the medial
cleft got ripped, creating a tear of the posterior MVL (arrow, panel C) and resulted in SLDA
(detached from the posterior MVL). The resulting severe MR was not resolved with a third clip
(NTR, 1 grasp). Due to 4+ MR, the patient underwent successful emergency surgical valve
replacement and the surgeon reported a tear with a small perforation on the medial aspect of P2.
The patient was discharged to a rehabilitation facility on post-operative day 26 and withdrew

from the study at Day 30 based on the physician’s decision.

Figure 2. Example 2 was a patient with 4+ SMR and tethering of P2, complicated with SLDA
and anterior leaflet perforation. Panel A: The central clip (XTR, 2 grasping attempts) is well
placed in A2/P2 position with proper diastolic bridging (small arrow), while the lateral clip
(NTR, 3 attempts) is attached only to the posterior leaflet (detached from the anterior leaflet, loss
of leaflet bridging in diastole, large arrow); Panel B in systole shows the perforation in the
anterior leaflet (blue arrow). A third clip (NTR, 1 attempt) did not resolve the MR and the patient
underwent successful emergency surgical valve replacement, was discharged home and was

eventually withdrawn from the study at Day 120 by the physician.
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Figure 3. Example 3 was a patient with SMR complicated by posterior leaflet tear. A medial
clip (XTR) was initially placed laterally and then repositioned medially (3 grasping attempts,
final position, arrow in panel A). Multiple attempts at a second, lateral clip (XTR) resulted in a
tear in the posterior leaflet and 4+ MR (Panel B), which was also noted in the surgical report
(surgery done 6 days after TMVr). The patient died post operatively (13 days post TMVr) from

right ventricular failure and multiorgan dysfunction.

Figure 4. Example 4 had severe aortic stenosis and severe MR of mixed etiology including
significant thickening of the anterior MVL and chordae, complicated by leaflet tear. Initially,
TAVR was performed and was followed with MitraClip. A self-expanding TAVR was implanted
low in the LVOT (Panel A, long axis view), which resulted in anterior leaflet impingement after
the first clip (XTR, 2 grasping attempts) was deployed (panel B, arrow marks clip grasping at
site of TAVR device). After a second clip (XTR, 5 gripping attempts), a tear in the anterior
leaflet was noted (arrow panel C) with residual 4+ MR (panel D, long axis with arrows marking
the TAVR edge and clip, with a large jet in between them). No further intervention was done due

to extreme high risk and the patient died 7 days later.

Figure 5. Single Leaflet Device Attachment. Panel A shows a short axis of a NORMAL clip
position in A2/P2, attached to both leaflets and creating a diastolic bridge that gives the mitral
valve an “8” shape (arrow). Panels B (short axis) and C (long axis) present a case of SLDA,
where a medial clip is attached only to the posterior leaflet (narrow arrows). Note the loss of the
diastolic bridge and a jet of color seen between the clip and the detached anterior leaflet (green

arrow). while a lateral clip is properly attached to both leaflets (wide white arrows).
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Table 1. Procedural and echocardiographic characteristics for the entire EXPAND cohort and
those with Leaflet Adverse Events

SLDA- Leaflet Injur EXPAND
alone jury Study
MYV Anatomical Complexity (n/N) 31% (5/16) 25% (1/4) 18% (156/857)
gzﬁsneratlve Leaflet, cleft or Wide 40% (2/5) 100% (1/1) 48% (75/156)
Wide Jet or Primary Jet outside A2P2 40% (2/5) 0% 41% (64/156)
Small Valve, Calcified Landing Zone, 0 4 o
Minimum Leaflet Tissue 60% (3/5) X 48% (75/156)
i (Gimsplioy Al per Che 2.6 [1-15] 2.7[1-5] 1.9 [1-10]*
[min, max]
Residual MR Severity > 3+ (n/N) 23% (3/13) 100% (4/4) 2.1% (21/973)
MAE 3/16 4/4 40/1041

*The upper limit of the range corresponds to the number of maximum grasping attempts in
subjects without adjudicated leaflet adverse events.

SLDA-= single leaflet device attachment; MV=Mitral Valve; MAE= major adverse events, as
adjudicated by the EXPAND Clinical Events Committee.
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Table 2. Adjudicated Leaflet Adverse Events according to device type and MR etiology.

Leaflet Adverse Events

(LAE) Clip Type
XTR
Single Leaflet Device
Attachment (SLDA)
NTR
XTR
Leaflet injury (leaflet tear or
perforation)
NTR

EXPAND
(N=1030)

10

Primary MR Secondary MR

(N=420) (N=410)
7% 3%
3 5
2% 1
0 1%

*2 cases had SLDA + leaflet injury

LAE: leaflet adverse event; SLDA: single leaflet device attachment; MR; mitral regurgitation
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Table 3. Description of Committee-Adjudicated SLDA Cases without leaflet injury (n=16) from the EXPAND Study**. Each row
represents one of the 16 patients with SLDA alone.

S.LD.A # Residual MR AdJUd'C"f‘t'OD Major
MR Timing . . - SLDA Criteria,
. Clip Type* Grasping  Severity after Detached Leaflet - . Adverse
Etiology from detached clip (if >1 clip
. Attempts the Event - Events
implant implanted)
PMR 30 days XTR NA 1+ PMVL 361, iz’ 33) No
Yes (Non-
elective
. 2 surgery for
SMR Discharge NTR 1 4+ PMVL 3(3.2,33) device related
complications
)
2
3(33.1,3.2,3.3)
Medial clip
PMR Discharge XTR/XTR 15/5 3+ PMVL Yes (Death)
Site reported double
SLDA but only 1
adjudicated by committee
2
PMR 30 days XTR/NTR 5/1 3+ PMVL 3(3.1,3.2,3.3) No
Medial clip
2 Yes (surgical
PMR Discharge = XTR/NTR 1/1 1+ PMVL 3(3.1,3.2) MV
Medial clip replacement)
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2
SMR 30 day NTR/NTR 1/NA 0+ PMVL 3(3.1,3.3) No
Lateral clip

2
3(3.1,3.2,3.3)

Site reported at 6 months,
re-do clip performed.
SLDA was present at

discharge

SMR Discharge NTR 3 1+ PMVL

2

3(3.2)
PMR Procedure XTR,/II\II{T}UX 3/2/2 1+ AMVL Medial Clip No
SLDA possibly with

chordal rapture

2
3(3.1,3.2,3.3)

SMR XTR 1 2+ PMVL Site reported at 6 months, No
30 days .
re-do clip performed.
SLDA was present at 30
days.
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2
3(3.1,3.2,3.3)
Lateral clip (at A2-P2 /
A1/P1, Clip failed to
grasp big prolapsing P2
scallop).

PMR 30 days XTR/XTR 4/1 4+ PMVL Yes (Stroke)

2
SMR  30days <TRXTRN G NANAN 2+ PMVL 3(3.1,3.3) No

TR A Lateral clip

2
3(3.1,3.2)

PMVL Double SLDA (both
PMVL same Criteria)
Extensive Calcium in
grasping area, limited
tissue to grab on a short
posterior leaflet.

PMR  Discharge @ XTR/NTR 2/1 2+

2
PMR  30days  XTR/XTR 23 2+ AMVL 3(3.1,32.33) No

. 2
PMR Discharge NTR 2 1+ PMVL 3(3.1,3.2,3.3) No

2
SMR Discharge NTR/NTR 2 1+ PMVL 3(33.3) No
Medial clip
2

SMR  Procedure  XTR/NTR NA/NA 2+ PMVL 3(3.2,3.3) No

*The clip types are listed in the order they were implanted. The clip type with SLDA is bolded. If none bolded, it was unclear which device had SLDA.
**Cases with SLDA and leaflet injury are cases 1 and 2 described in detail in the text. Adjudication for 5 SLDA events were inconclusive due to missing echo
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and fluoroscopic images upon committee review and patients did not have surgery or autopsy performed. Therefore, these unconfirmed cases were not included

in the final adjudication results.
MR: mitral regurgitation, SLDA: single leaflet device attachment, PMR: primary mitral regurgitation, SMR: secondary mitral regurgitation, NA: not available,

PMVL: posterior mitral valve leaflet, AMVL: anterior mitral valve leaflet, AE: clip-related adverse event (as reported by clinical sites).
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Central Illustration

Leaflet Injury

Tear

Disruption of leaflet integrity Tear Perforation
reaching the leaflet edge . =

Perforation

Disruption of leaflet integrity
NOT reaching the leaflet edge.

Shape distortion

Shape distortion affecting leaflet
coaptation, without disruption of
the leaflet integrity. Examples
include, but are not limitedto,
leaflet folding, tension/pin-
wheeling, etc.

Single
Leaflet
Device
Attachment

(SLDA)*

Criterial

Confirmation of complete
SLDA at surgery or autopsy.

SLDA diastole SLDA systqle

Criteria 2

Echocardiographic or
fluoroscopic demonstration of
complete separation of device
and a single leaflet tissue.

Criteria 3

3.1- Failure to demonstrate
diastolic tissue bridge.

3.2 - Color Doppler
demonstration of significant
MR through the device/leaflet
interface.

3.3 - New excessive leaflet
mobility following device
deployment

- Definite SLDA: Fulfiliment of criteria 1 or 2 or 3 (all 3.1,3.2 and 3.3)
- Likely SLDA: Partial fulfillment of criteria 3. Criteria 3.1 must be met, with either 3.2 or 3.3 (not both).
- Unconfirmed SLDA: Failure to meet criteria for Definite or Likely SLDA.

Chordal Entrapment (CE)

Partial leaflet insertion
and/or chordal rupture

Only one cliparm gripping
chordae.

Complete Entrapment

Both clip arms tangled/gripping
chordae
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Figure 1
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Figure 2

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers - has been published immediately upon acceptance as it
was received in the last round of revision. The content of this article is the responsibility of the authors.



Anterior :
s Anterior

Y Ll
_— =
" Posteriorn

|

—

Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers - has been published immediately upon acceptance as it
was received in the last round of revision. The content of this article is the responsibility of the authors.



Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers - has been published immediately upon acceptance as it
was received in the last round of revision. The content of this article is the responsibility of the authors.



Disclaimer : As a public service to our readership, this article -peer reviewed by the Editors of Eurolntervention and external reviewers - has been published immediately upon acceptance as it
was received in the last round of revision. The content of this article is the responsibility of the authors.



