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Surgical treatment of mitral reg-
urgitation (MR) is recommended
for patients who are symptomatic
from 3þ or 4þ MR or have evi-
dence of left ventricular dysfunc-
tion or enlargement to avoid
progressive deterioration in car-
diac function (1–3). The dura-
bility of surgicalmitral valve repair
has been studied in several single-

center series (4,5). Although mitral valve regurgitation may
recur within the first 6 months after surgical repair, the grade
of MR as ascertained by routine clinical echocardiography
generally remains stable beyond the first year of follow-up (5).

A novel percutaneous device has been developed to reduce
MR by approximating the 2 leaflets of the valve (MitraClip,
Abbott, Menlo Park, California). This is the first percuta-
neous device for MR to be compared in a randomized trial
to conventional mitral valve surgery. Percutaneous treatment
of MR with the MitraClip device is currently allowed under
CE Mark in Europe and is investigational in the United
States and parts of Asia.

The EVEREST (Endovascular Valve Edge-to-Edge
Repair Study) II randomized trial compared treatment

with the MitraClip device to treatment with surgery for MR
(6,7). At 1 year, rates of death were similar, but the rate and
degree of MR was higher with the percutaneous approach
compared with surgery. Major adverse events at 30 days were
lower overall for percutaneously treated subjects, and certain
patient groups, such as the elderly and subjects lacking
intrinsic leaflet pathology (e.g., with functional MR),
experienced effectiveness of the percutaneous treatment that
was comparable to surgery at 1 year in exploratory analysis.

The EVEREST II randomized trial pre-specified
mandatory clinical and echocardiographic follow-up at
1-year intervals for 5 years in both study arms, and echo-
cardiographic images were reviewed and adjudicated by
a central core laboratory. All randomized subjects reached
eligibility for 4-year follow-up at the time of this report. We
sought to compare the clinical and echocardiographic
durability of percutaneous treatment with surgical treatment
of mitral valve regurgitation at 4 years among patients
enrolled in the EVEREST II randomized trial.

Methods

Patients. The EVEREST II trial is a prospective, multi-
center, randomized, nonblinded evaluation of the MitraClip

Figure 1 Enrollment and Follow-Up in the Intention-to-Treat Group

MR ¼ mitral valve regurgitation.

Abbreviations
and Acronyms

LVEF = left ventricular

ejection fraction

LVIDd = left ventricular

internal diameter diastolic

MR = mitral regurgitation

NYHA = New York Heart

Association

Mauri et al. JACC Vol. 62, No. 4, 2013
The EVEREST II Trial 4-Year Results July 23, 2013:317–28
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MitraClip > Surgery      “Safety” 

30 Day Modified * MAE 
Intent to Treat, Hierarchical Events

Safety endpoint met with a wide margin
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Reoperation at 1 and 4 years 

respectively; and 2.0 cm2, and 14.7 mm Hg, respectively, at
30-day follow-up. The patient underwent mitral valve
replacement surgery for recurrent MR 61 days after the
index procedure.
Effectiveness endpoint at 4 years. The overall rate of
freedom from death, surgery for mitral valve dysfunction
(other than the assigned treatment in the surgical arm), and
MR 3þ or 4þ was 39.8% in the percutaneous arm versus
53.4% in the surgical arm (p ¼ 0.070) (Table 3).
Severity of mitral regurgitation. The MR severity as
measured by the echocardiography core laboratory is shown

for the percutaneous repair and surgical groups in Figure 2.
Both groups show an immediate reduction in the number
of patients with moderate-to-severe (3þ) and severe (4þ)
MR at discharge. Patients in the surgical group experienced
more MR reduction at discharge and throughout 4-year
follow-up than percutaneous repair group patients. At 12
months and 4 years, the proportions of patients with 3þ or
4þ MR in the percutaneous repair group were 18.8% (28 of
149) and 20.6% (20 of 97), respectively (4 subjects with 3þ
or 4þ MR at year 1 died before year 4; 2 had surgery for
MR; and 7 were observed to have had a reduction in MR to

Figure 3 Continued

(B) Kaplan-Meier estimates of freedom from surgery to treat mitral valve dysfunction at 4 years. In the percutaneous repair arm, any surgery after randomization is considered; in
the surgery arm, only reoperation is considered. Blue lines indicate device group (n ¼ 178); red lines indicate control group (n ¼ 80). CI ¼ confidence interval.

JACC Vol. 62, No. 4, 2013 Mauri et al.
July 23, 2013:317–28 The EVEREST II Trial 4-Year Results
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  EMEA 2013 2014 2015 2016 '14 / '13 '15 / '14 '16 / '15 
Implants 4,241 5,843 7,005 8,376 38% 20% 20% 

Open accounts 234 303 360 390 29% 19% 8% 
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Off-Pump Transapical Implantation of Artificial
Neo-Chordae to Correct Mitral Regurgitation
The TACT Trial (Transapical Artificial Chordae Tendinae)
Proof of Concept

Joerg Seeburger, MD, PHD,* Mauro Rinaldi, MD, PHD,y Sten Lyager Nielsen, MD,z
Stefano Salizzoni, MD,y Ruediger Lange, MD, PHD,x Markus Schoenburg, MD,k
Ottavio Alfieri, MD, PHD,{ Michael Andrew Borger, MD, PHD,*
Friedrich Wilhelm Mohr, MD, PHD,* Audrius Aidietis, MD, PHD#

Leipzig, Munich, and Bad Nauheim, Germany; Turin and Milan, Italy; Aarhus, Denmark;
and Vilnius, Lithuania

Objectives The goal of this study was to evaluate the safety and performance of the NeoChord DS1000 system (NeoChord, Inc.,
Minneapolis, Minnesota).

Background There is an increasing interest in transcatheter mitral valve (MV) treatment. The NeoChord DS 1000 system enables
off-pump beating heart transapical MV repair with implantation of artificial neo-chordae.

Methods Patients with severemitral regurgitation (MR) due to isolated posterior prolapse were included in this TACT (Transapical
Artificial Chordae Tendinae) trial. All patients were scheduled for off-pump transapical implantation of neo-chordae.

Results Thirty patients at 7 centers were enrolled. Major adverse events included 1 death due to post-cardiotomy syndrome
and concomitant sepsis and 1 minor stroke with the patient fully recovered at the 30-day follow-up visit. Additional
patients experienced procedural major adverse events related to a reoperation or conversion to standard of care.
Acute procedural success (placement of at least 1 neo-chord and reduction of MR from 3þ or 4þ to "2þ) was
achieved in 26 patients (86.7%). In 4 patients neo-chordae were not placed for technical and/or patient-specific
reasons. These patients underwent intraoperative (3 patients) or post-operative (1 patient) standard MV repair. At 30
days, 17 patients maintained an MR grade "2þ. Four patients who developed recurrent MR were successfully
treated with open MV repair during 30-day follow-up. Results improved with experience: durable reduction in MR
to "2þ at 30 days was achieved in 5 (33.3%) of the first 15 patients and 12 (85.7%) of the last 14 patients.

Conclusions Off-pump transapical implantation of artificial chordae to correct MR is technically safe and feasible; however, it
yields further potential for improvement of efficacy and durability. (Safety and Performance Study of the NeoChord
Device [TACT]; NCT01777815) (J Am Coll Cardiol 2014;63:914–9) ª 2014 by the American College of Cardiology
Foundation

Surgical mitral valve (MV) repair with the use of artificial neo-
chordae for Carpentier type II pathology has proven excellent
short- and long-term results (1–6). A newly developed
device (NeoChord DS1000 system, NeoChord, Inc., Min-
neapolis, Minnesota) facilitates transapical implantation of

neo-chordae to correct mitral regurgitation (MR) on the
beating heart without cardiopulmonary bypass (7). This
approach may be of special value to correct degenerative
MR for prolapse; however, clinical applicability has not yet
been investigated. After thorough pre-clinical and first-in-
man application the investigation of this new treatment was
performed (7–9).We herein report on the very early results of
the TACT (Transapical Artificial Chordae Tendinae) study.

Methods

Study design and endpoints. A prospective, multicenter,
single-arm study with pre-defined endpoints was performed
to evaluate the safety and performance of the NeoChord

From the *Department of Cardiac Surgery, Heartcentre Leipzig, Leipzig, Germany;
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Figure 5
Acute Procedural Success Rate in Relation to the
Number of Implanted Artificial Chordae

Within the course of the TACT trial, 2 procedure refinements were introduced: the
use of multiple neo-chordae per procedure and the revision of the left ventricular
apical assess site toward the posterolateral wall. The impact of the use of multiple
neo-chordae on the 30-day success rate in patients undergoing off-pump trans-
apical mitral valve repair is shown herein: the more neo-chordae implanted, the
higher the 30-day success rate. Although adequate data are lacking, this may well
be attributed to the decreased forces applied to each single neo-chord in this
multiple neo-chordae approach.
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observed improvements as the following: 1) the equal
distribution of mechanical stress on MV leaflet tissue and
polytetrafluoroethylene sutures when using multiple neo-
chordae; and 2) the reduction of mechanical stress due to
the posterolateral fixation of neo-chordae.

Special consideration was given to optimal patient
selection with regard to MV leaflet morphology. Initially,
only patients with narrow prolapsing segments were
considered to be suitable; however, these patients have
shown an even higher difficulty with secure grasping and
placement of neo-chordae. In consequence, patients with
a wide P2 and/or P3 prolapse were identified as most
suitable, and best results were achieved in these patients
with regard to acute and durable reduction of MR.
Perspective. Despite the encouraging results of this study
using the new NeoChord DS1000 device, the SOC for
patients with secondary MR is and will remain surgical open
MV repair (1,3,6,11). Catheter-based and innovative
approaches may represent a significant potential for inno-
vation to treat MV disease in the future; however, they so far
only reflect a niche in clinical practice and are generally
accepted to offer palliation rather than treatment.

The NeoChord approach, however, with its promising
initial results, may become a treatment option in patients

with isolated MV leaflet prolapse: the physiological ap-
proach, the low invasiveness, and the effective reduction of
MR at a very low operative risk may be used in the very
early disease process of primary MR.

Therefore, however, the somewhat preliminary results of
this study need to be completed, especially with regard to
durability in a large clinical surveillance study.
Study limitations. This study represents the first-in-man
clinical experience with transapical off-pump implantation of
neo-chordae to correct MR and thus only preliminary
conclusions can be drawn from the results. The determination
of the exact positioning, length adjustment, and neo-chordae
tensioning depends exclusively on the ability and training of
the operator and echocardiographer. The exact fixation of
neo-chordae on the posterolateral wall is of special interest
because it has improved the APS as well as durability; thus,
special and extensive training is inevitable.

Conclusions

MV repair for PML prolapse with off-pump transapical
implantation of neo-chordae is safe and feasible from
a procedural point of view. Further investigation is needed to
assess durability and long-term outcome.

Figure 4 The TACT Study Flow Chart

A flow chart of the Transapical Artificial Chordae Tendinae (TACT) trial is depicted. From a total of 30 attempted procedures, 26 were performed successfully, whereas in 4
patients there was no APS achieved. Early echocardiographic follow-up identified mitral regurgitation (MR) graded as 2þ or less in 17 patients. Despite the acute/late conversion
to standard of care (SOC) in 4 of 4 patients the overall success rate is acceptable with regard to the procedural aspects. Long-term durability, however, remains unknown.

Table 4
Post-Procedure MR "2þ and 30-Day MR "2þ Results for the Entire Cohort of Patients, Patients Who Underwent Implantation of
Multiple Neo-Chordae, and Patients Who Underwent the Procedure Using a Posterolateral Approach on the Cardiac Apex

Parameter

Entire Cohort
(n ¼ 30)

Multiple Sutures
(n ¼ 28)

Posterolateral
(n ¼ 15)

n/N % 95% CI n/N % 95% CI n/N % 95% CI

Post-procedure MR "2þ 26/30 86.7 69.3–96.2 24/28 85.7 67.3–96.0 15/15 100 78.2–100.0

30-day MR "2þ* 17/29 58.6 39.0–76.5 17/27 63.0 42.3–80.6 12/14 85.7 57.2–98.2

*One patient with an indeterminate mitral regurgitation (MR) grade at 30 days is excluded from the 30-day results.
CI ¼ confidence interval.
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Abstract

OBJECTIVES: Transapical off-pump mitral valve repair using the NeoChord device has been proposed to treat degenerative mitral valve re-
gurgitation. This prospective study sought to evaluate acute safety and efficacy of this innovative, minimally invasive, transcatheter mitral
valve repair approach.

METHODS: Symptomatic patients with severe mitral regurgitation (MR) were selected if they presented a favourable valve anatomy
(the presence of leaflet flail/prolapse with consistent overlap of tissue). Early device success was defined as placement of at least two
neochordae with residual mitral regurgitation ≤2+ after the procedure. The primary acute safety and efficacy end points were evaluated
at 30 days.

RESULTS: Between February 2013 and June 2014, in Padua and Vilnius University Hospitals, a total of 62 patients were treated, with a
median age of 66 years (IQR 52–76) and a median EuroSCORE I of 1.9% (IQR 0.9–6). Fifty-six patients (88.9%) presented with a posterior
leaflet prolapse, 4 (6%) with an anterior leaflet prolapse and 3 (5%) with a combined disease. Early procedural success was achieved in all
patients. Two neochordae were implanted in 2 patients (3%), 3 in 20 (32%), 4 in 28 (44%), 5 in 10 (16%), 6 in 2 (3%) and 7 in 1 (2%). At 30
days, major adverse events included only 1 acute myocardial infarction (2%) successfully treated percutaneously and 2 cases of sepsis (3%).
Mitral regurgitation at 30 days was absent in 29 patients (46%), Grade 1+ in 16 (25%), Grade 2+ in 10 (16%), Grade 3+ in 7 (11%) and Grade
4+ in 1 (2%). All 8 patients with MR >2+ were successfully reoperated with conventional surgery or NeoChord reintervention.

CONCLUSIONS: Initial results with the NeoChord procedure in a small number of patients indicate that transapical off-pump mitral valve
repair is feasible and safe. Efficacy is maintained up to the 30-day follow-up with significant clinical benefit for patients.

Keywords:Mitral valve • Regurgitation • NeoChord procedure •Mitral valve repair • Off-pump

INTRODUCTION

Mitral valve (MV) repair surgery is the gold standard treatment of
MV prolapse because of its greater postoperative and long-term
survival rates and a more physiological left ventricular function
preservation than prosthetic valve replacement [1–3]. Chordal re-
placement with implantation of polytetrafluoroethylene sutures is
an established repair technique in open heart surgery with excel-
lent short- and long-term results [4–6]. In striving towards a transa-
pical beating-heart approach, the NeoChord DS 1000 (NeoChord,
Inc., Minneapolis, MN, USA) device has been developed to realize
minimally invasive MV repair with implantation of neochordae,
under transesophageal echocardiographic (TEE) guidance [7]. The
transapical off-pumpMV intervention with NeoChord implantation

(TOP-MINI) has been evaluated in animal studies [8–10], followed
by initial clinical investigations [11, 12].
The aim of this paper is to evaluate the safety and efficacy of

TOP-MINI in a consecutive cohort of symptomatic patients with
severe mitral regurgitation (MR) due to leaflet flail or prolapse,
treated in two European centres.

MATERIALS ANDMETHODS

Study design

This observational study was conducted at Padua and Vilnius
University Hospitals, from February 2013 to June 2014. All data were
prospectively collected in the NeoChord International Independent
Registry (NIIR). All patients were candidates for conventional MV
repair surgery, according to the current guidelines [1]. Patients were

†Presented at the 28th Annual Meeting of the European Association for Cardio-
Thoracic Surgery, Milan, Italy, 11–15 October 2014.
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Patients were followed at discharge and at 1, 3, 6, and 12
months.
Imaging and core laboratory analysis. An electrocardiogram
was obtained before and after the implant procedure.
Transthoracic echocardiography was performed before the
implant, at discharge, and at 1, 3, 6, and 12 months of
follow-up. Transesophageal echocardiography was per-
formed before the implant and at 3-month follow-up and
analyzed at a core laboratory (Cardiovascular Research
Institute, Washington, D.C.). Coronary angiography was
performed before the implant procedure and at 3-month
follow-up and analyzed at a core laboratory (University of
Colorado Health Science Center, Denver, Colorado).
Computerized tomographic (CT) scans were performed
before and 3 months after the implant procedure and
analyzed at a core laboratory (Ohio State University Med-
ical Center, Columbus, Ohio). Chest X-rays were obtained
at discharge and at 1, 6, and 12 months of follow-up.
Creatine kinase, creatine kinase-myocardial band, and tro-
ponins were measured after the procedure and as indicated
for suspicion of recurrent ischemia.
Statistical methodology. Analysis of safety end points was
performed in all patients. Analysis of efficacy was performed
only in patients with implanted devices. Paired t tests and
Wilcoxon signed rank tests were used to assess the differ-

ences from baseline to follow-up of continuous and ordinal
variables, respectively. A p value of !0.05 was considered
significant.

Results

Baseline features and implantation procedures. A total of 72
patients were enrolled between October 2005 and March
2007 at 8 participating centers in Canada, France, Ger-
many, and Sweden. The mean age was 70.0 " 9.8 years
(range 37 to 90 years); 20 (18%) were women. Diabetes was
present in 17 patients (24%), hypertension in 39 (54%), and
hypercholesterolemia in 39 (54%). Most patients (68%) had
underlying coronary artery disease, as manifested by a
history of prior MI (57%), and/or coronary arterial bypass
graft (47%) and/or percutaneous coronary intervention
(40%). The baseline New York Heart Association (NYHA)
class was I in 4%, II in 42%, III in 50%, and IV in 4%. The
mean left ventricular ejection fraction was 37.8 " 10.7%
(range 23% to 67%). Mitral regurgitation at baseline as
assessed by the core laboratory (transthoracic echocardiog-
raphy in 59 patients and transesophageal echocardiography
in 13 patients) was grade 1# in 8%, grade 2# in 54%, grade
3# in 21%, and grade 4# in 17%.

A B

Figure 1. The Mode of Action of the MONARC Device

The MONARC device encircles the posterior leaflet of the mitral valve in systole at implant (A) and in its activated state (B). The small distal anchor is positioned
in the anterior interventricular vein, the springlike bridge section is positioned in the great cardiac vein, and the large proximal anchor is positioned in the
ostium of the coronary sinus. The bridge section shortens during the first month after implantation. The putative mechanism of action is a reduction of the sep-
tal-lateral diameter of the mitral annulus with improved coaptation of the leaflets and a reduction in mitral regurgitation. AIV $ anterior interventricular vein;
CS $ coronary sinus; GCV $ great cardiac vein.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 4 , N O . 1 , 2 0 1 1 Harnek et al.
J A N U A R Y 2 0 1 1 : 1 1 5 – 2 2 The EVOLUTION Phase I Study
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