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valve replacement with a continent mitral valve and was not
included as a reoperation. Three reoperations were required
early (before day 30), and 7 reoperations were required at 3,
7, 7, 8, 8, 10, and 12 years, respectively. One patient died at
reoperation (10%). For these 10 patients, there were 7 valve
replacements and 3 repeat repairs (30%). Of the 3 repeat
repairs, 1 was performed postoperatively on day 3 with good
long-term results, and 2 patients who underwent repeat repair
at 7 and 12 years were reoperated on at 7 and 1 year,
respectively.

For the 10 patients who underwent reoperation for recur-
rent mitral valve regurgitation, valve analysis at the time of
the first operation showed 2 of type I (annulus dilatation,
perforation of leaflet) and 8 of type II (leaflet prolapse): 1
posterior leaflet, 3 anterior leaflet, and 4 complex anterior and
posterior leaflet combination.

Figure 3 shows the freedom from reoperation according to
valve analysis in type II patients.

In type II involving the posterior leaflet alone (n!93),
98.5% of patients at 10 years and 96.9% of patients at 20
years were free from reoperation; in type II involving the
anterior leaflet alone (n!28), 86.2% and 86.2% were free
from reoperation, respectively; and in type II involving both
leaflets, 88.1% and 82.6% were free from reoperation,
respectively.

There was a significant difference in the risk for reopera-
tion among the 3 groups (P"0.03, log-rank test).

There was no difference in survival among the 3 groups.
The overall survival rates at 10 and 20 years were 81.2% and

46% for type II involving the posterior leaflet alone, 70.8%
and 45.8% for type II involving the anterior leaflet alone, and
69.6% and 50.4% for type II involving both leaflets,
respectively.

For the 7 patients who underwent late reoperation, 5 had a
significant murmur at discharge, indicating that an incom-
plete repair probably was the cause of reoperation.

At 10 and 20 years, 94% (95% CI 90% to 98%) and 92%
(95% CI 87% to 97%) of the patients were free from
reoperation. The mitral valve reoperation rate was 0.4%
patient-year. Only 1 patient had postoperative bacterial endo-
carditis and had been treated medically with success, for a
linearized rate of 0.04% patient-year.

Six patients had a stroke: 4 patients had a thromboembolic
episode (of whom 3 were in atrial fibrillation), for a linearized
rate of 0.17% patient-year, and 2 patients had bleeding, for a
linearized rate of 0.09% patient-year. Two patients (1 with
embolic stroke and 1 with hemorrhagic stroke) died after the
stroke.

Recent Doppler echocardiographic studies (within 2 years)
available for 26 patients as part of routine follow-up showed
that 17 (65%) had no mitral regurgitation, 5 (19%) had mild
regurgitation, and 4 (15%) had moderate or important
regurgitation.

At the end of the study, 65 patients were alive (median
follow-up 19 years). The age of the survivors ranged from 41
to 95 years (median 76 years). All except 1 were in NYHA
functional class I/II.

Discussion
Controversy remains as to the predictability of the techniques
and the stability of the results in valve reconstruction.
Contradictory data have been reported in the literature with
opposing conclusions. Some authors have found a striking
superiority of mitral valve reconstruction over valve replace-
ment, whereas others have noted little difference between
these 2 approaches. This diversity of opinion reflects the
variety of the techniques that are used. Several authors have
reported results with different and sometimes contradictory
techniques, although it is now clear that a narrowing annu-
loplasty differs from a remodeling annuloplasty and that a
chordal plication differs from a chordal shortening repair.
Contradictory results can also be explained by heterogeneous
patient populations, resulting from a mix of adults and

Figure 1. Rates at 10 and 20 years for freedom from cardiac
death, expected survival, and overall survival.

Figure 2. Cardiac event-free survival rates at 10 and 20 years.

Figure 3. Reoperations according to leaflet prolapse. MR indi-
cates mitral regurgitation.
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Very Long-Term Survival and Durability of Mitral Valve
Repair for Mitral Valve Prolapse

Dania Mohty, MD; Thomas A. Orszulak, MD; Hartzell V. Schaff, MD; Jean-Francois Avierinos, MD;
Jamil A. Tajik, MD; Maurice Enriquez-Sarano, MD

Background—Mitral regurgitation (MR) due to mitral valve prolapse (MVP) is often treatable by surgical repair. However,
the very long-term (!10-year) durability of repair in both anterior leaflet prolapse (AL-MVP) and posterior leaflet
prolapse (PL-MVP) is unknown.

Methods and Results—In 917 patients (aged 65"13 years, 68% male), surgical correction of severe isolated MR due to
MVP (679 repairs and 238 replacements [MVRs]) was performed between 1980 and 1995. Survival after repair was
better than survival after MVR for both PL-MVP (at 15 years, 41"5% versus 31"6%, respectively; P#0.0003) and
AL-MVP (at 14 years, 42"8% versus 31"5%, respectively; P#0.003). In multivariate analysis adjusting for predictors
of survival, repair was independently associated with lower mortality in PL-MVP (adjusted risk ratio [RR] 0.61, 95%
CI 0.44 to 0.85; P#0.0034) and in AL-MVP (adjusted RR 0.67, 95% CI 0.47 to 0.96; P#0.028). The reoperation rate
was not different after repair or MVR overall (at 19 years, 20"5% for repair versus 23"5% for MVR; P#0.4) or
separately in PL-MVP (P#0.3) or AL-MVP (P#0.3). However, the reoperation rate was higher after repair of AL-MVP
than after repair of PL-MVP (at 15 years, 28"7% versus 11"3%, respectively; P#0.0006). From the 1980s to the
1990s, the RR of reoperation after repair of AL-MVP versus PL-MVP did not change (RR 2.5 versus 2.7, respectively;
P#0.58), but the absolute rate of reoperation decreased similarly in PL-MVP and AL-MVP (at 10 years, from 10"3%
to 5"2% and from 24"6% to 10"2%, respectively; P#0.04).

Conclusions—In severe MR due to MVP, mitral valve repair compared with MVR provides improved very long-term
survival after surgery for both AL-MVP and PL-MVP. Reoperation is similarly required after repair or replacement but
is more frequent after repair of AL-MVP. Recent improvement in long-term durability of repair suggests that it should
be the preferred mode of surgical correction of MVP whether it affects anterior or posterior leaflets and is an additional
incentive for early surgery of severe MR due to MVP. (Circulation. 2001;104[suppl I]:I-1-I-7.)

Key Words: follow up studies ! mitral valve ! regurgitation ! surgery

Mitral valve prolapse (MVP) is frequent,1 and is the most
common cause of surgical severe mitral regurgitation

(MR) in the United States.2 In view of the poor outcome of
patients with MVP and severe MR with3 or without4 flail
leaflet, early surgery (ie, surgery performed before the occur-
rence of severe symptoms or left ventricular dysfunction) is
often considered.5 MVP is also the most reparable of the
lesions causing MR.6 Previous studies have suggested that
mitral valve repair should be the preferred procedure for
surgical correction of MR because compared with valve
replacement, it provides an improved outcome.7 Therefore,
there is a general trend to consider patients with MVP and
severe MR as the best surgical candidates for early surgery.8

However, many questions regarding the very long-term
outcome of surgery that are crucial to patients with MVP
remain unresolved. Most previous studies comparing mitral
valve repair and mitral valve replacement (MVR) did not

focus on MVP.9–12 In the comparative studies including
mostly MVP, posterior leaflet prolapse (PL-MVP) was the
predominant lesion,7,13–15 and the reported superiority of
repair essentially reflects the results in treating this lesion. It
is unclear whether the superiority of results after repair apply
equally to anterior leaflet prolapse (AL-MVP), in which
repair appears more challenging.13 More important, even in
large series,7,13 information beyond 10 years of follow-up is
absent or minimal.16 Because reoperation is mostly motivated
by the development of new degenerative lesions,17 the very
long-term outcome of repair, in particular, the need for
reoperation, is questionable. Deterioration beyond 10 years of
follow-up may negate the initial survival benefit of valve
repair and would be a major limitation to the concept of early
surgery. Therefore, it is essential to analyze at 10 years and
beyond the very long-term durability of repair of both
AL-MVP and PL-MVP. In addition, new surgical techniques
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(4!1% and 5!2%, respectively) than for AL-MVP (9!2%
and 10!2%, respectively), with RR 2.7 and 95% CI 1.3 to 5.6
(P"0.01) (Figure 4).

After adjustment for MVP type, repair in the 1990s (versus
the 1980s) was independently associated with lower absolute
reoperation rate, with RR 0.56 and 95% CI 0.31 to 0.99
(P"0.04) (Figure 4).

Effect of Residual MR at End of Surgery
Intraoperative residual MR presence after repair could be
determined in 669 (98.5%) of 679 patients, and 122 had MR
judged to be mild or mild to moderate (none was severe).

Reoperation rates were higher after repair with residual
MR (14!3%, 8!4%, and 21!5% at 5, 10, and 15 years,
respectively) than without residual MR (5!1%, 9!2%, and
14!4%, respectively) (P"0.002), as shown in Figure 5.

In AL-MVP, reoperation rates with residual MR (21!6%
and 35!10% at 5 and 10 years, respectively) were higher
than were reoperation rates without residual MR (8!2% and
14!4% at 5 and 10 years, respectively) (P"0.005).

Similarly, in PL-MVP, reoperation rates with residual MR
(10!4% at 5 and 10 years, respectively) were higher than
reoperation rates without residual MR (2!1% and 6!2% at
5 and 10 years, respectively) (P"0.01).

TABLE 2. Comparison of Baseline Characteristics Between Patients Who Had Mitral Repair and MVR in
AL-MVP and PL-MVP Subgroups

AL-MVP PL-MVP

Repair MVR P Repair MVR P

No. of patients 251 150 428 88

Preoperative characteristics

Age, y 63!14 65!13 0.2 65!12 67!11 0.2

Male sex, % 69 61 0.1 69 72 0.7

NYHA class III–IV, % 42 71 0.001 46 67 0.001

Angina class III–IV, % 10 13 0.3 7 13 0.1

Overt CAD, % 29 26 0.5 27 33 0.2

AF at presentation, % 43 57 0.004 36 43 0.2

Creatinine, mg/dL 1.16!0.26 1.22!0.31 0.03 1.25!0.75 1.29!0.35 0.63

Hypertension, % 31 21 0.03 3 27 0.2

Diabetes, % 4 7 0.2 6 6 0.9

LV and LA characteristics

LVD, mm 61!9 62!9 0.5 62!9 63!8 0.2

LVS, mm 38!8 39!10 0.8 37!8 38!8 0.9

LA, mm 54!9 56!11 0.1 55!10 54!10 0.9

EF, % 62!9 61!12 0.7 63!9 63!11 0.5

Operative and postoperative characteristics

Bypass duration, min 88!47 100!43 0.001 82!41 108!41 #0.001

CABG, % 30 23 0.2 26 31 0.4

IMA, % 19 8 0.003 17 6 0.009

Values are mean!1 SD or as indicated. Abbreviations as in Table 1.

Figure 1. Long-term survival after surgical correction of MR due
to MVP (repair, dashed lines; replacement [MVR], solid lines) in
patients with AL-MVP (left) and PL-MVP (right). Numbers at bot-
tom of each graph indicate number of patients at risk for the
interval. Survival estimates (mean!SE) are indicated at 5 and 10
years.

Figure 2. Long-term reoperation rate after mitral valve repair
(dashed line) and replacement (MVR, solid line). Reoperation
rate estimates (mean!SE) are indicated at 5, 10, and 15 years.
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Repair of All Leaflet Subsets is as Durable as
Mechanical Replacement
Several studies have searched for factors contributing to
the durability of MV repair [1, 3, 13, 21–23] and have
identified modifications that have led to improvement in
the current era [3]. The present study analyzes a large
homogeneous population of patients with isolated MR
due to leaflet prolapse over 20 years. These features are
important in drawing accurate conclusions regarding the
failure rate of MV repair. Additionally, although others
have followed the echocardiographic endpoint of MR
recurrence after repair [24], we continue to feel that the
most important clinical determinant of surgical durability
is the need for MV-specific reoperation. Mitral valve
reoperation after repair was as low as that found after
replacement. Moreover, repair versus replacement was

not an independent predictor of mitral reoperation after
surgical correction of MR by multivariate analysis. Risk
factors for reoperation overall, using multivariate analy-
sis, included increasing degrees of residual predischarge
MR, isolated AL prolapse, BL prolapse, and the presence
of significant CAD. Independent predictors of reopera-
tion after repair were younger age, AL prolapse, chordal
shortening-transfer, no leaflet resection, no prosthetic
annuloplasty, increasing degrees of predischarge MR,
and the presence of significant CAD. The majority of
these factors have been implicated in prior reports [3].
The identification of young age as a predictor for reop-
eration might be explained by the increased number of
years the repair is at risk.

An unexpected finding was that significant CAD is an
independent predictor of reoperation after mitral valve

Fig 3. Risk of reoperation (mitral specific) after mechanical mitral valve replacement (light solid line} versus repair subsets: isolated AL
(dashed line), PL (dotted line), or BL (heavy solid line). The analysis is divided into three phases: A: overall 1980 to 2000; B: 1980 to 1989
(1980s); and C: 1990 to 2000. Zero time on abscissa represents date of operation and numbers at the bottom of the figure represent patients at
risk. (AL ! anterior leaflet; BL ! bileaflet; HR!hazard ratio for reoperation compared with mechanical replacement group; PL ! posterior
leaflet.)
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Dystrophic MR :  Survival advantage and improved durability …  
« Suri MR et al. Ann Thorac Surg 2006;82:819–27  »  

repair. It may be that patients with significant CAD may
develop some degree of chronic ischemia, possibly pre-
disposing them to progressive ventricular dilation, alter-
ing MV geometry and leading to recurrent MR. We have
no data to either support or refute this hypothesis at the
current time, but the issue will be investigated in the
future.

It is instructive to compare durability of MV repair to
durability of specific types of valve prostheses. The only
predictor of reoperation after valve replacement was the
use of a biological prosthesis (Table 4). Additionally,
Kaplan-Meier analysis (Fig 2) demonstrated that whereas
the long-term durability of MV repair was similar to
mechanical valve replacement, the risk of reoperation
was substantially elevated for patients undergoing re-
placement with a biological prosthesis. The rate of reop-
eration increased markedly ten years after replacement
with a biological valve. The longevity of these devices
might improve in the future with novel tissue treatments,
but currently there is no clear proven durability benefit
over mitral repair.

We also examined the durability of valve repair by
stratifying outcomes of various leaflet subsets in compar-
ison with those patients having mitral valve replacement
with mechanical prostheses. As shown in Figure 3, repair
of isolated AL prolapse was associated with an elevated
risk of subsequent mitral reoperation during the first
decade of the study. During the second decade, durabil-
ity of valve repair in all leaflet subsets improved to the
extent that risk of reoperation among all categories of
leaflet prolapse was similar to mechanical valve replace-
ment (Fig 3). The linearized risk of reoperation after
repair of the PL was 0.5% per year, approximately half
that for a BL procedure (0.92% per year), and a third of
that for an AL repair (1.64% per year). These findings do
not support the perception by many clinicians that re-

sults of valve replacement for mitral prolapse are more
predictable as regards subsequent risk of reoperation
(0.74% per year overall).

The identification of BL prolapse as a unique entity has
recently gained attention [20]. Our data suggest that
outcome of correction of BL disease approaches that of
PL repair. It may be that there are structural [25] and
physiologic implications of severe AL prolapse, which
are distinct from those prevalent when the PL is involved.

The evolution of mitral valvuloplasty techniques in to
the current era have been well described [6, 20, 23, 26],
and we believe that these improvements have led to
better outcome of repair for all subsets [3]. In the current
analysis, we have found substantially better durability of
AL repair in the most recent decade compared with
results from the 1980s. Indeed, the durability of AL repair
is currently statistically indistinguishable from repair of
other leaflet subsets and mechanical valve replacement
(Fig 3). Our approach to a repair of anterior leaflet
prolapse can be summarized as follows. For patients with
diffuse anterior leaflet prolapse where the free edge of
the leaflet overrides the posterior leaflet along a broad
plane, we initially perform posterior annuloplasty (tri-
gone to trigone) with a flexible band 63 mm in length; this
is sufficient for most such patients. When there is seg-
mental prolapse of the anterior leaflet as occurs with
ruptured or elongated groups of chords, we favor inser-
tion of polytetrafluorethylene (Gore-Tex) neochordae [8].
In selected patients, small areas of anterior leaflet pro-
lapse are corrected with limited triangular resection [27].
The edge-to-edge repair is rarely used as a primary
technique but may be useful to supplement the above
methods when there is residual leakage [28]. We have
largely abandoned use of chordal shortening and chordal
transfer although others still report satisfactory results
with these techniques.

Limitations
This retrospective analysis has inherent limitations. Fol-
low-up data were obtained from hospital records, outside
reports, and survey information; many patients live some
distance from our Clinic and do not come for regular
care. We have, however, made every effort to obtain
important clinical information on those patients. We
recorded death as obtained through hospital records and
social security database information; these data are ac-
curate but incomplete as to cause of death. Multivariable
analyses were employed to control for disparities in
preoperative risk factor profiles. Although valid, this
method cannot account for other factors, such as surgical
judgment and referral bias, that may influence outcome.
Finally, we acknowledge that the most objective method
to assess durability of mitral valvuloplasty would be to
follow recurrence of MR over time by echocardiography.
In reality, such tracking of healthy patients is impractical
in a large cohort such as this. It may be that our study,
and others like it, underestimate the failure of repair as
judged by recurrent valve leakage, but we believe that
the recurrence of significant MR and referral for surgical
assessment are closely linked in our patient population.

Fig 4. Linearized risk of reoperation (mitral specific) for patients
undergoing surgical correction of MR in the 1990s. Results from the
current era demonstrate that PL repair has the lowest risk of reop-
eration at 0.5% per year followed by mechanical valve replacement
(0.66% per year), BL repair (0.92% per year), and AL repair (1.64%
per year). (Filled bars ! repair groups; unfilled bar ! mechanical
replacement group; AL ! anterior leaflet; BL ! bileaflet; MR ! mi-
tral repair; PL ! posterior leaflet.)

825Ann Thorac Surg SURI ET AL
2006;82:819–27 MITRAL REPAIR: CURRENT SURVIVAL AND DURABILITY

C
A

R
D

IO
V

A
SC

U
LA

R



Risk of the learning Curve  ! ! ! 

valve replacement with a continent mitral valve and was not
included as a reoperation. Three reoperations were required
early (before day 30), and 7 reoperations were required at 3,
7, 7, 8, 8, 10, and 12 years, respectively. One patient died at
reoperation (10%). For these 10 patients, there were 7 valve
replacements and 3 repeat repairs (30%). Of the 3 repeat
repairs, 1 was performed postoperatively on day 3 with good
long-term results, and 2 patients who underwent repeat repair
at 7 and 12 years were reoperated on at 7 and 1 year,
respectively.

For the 10 patients who underwent reoperation for recur-
rent mitral valve regurgitation, valve analysis at the time of
the first operation showed 2 of type I (annulus dilatation,
perforation of leaflet) and 8 of type II (leaflet prolapse): 1
posterior leaflet, 3 anterior leaflet, and 4 complex anterior and
posterior leaflet combination.

Figure 3 shows the freedom from reoperation according to
valve analysis in type II patients.

In type II involving the posterior leaflet alone (n!93),
98.5% of patients at 10 years and 96.9% of patients at 20
years were free from reoperation; in type II involving the
anterior leaflet alone (n!28), 86.2% and 86.2% were free
from reoperation, respectively; and in type II involving both
leaflets, 88.1% and 82.6% were free from reoperation,
respectively.

There was a significant difference in the risk for reopera-
tion among the 3 groups (P"0.03, log-rank test).

There was no difference in survival among the 3 groups.
The overall survival rates at 10 and 20 years were 81.2% and

46% for type II involving the posterior leaflet alone, 70.8%
and 45.8% for type II involving the anterior leaflet alone, and
69.6% and 50.4% for type II involving both leaflets,
respectively.

For the 7 patients who underwent late reoperation, 5 had a
significant murmur at discharge, indicating that an incom-
plete repair probably was the cause of reoperation.

At 10 and 20 years, 94% (95% CI 90% to 98%) and 92%
(95% CI 87% to 97%) of the patients were free from
reoperation. The mitral valve reoperation rate was 0.4%
patient-year. Only 1 patient had postoperative bacterial endo-
carditis and had been treated medically with success, for a
linearized rate of 0.04% patient-year.

Six patients had a stroke: 4 patients had a thromboembolic
episode (of whom 3 were in atrial fibrillation), for a linearized
rate of 0.17% patient-year, and 2 patients had bleeding, for a
linearized rate of 0.09% patient-year. Two patients (1 with
embolic stroke and 1 with hemorrhagic stroke) died after the
stroke.

Recent Doppler echocardiographic studies (within 2 years)
available for 26 patients as part of routine follow-up showed
that 17 (65%) had no mitral regurgitation, 5 (19%) had mild
regurgitation, and 4 (15%) had moderate or important
regurgitation.

At the end of the study, 65 patients were alive (median
follow-up 19 years). The age of the survivors ranged from 41
to 95 years (median 76 years). All except 1 were in NYHA
functional class I/II.

Discussion
Controversy remains as to the predictability of the techniques
and the stability of the results in valve reconstruction.
Contradictory data have been reported in the literature with
opposing conclusions. Some authors have found a striking
superiority of mitral valve reconstruction over valve replace-
ment, whereas others have noted little difference between
these 2 approaches. This diversity of opinion reflects the
variety of the techniques that are used. Several authors have
reported results with different and sometimes contradictory
techniques, although it is now clear that a narrowing annu-
loplasty differs from a remodeling annuloplasty and that a
chordal plication differs from a chordal shortening repair.
Contradictory results can also be explained by heterogeneous
patient populations, resulting from a mix of adults and

Figure 1. Rates at 10 and 20 years for freedom from cardiac
death, expected survival, and overall survival.

Figure 2. Cardiac event-free survival rates at 10 and 20 years.

Figure 3. Reoperations according to leaflet prolapse. MR indi-
cates mitral regurgitation.
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functional class I/II.

Discussion
Controversy remains as to the predictability of the techniques
and the stability of the results in valve reconstruction.
Contradictory data have been reported in the literature with
opposing conclusions. Some authors have found a striking
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Abstract

The potential advantages of percutaneous femoral access over a surgical approach are easier recovery and lower inguinal complications rate.
This technique can be an asset in disabled patients with high risk of decubitus complications or in surgically challenging patients (obesity). We
describe percutaneous access for mitral and aortic minimally invasive valvular interventions in 156 patients (transcatheter aortic valve
implantation, n = 40; and minimally invasive cardiac surgery, n = 116). Severe complications, in two transcatheter aortic valve implantation
(TAVI) patients (one retroperitoneal bleeding and one massive superficial bleeding) and in three minimally invasive patients (two retroperitoneal
bleeding and one arteriovenous fistula), occurred during first 50 patients versus 0 among 106 following patients ( p = 0.01). Percutaneous access is
possible for innovative cardiac interventions, but severe complications can occur, especially during the learning curve, with serious consequences
in high operative risk patients, urging highest caution when initiating this innovative approach.
# 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Recently developed minimally invasive cardiac surgery
techniques (video-assisted mitral surgery and transcatheter
aortic valve implantation (TAVI)) use large arterial access,
requiring open femoral artery cut-down. This access,
although limited, is associated with groin complications
such as infection, hematoma, and seroma in up to 14% of
patients [1]. Furthermore, exposure usually requires general
or spinal anesthesia, causes patient discomfort, and prolongs
hospital stay. Therefore, it has been tempting to decrease
the invasiveness of these procedures by performing them
percutaneously.

We prospectively assessed, among 156 patients, the
feasibility, safety, and efficacy of large percutaneous femoral
artery access for minimally invasive cardiac surgery and TAVI
using original technique.

2. Technique and results

In both procedures, infrainguinal puncture carefully
targeted the anterior wall of the mid-common femoral
artery (see supplementary data online).

For mitral patients, using transesophageal echocardio-
graphy guidance, a two-stage cannula (RAP FVTM; Estech
Inc., Danville, CA, USA) was inserted, after dilation, over a
guidewire, in the right femoral vein up to superior vena cava.
Contralaterally, percutaneous arterial closure device (Pros-
tarTM XL10Fr; Abbott Vascular, Abbott Park, IL, USA) was
inserted over guidewire, and subsequently, an arterial
cannula (Medtronic DLP 17 or 19Fr) (Fig. 1A). Assisted venous
drainage with centrifugal pump was used (Medtronic
Biomedicus, Eden Prairie, MN, USA). A second percutaneous
jugular cannula was used for atrial septum defect (ASD)
repair. After the end of the procedure and cannula
withdrawal, vein and arterial access were closed by skin
purse-string stitch and Prostar dual stitch, respectively. A 24-
h compression was applied.

For the aortic procedure using fluoroscopic guidance
under local anesthesia, an arterial puncture for Prostar
insertion was performed on the vessel’s anterior wall, using
crossover pigtail guidance (perfect circular shape of the
contralaterally inserted pigtail catheter). Correct retrieval
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of the Prostar needles was carefully tracked on fluoroscopy.
An 18-F sheath was inserted over stiff guidewire. After the
procedure, Prostar stitches were tied over the guidewire. If
closure failed, the sheath was inserted for temporary
hemostasis and surgical exposure was performed under
stable conditions. Arterial closure site was angiographically
controlled via a crossover route to detect persistent bleeding
or induced stenosis.

From October 2008 to May 2010, percutaneous femoral
artery access was performed in 156 patients (Table 1).

Forty patients (81 ! 8 years, 40% female, logistic
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) 25 ! 7%) underwent TAVI using the CoreValve
system (CoreValve, Medtronic Inc., Minneapolis, MN, USA).
Valve implantation succeeded in all. Four cases of nonsevere
superficial bleeding required surgical access. Severe com-
plication occurred in two patients (one retroperitoneal
bleeding (Fig. 1B) and one massive superficial bleeding).
Hospital mortality was 7.5%; two of these three patients
experienced vascular events.

A total of 116 patients (59.4 ! 11 years, 37% female,
logistic EuroSCORE 3.25%) underwent minimally invasive
cardiac (92 repair, 15 replacement, six ASD, and three
myxoma) surgery. The Prostar device could be implanted in
all but two patients. Three superficial bleedings were easily
managed by direct surgical access. Three severe complica-
tions occurred (requiring deep surgical access or complex
vascular surgery): two retroperitoneal bleedings and one
arteriovenous fistula (AVF). Hospital mortality was 0%.

No thrombosis/ischemia, and no seroma or infection
occurred in both groups.

Severe complications in two TAVI patients and in three
minimally invasive patients occurred during first 50 patients
versus 0 among 106 following patients ( p = 0.01).

3. Comment

The Prostar device is proposed for vascular punctures
smaller than 10 Fr [2]. Clinical use, for implantation of aortic
vascular or valvular devices, largely overtakes these restric-
tions. The ‘off-label’ use of this device is not free from risk
and complications and requires special expertise [3]. Clearly,
there is a learning curve associated with the use of suture-
mediated closure devices [4]. The safety of this technique is
analyzed as referred to the complication rate of vascular
surgical access [5], with a specific risk of lymphocele, or
delayed healing, or sepsis. However, better control of
hemorrhagic risk with direct surgical access provides open
access a major advantage over the percutaneous approach.

Thus, is percutaneous access a high-risk technique? Our
results, favorably compared with literature [3,6], reflect
patient severity: in low-risk patients (minimally invasive
cardiac surgery), this procedure is safe with thoroughly
controlled complications — mortality was 0% and all, even
severe, complications could be conservatively managed. For
high-risk patients (aortic group), any severe complication has
severe consequences. ‘Vascular event’ has been well
described as the burden of TAVI clinical results [7] as for
percutaneous coronary interventions [8]. Two of the three
deaths in the aortic group were subsequent to vascular
severe complication. Interestingly, despite the absence of
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Table 1. Complication of arterial percutaneous access. Comparison between aortic and minimally invasive cardiac surgery, and between initial and late experience.
Thrombosis/ischemia, seroma or infection rate were 0% and thus non-mentioned. Severe complications are shaded.

TAVI MICS Initial experience Late experience

n 40 116 50 106

Superficial bleeding 5 3 4 4
Cannulation failure 0 2 1 1
Retroperitoneal bleeding 1 2 3 0
Arteriovenous fistula 0 1 1 0

Hospital mortality 7.5%
(2/3 vascular event)

0% 4%
(TAVI vascular)

0.9%
(TAVI non-vascular)

[(Fig._1)TD$FIG]

Fig. 1. (A) Total percutaneous peripheral cardio-pulmonary bypass, between right venous cannula (VC) (Estech RAP Femoral Venous Cannula 23/25 Fr) and left
arterial cannula (AC) (Medtronic DLP) for minimally invasive cardiac surgery (view from patient’s head). (B) Retroperitoneal bleeding identified on CT performed 14 h
after transcatheter aortic valve implantation.
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1. Introduction

Recently developed minimally invasive cardiac surgery
techniques (video-assisted mitral surgery and transcatheter
aortic valve implantation (TAVI)) use large arterial access,
requiring open femoral artery cut-down. This access,
although limited, is associated with groin complications
such as infection, hematoma, and seroma in up to 14% of
patients [1]. Furthermore, exposure usually requires general
or spinal anesthesia, causes patient discomfort, and prolongs
hospital stay. Therefore, it has been tempting to decrease
the invasiveness of these procedures by performing them
percutaneously.

We prospectively assessed, among 156 patients, the
feasibility, safety, and efficacy of large percutaneous femoral
artery access for minimally invasive cardiac surgery and TAVI
using original technique.

2. Technique and results

In both procedures, infrainguinal puncture carefully
targeted the anterior wall of the mid-common femoral
artery (see supplementary data online).

For mitral patients, using transesophageal echocardio-
graphy guidance, a two-stage cannula (RAP FVTM; Estech
Inc., Danville, CA, USA) was inserted, after dilation, over a
guidewire, in the right femoral vein up to superior vena cava.
Contralaterally, percutaneous arterial closure device (Pros-
tarTM XL10Fr; Abbott Vascular, Abbott Park, IL, USA) was
inserted over guidewire, and subsequently, an arterial
cannula (Medtronic DLP 17 or 19Fr) (Fig. 1A). Assisted venous
drainage with centrifugal pump was used (Medtronic
Biomedicus, Eden Prairie, MN, USA). A second percutaneous
jugular cannula was used for atrial septum defect (ASD)
repair. After the end of the procedure and cannula
withdrawal, vein and arterial access were closed by skin
purse-string stitch and Prostar dual stitch, respectively. A 24-
h compression was applied.

For the aortic procedure using fluoroscopic guidance
under local anesthesia, an arterial puncture for Prostar
insertion was performed on the vessel’s anterior wall, using
crossover pigtail guidance (perfect circular shape of the
contralaterally inserted pigtail catheter). Correct retrieval
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* Corresponding author. Address: Hôpital Cardiothoracique Louis Pradel, 28,
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VIDEO Clamp 
TransThor Society reference  Price  

1 CANULE VEINEUSE 23/25 
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Prostar Abbott 350 

Total  = 835 € 

VIDEO EndoClamp Society reference  Price 
1 PROSTAR Abbot 12322 350 
1 PAIRE DE CISEAU VIDEO Ethicon 5DCS 78 
1 POUSSE NŒUD Edwards KP1 127 
1 ENDOCLOSE Autosuture 173022 28 
Ballon pour Clampage Endo-
Aortique           Edwards EC 1001  1974 
Canule Artérielle avec Y Edwards ER 21 ou 

23Fr 258 
Canule Veineuse Edwards QD 22 ou 

25Fr 413 

Total  = 3 228 € 

STERNOTOMIE reference  Price 
CANULES VEINEUSES  N° 
32 66132 75 € 
1 CANULE ARTERIELLE 
20 77520 43,00 € 
1 PIC DE PLEGIE DBLE 
COURANT 21014 17,00 € 

Total  = 135 € 
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Figure 1B: Techniques for the repair of the anterior mitral leaflet. The figure panel shows the essential steps of further techniques detailed in Table 1 for the
repair of the anterior mitral leaflet. Original figures adapted from the relevant publications.
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Figure 1A: Techniques for the repair of the anterior mitral leaflet. The figure panel shows the essential steps of the techniques detailed in Table 1 for the repair of
the anterior mitral leaflet. Original figures adapted from the relevant publications.
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§  Repair vs Replacement 
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§  Minimally Invasive Versus Sternotomy : 

§  Longer  
§  crossclamp time, WMD [95% CI] = 21 [10 - 33] min (overall of 27 

studies). In sub-analysis, the increased XCL time was found mainly for repair, 
but not for replacement 

§  cardiopulmonary bypass time, WMD [95% CI] = 33 [19 - 47] min 
(overall of 30 studies). 

§  procedure time, WMD [95% CI] = 0.8 [0.4- 1.2] hours (14 studies) 

§  Shorter  
§  ventilation time, WMD [95% CI] = -2.1 [-3.4, -0.8] hours (20 studies) 
§  ICU length of stay, WMD [95% CI] = -0.5 [-0.7, -0.3] days (20 studies) 
§  Hospital length of stay, WMD [95% CI] = -1.6 [-2.1, -1.1] days (28 

studies) 
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Background: Minimally invasive mitral valve surgery through a mini-thoracotomy approach was developed 

in the mid-1990s as an alternative to conventional sternotomy, but with reduced trauma and quicker 

recovery. However, technical demands and a paucity of comparative data have thus far limited the widespread 

adoption of minimally invasive mitral valve repair (MIMVR). Previous meta-analyses have grouped various 

surgical techniques and underlying valvular disease aetiologies together for comparison. The present study 

aimed to compare the clinical outcomes of MIMVR versus conventional mitral valve repair in patients with 

degenerative mitral valve disease. 

Methods: A systematic review of the current literature was performed through nine electronic databases 

from January 1995 to July 2013 to identify all relevant studies with comparative data on MIMVR versus 

conventional mitral valve surgery. Measured endpoints included mortality, stroke, renal failure, wound 

JOGFDUJPO�SFPQFSBUJPO�GPS�CMFFEJOH�BPSUJD�EJTTFDUJPO�NZPDBSEJBM� JOGBSDUJPO�BUSJBM�òCSJMMBUJPO�SFBENJTTJPO�
within 30 days, cross clamp time, cardiopulmonary bypass time and durations of intensive care unit (ICU) 

stay and overall hospitalization. Echocardiographic outcomes were also assessed when possible. 

Results: Seven relevant studies were identified according to the predefined study selection criteria, 

including one randomized controlled trial and six retrospective studies. Meta-analysis of clinical outcomes 

EJE�OPU� JEFOUJGZ�BOZ�TUBUJTUJDBMMZ�TJHOJòDBOU�EJGGFSFODFT�CFUXFFO�.*.73�BOE�DPOWFOUJPOBM�NJUSBM�WBMWF�
SFQBJS��5IF�EVSBUJPO�PG�*$6�TUBZ�XBT�TJHOJòDBOUMZ�TIPSUFS�GPS�QBUJFOUT�XIP�VOEFSXFOU�.*.73�CVU�UIJT�
did not translate to a shorter hospitalization period. Patients who underwent MIMVR required longer 

cross clamp time as well as cardiopulmonary bypass time. Both surgical techniques appeared to achieve 

satisfactory echocardiographic outcomes. Pain-related outcomes was assessed in one study and reported 

TJHOJòDBOUMZ�MFTT�QBJO�GPS�QBUJFOUT�XIP�VOEFSXFOU�.*.73��)PXFWFS�UIJT�MJNJUFE�EBUB�XBT�OPU�TVJUBCMF�GPS�
meta-analysis.

Conclusions: The existing literature has limited data on comparative outcomes after MIMVR versus 

conventional mitral valve repair for patients with degenerative disease. From the available evidence, there are 

OP�TJHOJòDBOU�EJGGFSFODFT�CFUXFFO�UIF�UXP�TVSHJDBM�UFDIOJRVFT�JO�SFHBSET�UP�DMJOJDBM�PVUDPNFT��1BUJFOUT�XIP�
underwent MIMVR required longer cardiopulmonary bypass and cross clamp times, but the duration of stay 

JO�UIF�*$6�XBT�TJHOJòDBOUMZ�TIPSUFS�UIBO�DPOWFOUJPOBM�NJUSBM�WBMWF�SFQBJS�
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than 50% was considered substantial heterogeneity. When 
there was substantial heterogeneity, the possible clinical 
and methodological reasons for this were investigated. 
All P values were 2-sided. All statistical analysis was 
conducted with Review Manager Version 5.1.2 (Cochrane 
Collaboration, Software Update, Oxford, United Kingdom).

Results

Quantity and quality of trials

A systematic review of the nine electronic database searches 
identified 4,513 potentially relevant references. After 
exclusion of duplicate or irrelevant references, 61 potentially 
relevant articles were retrieved for more detailed evaluation. 
After applying the selection criteria, seven comparative 
studies remained eligible for quantitative assessment. A 

PRISMA chart summarizing the search strategy is presented 
in Figure 1 (13). The seven selected articles included one 
randomized-controlled trial and six retrospective studies, as 
summarized in Table 1 (14-20). In these seven studies, 1,964 
patients who underwent mitral valve surgery were compared, 
including 953 patients who underwent the minimally 
invasive thoracotomy approach and 1,011 patients who 
underwent the conventional sternotomy approach. Three 
retrospective studies attempted to match patients according 
to important prognostic factors (14,16,18). 

Patient characteristics
Baseline patient characteristics such as age, gender, 
hypertension, diabetes mellitus and previous stroke were 
similar between the MIMVR and conventional sternotomy 
cohorts, as summarized in Table 2. In addition, preoperative 
New York Heart Association (NYHA) functional status was 

Figure 1 Summary of search strategy performed to identify relevant comparative studies on mitral valve repair through minimally invasive 

thoracotomy versus conventional sternotomy approaches.
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deviation values were available for cross-clamp time, 
cardiopulmonary bypass time, duration of ICU stay and 
overall duration of hospitalization, as summarized in Table 5. 
5IF�MFOHUI�PG�*$6�TUBZ�XBT�TJHOJòDBOUMZ�TIPSUFS�GPS�QBUJFOUT�
who underwent MIMVR. However, there was no statistical 
difference in regards to the entire duration of hospitalization 
between the two treatment arms. Patients who underwent 
.*.73�SFRVJSFE�TJHOJòDBOUMZ�MPOHFS�QFSJPET�PG�DSPTT�DMBNQ�
time and cardiopulmonary bypass time.

Echocardiography outcomes

8IFO�BWBJMBCMF�FDIPDBSEJPHSBQIJD�òOEJOHT�GSPN�JOEJWJEVBM�
studies were summarized and categorized into predefined 
severities of none/trivial/mild mitral regurgitation (MR) 

and moderate/severe MR, patients who underwent MIMVR 
were reported to have moderate/severe MR in 98.7% of 
cases preoperatively, compared to 98.4% of patients who 
underwent conventional sternotomy. Postoperatively, 
patients who underwent MIMVR had persistent moderate/
severe MR in 0.1% of cases compared to 0.3% of patients 
who underwent conventional sternotomy. A summary of 
UIFTF�FDIPDBSEJPHSBQIJD�òOEJOHT�CFGPSF�BOE�BGUFS�TVSHFSZ�JT�
presented in Figure 4A,B. 

Discussion

To achieve minimal surgical access and reduced trauma, 
a number of novel approaches to mitral valve surgery 
were developed in the mid-1990s, including right 

Figure 3 Forest plot of the relative risk (RR) of cerebrovascular accidents after minimally invasive mitral valve repair (MIMVR) versus 

conventional sternotomy repair for degenerative mitral valve disease. The estimate of the RR of each trial corresponds to the middle of the 

TRVBSFT�BOE�UIF�IPSJ[POUBM�MJOF�TIPXT�UIF�����DPOòEFODF�JOUFSWBM�	$*
��0O�FBDI�MJOF�UIF�OVNCFST�PG�FWFOUT�BT�B�GSBDUJPO�PG�UIF�UPUBM�OVNCFS�
treated are shown for both treatment groups. For each subgroup, the sum of the statistics, along with the summary RR, is represented by the 

middle of the solid diamonds. A test of heterogeneity between the trials within a subgroup is given below the summary statistics.

Figure 4 A summary of severity of mitral regurgitation before (A) and after (B) mitral valve repair through the minimally invasive (blue) or 

conventional sternotomy (red) approach.
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patients who underwent MIMVR had persistent moderate/
severe MR in 0.1% of cases compared to 0.3% of patients 
who underwent conventional sternotomy. A summary of 
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underwent conventional sternotomy. Postoperatively, 
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cardiopulmonary bypass time, duration of ICU stay and 
overall duration of hospitalization, as summarized in Table 5. 
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Echocardiography outcomes

8IFO�BWBJMBCMF�FDIPDBSEJPHSBQIJD�òOEJOHT�GSPN�JOEJWJEVBM�
studies were summarized and categorized into predefined 
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were reported to have moderate/severe MR in 98.7% of 
cases preoperatively, compared to 98.4% of patients who 
underwent conventional sternotomy. Postoperatively, 
patients who underwent MIMVR had persistent moderate/
severe MR in 0.1% of cases compared to 0.3% of patients 
who underwent conventional sternotomy. A summary of 
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quality of repair or replacement by TEE and to complete 
the de-airing procedure. Thereafter, CPB is resumed, the 
cardioplegia needle vent is removed, haemostasis is checked 
and the pericardium is closed. The patient is then finally 
weaned off CPB and decannulated.

Follow-up

Follow-up was obtained by personal contact, mailed 

questionnaires, or by phone contact with patients and family 
members, with supplemental information being supplied 
by family physicians and referring cardiologists. The mean 
GPMMPX�VQ�JOUFSWBM�XBT���������ZFBST�BOE�XBT������DPNQMFUF��

Results

Of the 3,438 of patients undergoing minimally-invasive 
mitral valve surgery, 2,829 underwent MVRp and 609 
VOEFSXFOU�.73�SFTVMUJOH�JO�B�SFQBJS�SBUF�PG��������5IJT�
also included patients with valve pathology that was not 
amenable to repair. Our database, however, does account 
for patients who undergo a formal repair attempt with 
annuloplasty, are weaned off CPB and then have to undergo 
MVR due to an unsatisfactory repair on TEE. A total of 
���QBUJFOUT�	����
�SFRVJSFE�.73�EVF�UP�GBJMVSF�PG�SFQBJS�
either during the primary operation itself or at reoperation 
performed before discharge. This would result in a 
SFQBJS�SBUF�PG�������JO�QBUJFOUT�XIPTF�NJUSBM�WBMWFT�XFSF�
considered highly reparable before the operation.

Demographic characteristics and intraoperative 
parameters

Demographic characteristics and intraoperative parameters 
of patients undergoing minimally invasive MVRp are 
depicted in Table 1. Almost two-thirds of patients were 
males. Most patients had good left ventricular function, 
a low preoperative risk profile and underwent elective 
surgery. Very few patients had active infective endocarditis 
requiring urgent or emergent surgery. The minimally 
invasive approach was avoided in patients with suspicion of 
paravalvular abscesses.

It is the policy at our institution to use a ring annuloplasty 
for all repairs. The majority of patients received a complete 
ring. The right minithoracotomy approach also allows 
excellent access to the atrial septum, the tricuspid valve and 
UIF� MFGU�BOE�SJHIU�BUSJB� GPS�DSZPBCMBUJPO��-FTT� UIBO����PG�
patients required conversion to sternotomy.

Postoperative outcomes and follow-up

0WFSBMM����QBUJFOUT�	����
�EJFE�XJUIJO����EBZT�PG�TVSHFSZ��
The postoperative outcomes are presented in Table 2. All 
patients underwent transthoracic echocardiography before 
discharge. Of the 45 patients who required a MVR due to 
B�GBJMFE�SFQBJS�UXP�QBUJFOUT�	����
�EJFE�XJUIJO����EBZT�BOE�
BOPUIFS�òWF�EJFE�XJUIJO�POF�ZFBS�BGUFS�TVSHFSZ��

Table 1 Distribution of preoperative and intraoperative variables

Preoperative variables

Age in years 60.3±13

Male 1,733 (61.3)

Body-mass index (kg/m2) 25.6±3.9

Preoperative cerebrovascular accident 90 (3.2)

Left ventricular ejection fraction (%) 56.8±18.9

Prior cardiac surgery 152 (5.4)

Active endocarditis 36 (1.3)

Timing of surgery

Elective 2,632 (93)

Urgent/emergent 197 (7)

Log EuroSCORE (%) 4.9±6

Intraoperative parameters

Mitral valve repair† 2,829 (100)

Ring annuloplasty 2,829 (100)

Complete ring 2,440 (86.4)

Partial ring 389 (13.6)

Ring size 31.1±5.2

Combined procedures

Tricuspid valve repair 303 (10.7)

Tricuspid valve replacement 4 (0.1)

Atrial septal defect/patent foreamen ovale 
closure

272 (9.6)

Cryoablation 793 (28)

Excision of cardiac tumors 3 (0.1)

Aortic cross-clamp time (minutes) 76.4±35.1 

Cardiopulmonary bypass time (minutes) 133.6±68.6

Length of surgery (minutes) 180.1±133.6

Conversion to sternotomy 39 (1.4)

Mitral valve repair failure 45 (1.6)
†, includes patients with failed mitral valve repair. Continuous 
variables expressed as mean ± standard deviation. 
Percentages are shown in parentheses.
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The survival  of  al l  patients (MVR and MVRp) 
undergoing minimally invasive mitral valve surgery and 
those undergoing MVRp is depicted in Figures 1 and 2, 
respectively. The 5- and 10-year survival of all patients 
(MVR and MVRp) undergoing minimally invasive mitral 
WBMWF�TVSHFSZ�XBT�����������BOE�����������SFTQFDUJWFMZ��
A total of 447 patients undergoing MVRp died during 
GPMMPX�VQ� SFTVMUJOH� JO� B� TVSWJWBM� PG� ���������� BOE�
����������BU�òWF�BOE�UFO�ZFBST��0OF�IVOESFE�BOE�UIJSUFFO�
patients required a cardiac reoperation during follow-up, 
DVMNJOBUJOH� JO�B� GSFFEPN�GSPN�SFPQFSBUJPO�PG�����������

BOE�����������BU�òWF�BOE�UFO�ZFBST�	Figure 3).

Discussion

Ever since the description of the techniques of MVRp by 
Alain Carpentier in his famous publication “The French 
Correction” (11) MVRp has become the gold standard 
for patients with MR, especially due to degenerative and 
ischemic pathology. 

The long-term outcomes after MVRp through a 
sternotomy approach have been excellent and have been 

Table 2 Distribution of postoperative outcomes

Outcomes n (%)

30-day mortality 23 (0.8)

Low output syndrome 31 (1.1)

Failed mitral valve repair 45 (1.6)

Re-exploration for bleeding 198 (7)

Myocardial infarction 18 (0.6)

Sepsis 24 (0.8)

Stroke 57 (2)

Postoperative new dialysis 87 (3.1)

Postoperative symptomatic neuropsychotic 
syndrome

71 (2.5)

Hospital stay, days 12.2±9.4

Continuous variables expressed as standard ± mean deviation.
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Figure 1 Survival of patients undergoing mitral valve repair and 

replacement.

Figure 2 Survival of patients undergoing mitral valve repair.

Figure 3 Freedom from reoperation in patients undergoing mitral 

valve repair.
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The survival  of  al l  patients (MVR and MVRp) 
undergoing minimally invasive mitral valve surgery and 
those undergoing MVRp is depicted in Figures 1 and 2, 
respectively. The 5- and 10-year survival of all patients 
(MVR and MVRp) undergoing minimally invasive mitral 
WBMWF�TVSHFSZ�XBT�����������BOE�����������SFTQFDUJWFMZ��
A total of 447 patients undergoing MVRp died during 
GPMMPX�VQ� SFTVMUJOH� JO� B� TVSWJWBM� PG� ���������� BOE�
����������BU�òWF�BOE�UFO�ZFBST��0OF�IVOESFE�BOE�UIJSUFFO�
patients required a cardiac reoperation during follow-up, 
DVMNJOBUJOH� JO�B� GSFFEPN�GSPN�SFPQFSBUJPO�PG�����������

BOE�����������BU�òWF�BOE�UFO�ZFBST�	Figure 3).

Discussion

Ever since the description of the techniques of MVRp by 
Alain Carpentier in his famous publication “The French 
Correction” (11) MVRp has become the gold standard 
for patients with MR, especially due to degenerative and 
ischemic pathology. 

The long-term outcomes after MVRp through a 
sternotomy approach have been excellent and have been 

Table 2 Distribution of postoperative outcomes

Outcomes n (%)

30-day mortality 23 (0.8)

Low output syndrome 31 (1.1)

Failed mitral valve repair 45 (1.6)

Re-exploration for bleeding 198 (7)

Myocardial infarction 18 (0.6)

Sepsis 24 (0.8)

Stroke 57 (2)

Postoperative new dialysis 87 (3.1)

Postoperative symptomatic neuropsychotic 
syndrome

71 (2.5)

Hospital stay, days 12.2±9.4

Continuous variables expressed as standard ± mean deviation.
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Figure 1 Survival of patients undergoing mitral valve repair and 

replacement.

Figure 2 Survival of patients undergoing mitral valve repair.

Figure 3 Freedom from reoperation in patients undergoing mitral 

valve repair.
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Minimally invasive surgery has been in use for 15 years (1). 
5IF�QSFTVNFE�CFOFòUT�PG�UIJT�BQQSPBDI�JODMVEF�JNQSPWFE�
cosmesis, and also reduced post-operative pain, blood 
loss, hospital stay, and time to return to normal activity. 
Numerous studies have confirmed the safety of this 
approach and its excellent mid-term outcomes (2-6). For 
patients who require surgical intervention for degenerative 
mitral valve regurgitation, it is generally accepted that 
surgical mitral valve repair is the gold standard procedure 
because of the significantly better results compared with 
valve replacement (7-9). However, there is doubt that 
minimally invasive mitral valve surgery can achieve the 
TBNF�FGòDJFODZ�BT�B�TUBOEBSE�TUFSOPUPNZ�BOE�UIBU�UFDIOJDBM�
compromise, due to limited space, may lead to mitral valve 
replacement in patients for whom repair would otherwise 
clearly be the preferred therapy. We report here our 
experience with mitral valve repair in a consecutive series of 
patients operated on minimally invasively and referred for 
degenerative mitral regurgitation.

Material and methods

Study population

We retrospectively identified a total of 842 patients with 
degenerative mitral valve regurgitation operated on with a 
minimally invasive approach between September 2006 and 
December 2012. Six hundred and thirty six patients (75.5%) 
were male, and 206 (24.5%) female. At the beginning of our 
experience, only simple repair procedures were considered 
for this technique. With increased experience, more 
complex repair cases were managed with this approach. 
Currently, mitral valve repair for degenerative disease of 
the mitral valve, either isolated or combined with tricuspid 
valve disease, atrial fibrillation or atrial septal defect, is 
approached minimally invasively, with the exception of 
the calcified mitral annulus. This is because the fragile 
dedicated surgical instruments are not adequate to handle 
UIJT�TQFDJòD�TJUVBUJPO��

0G�UIF�����QBUJFOUT�JEFOUJòFE�����	�����
�IBE�JTPMBUFE�
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posterior leaflet prolapse, 82 (9.7%) isolated anterior 

leaflet prolapse and 72 (8.6%) had bileaflet prolapse. 

Patient demographics, cardiac comorbidities, and other 

risk factors are summarized in Table 1. Mean patient age 

was 56.15±11.62 (range, 21 to 87) years. One hundred and 

eighteen patients (14%) were t70 years of age. Mean left 

ventricular ejection fraction was 64.8%±5.2%. Six hundred 

and eighty three patients (81.1%) were in New York Heart 

Association (NYHA) functional class I or II whereas 159 

(18.9%) patients were in NYHA functional class III or IV. 

Preoperative mitral valve regurgitation was moderately 

severe in 125 patients (14.8%) and severe in the remaining 

717 (85.2%).

The composite outcome of 30-day MAE included the 

following: death, stroke, reoperation for valve dysfunction, 

urgent/emergency reoperation, perioperative myocardial 

infarction, renal failure, deep wound infection, new onset 

of permanent atrial fibrillation and prolonged mechanical 

ventilation (>24 hours).

Surgical technique

After induction of anesthesia, the patient was placed in 

the supine position, with slight elevation of the right 

hemithorax. Patients were ventilated either with a single 

or a double-lumen endotracheal tube, depending on 

the preference of the anesthesiologist. A single femoral 

venous cannula was routinely used except when the patient 

was above 1.9 m or weighed more than 100 kg. In these 

cases, an Edwards Fem-Flex II 16 FR cannula (Edwards 

Lifesciences, Irvine, CA) was placed by the anesthesiologist 

in the internal jugular vein under transoesophageal 

echocardiographic (TEE) guidance.

The anterior aspect of the right femoral vessels was 

exposed by using a 4 cm vertical right groin incision. 

A double and a single purse string suture (5-0 Prolene, 

Ethicon, Raleigh, NC) were placed respectively on the 

femoral artery and the femoral vein. After heparinization, 

the femoral vessels were cannulated with a Seldinger 

technique under TEE guidance. It is important to precisely 

place the tip of the venous cannula into the superior vena 

cava. Patients were cooled to 32 Ԩ and vacuum assisted 

cardiopulmonary bypass (CPB) was used throughout the 

procedure.

A 3.5 to 5 cm right lateral working port was placed in 

the 4
th

 intercostal space. The incision was placed below 

and lateral to the nipple in men, and in the submammary 

crease in women. CPB was instituted before opening the 

pleura. During the early part of our experience, a soft tissue 

retractor was utilized (Edwards Lifesciences, Santa Ana, CA, 

USA experience), followed by an “Alexis” wound protector 

(Applied Medical, Rancho Santa Margarita, CA, USA). 

No rib retractor was used. A 5 mm 30° angle endoscope 

was inserted through a port placed in the 4
th

 intercostal 

space, posterior to the incision for the working port. The 

operation was carried out using the endoscopic image 

exclusively, without direct vision. The surgical field was 

flooded with carbon dioxide through the endoscope port 

throughout the procedure. After opening the pericardium 

away from the phrenic nerve, the pericardium was separated 

from the inferior vena cava and the inferior aspect of the 

left atrium.

A Chitwood aortic cross-clamp was inserted in the 3
rd 

intercostal space. A cardioplegia needle (antegrade 7 FR, 

30 cm, MAQUET cardiopulmonary AG, Germany) was 

placed in the ascending aorta, and then brought through 

Table 1 Patient characteristics

Demographics

Age (y, range) 56.15±11.62 ( 21.7-87.2)

Female (no, %) 206 (24.5 %)

NYHA functional class

I 278 (33%)

II 405 (48.1%)

III 143 (17%)

IV 16 (1.9%)

Leaflet involvement

Isolated posterior 688 (81.7%)

Isolated anterior 82 (9.7%)

Bileaflet 72 (8.6%)

Cardiac comorbidity

LVEF (%) 64.8%±5.2%

Moderate to severe MR 125 (14.8%)

Severe MR 717 (85.2%) 

Previous coronary 
stent implantation 

19 (2.3%)

Myocardial infarction 9 (1.1%)

Arterial hypertension 442 (58.4%)

Atrial fibrillation 76 (9%)

Pace-maker 2 (0.2%)

Extra cardiac comorbidity

Diabetes mellitus 20 (2.4%)

Preoperative stroke 13 (1.3%)
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and the second one had rupture of the mitral annulus after 
mitral valve replacement was performed following failed 
repair in a patient with a calcified annulus. Mechanical 
ventilation was less than 24 hours in 807 (95.8%) patients, 
and more than 24 hours in 35 patients (4.2%).

Eight patients (0.9%) suffered from stroke, while four 
patients (0.46%) suffered from transient ischemic attack. 
When stroke was subdivided into major or minor by the 
QSFTFODF�PG�B�QFSNBOFOU�OFVSPMPHJDBM�EFòDJU�NBKPS�TUSPLF�
PDDVSSFE�JO�òWF�QBUJFOUT�	����
��

Perioperatively,  f ive patients (0.6%) developed 
NZPDBSEJBM�JOGBSDUJPO�EVF�UP�DJSDVNóFY�BSUFSZ�PCTUSVDUJPO�
three of whom underwent emergent coronary artery bypass 
grafting.

After mitral valve repair, eight patients (0.9%) developed 
B�OFX�BPSUJD�WBMWF�JOTVGòDJFODZ��0OF�PG�UIFTF�QBUJFOUT�IBE�
an aortic valve repair through a sternotomy during the same 
operative session. Two patients had a delayed reoperation on 

the aortic valve (at two weeks and six months respectively). 
Five patients with a mild aortic regurgitation are regularly 
followed up with echocardiography.

Sixty patients (7.1%) had MAE within 30 days. The 
detailed causes of MAEs are presented in Table 3.

Altogether 29 patients (3.4%) had a conversion 
to sternotomy. In 13 patients (1.6%), conversion to 
TUFSOPUPNZ�XBT�OFDFTTBSZ�EVSJOH�UIF�òSTU�PQFSBUJPO��$BVTFT�
for immediate conversion are presented in Table 4. In 16 
patients (1.9%), conversion to sternotomy was necessary 
for a second operation. Causes for delayed conversion are 
presented in Table 4. Seventeen patients (2%) had a re-
thoracotomy for excessive bleeding.

Other postoperative complications are detailed in Table 5.
In 109 patients (12.9%), blood transfusion was given. 

More than two units of blood were necessary in 67 patients 
(7.9%), whereas 733 patients (87.1%) had no transfusion 
at all.

The overall mean hospital stay was 9.93±6.3 days, 
with 166 patients (19.7%) having a prolonged (>10 days) 
hospital stay.

Pre-discharge transthoracic echocardiography was 

Table 2 Operative details

Procedures

Mitral valve repair 835 (99.2%)

Mitral valve replacement 7 (0.8%)

Concomitant procedures

PFO closure 161 (19.4%)

AF ablation therapy 115(13.6%)

Tricuspid repair 20 (3.7%)

CPB time (mean, range) 162±29.3

Aortic cross clamping time (mean, range) 95±28.5

Table 3 Major adverse events

Death 2 (0.24%)

Major stoke 5 (0.6%)

Re-operative mitral valve 2 (0.24%)

Re-operative aortic valve 3 (0.35%)

Urgent/emergent CV surgery 3 (0.35%)

Myocardial infarction 5 (0.6%)

Renal failure 2 (0.24%)

Deep wound infection 1 (0.11%)

Ventilation >24 hours 35 (4.1%)

New onset of permanent atrial fibrillation 0

Septicemia 0

Abdominal complications requiring surgery 2 (0.24%)

Total 60 (7.1%)

Table 4 Causes of conversion to sternotomy

Immediate conversion 13 (1.5%)

Bleeding 5 (0.59%)

Lung adhesions 3 (0.35%)

Aortic dissection 2 (0.23%)

Impossibility to expose mitral valve 1 (0.11%) 

Preoperative aortic insufficiency with 
impossibility to properly infuse cardioplegia

1 (0.11%)

Post-repair aortic insufficiency 1 (0.11%)

Delayed conversion 16 (1.9%)

Bleeding 13 (1.5%)

CABG due to circumflex obstruction 3 (0.35%)

Table 5 Other postoperative complications

Respiratory insufficiency/pneumonia 19 (2.2%)

Abdominal complications 3 (0.36%)

Prolonged pleural or pericardial effusion 6 (0.71%)

Pacemaker implantation 11 (1.3%)

Thoracic wound complications 6 (0.7%)

Inguinal lymphocoele 23 (2.7%)

Total 68 (8.1%)
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The First Report of Transcatheter Aortic Valve
Implantation and Percutaneous Mitral Valve Repair
in the Same Patient

Ryan D. Madder, MD, Robert D. Safian, MD, Michael Gallagher, MD, Shaun R. Senter, MD,
George S. Hanzel, MD

Royal Oak, Michigan

Recent publication of the PARTNER (Placement of
AoRTic TraNscathetER Valve) and EVEREST
(Endovascular Valve Edge-to-Edge REpair Study)
trials support the safety and efficacy of transcathe-
ter aortic valve implantation and percutaneous
mitral valve repair (1–3). The present report is that
of an 82-year-old man with severe aortic stenosis
presenting in October 2005 with dyspnea. He was
deemed a poor candidate for surgical aortic valve
replacement, due to remote coronary bypass sur-
gery and open repair of an infarct-related ventric-
ular septal defect. In December 2005, he underwent
successful transcatheter aortic valve implantation with
an Edwards SAPIEN transcatheter heart valve (Ed-
wards Lifesciences, Irvine, California).

Five years later, he developed progressive heart
failure attributable to severe mitral regurgitation from
a restricted posterior leaflet. In September 2010, he
underwent percutaneous mitral valve repair with an
Evalve MitraClip (Evalve, San Francisco, California).
Fluoroscopy reveals both percutaneously deployed
aortic and mitral valve devices (Fig. 1). At follow-up
7 months later, the patient reports walking 1 mile for
exercise several times/week.

Reprint requests and correspondence: Dr. Ryan D.
Madder, Department of Cardiovascular Medicine, Wil-
liam Beaumont Hospital, 3601 West Thirteen Mile
Road, Royal Oak, Michigan 48073. E-mail: ryan.madder@
beaumont.edu.
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Figure 1. Patient With a Transcatheter Aortic Valve and
Percutaneous Mitral Repair

An 82-year-old man with severe aortic stenosis underwent per-
cutaneous aortic balloon valvuloplasty and subsequent trans-
catheter aortic valve implantation. Five years later, he
developed severe symptomatic mitral regurgitation from a
restricted posterior leaflet and underwent percutaneous mitral
valve repair. Fluoroscopy demonstrates both percutaneously
placed aortic and mitral valve devices.
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