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Abstract

OBJECTIVES: Traditional resectional techniques and chordal transfer are difficult to apply in video-assisted mitral valve repair. Using artifi-
cial chords appears easier in this setting. The purpose of this study was to review the effectiveness and reproducibility of neochordal repair
as a routine approach to minimally invasive mitral repair, and to assess the stability of neochord implantation using the figure-of-eight
suture without pledgets in this setting.

METHODS: This is a retrospective review of all patients who underwent minimally invasive video-assisted mitral valve repair from 2008 to
2013. The primary endpoints were recurrent mitral regurgitation and reoperation.

RESULTS: A total of 426 consecutive patients were included during the study period, with a mean age of 55 ± 18 years. Neochords were
used in all patients, and in association with leaflet resection in 47 patients. One patient was not repairable and underwent valve replace-
ment (repair rate, 99.8%). Fifteen patients had Grade I (3.5%) regurgitation, whereas the remainder had none. Patients were fast-tracked,
with 25% extubated in the operation theatre and the remainder within 6 h. There were 5 deaths within 30 days (1.2%). Follow-up ranged
3–60 months, during which all of the patients remained with no or trace mitral regurgitation. No de-insertion or rupture of any neochords
was found, and no patients required a reoperation.

CONCLUSIONS: Minimally invasive mitral valve repair using neochords provided a high rate of repair, reproducible results in a routine
cardiac surgery setting and stable repair during follow-up. This has become our preferred technique for mitral valve surgery.
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INTRODUCTION

Minimally invasive video-assisted mitral valve repair is an emer-
ging field in cardiac surgery. Although more complicated for the
surgeon, it has been shown to be less traumatic for the patient
and to provide faster recovery [1, 2]. In isolated posterior leaflet
prolapse, a traditional variety of resectional techniques and
chordae transfer are used for the repair of the prolapsed segments
[3–5]. These techniques, although established, are limited in
repairing extensively prolapsed valves. The use of neochords
allows mitral valve repair without resection or chordal transfer
with results comparable to resectional techniques [6, 7]. The appli-
cation of neochords in the setting of video-assisted mitral valve
repair may be challenging.

The purpose of this study was to evaluate the effectiveness and
reproducibility of this method in the setting of routine surgery

and to assess the results of neochord implantation using the
figure-of-eight suture without pledgets in mitral valve repair.

METHODS

Study design

This study is a retrospective review of all patients who underwent
minimally invasive video-assisted mitral repair using artificial
chords at our clinic between 2008 and 2013, and all were oper-
ated on by the same surgeon (Aristotelis Panos). Patients with
mitral stenosis, active endocarditis, peripheral arterial disease or
previous surgery in the right chest were excluded. The primary
endpoints were recurrent mitral valve regurgitation and reopera-
tion on the mitral valve. Clinical or treatment variables were

© The Author 2015. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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recorded to determine predictors of the endpoints. All patients
underwent follow-up until death or January 2014.

Surgical techniques

The mitral valve was approached through a small antero-lateral
thoracotomy (working port) and the entire procedure was accom-
plished under the vision of a 30°, 10 mm video assistance. CO2

was continuously insufflated inside the thoracic cavity with a 2-l/
min flow and 3–4 mmHg of pressure. The blood CO2 was continu-
ously monitored. Full cardiopulmonary bypass was instituted with
arterio-venous femoral cannulation as well as internal jugular
venous cannulation. The aorta was clamped with a Chitwood
clamp. The resectional techniques consisted of triangular or rect-
angular resection of the prolapsed segment without annular plica-
tion, or the ‘haircut’ technique as previously described [8]. For
neochords, we used the desired number of expanded polytetra-
fluoroethylene (ePTFE) CV 4/0 suture (W. L. Gore & Associates,
Inc., Newark, DE, USA) preformed loops, which were anchored in
the adequate papillary muscle (PM) by a figure-of-eight suture,
without teflon felt or pledgets, and then attached to the leaflet-
free margin by means of an ePTFE CV 6/0 or Prolene 5/0 suture
(Fig. 1). The length of the chordae was defined perioperatively by
measuring the non-prolapsed segment native chords and repro-
ducing these measurements with the Fehling sizer.

Patients with a history of paroxysmal atrial fibrillation, or persist-
ent atrial fibrillation, for less than 6 months and without significant
left atrial enlargement underwent atrial fibrillation ablation, using
the Cox-maze IV lesion set with a Medtronic unipolar endocavi-
tary cardioablate pencil device (Medtronic, Inc., Minneapolis,
MN, USA) through the same incision.

We aimed for a fast-track postoperative care protocol, with
rapid extubation and mobilization.

RESULTS

Demographics and surgical technique

A total of 426 consecutive patients were included during the study
period. Patient baseline demographics and characteristics are
detailed in Table 1. They underwent video-assisted mitral valve
repair for degenerative disease or healed endocarditis of the

posterior, anterior or both leaflets. The mean age at operation was
55 ± 18 years, with LVEF of 60 ± 8% and median NYHA class II; 66
patients (15.5%) had previously undergone cardiac surgery.
Operative characteristics are detailed in Table 2. Neochords

were used in all patients, and in 47 of them an association of
leaflet resection and neochords were used. These techniques
include the ‘haircut’ technique and sliding plasty. All patients but
14 received rigid annuloplasty rings (Edwards Physio I for the first
period and Physio II for the later); 53 patients with atrial fibrillation
meeting our criteria for operation underwent a Cox-maze IV
procedure.

Early outcomes

The mean aortic cross-clamp time was 106 ± 28 min and the car-
diopulmonary bypass time was 133 ± 30 min. One patient, whose
mitral valve appeared repairable on preoperative imaging, was
found not to be repairable and his valve was replaced with a bio-
prosthetic valve (repair rate, 99.8%). Fifteen patients (3.5%) had re-
sidual regurgitation that required multiple mitral valve repair
attempts; these patients had significantly longer cardiopulmonary
bypass times, although the final result was also good without

Figure 1: Operative technique to reproduce the ruptured chordae tendineae using a looping figure of eight suture. (A) Loops are created to the desired length using
an ePTFE suture. The length of the chordae was determined per-operatively by measuring the non-prolapsed segment of the native chords and reproducing these
measurements with the Fehling sizer. (B and C) The loops are placed at the tip of the papillary muscle head, and then attached to the leaflet-free margin by the means
of the ePTFE CV 6/0 or Prolene 5/0 suture. ePTFE: expanded polytetrafluoroethylene.

Table 1: Baseline patient characteristics

Characteristic Value

Patients 426
Aetiology of mitral valve regurgitation

Degenerative mitral valve disease 411 (96.5%)
Healed endocarditis 15 (3.5%)

Mitral valve leaflets involved
Posterior 337 (79%)
Anterior 57 (13.4%)
Both leaflets 32 (7.6%)

Age (years) 55 ± 18
LVEF 60 ± 8%
NYHA functional class (median) II
Prior cardiac surgery 66 (15.5%)

All data are presented as mean ± standard deviation or number
(percentage), unless otherwise noted.
LVEF: left ventricular ejection fraction; NYHA: New York Heart
Association.
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more than 1+ residual regurgitation. All the patients had fast-track
extubation (ranging from 3 to 12 h postoperatively), and 108
patients (25%) were extubated in the operation theatre.

One patient died during the operation from myocardial stunning
despite prolonged CPB assistance. There were 4 more deaths within
30 days of mitral valve operation (0.9%): a 65-year old patient on
chronic corticotherapy died frommassive haemorrhage from a tear
on the suture line of the left atrium, while in the step-down ward;
another patient died of massive embolic stroke to the basilar artery
with subsequent herniation; the third death was attributed to pneu-
monia in an immunocompromised patient; the last patient was
found dead at home the 24th postoperative day. There was no clear
cause of death at autopsy, and the most probable cause of the
death was ventricular arrhythmia.

One patient required reoperation for severe systolic anterior
motion, which resolved after the replacement of the complete
annuloplasty ring with a posterior partial band. Conversion to
sternotomy was required in 2 patients (0.5%), one for a tear on
removal of the cardioplegia cannula on the aorta and the other
because it was unfeasible to defibrillate the patient externally.
These two events occurred during the first year of the study
period. Three patients (0.7%) had cerebral ischaemic episodes; all
but one of these resolved (0.2%). No vascular or wound complica-
tions were observed. Bleeding was evaluated to 350 ± 186 ml. Five
patients (1.1%) required re-exploration for bleeding (decided on
the basis of >500 ml bleeding during the first hour despite correc-
tion of coagulopathy) and haemostasis was achieved through the
same incision in all of them. The mean ICU time was 1.2 ± 1.1
days, and the mean hospital stay was 5 ± 1.3 days. Fifty-eight
patients presented with pleural effusion (13.6%).

Late outcomes

No patient was lost to follow-up at our recall in January 2014
(100% follow-up). During a median follow-up of 31.7 (range,
1–73) months, all of the patients remained with no or trace mitral
valve regurgitation. No patient required reoperation during late
follow-up, and there were no late thromboembolic events. The
probability of survival was 99.1 ± 0.5% and this remained stable

throughout follow-up (Fig. 2). The probability of freedom from
mitral valve reoperation was 99.8 ± 0.2% at 12 months and this
remained stable throughout follow-up. Among the 53 patients
who underwent concomitant ablation, 36 were in sinus rhythm
(68%) at 6 months and 24 (45%) at 2 years (Fig. 3).

DISCUSSION

We introduced minimally invasive mitral valve repair in our
routine practice 6 years ago [9]. The aim of this study was to assess
the versatility of this technique in the setting of everyday, routine
cardiac surgery, and assess the results of repair exclusively using
neochords or a combination of neochords and leaflet resection
techniques without annular plication, along with remodelling
annuloplasty. Since the beginning of this series, we decided to
implant the neochords directly in the distal muscular portion of

Table 2: Patient operative characteristics

Characteristic

Patients, n 426
Valve replacement 1 (0.2%)
Valve repair 425 (99.8%)
Neochords 425 (100%)
Leaflet resection (including haircut and sliding
plasty)

47 (9.4%)

Rigid annuloplasty 411 (96.5%)
Cox-maze IV procedure 53 (12.4%)
Cross-clamp time (min) 106 ± 28
Cardiopulmonary bypass time (min) 133 ± 30
Multiple cardiopulmonary bypass run for adequate
repair

15 (3.5%)

Fast-track extubation <6 h 108 (25%)
Hospital stay (days) 5 ± 1.3

All data are presented as mean ± standard deviation or number
(percentage), unless otherwise noted.

Figure 2: Kaplan–Meier analysis of survival.

Figure 3: Kaplan–Meier analysis of the probability of freedom from mitral valve
reoperation.
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the PM, irrespective of the fibrous tip, in a ‘figure-of-eight’ fashion
without pledgets.

The standardization of the procedure was the first step in order
to achieve an easy, fast and reproducible set-up in the operating
room. The anaesthesiologist inserted a 14-Fr jugular drainage
cannula (Medtronic, Inc.), which allowed good venous drainage
throughout the procedure irrespective of the pull tension on the
left atrium by the atrial retractor (Delacroix-Chevalier, 75011,
Paris, France). The mini-thoracotomy was shifted laterally towards
the anterior axillary line with the camera port in the same inter-
costal space as the incision, just 4–5 cm laterally. The transthoracic
aortic cross-clamp was inserted one intercostal space higher, par-
allel to the camera.

Many studies advocate the use of artificial chords for mitral
repair [6, 7, 10]. In most of these, the neochords are anchored on
the tip of the PM with the help of Teflon pledgets. We decided to
implant all neochords directly in the distal part of the PM in order
to simplify the procedure. After more than 400 patients, we have
not encountered any dehiscence of the muscle due to the
absence of pledgets. We believe that the induced fibrosis pre-
cludes any tear in the long term. Furthermore, care is taken to
space the figure-of-eight loops, with distinct entry and exit points
into the PM head, to spread the tension. Recently, Wuethrich
et al. presented an animal study on a porcine model comparing
three anchoring techniques of ePTFE sutures at the PM [11]. They
concluded that a figure-of-eight ePTFE suture placed in a wide
angle at the anatomical chord position (tip of the PM) without
pledgets fulfils the physiological needs and technical requirements
for excellent long-term clinical results. While sutures placed at the
base provide slightly higher resistance to rupture under tension,
placement of sutures in this position renders PM function obso-
lete, resulting in incorrect loading throughout the cardiac cycle.

Our relatively high repair rate (99.8%) demonstrates that the
minimally invasive technique is efficient and reproducible, and
comparable to the 100% rate reported by some centres of excel-
lence [13]. Many studies have demonstrated the reliability of the
neochords in mitral valve repair in diverse settings [6, 7, 10, 12, 14],
with the exception of a rare case report of neochord rupture [15].
Artificial chords are easy to prepare and insert in video-assisted
minimally invasive mitral valve surgery, without a higher risk for
the patient and with excellent and reproducible surgical results.
Along with other technical innovations in adapting existing techni-
ques of annuloplasty ring implantation, such as running suture
traditional ring or band placement [16] or placement of the
intra-annular single suture annuloplasty ring [17], we have found
repair of prolapsed mitral leaflets with neochords feasible and re-
producible. Resection techniques have shown excellent long-term
results, and were used in conjunction with neochords in 47 of our
patients (9.4%). In patients with extensive prolapsed leaflet seg-
ments, resection techniques risk resecting too much leaflet tissue
to allow for an adequate repair. Neochords or non-resectional
techniques can provide excellent results without requiring annular
plication. Furthermore, these techniques are sometimes difficult to
perform and time-consuming in the setting of minimally invasive
valve surgery.

This study has several limitations. First, this was a retrospective
study designed to review our results after introducing a novel and
standardized approach to minimally invasive mitral valve repair.
Second, the cardiopulmonary bypass and aortic cross-clamp times
remained relatively long. This technique is associated with a learn-
ing curve, and longer operative times have been reported in all
series of minimally invasive mitral valve repair. In addition, we aim

for a perfect result on our repairs with not even trivial leaks and
very good coaptation surface. We used more loops to evenly dis-
tribute the forces exerted on the free margin of the prolapsing leaf-
lets. Many patients also had very extended bileaflet prolapse,
requiring more complex and time-consuming repairs. However, in
the current era of myocardial protection, it has been clearly
demonstrated that operative times have little impact on hard out-
comes such as mortality, while technical performance (i.e. leaving
the operative room without a significant haemodynamic lesion and
having achieved what was planned) is increasingly shown to have a
greater impact on these outcomes [18, 19]. Furthermore, the
less-invasive nature of these repairs allows for a more rapid post-
operative rehabilitation and return to daily activities. We did have a
relatively high prevalence of pleural effusion (14%). Over the last 2
years, we have adapted our postoperative management, leaving
chest tubes in place for a minimum of 24–36 h. Furthermore, in
young patients, we introduce systematic ibuprofen 400 mg q8 h for
5 days for analgesic and anti-inflammatory effects. This approach
has decreased the prevalence of pleural effusion significantly.

CONCLUSIONS

Minimally invasive mitral valve repair using neochords provided
a repair rate close to 100%, reproducible results in a routine
cardiac surgery setting and a stable repair during follow-up. These
excellent and reproducible results have made minimally invasive
mitral valve repair our preferred method for mitral valve surgery.

Conflict of interest: none declared.
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