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Abstract
Percutaneous mitral valve leaflet repair has revolutionised the treatment of heart failure patients with sec-
ondary mitral regurgitation. It also offers a valuable alternative to surgery for high-risk patients with degen-
erative disease. More than one device is now available for leaflet repair, broadening the indications and 
improving outcomes, as well as complicating the decision-making algorithms. In the last two years, several 
trials and registries have enriched the evidence around these procedures, although many questions remain 
open. Two major clinical trials have provided opposing evidence, confirming that this field of cardio-
vascular medicine remains controversial. Probably, the challenge remains with the human factor: achieving 
optimal outcomes remains a challenge, highly dependent on patient selection, timing and procedural details. 
Operator-dependent factors are emerging as a key element, not unexpectedly, to achieve procedural excel-
lence. Besides large randomised controlled trials, a great deal of knowledge is emerging from real-world 
registries. This review focuses on what we can learn from registries and single-centre experiences as a com-
plement to the large randomised trials.
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Abbreviations
COAPT  Cardiovascular Outcomes Assessment of the 

MitraClip Percutaneous Therapy for Heart Failure 
Patients with Functional Mitral Regurgitation

EXPAND  A Contemporary, Prospective Study Evaluating Real-
world Experience of Performance and Safety for the 
Next Generation of MitraClip Devices

MITRA-FR  Multicentre Study of Percutaneous Mitral Valve 
Repair MitraClip Device in Patients With Severe 
Secondary Mitral Regurgitation

MR mitral regurgitation

Introduction
It took 20 years to consolidate a dream. In 1998, the group of 
Ottavio Alfieri, the father of edge-to-edge therapy, published 
a research article on the midterm follow-up data on the “Alfieri 
technique” in diverse mitral regurgitation (MR) settings. With 
a sense of innovation in mind, but without a clear idea of the 
details of the execution, the final paragraph of the publication pre-
dicted the future of mitral interventions1: “eventually, the concept 
introduced by this type of repair can open the perspective of per-
cutaneous correction of MR”.

The Alfieri technique has been the object of controversy in the 
surgical community: “it creates a stenosis”, “it is not physiologic”, 
“it restricts leaflet motion”, “it does not respect the anatomy”, 
“I do not need it”.

Exactly twenty years after this publication, the controversy con-
tinues, but in the interventional field. Two seminal trials have tested 
the clinical value of the MitraClip® (Abbott Vascular, Santa Clara, 
CA, USA) in the treatment of functional (secondary) MR, COAPT2 
and MITRA-FR3. Now, almost two years after the presentation of 
the results, the world still seems to be divided into two factions – 
those who believe and those who remain sceptical. The two trials 
had very different outcomes, the COAPT trial showing a benefit 
from the therapy, and the MITRA-FR trial unable to identify a solid 
advantage from the therapy. The differences in the outcomes can be 
found in the study design, the issue of sponsored trials, patient selec-
tion, technical performance, periprocedural treatment, and so on.

A number of recent publications have tried to shed some light 
on the differences between the COAPT and MITRA-FR results4: 
the trend is to find algorithms, to set thresholds, to discover the 
holy number that predicts life or death. The newly introduced con-
cept of “disproportionate MR” is intriguing but needs to be tested 
in a clinical setting. Adamo et al recently retrospectively ana-
lysed the outcomes of “real-world” patients undergoing MitraClip 
implantation for secondary MR and found that echocardiographic 
parameters per se, including the presence of disproportionate MR, 
did not predict outcomes.

Given the multifactorial essence of prognosis of secondary MR 
in heart failure, prediction of success remains a challenge. The 
outcomes are influenced by many factors, most of them poten-
tially confounding. There is no doubt that the outcomes of a pro-
cedure depend on patient selection. It is also clear that the synergy 

of medical therapy and the support of an experienced heart failure 
team are key to the long-term outcomes. What should be empha-
sised in the discussion is the value of the operators. Edge-to-edge 
percutaneous mitral repair is an operator-dependent procedure. 
The final haemodynamic outcomes of the procedure are influ-
enced by the operator and institutional expertise5,6. This is not new 
in the field of mitral interventions, as surgeon expertise is highly 
influential in terms of clinical outcomes7.

Managing the valve opening area: the procedural 
details that (could) make the difference
A transcatheter edge-to-edge repair is highly dependent on the 
expertise of the operator, the imager and all of the team. Although 
any procedure starts with a plan based on baseline anatomy, the 
need to revise and sometimes to overturn the plan and change 
strategy is not uncommon. This is due to the intrinsic dynamic 
nature of the procedure, which is influenced by the ongoing pro-
cess of leaflet approximation. The main driver of decision mak-
ing derives from the underlying limitation of the Alfieri technique: 
it is a compromise between correction of MR and reduction of 
the valve opening area. In addition, during the procedure, it is not 
uncommon to be confronted with new mechanisms of regurgita-
tion caused either by the implantation (iatrogenic) or by previ-
ously unrecognised lesions.

Although post-procedural gradients have been associated with 
clinical outcomes, there is still uncertainty regarding the relative 
role of MR reduction and mild mitral stenosis. Since its intro-
duction, an arbitrary threshold of 5 mmHg has been universally 
set as the maximal acceptable mean diastolic gradient follow-
ing MitraClip procedures. On the other hand, while residual MR 
is assessed as a continuous variable, there is no reason to deal 
with residual stenosis as if it was a categorical event. Neuss et al 
first reported the impact of higher diastolic gradients following 
MitraClip therapy in a single-centre study8. They found that a gra-
dient higher than 4.4 mmHg by echo (or greater than 5 mmHg 
invasively) was associated with significantly worse outcomes dur-
ing one-year follow-up. The presence of an elevated gradient fol-
lowing the procedure has a similar prognostic value for either 
residual moderate or severe MR. Interestingly, the authors admit 
that invasive left heart pressure measurements were not performed 
at the beginning of their experience. Later, they implemented 
continuous pressure measuring with a pigtail in the left atrium.

Kuwata, from our group, reported the use of continuous direct 
left atrial pressure measurement during MitraClip procedures 
as an additional predictor of clinical outcomes9. In a small and 
selected population with prevalent degenerative MR, the overall 
left atrial pressure was reduced significantly as the result of the 
procedure. Left atrial pressure was indexed to the left ventricular 
systolic pressure to reduce the bias of afterload variability during 
the procedure. In multivariate Cox regression analysis, the intra-
procedural decrease of the indexed left atrial pressure was an inde-
pendent predictor of persisting symptoms (hazard ratio [HR] 1.5, 
95% confidence interval [CI]: 1.0-2.1, p=0.005) and of the risk 
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of rehospitalisation (HR 3.4, 95% CI: 3.1-3.6, p=0.005) following 
the procedure. Interestingly, residual MR >2+ failed to be signi-
ficantly associated with the clinical outcomes in the multivariable 
analysis. Increase of left atrial pressures was usually not related 
to residual MR. This publication also suggested the importance 
of using continuous pressure monitoring to guide decision mak-
ing prior to clip release, using the reduction of mean left atrial 
pressure as an indicator of successful clip implantation. In our 
practice, we implemented this measurement to complement the 
echo-guided evaluation of valve function prior to clip implanta-
tion. As mentioned in our publication, the observation of a blunted 
v-wave pressure tracing may induce a misleading conclusion of 
a good outcome, while MR has been reduced at the expense of 
valve area. Therefore, the reduction of mean left atrial pressure, in 
addition to echocardiography, is today integrated in our recipe to 
discriminate between a satisfactory clip implantation and one that 
deserves a revision, prior to clip release.

On the other hand, a sub-analysis of the COAPT trial (Halaby, 
personal communication, ACC 2020) reported no relationship 
between post-MitraClip gradients and outcomes: patients in the 
highest gradient quartile experienced astonishingly fewer events 
(even if this was not statistically significant), compared with 
patients in the lower quartiles. The major limitation of this study is 
that the gradient was only measured by echo Doppler, which could 
be influenced by left ventricular diastolic function. Such discrep-
ancies highlight the need for focused investigations in this field, 
including invasive measurements to understand better the impact 
of diastolic mitral function on outcomes.

Operator experience counts
Sometimes defining quality is difficult, particularly in the field of 
mitral interventions, where each valve has its own fingerprint, and 
the details driving the final outcomes are infinite.

Institutional and operator volumes are known factors influenc-
ing outcomes in mitral valve surgery10. MitraClip has been able 
to smooth the learning curve. The data from the TRAMI registry 
demonstrated similar safety outcomes in low- versus high-volume 
centres11. The TVT registry data also indicated that the learning 
curve to achieve a reasonable outcome (less than 3+ MR) after 
a MitraClip procedure is quite short6. On the other hand, to achieve 
a very good result (minimal MR), the learning curve appears to 
be longer and there is a trend towards continuous improvement 
even after more than 200 procedures. This is not surprising, due 
to multiple factors: as experience grows, the operator tends to 
tackle more complex cases. On the other hand cumulative expe-
rience helps to avoid complications and apply the best tactics to 
achieve haemodynamic success… just as with surgery. However, 
acute outcomes are not everything. Durability in this field counts.

Achieving durability: towards the surgical 
standards
The MitraClip was introduced as an alternative to surgery for high-risk 
surgical candidates. However, as the experience has grown, the idea 

of expanding indications becomes more realistic. Nevertheless, the 
standard bar of surgery, particularly in the field of primary MR, is high.

Ideally, transcatheter leaflet repair should not only reduce MR, 
without significant gradient, but also be durable. One of the issues 
of durability is the absence of annuloplasty. In surgery, the absence 
of annuloplasty is associated with shorter durability12. On some 
occasions, leaflet repair has been associated with percutaneous 
annuloplasty (also called the Combo procedure13). Annular dimen-
sions are also influenced by clip implantation, both as a result 
of immediate tension on the leaflets14, and as a result of reverse 
remodelling. However, annuloplasty could be useful in selected 
patients with annulus-to-leaflet mismatch15-17 in which a “surgery-
like” outcome is expected.

The specific essence of durability after MitraClip procedures is 
the quality of the grasping, typically assessed by “leaflet insertion”. 
Leaflet insertion is best evaluated during the grasping sequence, 
before the clip is closed, to avoid image artefact. Another option, 
recently described by Tang et al18, involves the measurement of the 
leaflets before and after implantation to compare the native length 
of the leaflets to the residual length after the grasping. Insufficient 
grasping could be followed by immediate or delayed single leaflet 
attachment (SLA). SLA is observed in 1-2% of cases, according to 
the TVT and the TRAMI registries, and can be difficult to man-
age5,19. The recent introduction of the MitraClip XTR system has 
shown that the use of a longer clip device in short leaflets could 
be associated with higher risk of SLA. If a short leaflet (or rolled 
leaflet) does not reach the base of the clip arm, then some grippers 
might not be in contact with the leaflets. Therefore, it is mandatory 
to respect the minimal length of 6 mm for the NTR system and 
9 mm for the XTR system. Another possible cause of reduced dura-
bility is leaflet lesions (tears, perforations, chordal ruptures, etc.). 
These can occur immediately after clip implantation or be delayed 
days or weeks after the implant. Distortion of the valve symmetry 
could increase the risk of delayed leaflet lesion, due to increased 
tension on the tissue; therefore, extreme attention should be applied 
to proper clip orientation in order to avoid any distortion.

Leaflet lesions are very difficult to treat20-23. In some cases 
a second MitraClip intervention can improve the haemodynam-
ics (very rare circumstance), in some cases occlusion devices have 
been used24, but in the end most of the patients with leaflet lesions 
require a surgical revision, when operable. Therefore, everything 
should be done to avoid this serious (although rare) complication 
– patient selection (careful in case of leaflet or annulus calcifica-
tion), clip selection and proper handling (dive as you close the 
device, particularly with the XTR system).

Last but not least, early and long-term outcomes are strongly 
related to periprocedural care and appropriate heart failure ther-
apy. Drug-device interaction is an important topic that requires 
more focus in the near future.

Two emerging indications
As new centres are starting transcatheter mitral valve programmes, 
as expertise grows, new indications for leaflet repair are emerging. 



806

EuroIntervention 2
0

2
0

;16
:8

0
3

-8
0

7

Recently, a number of cases of acute mitral insufficiency follow-
ing acute myocardial infarction with25 or without26 papillary mus-
cle rupture have been reported. Operative mortality after surgical 
repair/replacement is very high27; therefore, a catheter-based alter-
native, as a definitive solution or as a bridge to surgery, is very 
appealing. Initial results are very promising. Given the high-risk 
setting, percutaneous leaflet repair may become the first-line 
option in most patients28.

Another interesting indication for leaflet repair is the treatment 
of systolic anterior motion in different settings, including the con-
text of hypertrophic obstructive cardiomyopathy29.

The emerging technologies
With the introduction of new models of the MitraClip and of 
alternative devices for leaflet approximation, operators are con-
fronted with more options, but also with some new challenges. 
Recently, the MitraClip device family has been enhanced with 
a model with longer arms, the XTR clip30,31, to expand indications 
and to improve the efficiency of clip implantation in complex 
anatomies. The MitraClip EXPAND Study (A Contemporary, 
Prospective Study Evaluating Real-world Experience of 
Performance and Safety for the Next Generation of MitraClip 
Devices) was designed to confirm the safety and performance 
of the MitraClip NTR system and MitraClip XTR system and 
to collect clinical information to guide selection strategies for 
clip selection (ClinicalTrials.gov Identifier: NCT03502811). 
Soon after the introduction in clinical use, the EXPAND Steering 
Committee provided clip selection recommendations based on 
the following anatomical considerations: the presence of longer/
redundant leaflets, large flail gaps and lesions in the area of 
A2P2 would favour a clip with longer arms, while the presence 
of short/restricted leaflets, calcification of the annulus, smaller 
area or lesions in the commissures would favour a shorter clip 
version. Their initial assumptions have come face to face with 
“real-world” evidence from worldwide users. In general, the 
recommendations have been confirmed with the exclusion of 
the small baseline valve area. Smaller valve area was considered 
a relative contraindication for the XTR system with the reserva-
tion that longer arms could reduce leaflet mobility and induce 
stenosis. On the other hand, according to the EXPAND registry, 
in this subset of patients an XTR system has been used more 
frequently (Maisano, on behalf of the EXPAND study group, 
personal communication, PCR e-Course 2020). This finding, 
although surprising, can be related to the higher efficiency of 
the XTR system and the possibility of achieving greater degrees 
of MR reduction with single clip implantation in the setting of 
a small baseline valve area.

The initial results of the EXPAND registry also suggest that the 
greatest benefit of the XTR is to be found mainly in the primary 
MR setting. Both the XTR and the NTR have similar safety pro-
files, including the risk of SLA and leaflet lesions. Interestingly, 
the overall echocardiographic core lab-adjudicated outcomes are 
superior to previous studies, suggesting that the introduction of 

two sizes has improved the efficacy of the treatment platform. 
More recently, Abbott has introduced a new generation of the 
MitraClip (generation 4), including independent leaflet grasping, 
four sizes (long and short arms, normal and wider grasping sur-
face), and continuous left atrial pressure monitoring capability. 
Safety and effectiveness studies are ongoing to analyse further the 
value of these novelties.

However, leaflet repair is possible not only with a clip device. 
In 2017, Edwards Lifesciences (Irvine, CA, USA) introduced the 
PASCAL system32, a nitinol-based leaflet approximation device 
that allows independent clasping of leaflets, induces reduced 
stress on leaflets, is simple to reposition and retrieve, and includes 
a unique central spacer designed to block more jet and to minimise 
residual MR. The CLASP study demonstrated a very promising 
performance of the system: a large majority of patients had no or 
minimal MR at 30 days from the implant.

Other leaflet approximation platforms are under evaluation or in 
the early clinical trial phase.

Conclusion
A long road connects the initial intuition of Professor Alfieri 
and the current use and future perspective of mitral valve repair. 
Randomised trials and several real-world registries have been 
instrumental in supporting further indications for percutaneous 
edge-to-edge repair in different clinical scenarios. Further imple-
mentation of technological advances and operator expertise will 
surely improve outcomes and determine the role of these proce-
dures in the future.

Conflict of interest statement
F. Maisano has received grant and/or research support from Abbott, 
Medtronic, Edwards Lifesciences, Biotronik, Boston Scientific 
Corporation, NVT, and Terumo, consulting fees and honoraria from 
Abbott, Medtronic, Edwards Lifesciences, SwissVortex, Perifect, 
Xeltis, Transseptal Solutions, Cardiovalve, and Magenta, has royalty 
income/IP rights with Edwards Lifesciences, and is a shareholder 
(including share options) of CardioGard, Magenta, SwissVortex, 
Transseptal Solutions, Occlufit, 4Tech, and Perifect. M. Taramasso 
has received consulting fees or honoraria from Abbott, Boston 
Scientific, 4Tech, Edwards Lifesciences, CoreMedic, Mitraltech, 
and SwissVortex, and is a shareholder in 4Tech.

References
1. Maisano F, Torracca L, Oppizzi M, Stefano PL, D’Addario G, La Canna G, 
Zogno M, Alfieri O. The edge-to-edge technique: a simplified method to cor-
rect mitral insufficiency. Eur J Cardiothorac Surg. 1998;13:240-5.

2. Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, 
Whisenant B, Grayburn PA, Rinaldi M, Kapadia SR, Rajagopal V, Sarembock IJ, 
Brieke A, Marx SO, Cohen DJ, Weissman NJ, Mack MJ; COAPT Investigators. 
Transcatheter Mitral-Valve Repair in Patients with Heart Failure. N Engl J 
Med. 2018;379:2307-18.

3. Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piriou N, 
Lefèvre 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, 



807

EuroIntervention 2
0

2
0

;16
:8

0
3

-8
0

7

Percutaneous mitral valve leaflet repair

Trochu JN, Cormier B, Armoiry X, Boutitie F, Maucort-Boulch D, Barnel C, 
Samson G, Guerin P, Vahanian A, Mewton N; MITRA-FR Investigators. 
Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation. 
N Engl J Med. 2018;379:2297-306.

4. Packer M. Disproportionate functional mitral regurgitation: a new thera-
peutic target in patients with heart failure and a reduced ejection fraction. Eur 
J Heart Fail. 2020;22:23-5.

5. Chhatriwalla AK, Vemulapalli S, Holmes DR Jr, Dai D, Li Z, Ailawadi G, 
Glower D, Kar S, Mack MJ, Rymer J, Kosinski AS, Sorajja P. Institutional 
Experience With Transcatheter Mitral Valve Repair and Clinical Outcomes: 
Insights From the TVT Registry. JACC Cardiovasc Interv. 2019;12:1342-52.

6. Chhatriwalla AK, Vemulapalli S, Szerlip M, Kodali S, Hahn RT, Saxon JT, 
Mack MJ, Ailawadi G, Rymer J, Manandhar P, Kosinski AS, Sorajja P. Operator 
Experience and Outcomes of Transcatheter Mitral Valve Repair in the United 
States. J Am Coll Cardiol. 2019;74:2955-65.

7. Bolling SF, Li S, O’Brien SM, Brennan JM, Prager RL, Gammie JS. 
Predictors of mitral valve repair: clinical and surgeon factors. Ann Thorac 
Surg. 2010;90:1904-11; discussion 1912.

8. Neuss M, Schau T, Isotani A, Pilz M, Schöpp M, Butter C. Elevated Mitral 
Valve Pressure Gradient After MitraClip Implantation Deteriorates Long-Term 
Outcome in Patients With Severe Mitral Regurgitation and Severe Heart 
Failure. JACC Cardiovasc Interv. 2017;10:931-9.

9. Kuwata S, Taramasso M, Czopak A, Luciani M, Pozzoli A, Ho E, Ferrero 
Guadagnoli A, Saccocci M, Gaemperli O, Nietlispach F, Zuber M, Feldman T, 
Maisano F. Continuous Direct Left Atrial Pressure: Intraprocedural 
Measurement Predicts Clinical Response Following MitraClip Therapy. JACC 
Cardiovasc Interv. 2019;12:127-36.

10. Gammie JS, O’Brien SM, Griffith BP, Ferguson TB, Peterson ED. 
Influence of hospital procedural volume on care process and mortality for 
patients undergoing elective surgery for mitral regurgitation. Circulation. 
2007;115:881-7.

11. Eggebrecht H, Mehta RH, Lubos E, Boekstegers P, Schofer J, Sievert H, 
Ouarrak T, Senges J, Schillinger W, Schmermund A. MitraClip in High- Versus 
Low-Volume Centers: An Analysis From the German TRAMI Registry. JACC 
Cardiovasc Interv. 2018;11:320-2.

12. Gillinov AM, Cosgrove DM, Blackstone EH, Diaz R, Arnold JH, Lytle BW, 
Smedira NG, Sabik JF, McCarthy PM, Loop FD. Durability of mitral valve 
repair for degenerative disease. J Thorac Cardiovasc Surg. 1998;116:734-43.

13. Brustle K, Taramasso M, Kuwata S, Maisano F. Transcatheter mitral 
annuloplasty to treat residual mitral regurgitation after MitraClip implantation. 
EuroIntervention. 2017;13:912-3.

14. Melillo E, Godino C, Falasconi G, Ancona F, Stella S, Capogrosso C, 
Ancona M, Agricola E, Montorfano M. Acute Mitral Annular Remodeling 
After Percutaneous Repair With MitraClip: Annuloplasty-Like Effect. JACC 
Cardiovasc Interv. 2019;12:2432-3.

15. Delgado V, Ajmone Marsan N, Bax JJ. Mitral Annular Dilation Relative to 
the Length of the Leaflets and Outcome of MitraClip Implantation. JACC 
Cardiovasc Interv. 2019;12:2473-5.

16. Timek TA, Nielsen SL, Lai DT, Tibayan F, Liang D, Daughters GT, 
Beineke P, Hastie T, Ingels NB Jr, Miller DC. Mitral annular size predicts 
Alfieri stitch tension in mitral edge-to-edge repair. J Heart Valve Dis. 2004; 
13:165-73.

17. Maisano F, La Canna G, Grimaldi A, Vigano G, Blasio A, Mignatti A, 
Colombo A, Maseri A, Alfieri O. Annular-to-leaflet mismatch and the need for 
reductive annuloplasty in patients undergoing mitral repair for chronic mitral 
regurgitation due to mitral valve prolapse. Am J Cardiol. 2007;99:1434-9.

18. Tang GHL, Ro RJ, Sengupta A, Khera S, Sharma SK, Kini A, Lerakis S. 
A Novel Method to Quantify Leaflet Insertion During Transcatheter Mitral 
Valve Repair With the MitraClip. JACC Cardiovasc Interv. 2020;13: 
1499-500.

19. Eggebrecht H, Schelle S, Puls M, Plicht B, von Bardeleben RS, Butter C, 
May AE, Lubos E, Boekstegers P, Ouarrak T, Senges J, Schmermund A. Risk 
and outcomes of complications during and after MitraClip implantation: 
Experience in 828 patients from the German TRAnscatheter mitral valve inter-
ventions (TRAMI) registry. Catheter Cardiovasc Interv. 2015;86:728-35.

20. Morgan AE, Wozniak CJ, Gulati S, Ge L, Grossi EA, Weinsaft JW, 
Ratcliffe MB. Association of Uneven MitraClip Application and Leaflet Stress 
in a Finite Element Model. JAMA Surg. 2017;152:111-4.

21. Zhang Y, Wang VY, Morgan AE, Kim J, Handschumacher MD, 
Moskowitz CS, Levine RA, Ge L, Guccione JM, Weinsaft JW, Ratcliffe MB. 
Mechanical effects of MitraClip on leaflet stress and myocardial strain in func-
tional mitral regurgitation - A finite element modeling study. PLoS One. 2019; 
14:e0223472.

22. 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.

23. Czerny M, Taramasso M, Guidotti A, Maisano F. A creative transcatheter 
approach to correct complex recurring mitral regurgitation after previous surgi-
cal repair. EuroIntervention. 2016;11:e1302-4.

24. Taramasso M, Zuber M, Gruner C, Gaemperli O, Nietlispach F, Maisano F. 
First-in-man report of residual “intra-clip” regurgitation between two MitraClips 
treated by AMPLATZER Vascular Plug II. EuroIntervention. 2016;11:1537-40.

25. Papadopoulos K, Chrissoheris M, Nikolaou I, Spargias K. Edge-to-edge 
mitral valve repair for acute mitral valve regurgitation due to papillary muscle 
rupture: a case report. Eur Heart J Case Rep. 2019;3:ytz001.

26. Estevez-Loureiro R, Adamo M, Arzamendi D, Denti P, Freixa X, Nombela-
Franco L, Pascual I, Melica B, Attias D, Serrador A, Benito-Gonzalez T, 
Iniguez A, Fernandez-Vazquez F. Transcatheter mitral valve repair in patients 
with acute myocardial infarction: insights from the European Registry of 
MitraClip in Acute Mitral Regurgitation following an acute myocardial infarc-
tion (EREMMI). EuroIntervention. 2020;15:1248-50.

27. Chen Q, Darlymple-Hay MJ, Alexiou C, Ohri SK, Haw MP, Livesey SA, 
Monro JL. Mitral valve surgery for acute papillary muscle rupture following 
myocardial infarction. J Heart Valve Dis. 2002;11:27-31.

28. Valle JA, Miyasaka RL, Carroll JD. Acute Mitral Regurgitation Secondary 
to Papillary Muscle Tear: Is Transcatheter Edge-to-Edge Mitral Valve Repair 
a New Paradigm? Circ Cardiovasc Interv. 2017;10:e005050.

29. Schäfer U, Frerker C, Thielsen T, Schewel D, Bader R, Kuck KH, Kreidel F. 
Targeting systolic anterior motion and left ventricular outflow tract obstruction 
in hypertrophic obstructed cardiomyopathy with a MitraClip. EuroIntervention. 
2015;11:942-7.

30. Weinmann K, Markovic S, Rottbauer W, Kessler M. First experience with 
the MitraClip XTR device for extensive mitral valve prolapse (Barlow’s dis-
ease). EuroIntervention. 2018;14:e1276-7.

31. Jorbenadze R, Schreieck J, Barthel C, Seizer P, Schlensak C, Gawaz M, 
Patzelt J, Langer HF. Percutaneous Edge-to-Edge Mitral Valve Repair Using 
the New MitraClip XTR System. JACC Cardiovasc Interv. 2018;11:e93-5.

32. Praz F, Spargias K, Chrissoheris M, Büllesfeld L, Nickenig G, Deuschl F, 
Schueler R, Fam NP, Moss R, Makar M, Boone R, Edwards J, Moschovitis A, 
Kar S, Webb J, Schäfer U, Feldman T, Windecker S. Compassionate use of the 
PASCAL transcatheter mitral valve repair system for patients with severe 
mitral regurgitation: a multicentre, prospective, observational, first-in-man 
study. Lancet. 2017;390:773-80.


