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Objective
To analyze the effectiveness of new techniques of mitral valve
reconstruction (MVR) that have evolved over the last decade,
such as aggressive anterior leaflet repair and minimally inva-
sive surgery using an endoaortic balloon occluder.

Summary Background Data
MVR via conventional sternotomy has been an established
treatment for mitral insufficiency for over 20 years, primarily for
the treatment of patients with posterior leaflet prolapse.

Methods
Between June 1980 and June 2001, 1,195 consecutive pa-
tients had MVR with ring annuloplasty. Conventional sternot-
omy was used in 843 patients, minimally invasive surgery in
352 (since June 1996). Anterior leaflet repair was performed
in 374 patients, with increasing use over the last 10 years.
Follow-up was 100% complete (mean 4.6 years, range
0.5–20.5).

Results
Hospital mortality was 4.7% overall and 1.4% for isolated
MVR (1.1% for minimally invasive surgery vs. 1.6% for con-
ventional sternotomy; P � .4). Multivariate analysis showed
the factors predictive of increased operative risk to be age,
NYHA functional class, concomitant procedures, and previ-
ous cardiac surgery. The 5-year results for freedom from car-
diac death, reoperation, and valve-related complications
among the 782 patients with degenerative etiology are, re-
spectively, as follows (P � .05 for all end points): for anterior
leaflet repair, 93%, 94%, 90%; for no anterior leaflet repair,
91%, 92%, 91%; for minimally invasive surgery, 97%, 89%,
93%; and for conventional sternotomy, 93%, 94%, 90%.

Conclusions
These findings indicate that late results of MVR after minimally
invasive surgery and after anterior leaflet repair are equivalent
to those achievable with conventional sternotomy and poste-
rior leaflet repair. These options significantly expand the range
of patients suitable for mitral valve repair surgery and give fur-
ther evidence to support wider use of minimally invasive
techniques.

Over the last two decades several large experiences with
mitral valve reconstruction (MVR) have been reported,1–4

and MVR has become the preferred treatment for patients
with mitral insufficiency from degenerative disease. A 1989
report from our institution2 demonstrated that patients un-

dergoing MVR had fewer late valve-related complications
than patients having mitral valve replacement, and this
observation was subsequently confirmed in more than 10
large series, reviewed by Yun and Miller.5 In the last 10
years two additional major breakthroughs have occurred:
the increased ability to repair patients with pathology in-
volving the anterior mitral leaflet, and the introduction of
minimally invasive techniques for mitral valve repair
surgery.

In the United States the vast majority of patients under-
going MVR have degenerative disease, and the earlier re-
ports predominantly involved repair in patients with poste-
rior leaflet pathology. Nevertheless, as more patients were
evaluated for surgical repair of mitral valve prolapse, it
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became evident that anterior leaflet pathology was present
in approximately one third of the patients.6 Thus, to more
effectively offer valve repair to this more complex group of
patients with anterior leaflet disease, the traditional tech-
niques of anterior leaflet repair of chordal shortening and
chordal transfer described by Carpentier7 were supple-
mented by several innovative approaches, such as the use of
artificial chordal replacement6,8,9 or anterior leaflet resec-
tion.10,11 Using a variety of these methods, surgeons have
become more aggressive and confident in offering valve
repair to patients with anterior leaflet disease.10,12,13 This
report demonstrates a changing pattern of anterior leaflet
mitral valve repair at our institution due to an increased use
of anterior leaflet resection and compares the late results in
these patients with the results in patients without anterior
leaflet disease.

A more dramatic breakthrough in cardiac surgery, which
has occurred over the last 5 years, was the introduction of
minimally invasive techniques for the surgical treatment of
valvular heart disease. A variety of techniques has been
described, including the parasternal approach,14,15 partial or
hemisternotomy incisions,16–18 minithoracotomy incisions
(with or without balloon aortic occlusion for cardioplegia
delivery),19–22 video-assisted surgery,23,24 and the use of
robotics.25–27 Reports by Cohn et al,14 Cosgrove et al,15 and
Gillinov et al28 demonstrated excellent early results using
both the parasternal and partial sternotomy approaches.

Our initial results with minimally invasive mitral valve
surgery, using a minithoracotomy technique with balloon
aortic occlusion (termed “Port Access” ), were reported at
the American Heart Association in 1997.20 These promising
early results were confirmed in a multicenter trial21 that
demonstrated the safety and efficacy of the “Port Access”
approach. Subsequently, using a case-controlled method,
Grossi et al29 reported less need for blood transfusions and
fewer postoperative infections or wound complications in
patients who underwent a minimally invasive technique for
isolated valve surgery, while separate comparative studies
by Glower et al30 and Grossi et al31 demonstrated that
patients undergoing minimally invasive surgery had less
postoperative pain and shorter recovery times than patients
undergoing traditional surgery.

Nevertheless, despite these encouraging reports and the
potential for lowering short-term morbidity with a mini-
mally invasive approach, many surgeons have remained
skeptical and hesitant to adopt a minimally invasive tech-
nique, possibly due to concerns over the learning curve or to
the paucity of long-term data. The primary purpose of this
study, therefore, was to provide late follow-up data in
patients after minimally invasive valve repair. This prospec-
tive trial assessed late survival, repair durability, and late
valve-related complications in all patients undergoing mitral
valve repair at New York University over a 20-year interval
and compares late outcomes in the minimally invasive ver-
sus the traditional cases.

METHODS

Between June 1980 and June 2001, 1,195 consecutive
patients had MVR with ring annuloplasty. Patient demo-
graphics are listed in Table 1. The mean age was 60.7 �
14.8 years (range 23–91); 743 patients (62%) were male and
452 (38%) were female. Isolated primary repair was done in
636 patients (53%), while 315 patients (26%) had concom-
itant coronary artery bypass grafting, 112 patients (9.4%)
had concomitant valve surgery, and 73 patients (6.1%) had
previous cardiac procedures.

The etiology of the mitral insufficiency was degenerative
in 782 patients (65.4%), ischemic in 194 (16.2%), rheumatic
in 88 (7.4%), infectious in 70 (5.9%), and congenital or
cardiomyopathy in 40 (3.3%). One hundred twenty-four
patients (10.4%) had diabetes.

Preoperatively, 26 patients (2.2%) were New York Heart
Association (NYHA) class I, 452 (37.9%) were class II, 502
(42.1%) were class III, and 211 (17.7%) were class IV.

Surgical Techniques

Overall, 374 patients (31.3%) had repair of anterior leaf-
let pathology. The techniques used for anterior leaflet repair
included chordal transposition in 32 patients, chordal resus-
pension in 51, chordal shortening in 80, and anterior leaflet
resection (Fig. 1) in 211. The increasing use of anterior
leaflet resection by year is illustrated in Figure 2.

A conventional sternotomy approach was used for valve
repair in 843 patients, while a minimally invasive minitho-
racotomy technique was used in 352 patients. The mini-
mally invasive approach was used increasingly since 1996

Table 1. PATIENT DEMOGRAPHICS

Age (yr) (mean � SD) 60.7 � 14.8 (3–91)
Male gender (%) 743 (62.4%)
Isolated MVR 636 (53.2%)
Previous cardiac surgery (%) 73 (6.1%)
Concomitant CABG (%) 315 (26%)
Concomitant valve (%) 112 (9.4%)
Anterior leaflet repairs 374 (31.3%)

Anterior leaflet resection 211 (17.7%)
Chordal transposition 32 (2.7%)
Chordal resuspension 51 (4.3%)
Chordal shortening 80 (6.7%)

Etiology
Degenerative 782 (65.4%)
Ischemic 194 (16.2%)
Rheumatic 88 (7.4%)
Infectious 70 (5.9%)
Congenital/myopathy 40 (3.3%)

NYHA Class
I 26 (2.2%)
II 452 (37.9%)
III 502 (42.1%)
IV 211 (17.7%)

Diabetic 124 (10.4%)
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and was used in more than 90% of the isolated mitral valve
repairs over the last 3 years. In the minimally invasive group
a right anterior minithoracotomy incision was used in 97%
of the patients, with 3% of patients receiving a left posterior
minithoracotomy. Femoral perfusion was used in 79% of
the minimally invasive cases; percutaneous or transthoracic
direct aortic cannulation was used in 21%, with the latter
technique used increasingly in recent years. More than 90%
of the patients undergoing minimally invasive surgery had
internal balloon catheter occlusion of the aorta rather than
cross-clamping, with cardioplegia delivered either ante-
grade or retrograde through a percutaneous coronary sinus
catheter. The typical operative setup (Fig. 3) and technique
for minimally invasive mitral valve repair have been previ-
ously described.20,32,33

Follow-up and Statistical Analysis

All patients were entered into the study prospectively and
followed with yearly examinations by their surgeon or by
phone interviews conducted by the research study coordi-
nator. All data were entered into a computer and analyzed
by use of the statistical software SPSS (SPSS, Inc., Chicago,

IL). Follow-up was 100% complete, with a mean follow-up
interval of 4.6 years (range 0.5–20.5). Continuous variables
were analyzed by the Student t test and categorical variables
by chi-square. Preoperative and intraoperative risk factors
were analyzed by multivariate analysis for correlation with
hospital mortality. Late follow-up data in the 782 patients
with degenerative etiology were analyzed for differences
between study groups by Cox logistic regression analysis.

RESULTS

The overall hospital mortality was 4.7% and the mortality
for isolated mitral valve repair was 1.4% (1.1% for mini-
mally invasive surgery and 1.6% for conventional sternot-
omy, P � .4). The factors found be predictive of increased
operative risk by multivariate analysis were NYHA func-
tional class, concomitant procedures, previous cardiac sur-
gery, and age (Table 2). Neither anterior leaflet repair nor
minimally invasive surgery had a significant impact on
operative risk.

Among the patients with degenerative etiology, late re-
sults were compared between the 374 patients who had a
repair of the anterior leaflet and the 821 patients who did
not. In the patients with anterior leaflet repair the 5-year
survival from late cardiac death was 93%, the 5-year free-
dom from reoperation was 94%, and the 5-year freedom
from valve-related complications was 90%. In the patients
without anterior leaflet procedures the 5-year survival from
cardiac death was 91%, the 5-year freedom from reopera-
tion was 92%, and the 5-year freedom from valve-related
complications was 91% (Table 3; P � .05 for all end
points). Also, the technique used for anterior leaflet repair
had no significant impact on late repair durability. For

Figure 2. Increasing use of anterior leaflet resection for mitral valve
repairs at New York University Medical Center.

Figure 1. Anterior leaflet resection. (A) Triangular resection of the
anterior leaflet of the mitral valve. (B) Sutured repair.
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example, and interestingly, the 5-year freedom from reop-
eration after chordal shortening was 91%, which was not
significantly different than the other methods of anterior
leaflet repair (P � .05).

Similarly, in the patients with degenerative etiology, the
late results were compared between the 352 patients in
whom a minimally invasive approach was used and the 843
patients who had conventional surgery through a sternot-
omy incision. For the minimally invasive patients the 5-year
survival from cardiac death was 97%, the 5-year freedom
from reoperation was 89%, and the 5-year freedom from
valve-related complications was 93%. In the conventional
sternotomy patients the 5-year survival from cardiac death
was 93%, the 5-year freedom from reoperation was 94%,

and the 5-year freedom from valve-related complications
was 90% (Table 4; P � .05 for all end points).

Thus, late clinical outcomes were not affected by the use
of anterior leaflet repair or by the use of the minimally
invasive operative approach.

DISCUSSION

In recent years several trends have emerged in the treat-
ment of patients with valvular heart disease, and in partic-
ular in the treatment of patients with mitral valve insuffi-
ciency. One significant change has been an increased
echocardiographic scrutiny of patients with valvular heart
disease by cardiologists, with more aggressive recommen-
dations for earlier surgery based on the echocardiographic
findings of progressive cardiac dilation or left ventricular
systolic dysfunction, before the onset of significant symp-
toms or left ventricular injury. In patients with mitral insuf-
ficiency, changes in management algorithms were fueled, at
least in part, by the excellent surgical results achieved with
mitral valve repair and by the low operative risk and de-
creased late morbidity seen in these patients compared to
valve replacement patients.2,5,34,35 Cardiologists’ confi-
dence in surgeons’ ability to perform a durable valve repair
consequently led to a shift in the treatment paradigm toward
earlier surgery.

Repair of Anterior Leaflet Prolapse

Since patients with mitral insufficiency from anterior
leaflet prolapse were initially less likely to have successful

Figure 3. Typical operative setup for minimally invasive mitral valve
repair at New York University Medical Center. (A) Femoral arterial can-
nulation with balloon catheter introduced for occlusion of the ascending
aorta. (B) Femoral venous cannulation with tip of catheter positioned
into the right atrium. (C) Percutaneous right internal jugular retrograde
cardioplegia catheter positioned in the coronary sinus. (D) Right
minithoracotomy incision performed via the inframammary crease
through the fourth intercostal space.

Table 2. MULTIVARIATE ANALYSIS OF
HOSPITAL MORTALITY

Operative Risk Factors
Predictive of Hospital

Mortality
Odds
Ratio 95% CI P Value

NYHA Class 3/4 5.18 1.49–17.86 .010
Concomitant procedures 3.57 1.66–7.69 .001
Previous cardiac surgery 2.43 1.12–5.26 .024
Age 1.04 1.010–1.073 .008

Table 3. FIVE-YEAR FREEDOM FROM
LATE CARDIAC DEATH, REOPERATION,
AND VALVE-RELATED COMPLICATIONS

Type of
Repair

Cardiac
Death Reoperation

Valve-Related
Complications

ALR 93% 94% 90%
NO ALR 91% 92% 91%

ALR, anterior leaflet repair.
P � .05 for all end points.
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repair, these patients were often referred for surgery later in
the course of their disease. Thus, the observation in this
report that patients undergoing repair of the anterior leaflet
had late outcomes that were equivalent to patients without
anterior leaflet repair is quite significant. In this series, the
operative techniques used to repair the anterior leaflet var-
ied, although triangular resection of the anterior leaflet was
used most frequently and increasingly in the later part of the
study. The technique was used primarily in patients with
severe myxomatous degeneration of the mitral valve, where
redundant, excessive anterior leaflet tissue was present.

Interestingly, the late durability after anterior leaflet re-
pair was not influenced by the technique used (chordal
shortening, chordal reimplantation, chordal transposition, or
anterior leaflet resection). This result differs from the find-
ings of Phillips et al13 and Smedira et al,12 where patients
receiving a chordal shortening procedure for anterior leaflet
repair had an increased late failure rate. One possible ex-
planation for the difference in findings may be in patient
selection. In the current series chordal shortening was used
selectively and was not used if the chordae were extremely
thin. Another possible explanation may be in the technique
used for chordal shortening. Our preferred method involves
imbricating the elongated primary or secondary chordae
onto the free edge of the prolapsed leaflet and not into the
papillary muscle head, as this may produce necrosis. Since
the late failures reported by Phillips et al13 after using
chordal shortening were primarily due to late rupture at the
papillary muscle head, this difference in technique might
explain the different results. While no patients in our series
received artificial chordae for anterior leaflet repair, the
results using artificial chordae reported by David et al,9

Smedira et al,12 and Phillips et al13 were excellent, and the
use of artificial chordae seems to be a viable option for
repair of anterior leaflet pathology.

The most significant observation from this study concern-
ing anterior leaflet repair was the durability after anterior
leaflet resection. Importantly, the late results were com-
pletely equivalent to those achieved in patients with only
posterior leaflet pathology. While in our experience anterior
leaflet resection has been an extremely reliable technical
option, it is ultimately up to the surgeon to use each tech-
nique selectively for optimal results.

Minimally Invasive Valve Repair

Probably the most dramatic change in surgical technique
over the last 5 years was the introduction of minimally
invasive surgery for the treatment of valvular disease. Al-
though this approach remains controversial, at our institu-
tion minimally invasive surgery has made a significant
impact on the care given to patients with mitral insuffi-
ciency. For example, over the last 3 years less than 10% of
the patients undergoing isolated mitral valve repair had a
traditional median sternotomy approach. As summarized in
the introduction of this paper, the early results with mini-
mally invasive valve repair have been exceedingly good,22

with measurable patient benefits.29,30,36 It has been imper-
ative, however, for late results to be carefully documented
and analyzed after minimally invasive valve surgery if the
surgical community was to accept this approach as a viable
option for the vast majority of patients. The current study
begins to provide these data. Significantly, the 5-year results
after minimally invasive valve repair were indistinguishable
from the results obtained after conventional sternotomy.

In summary, the minimally invasive technique for mitral
valve repair produced durable and effective results with no
increased risk. These data offer further support for wider use
of minimally invasive techniques for the treatment of pa-
tients with mitral valve disease.
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DISCUSSION

DR. IRVING L. KRON (Charlottesville, VA): I very much appreciate the
opportunity to comment on this excellent paper by Dr. Galloway and
colleagues from New York University. They present a very large series of
patients undergoing mitral valve repair. And for those in the audience who
don’ t know, mitral valve repair is far superior than mitral valve replace-
ment, and they have basically shown that they can amplify this technique.
I have several questions for the authors.

Our own results for mitral valve repair confirm the authors’ low mor-
tality. We found, as the authors did, that there is essentially minimal risk
for patients with myxomatous disease, but we have some risks from
ischemic mitrals. Since their isolated cases indeed had only minimal
mortality, were the ischemics the bad actors in this crowd?

We have changed our approach for the ischemic mitral, particularly as it
relates to the patient with a large ventricle, and we have added ventricular
remodeling operations for these patients and stabilization of the posterior
papillary muscle. I am wondering if Dr. Galloway and his colleagues have
changed their approach to the ischemic mitral.

While his focus on the anterior mitral repair is unique and truly has
transformed this difficult area, basically these patients in the past have not
been referred for mitral valve repair surgery since it was thought not to be
repairable.

We, too, very much like the NYU approach of shortening of chordae of
the anterior leaflet, and we are pleased to see that the authors had good
results with this technique. However, I wonder if Dr. Galloway can tell me
and the audience when they would use chordal shortening as opposed to
anterior leaflet resection.

Finally, the authors have demonstrated excellent results for the mini-
mally invasive approach, but I wonder if they could tell us the relative costs
of the minimally invasive approach to standard sternotomy, and do they
think the robotic approach might add something to this?

This is a great series, Dr. Galloway, and you ought to be proud.
PRESENTER DR. AUBREY C. GALLOWAY, JR. (New York, NY): Thank you,

Dr. Kron, for your questions. Regarding the first question, on ischemic
disease. I think that most reports have observed an increased mortality in
these patients. In our multivariate analysis, concomitant procedures, which
represented primarily concomitant bypass grafting for ischemic disease,
increased the odds ratio for hospital death by 3.57. The most important
factor increasing the operative risk, however, was the NYHA functional
classification, which is a surrogate of left ventricular function. Patients with
NYHA class III or IV status preoperatively had an increased odds ratio for
hospital mortality of 5.18. Thus, ischemic etiology increases the operative
risk because concomitant bypass grafting is necessary and because these
patients generally have worse left ventricular function and a poor NYHA
functional class, often with symptoms of congestive heart failure.

Certainly mitral repair in ischemic patients can often be tricky. The
major problem in most patients with chronic ischemic mitral insufficiency
is a combination of a dilated annulus and restricted valve motion due to the
decreased ejection fraction. The latter problem may prevent the mitral
valve leaflet from reaching the proper closing plane, since the leaflet may
be tethered or displaced towards the apex of the heart by the dilated
ventricular wall. In general, our approach to repair of these patients has
been to overcorrect the annular dilation with a small annuloplasty device,
and we have been able to achieve extremely durable results as long as the
valve leaflets are not overly displaced towards the apex of the heart. Simply
elevating the posterior annulus and correcting annular dilation with the
annuloplasty will provide a good coaptation point for the anterior leaflet in
most cases. We have not performed chordal elongation in any patients, but
your idea of removing tension from the displaced posterior papillary
muscle is appealing, as this addresses the pathology present in the ex-
tremely dilated heart. The patients that fail late after ischemic valve repair

Vol. 236 ● No. 3 Techniques for Mitral Valve Reconstruction 293



generally do so from excessive apical displacement of the valve leaflets,
resulting in restrictive leaflet motion that is not corrected by annuloplasty
alone.

Regarding the questions on the durability of the various types of anterior
leaflet repairs and the choice of anterior leaflet procedures, there are no
differences in the durability after chordal shortening, chordal transfer, or
anterior leaflet resection in our experience. These findings are different
from other reports, and our results may be explained both by our technique
of choral shortening and by our selection criteria for the particular type of
anterior repair technique used.

Our preferred method for chordal shortening for approximately 10 years
has been to shorten or imbricate the elongated chord onto the undersurface
of the free edge of the anterior leaflet. This is different than the technique
of chordal shortening described by Carpentier, which advocated implanta-
tion of the chord into the tip of the papillary muscle, potentially producing
necrosis, with resultant rupture and recurrent insufficiency. The technique
of shortening elongated chordae onto the free edge of the leaflet has been
quite successful, as long as the elongated chordae are not extremely thin.

In making the choice between triangular anterior leaflet resection and
either chordal transfer or chordal shortening, the amount of redundant
anterior leaflet tissue is the main determining factor. In patients who have
myxomatous disease with excessive anterior leaflet tissue, triangular re-
section of the prolapsing segment is our preferred method. As this report
suggests, the late results have been exceedingly good. Care must be taken
not to remove too much leaflet tissue, but if excessive tissue is present and
the patient can be left with a normal-sized anterior leaflet after repair, this
technique results in a more normal anterior leaflet, and also lowers the risk
of postrepair systolic anterior motion. In patients with nonmyxomatous
prolapsing valves, where no excessive tissue is present, triangular resection
would result in too small of an anterior leaflet. In these patients, either
chordal transfer or chordal shortening is preferred, depending on the
thickness and strength of the prolapsing anterior chordae, and the suitabil-
ity of the corresponding posterior leaflet and chordae for transfer. Thus, the
pathology present dictates the repair technique used.

Concerning costs: new technology is costly and must be evaluated both

in terms of effectiveness and cost-effectiveness. The Port Access technol-
ogy currently costs approximately $4,000 to $5,000 per case. We studied
this, and interestingly, the upfront technology costs were recouped by
shorter hospital and ICU stays and less of a need for blood transfusions, so
the technology ended up being cost-neutral.

Finally, regarding the use of the surgical robot for mitral valve repair.
We have used robotic assistance experimentally for mitral surgery at our
institution and so far have found no added value. Certainly, surgical
robotics is in its infancy, and these techniques deserve further scrutiny as
the technology continues to develop.

Again, I appreciate your comments, and I would like to thank the
Association for the privilege of the floor.

DR. RICHARD J. SHEMIN (Boston, MA): I want to compliment the NYU
group for bringing this data to our attention. It is a very excellent and large
series of mitral valve reconstructions.

I personally have found that the most reliable technique to repair the
anterior leaflet, particularly if you are not worried about excess redundant
tissue, is to use Gore-Tex suture and produce artificial chords. I am
interested in whether or not you have used that technique.

Also, have you analyzed your failures of anterior leaflet repair? Since
you used a variety of techniques, is there one that you feel at this time is
superior to the others?

DR. AUBREY C. GALLOWAY, JR. (New York, NY): I will answer the last
part of that question first. When we looked at subgroup analysis of anterior
leaflet repair comparing triangle resection, chordal shortening, and choral
transfer, there was no difference in the 5-year durability of the valve repair,
which is different than what others have reported. We think, particularly
with chordal shortening, it may have to do with shortening the chordae on
to the free edge of the leaflet rather than to the papillary muscle head,
which could produce necrosis.

We have not used artificial chordal replacement, which is another one of
the new techniques that have been described in the last 10 years. We
comment on this in the manuscript. The reports have been good with
chordal shortening and this is certainly another viable option, but we don’ t
have any experience with this approach.
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