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Abstract
Percutaneous transcatheter edge-to-edge mitral valve repair is available for treatment of both functional and degenerative
mitral regurgitation (MR). This technique may be unsuccessful resulting in significant residual or recurrent MR. We described
a successful minimally invasive mitral valve replacement in a patient with severe functional MR due to left ventricular
dysfunction who previously underwent a transcatheter edge-to-edge repair.

INTRODUCTION
Transcatheter edge-to-edge repair (MitraClip, Abbot Laborato-
ries, Abbott Park, IL) was approved by the US Food and Drug
Administration for treatment of degenerative mitral regurgi-
tation (MR) in prohibitive surgical risk patients in 2013 and
approved for the treatment of functional MR in 2019 [1–3]. The
approval for functional MR came after Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy (COAPT), a
randomized controlled trial of patients with moderate–severe
MR, showed a significant reduction in rate of hospitalization and
mortality at 24 months [4]. Functional MR is diagnosed in the
absence of structural or degenerative mitral valve (MV) disease
and is usually due to left ventricular (LV) dysfunction with subse-
quent LV remodeling. Functional MR is associated with increased
all-cause mortality and heart failure hospitalizations [5].

As utilization of percutaneous MV repair expands, procedural
failure may require further intervention. We describe a case
of recurrent severe MR in a high-risk patient with severe LV
dysfunction who had previously undergone transcatheter edge-
to-edge repair. We performed surgical clip extraction and MV
replacement via a minimally invasive approach.
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CASE REPORT
A 71-year-old female was referred to our institution for severe
functional MR. The patient had a prior history of non-ischemic
cardiomyopathy with implantable defibrillator, paroxysmal
atrial fibrillation, chronic renal insufficiency, Crohn’s disease
and chronic lung disease secondary to current tobacco use. The
patient had multiple hospitalizations for congestive heart failure
exacerbations and prior cardiac catheterization showing no
obstructive coronary artery disease. At an outside institution, the
patient underwent MitraClip implantation for her symptomatic
MR. Two clips were placed with mean gradient 1.4 mmHg, mild
residual MR, and left ventricular ejection fraction (LVEF) of
30% on a post-procedure echocardiogram. Four months post-
procedure, the patient had a follow-up echocardiogram notable
for two well-seated clips and mild MR.

Subsequently, the patient was brought to our institution with
progressive shortness of breath and altered mental status. She
was noted to be hypotensive requiring intravenous fluid, vaso-
pressors and was treated for pneumonia. During that hospital-
ization, the patient had an echocardiogram showing LVEF 30%
and moderate–severe MR with a mitral clip visualized (Fig. 1A).
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Figure 1: (A) Echocardiogram showing mitral clip (white arrow) at 4 months after clip placement; (B) at 7 months, left ventricular ejection fraction was 15–20%, diastolic

and systolic diameters were 54 and 51 mm, respectively, and mean transmitral gradient 2.1 mmHg.

The patient was further evaluated with a dobutamine study
that showed slight improvement in the LVEF and a hyperdy-
namic right ventricle. The patient recovered from this hospital-
ization, but her functional status continued to decline. She had
an echocardiogram 3 months after her hospitalization, which
showed worsening LVEF of 15–20% and severe MR likely sec-
ondary to worsening LV dilatation exacerbated by her acute
illness (Fig. 1B). Given the ongoing symptoms and worsening LV
function, our multidisciplinary team recommended MV replace-
ment in an effort to improve symptoms, reduce the incidence of
hospitalizations and preserve the remaining LV function.

Eight months after MitraClip implantation, the patient under-
went MV replacement via a minimally invasive right thoraco-
tomy. The patient underwent cardiopulmonary bypass via the
femoral vessels. Through a right thoracotomy, a left atriotomy
was made. The previously placed mitral clips were associated
with fibrotic changes and damage to the leaflets (Figs 2 and
3). The left ventricle was noted to be severely dilated. The MV
was replaced with a 25-mm bovine pericardial bioprosthesis.
Cardiopulmonary bypass was terminated at the conclusion of
the operation with moderate inotropic support and satisfactory
hemodynamic parameters. The intraoperative transesophageal
echocardiogram showed mild improvement of LVEF from 20 to
30%. The bioprosthetic mitral valve was functioning appropri-
ately without para-valvular leak and a transvalvular gradient of
<2 mmHg. Postoperative transthoracic echocardiogram revealed
an LVEF 30–35% and a normally functioning bioprosthetic MV
with a mean transmitral gradient of 5 mmHg. The patient was
extubated, weaned off inotropic support, and transferred out
of the intensive care unit on post-operative days two, four and
seven, respectively. She was ultimately discharged to home with
home services. Her echocardiogram remained stable at time of
discharge and 1 month follow-up. At 6 months postoperatively,
the patient continued to progress with one brief hospital admis-
sion for non–cardiac-related concern.

DISCUSSION
The Alfieri technique of edge-to-edge MV repair with suture
approximation of the anterior and posterior mitral leaflets pro-
vided the framework for the development of the transcatheter
approach using the MitraClip [6]. The Endovascular Valve Edge-
to-edge Repair Study (EVEREST II) led to the approval of the
MitraClip for degenerative MR [1]. In the EVEREST II trial, 23%
of patients did not have acute procedural success prior to dis-
charge and were referred to surgery [1]. At a 5-year follow-up,

Figure 2: Intraoperative mitral valve with mitral clip (black arrow).

Figure 3: Two explanted mitral clips attached to partial leaflets.

re-operation was significantly more frequent in the first year
with percutaneous repair compared to surgical intervention [2].
With more experience, acute procedural success has improved
as evidenced in the COAPT trial with a 96.6% rate of freedom
from device-related complications at 12 months [4]. Nonetheless,
there will still be patients requiring re-intervention.

MV repair with clip removal using a suture technique and
median sternotomy has been previously described [7, 8]. Repeat
percutaneous intervention may also be a viable option if MV
leaflet coaptation is not compromised [9]. Subsequent operation
has been associated with increased risk as there is a range of
clip implantation-induced tissue damage [10]. Given the valvular
changes associated with the clip, MV replacement may be more
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likely in comparison to MV repair [9–13]. A meta-analysis exam-
ining the optimal treatment strategy following failed surgical MV
repair showed no significant differences between MV re-repair
and replacement, although other studies have suggested less
recurrence of MR with surgical replacement [14, 15]. We opted
for surgical replacement of the valve due to two clips implanted
compromising valve integrity and replacement was likely to be
more durable.

Intervention after failed transcatheter edge-to-edge repair
must be recognized early and requires multidisciplinary discus-
sion as these are high-risk patients who were initially referred
for a percutaneous approach. Minimally invasive MV surgery is
a safe alternative to median sternotomy in high-risk patients
as there is similar mortality rates and significantly lower rate
of stroke [16]. In the event of unsuccessful percutaneous repair,
MV surgery via a right thoracotomy can be considered as a less
invasive and less traumatic approach in these high-risk patients.

ETHICS APPROVAL
The case report was reviewed by the Institutional Review Board
at Temple University and was given a waiver. Informed consent
was obtained.

CONFLICT OF INTEREST STATEMENT
None declared.

FUNDING
None.

REFERENCES
1. Feldman T, Foster E, Glower DD, Kar S, Rinaldi MJ, Fail PS,

et al. Percutaneous repair or surgery for mitral regurgitation.
N Engl J Med 2011;364:1395–406.

2. Feldman T, Kar S, Elmariah S, Smart SC, Trento A, Siegel RJ,
et al. Randomized comparison of percutaneous repair and
surgery for mitral regurgitation: 5-year results of EVEREST II.
J Am Coll Cardiol 2015;66:2844–54.

3. US Food and Drug Administration. FDA approves new
indication for valve repair device to treat certain heart failure
patients with mitral regurgitation. 2019. https://www.fda.gov/
news-events/press-announcements/fda-approves-new-i
ndication-valve-repair-device-treat-certain-heart-failure-
patients-mitral (25 November 2020, date last accessed).

4. Stone G, Lindenfeld J, Abraham W, Kar S, Lim D, Mishell J,
et al. Transcatheter mitral-valve repair in patients with heart
failure. N Engl J Med 2018;379:2307–18.

5. Asgar AW, Mack MJ, Stone GW. Secondary mitral regur-
gitation in heart failure: pathophysiology, prognosis, and
therapeutic considerations. J Am Coll Cardiol 2015;65:
1231–48.

6. Alfier O, Maisano F, De BM, Stefano PL, Torracca L, Oppizzi
M, et al. The double-orifice technique in mitral valve repair:
a simple solution for complex problems. J Thorac Cardiovasc
Surg 2001;122:674–81.

7. Argenziano M, Skipper E, Heimansohn D, Letsou GV, Woo
YJ, Kron I, et al. Surgical revision after percutaneous
mitral repair with the MitraClip device. Ann Thorac Surg
2010;89:72–80.

8. Olsthoorn J, Heuts S, Maessen J, Sardari Nia P. Mitral valve
repair after failed MitraClip therapy. Multimed Man Cardio-
thorac Surg 2019. Available from. https://mmcts.org/tutoria
l/1195.

9. Kreidel F, Alessandrini H, Wohlmuth P, Schmoeckel M, Gei-
del SI. Surgical or catheter-based interventions an option
after an unsuccessful mitral clip? Semin Thorac Cardiovasc
Surg 2018;30:152–7.

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

11. Calafiore AM, Al AM, Iaco AL, Shah A, Sheikh A, Allam A,
et al. Mitral valve replacement after Mitraclip therapy. J Card
Surg 2015;30:414–8.

12. Melillo F, Baldetti L, Beneduce A, Agricola E, Margonato A,
Godino C. Mitral valve surgery after a failed MitraClip proce-
dure. Interact Cardiovasc Thorac Surg 2020;12:1–6.

13. Mkalaluh S, Szczechowicz M, Karck M, Weymann A. Failed
MitraClip therapy: surgical revision in high-risk patients. J
Cardiothorac Surg 2019;14:1–4.

14. Veerappan M, Cheekoty P, Sazzad F, Kofidis T. Mitral valve
re-repair vs replacement following failed initial repair: a
systematic review and meta-analysis. J Cardiothorac Surg
2020;15:1–9.

15. Acker MA, Parides MK, Perrault LP, Moskowitz AJ, Geli-
jns AC, Voisine P, et al. Mitral-valve repair versus replace-
ment for severe ischemic mitral regurgitation. N Engl J Med
2014;370:23–32.

16. Moscarelli M, Fattouch K, Casula R, Speziale G, Lancel-
lotti P, Athanasiou T. What is the role of minimally inva-
sive mitral valve surgery in high-risk patients? A meta-
analysis of observational studies. Ann Thorac Surg 2016;101:
981–9.

https://www.fda.gov/news-events/press-announcements/fda-approves-new-indication-valve-repair-device-treat-certain-heart-failure-patients-mitral
https://www.fda.gov/news-events/press-announcements/fda-approves-new-indication-valve-repair-device-treat-certain-heart-failure-patients-mitral
https://www.fda.gov/news-events/press-announcements/fda-approves-new-indication-valve-repair-device-treat-certain-heart-failure-patients-mitral
https://www.fda.gov/news-events/press-announcements/fda-approves-new-indication-valve-repair-device-treat-certain-heart-failure-patients-mitral
https://mmcts.org/tutorial/1195
https://mmcts.org/tutorial/1195

	Minimally invasive mitral valve replacement after transcatheter edge-to-edge repair
	INTRODUCTION
	CASE REPORT
	DISCUSSION
	ETHICS APPROVAL
	CONFLICT OF INTEREST STATEMENT
	FUNDING


