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MITRAL VALVE INTERVENTIONS

HOT DEBATES

Surgical mitral valve intervention following a failed MitraClip

procedure
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Abstract

The MitraClip procedure has shown promising results in patients
with high surgical risk. However, data concerning outcomes of
open mitral valve surgery for failed MitraClip procedures are
sparse. In a retrospective clinical investigation, baseline character-
istics, intraoperative and histopathological findings, surgical indi-
cations and results of patients who required surgery after a failed
MitraClip procedure were collected. Between March 2010 and
May 2016, 25 patients presented at our department with severe
mitral valve regurgitation following a failed MitraClip proce-
dure. Leaflet destruction or severe adhesions between leaflets and
the implanted clip were the commonest intraoperative findings.
Upon surgery, the mitral valve was either repaired (n=5, 20%) or
replaced (n=20, 80%) with a biological prosthesis. Four patients
who had presented in cardiogenic shock prior to the operation
died within the first 30 days. In the majority of cases, mitral valve
replacement is preferred over repair due to severe leaflet damage
following the MitraClip procedure. Only those patients who pre-
sent in cardiogenic shock are at extremely high risk for in-hospital
mortality.

Introduction

Surgical mitral valve repair remains the gold standard treatment
for patients with mitral regurgitation (MR) due to degenerative
disease. Previous studies demonstrated the benefit in outcomes
of surgical repair over replacement for this patient group'. For
functional mitral regurgitation, the superiority of either repair or
replacement remains controversial®.

However, some patients present with a prohibitive risk for sur-
gery due to severe comorbidities such as heart failure, chronic
obstructive pulmonary disease or renal failure. In these cases,
medical therapy exhibits no benefit. In contrast, the MitraClip®
device (Abbott Vascular, Santa Clara, CA, USA) has shown excel-
lent results in reducing the severity of MR with improvement
of patient functional outcome and quality of life. However, in
about 4.8-9.5% of cases the MitraClip procedure may fail due to

inadequate indications, technical problems or unfavourable anat-
omy**. In these cases, the MitraClip has to be removed surgically
and the mitral valve either repaired or replaced. To date, only
a few case reports and case series have described the outcomes
of patients who underwent a surgical mitral valve procedure after
a failed MitraClip approach®¢. These current results may have par-
ticular importance for patient information prior to the interven-

tional procedure.

Methods

PATIENT DATA SELECTION

Between March 2010 and May 2016, 25 patients with severe mitral
valve regurgitation after MitraClip application were referred for sur-
gery. The preoperative data including indication for primary mitral
clipping, baseline and echocardiographic data, intraoperative out-
comes and histopathological findings were collected for all patients.

SURGICAL PROCEDURE

Median sternotomy or anterolateral thoracotomy was chosen
depending on concomitant procedures and the comorbidities of each
patient. The anterolateral access was chosen for patients who were
scheduled for either isolated mitral valve surgery or additional tri-
cuspid valve repair. Median sternotomy was performed in patients
with peripheral vascular diseases, for patients who underwent a con-
comitant procedure, e.g., coronary artery bypass graft (CABG),
aortic valve replacement or who had an emergent indication for sur-
gery. The mitral valve was exposed through the left atrium which
was opened directly or through the atrial septum. Valve analysis was
performed in each case to examine the possibility of mitral valve
repair. Valve replacement was performed in cases of severe leaflet
destruction or if the clip harvesting was not possible without exten-
sive resection of leaflets and chords.

FOLLOW-UP
The mortality data were obtained from our local database. Procedural
complications were followed up in the hospital or by telephone.
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STATISTICS

Continuous variables were presented as means+standard devia-
tion. Categorical variables were expressed as frequency percent-
ages. All data were analysed with SPSS software (version 18 for
Windows; SPSS Inc., Chicago, IL, USA).

Results

BASELINE CHARACTERISTICS

Twenty-five patients (age 72+8 years) underwent mitral valve surgery
after a failed MitraClip procedure. In all, 11 patients (44%) were female.

INDICATIONS FOR SURGERY

The indication for surgery and the access used are summarised in
Table 1. Three patients (12%) underwent anterolateral thoracotomy.
Five patients (20%) underwent successful mitral valve repair and
20 patients underwent mitral valve replacement. Five patients (20%)
underwent concomitant CABG procedures and nine patients (36%)
underwent additional tricuspid valve repair.

SURGICAL TECHNIQUES
The intraoperative findings are summarised in Tabhle 1. Severe
leaflet perforation and destruction were the most common causes
of mitral insufficiency. In addition, we observed severe adhesions
between the clip and the subvalvular apparatus in cases where the
initial implantation of the clip had been performed more than two
months prior to surgery (Figure 1).

The mechanisms of observed destruction included:
1. Destruction of the leaflets

— injury of the leaflets

— perforation of the leaflets
2. Severe adhesion of the clip with the leaflets

MitraClip, surgical revision

3. Severe adhesion with the subvalvular apparatus and/or chordae
tendineae

An atrial septal defect (ASD) closure was undertaken in the
majority of these patients.

SURGICAL OUTCOMES

There was no intraoperative death. However, four patients were
operated in cardiogenic shock due to severe mitral regurgita-
tion immediately after the clip procedure. Two of these patients
died on the first postoperative day due to a low output syndrome
which was treated with an extracorporeal membrane oxygenation
(ECMO) support. The third patient had developed septicaemia and
acute kidney injury with the need for dialysis. This patient died on
the fifth postoperative day. All of them presented with a logistic
EuroSCORE >30% and severe LV dysfunction. The fourth patient
died on the 16th postoperative day. This patient had presented in
cardiogenic shock after the failed MitraClip procedure and had been
put on intra-aortic balloon pump support immediately after the clip
deployment. A fifth patient died two months after surgery. He had
presented preoperatively with a high logistic EuroSCORE of 58%
and severe LV dysfunction following a previous myocardial infarc-
tion with a subsequent anterior wall aneurysm.

Discussion

The most important findings of this study were as follows. 1) The
majority of patients undergoing a surgical mitral replacement/repair
after a failed MitraClip procedure exhibited low postoperative mor-
bidity and mortality. 2) Emergent cases who presented in cardiogenic
shock and severe mitral regurgitation are at extremely high risk for in-
hospital mortality. 3) The majority of patients received a valve replace-
ment rather than mitral repair after the failed MitraClip procedure.

Severe adhesion of two clips with the
chordae tendineae

Figure 1. Intraoperative findings: ASD (A & B) and severe adhesion of the clips with the chordae tendineae (C & D). ASD: atrial septal defect
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Table 1. Procedural data.

Patient | Indication o Concomitant Number of N
.. | Indication for surgery Procedure Access ) . Intraoperative findings
number |for clipping procedure MitraClips
#1 DMR MI1ve Replacement CABG Full 1 Destruction of A3 and P3, clip attached
sternotomy to the chordae tendineae
#2 DMR M Replacement None Anterolateral n.a Destruction of P3, clip completely
thoracotomy detached from the valve but attached to
the chordae
#3 DMR Mie, e Replacement ASD closure, TVR Full 2 2x2 cm ASD, severe adhesions of A2,
(MC3, 32 mm, sternotomy P3, severely calcified PML
ECMO-implantation)
#4 DMR AS IlI°, MIIII°, ascending Replacement ASD closure, AVR, Full Extremely degenerative and restrictive
aortic calcification A.ascendens sternotomy PML, a small mitral ring
replacement
(Hemashield
26 mm)
#5 DMR Ml e Repair: triangular resection of None Full 2 1 chordae tendineae tear, severe
A2 and P2, closure of sternotomy adhesion of the MitraClip with the
a pseudo-commissure, subvalvular apparatus
chordal replacement
#6 DMR MIIve Repair: triangular resection of [ASD closure, atrium Full n.a Barlow valve, prolapse of PML,
P3 ablation sternotomy pronounced annular dilatation, P3
chordae tear
#7 DMR Ml e Repair: quadrangular ASD closure Full n.a Perforation of P3, prolapse PML
resection, PML sliding plasty sternotomy
#8 DMR MEIVe TIHI® Replacement ASD closure, TVR Full 2 MitraClip attachment to A2 and P2,
(contour ring sternotomy adhesion of the chordae tendineae with
32 mm) the clip
#9 DMR M e Replacement None Full 1 Clip attachment with a tear on P3
sternotomy
#10 FMR MIIVe, TII®, cardiogenic Replacement ASD closure, TVR Full 2 2 MitraClips in situ (A1-P1 and A3-P3),
shock (contour ring sternotomy perforation of P3
32 mm)
#11 DMR MIEII®, TH-II®, LV aneurysm Replacement TVR (contour ring Full 1 Severe adhesion of the clip with the
30 mm), Dor plasty | sternotomy subvalvular apparatus
#12 DMR M Unsuccessful repair — ASD closure Anterolateral 1 One MitraClip attachment on A3 and P2
replacement thoracotomy
#13 DMR M Repair: triangular resection of None Anterolateral 2 Prolapse of PML, severe adhesion of the
A2 and P2 thoracotomy two clips with the subvalvular
apparatus
#14 DMR CAD, Ml lI1° Replacement ASD closure, CABG Full 1 Barlow valve, attachment of the clip
sternotomy with A2 and P2, severe adhesion of the
clip and chordae tendineae.
#15 DMR CAD, MIII® Replacement ASD closure, CABG Full 0 Severe A2 and P3 injury
sternotomy
#16 DMR CAD, Al'lI°+, MIIV®, AF, Replacement AVR, CABG, Maze Full 2 Severe destruction of both leaflets
severe LV dysfunction sternotomy
#17 DMR MEe Repair: closure of a Full 1 Prolapse of PML, MitraClip attachment
pseudo-commissure P2/P3, sternotomy to A2 and P2
chordal replacement
#18 DMR MIII°, ASD, TIII® Replacement ASD closure, TVR Full 2 2 MitraClips in situ. The first one
(contour ring), sternotomy attached on A2-P2 and the second only
ECMO-implantation on A3.
#19 DMR MEte, THe Replacement TVR Full 3 Severe destruction of both leaflets due
sternotomy to the 3 clips and severe adhesion to the
subvalvular apparatus
#20 DMR MU, THI®, AF Replacement TVR, LAA occlusion Full 2 Stenotic leaflets. Severe adhesion of the
sternotomy two clips with the subvalvular
apparatus
#21 FMR MIII°, acute decompensa- Replacement Full 1 Perforation of A3 and P3
tion, severe LV dysfunction sternotomy




Tahle 1. Procedural data. (cont'd)

MitraClip, surgical revision

Patient | Indication — Concomitant Number of N
L Indication for surgery Procedure Access ) . Intraoperative findings
number | for clipping procedure MitraClips
#22 DMR MIII®, TIII®, AF, previous Replacement TVR, bilateral Full 1 Severe clip adhesion, prolapse of P1 and
LAA occlusion with an cryoablation sternotomy P3, severe destruction of P2 and A2
ACP (Amplatzer Cardiac (CryoFlex),
Plug) explantation of the
Amplatzer Cardiac
Plug, LAA occlusion
#23 DMR MEe Replacement ASD closure Full 2 2 MitraClips in situ (A2-P2), severe clip
sternotomy adhesion, prolapse of P1 and P3
#24 DMR Mi e Replacement CABG, TVR Full 2 2 MitraClips in situ (A2-P3), severe clip
sternotomy adhesion
#25 DMR Mine Replacement ASD closure Full 1 Severe adhesion of the clip with the A2
sternotomy and P2 segments

AS: aortic stenosis; ASD: atrial septal defect; AVR: aortic valve replacement; CABG: coronary artery bypass grafting; CAD: coronary artery disease; DMR: degenerative mitral regurgitation;
ECMO: extracorporeal membrane oxygenation; FMR: functional mitral regurgitation; MI: mitral insufficiency; n.a: not available; Tl: tricuspid insufficiency; TVR: tricuspid valve replacement

Percutaneous mitral valve repair with the MitraClip has been
shown to reduce mitral regurgitation and improve symptoms and
quality of life in patients at high risk for surgery.

According to the European and American guidelines on the
management of valvular heart disease from 2012/20147%, percu-
taneous mitral valve repair may be considered in patients with
severe degenerative MR who are not candidates for surgical ther-
apy (Class IIb).

In patients with secondary mitral regurgitation, however, expe-
rience from a limited number of patients in the EVEREST trials
and from observational studies suggests that percutaneous edge-
to-edge mitral valve repair is feasible at low procedural risk and
may provide short-term improvement in functional condition
and LV function’. In the ESC/EACTS guidelines from 2012, the
MitraClip procedure is a Class IIb recommendation for patients
with secondary MR in the absence of severe tethering®. In con-
trast, in the American guidelines, there is no recommendation for
the interventional treatment of secondary MR”.

In addition, the EVEREST II trial evaluated the safety and effi-
cacy of edge-to-edge percutaneous mitral valve repair using the
MitraClip device versus open heart surgery’. The one- and five-
year results supported the durability of MR reduction observed
after MV clipping and the resulting symptom alleviation. A device
implant failure occurred in 9.5% of cases, 6.3% had a single leaf-
let device attachment (SLDA). Of note, the EVEREST II trial was
performed at an earlier moment during the first experiences with
this new technology and both the acute procedural success rates
and SLDA rates have improved significantly in recently reported
registry experiences>!’.

In the current study, we describe the surgical revision in
25 patients after a failed MitraClip procedure. Primarily, the indi-
cation for surgery was attributed to severe mitral regurgitation due
to single leaflet device attachment, leaflet perforation or severe
clip adhesions with the subvalvular apparatus. These intraop-
erative findings make the operative repair more challenging. In
our study, valve repair was possible in five of 25 patients (20%).

In previous studies, valve repair had been performed in nine of
33 patients (27.2%)°.

Authors advocating MitraClip therapy reported that the use
and subsequent failure of the MitraClip does not preclude later
surgical repair''. However, in the current study, we observed
severe leaflet injury with remarkable chordal tears and subval-
vular apparatus adhesions, which make mitral repair challeng-
ing. In addition, the number of implanted clips impacts on the
potential repair procedure as stated by Geidel at al'>. Deployment
of more than two clips to achieve acceptable results may mini-
mise the chance to perform subsequent surgical repair. Hence,
the placement of more than two clips should be considered with
caution to avoid a potential mitral stenosis or extensive damage.
A previous report suggested that the time between clipping and
surgery may be decisive for the possibility of performing a suc-
cessful repair. Argenziano et al reported a successful repair in
the majority of patients after the MitraClip procedure when the
repair was performed within 18 months after clip implantation®.
In the same study, clip detachment (72%) was the most common
indication for surgery. Possible explanations for clip detachment
could be the substantial tension on the repaired leaflet, which
predisposes to leaflet tears and later regurgitation secondary to
progressive annular dilatation or valve disruption. The recent
study of Geidel et al evaluated predictors of survival after an
open mitral valve surgery for a failed mitral clipping in 33 con-
secutive patients’. In their results, 30-day mortality was 9.1%
and predictors of mortality were a EuroSCORE 1I (p=0.0022),
preoperative left ventricular end-diastolic dimension (p=0.0052),
left ventricular ejection fraction (p=0.0249), coronary artery dis-
ease (p=0.0385) and severe pulmonary hypertension (p=0.0431).
The authors concluded that valve replacement is more reasonable
than a complex repair®.

In the present study, the postoperative course of the patients
who underwent surgical revision after a failed mitral clipping is
noteworthy. We observed four early deaths (16%) within the first
30 days postoperatively. Four of these patients presented with
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a preoperative logistic EuroSCORE of more than 30% and severe
LV dysfunction (EF <30%) with preoperative cardiogenic shock.
Thus, those patients with severe circulatory compromise prior to
the operation are at extremely high risk for postoperative mortality.

In summary, the indication for an edge-to-edge therapy with
a MitraClip in patients with severe mitral valve regurgitation
should be discussed by a multidisciplinary Heart Team including
a cardiologist, a cardiac surgeon and an anaesthesiologist. Suitable
candidates for surgery, especially those with degenerative mitral
regurgitation, should undergo a surgical repair if the risk is accept-
able. Physicians should be aware that a previous MitraClip proce-
dure reduces the probability of valve repair and increases the risk
of valve replacement.

LIMITATION

The baseline characteristics of all patients are heterogeneous. Thus
we could not make any conclusion with regard to predictors of
MitraClip failure. The statistical analysis did not compare out-
comes of those who underwent mitral repair versus replacement.

Conclusion

In the majority of cases mitral valve replacement is preferred over
repair due to severe leaflet damage following the MitraClip pro-
cedure. Patients who present in cardiogenic shock are at high risk
for in-hospital mortality.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Enriquez-Sarano M, Akins CW, Vahanian A. Mitral regurgi-
tation. Lancet. 2009;373:1382-94.

2. Acker MA, Parides MK, Perrault LP, Moskowitz Al,
Gelijns AC, Voisine P, Smith PK, Hung JW, Blackstone EH,
Puskas JD, Argenziano M, Gammie JS, Mack M, Ascheim DD,
Bagiella E, Moquete EG, Ferguson TB, Horvath KA, Geller NL,
Miller MA, Woo YJ, D’Alessandro DA, Ailawadi G, Dagenais F,
Gardner TJ, O’Gara PT, Michler RE, Kron IL; CTSN. Mitral-valve
repair versus replacement for severe ischemic mitral regurgitation.
N Engl J Med. 2014;37:23-32.

3. 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 prospec-
tive, multicenter, nonrandomized post-approval study of the
MitraClip therapy in Europe. J Am Coll Cardiol. 2013;62:
1052-61.

4. Feldman T, Kar S, Elmariah S, Smart SC, Trento A, Siegel RJ,
Apruzzese P, Fail P, Rinaldi MJ, Smalling RW, Hermiller JB,
Heimansohn D, Gray WA, Grayburn PA, Mack MJ, Lim DS,
Ailawadi G, Herrmann HC, Acker MA, Silvestry FE, Foster E,
Wang A, Glower DD, Mauri L; EVEREST II Investigators.

Randomized Comparison of Percutaneous Repair and Surgery for
Mitral Regurgitation: 5-Year Results of EVEREST II. J Am Coll
Cardiol. 2015;66:2844-54.

S. Argenziano M, Skipper E, Heimansohn D, Letsou GV,
Woo YJ, Kron I, Alexander J, Cleveland J, Kong B, Davidson M,
Vassiliades T, Krieger K, Sako E, Tibi P, Galloway A, Foster E,
Feldman T, Glower D; EVEREST Investigators. Surgical revision
after percutaneous mitral repair with the MitraClip device. Ann
Thorac Surg. 2010;89:72-80; discussion p 80.

6. Geidel S, Wohlmuth P, Schmoeckel M. Survival Prediction in
Patients Undergoing Open-Heart Mitral Valve Operation After Previ-
ous Failed MitraClip Procedures. Ann Thorac Surg. 2016;10:952-8.

7. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP
3rd, Guyton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt
TM 3rd, Thomas JD; American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. 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.

8. Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-
Esquivias G, Baumgartner H, Borger MA, Carrel TP, De Bonis M,
Evangelista A, Falk V, Lung B, Lancellotti P, Pierard L, Price S,
Schifers HJ, Schuler G, Stepinska J, Swedberg K, Takkenberg J,
Von Oppell UO, Windecker S, Zamorano JL, Zembala M; ESC
Committee for Practice Guidelines (CPG); Joint Task Force on the
Management of Valvular Heart Disease of the European Society of
Cardiology (ESC); European Association for Cardio-Thoracic
Surgery (EACTS). Guidelines on the management of valvular heart
disease (version 2012): the Joint Task Force on the Management of
Valvular Heart Disease of the European Society of Cardiology
(ESC) and the European Association for Cardio-Thoracic Surgery
(EACTS). Eur J Cardiothorac Surg. 2012;42:S1-44.

9. Feldman T, Foster E, Glower DD, 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
II Investigators. Percutaneous repair or surgery for mitral regurgita-
tion. N Engl J Med. 2011;364:1395-406.

10. Schillinger W, Athanasiou T, Weicken N, Berg L,
Tichelbdacker T, Puls M, Hinlich M, Wachter R, Helms HJ,
Seipelt R, Schondube FA, Hasenfuss G. Impact of the learning
curve on outcomes after percutaneous mitral valve repair with
MitraClip and lessons learned after the first 75 consecutive patients.
Eur J Heart Fail. 2011;13:1331-9.

11. Treede H, Schirmer J, Rudolph V, Franzen O, Knap M,
Schluter M, Conradi L, Seiffert M, Koschyk D, Meinertz T,
Baldus S, Reichenspurner H. A heart team’s perspective on inter-
ventional mitral valve repair: percutaneous clip implantation as an
important adjunct to a surgical mitral valve program for treatment
of high-risk patients. J Thorac Cardiovasc Surg. 2012;143:78-84.

12. Geidel S, Schmoeckel M. Impact of failed mitral clipping on
subsequent mitral valve operations. Ann Thorac Surg. 2014;97:56-63.



