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Central Message

In a low-volume VA hospital, preoperative sur-

gical planning with a multidisciplinary heart

team and open sternotomy were associated with

improvements in the rate and quality of MV

repair.

Perspective Statement
Between 2000 and 2008, the mitral valve (MV) repair rate in patients with severe
mitral regurgitation at our low-volume Veterans Affairs hospital was 21%. After
instituting a multidisciplinary valve team in 2009, we determined whether this
rate increased and characterized the outcomes of patients with degenerative
disease. We retrospectively reviewed data from 103 MV operations performed
at our hospital between 1/2009 and 8/2016. MV pathology was categorized as
degenerative, rheumatic, endocarditis, ischemic, hypertrophic cardiomyopathy,
or failed prior MV repair. The surgical techniques used for MV repair were
reviewed. For the patients with degenerative disease who underwent MV repair,
we assessed leaflet involvement and postoperative valve function. For the full
cohort, the MV repair rate was 67% and the 30-day mortality rate was 0.97%.
Of the 74 patients with degenerative disease, 64 (86.5%) underwent MV repair
(none required reoperation). For these patients, the MV repair rate was signifi-
cantly higher when the surgical approach was sternotomy rather than minimally
invasive right minithoracotomy (92.5% vs 71.4%, P = 0.03). After MV repair,
95.3% of the degenerative disease patients had mild or less mitral regurgitation;
median echocardiography follow-up time was 555 days. Anatomic features
associated with a reduced MV repair rate in patients with degenerative disease
were dystrophic leaflet calcification and severe mitral annular calcification. In an
institution with a low volume of MV operations, preoperative surgical planning
with a multidisciplinary valve team was associated with improved MV repair
rates and excellent repair quality in patients with degenerative valve disease.
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 In centers with a high MV procedure volume,
the MV repair quality and rates for patients

with severe MR are increased. Our study sug-

gests that a preoperative multidisciplinary team

approach to degenerative MV disease in hospi-

tals with a low MV procedure volume is associ-
INTRODUCTION
A recent study of 4165 mitral valve (MV) procedures per-

formed at 40 US Veterans Affairs (VA) hospitals demonstrated

ated with surgical outcomes that are similar to

those of high-volume centers.
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Heart Association
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good surgical outcomes despite the low volume of MV opera-
tions performed per hospital.1 However, the repair rate for
degenerative MVs (63%) was disappointingly low. The ACC/
AHA guidelines2 have suggested that the MV repair rate for
patients with degenerative MV disease should be 90% or
greater. In a study by Bolling et al,3 higher MV procedural vol-
ume per surgeon was an independent predictor of MV repair.
An inflection point of 40 isolated MV cases per surgeon per
year has been suggested as a threshold for a center to qualify as
a “MV center of excellence.”4

Within the VA health system, the median number of MV
operations performed per center per year has been reported to
679/$�see front matter © 2019 Elsevier Inc. All rights reserved.
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ADULT � MV REPAIR RATE AT A VA HOSPITAL
be 7. The MV repair rates for the VA hospitals varied widely
and were not strongly associated with each facility’s MV surgi-
cal volume.1

A multidisciplinary approach to aortic valve disease, as well
as to ischemic heart disease, has been demonstrated to result in
better patient outcomes.5 At the James A. Haley VA Hospital
(an institution with a low volume of MV operations), the MV
repair rate in patients with severe mitral regurgitation (MR)
was 21% for the years 2000�2008. Because of this low repair
rate, the hospital implemented a multidisciplinary heart team
approach to MV disease treatment in 2009. Herein, we sought
to determine whether implementing this approach resulted in
better MV repair rates and outcomes.

PATIENTS AND METHODS
This study was initially started as a VA Surgical Quality

Improvement Project and was subsequently approved by the
institutional review board of the James A. Haley Veterans
Hospital. Since January 2009, the James A. Haley VA Hospital
has developed both a multidisciplinary valve heart disease con-
ference and a minimally invasive MV surgical program to
improve the quality and outcomes of MV operations. We retro-
spectively reviewed the records of 103 consecutive patients
who were referred to this single VA center for an MV operation
between January 2009 and August 2016. For each of these
patients, the case was discussed by a multidisciplinary weekly
conference composed of anesthesia, cardiology, and cardiac
surgery faculty before the operation was performed. All
patients with severe MR were considered for repair, and the
specific cause of regurgitation was identified. The transesopha-
geal echocardiography (TEE) results of the patients with severe
MR due to degenerative disease were specifically reviewed to
determine the anatomic mechanism for the MR, and a surgical
plan was formulated for repair. At least 1, but up to 3, cardiolo-
gists board certified in cardiac echocardiography were present
during the weekly conference to review the echocardiograms.

Intraoperative TEE performed by an anesthesiologist certified in
echocardiography was used to confirm the MV pathology and
evaluate the efficacy of the repair. One surgeon (EJ) performed the
overwhelming majority of the operations within the study.

For every patient, we obtained a baseline postoperative
transthoracic echocardiogram before the patient was dis-
charged. Follow-up echocardiograms were obtained during
the initial postoperative visit with either a cardiologist or sur-
geon at our institution and were adjudicated by 1 of our 3 car-
diologists board certified in echocardiography. Additional
follow-up echocardiograms were obtained at the discretion of
the patient’s clinician (cardiologist or primary care physician).
All echocardiograms from a referral VA institution were adjudi-
cated by a board-certified cardiologist.

Data were obtained from the operative notes, the most
recent postoperative echocardiogram, and the patients’ follow-
up records. MV disease processes were categorized as degener-
ative, rheumatic, endocarditis, ischemic, hypertrophic cardio-
myopathy, or failed prior repair. The surgical techniques used
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for the MV repairs were assessed, including annuloplasty type,
leaflet resection, chordae replacement with Gore-Tex sutures,
commissuroplasty, Alfieri technique, sliding repair, and use of
annular plication. For the patients with degenerative MV dis-
ease, in-depth analyses of leaflet involvement (posterior, ante-
rior, or bi-leaflet prolapse) and postoperative valve function
were performed. In addition, the effects of the surgical
approach (open sternotomy vs minimally invasive right mini-
thoracotomy) on the rate and quality of MV repair were exam-
ined in these patients. Postoperative follow-up transthoracic
echocardiography exams were performed within routine clini-
cal practice using standard methods.

Minimally invasive right minithoracotomy was performed
via a 5-cm anterolateral incision on the right side with periph-
eral cannulation via the femoral artery and vein. A cross clamp
was placed on the aorta, and antegrade and retrograde cardio-
plegia were administered. The retrograde catheter (Edwards)
was inserted into the coronary sinus by a single anesthesiolo-
gist via the right internal jugular vein under TEE and fluoro-
scopic guidance.

Statistical Analysis
Statistical analyses were performed with SAS, Version 9.4

(SAS Institute Inc., Cary, NC). The cutoff value for statistical
significance was P < 0.05, and all tests were 2-sided. There
were no adjustments to the P values for multiplicity. Group dif-
ferences in the distribution of preoperative characteristics,
repair rates, postoperative outcomes, and repair quality were
tested with chi-square analysis or the Fisher exact test for the
categorical variables and with the Wilcoxon 2-sample test for
the continuous variables. Non-normality of the continuous
variables was verified both visually and with the Kolmogorov-
Smirnov test.

The time-to-event outcome of survival in the degenerative
pathology patients was analyzed by using the Kaplan-Meier
method, and the median follow-up time was calculated by
using the reverse Kaplan-Meier method. Patients who did not
die before the end of the study period (7/1/2018) were consid-
ered censored at the time of the last follow-up when confirmed
alive. Patients who did die were censored upon death. All
patients had at least 1 postoperative echocardiography exam
before they died.
RESULTS

Full Cohort
Between January 2009 and August 2016, 103 MV proce-

dures were performed at the James A. Haley Hospital. An
assessment of preoperative characteristics showed that the
patients who underwent MV repair and those who underwent
MV replacement were similar in terms of age, gender, ejection
fraction, and atrial fibrillation (Table 1). However, the 2 groups
differed in the distribution of patients within the New York
Heart Association (NYHA) functional classifications (P < 0.01);
the prevalence of NYHA III�IV heart failure was higher in the
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Table 1. Preoperative Patient Characteristics, Intraoperative Details, and Postoperative Outcomes of Patients Who Underwent
Mitral Valve Repair vs Mitral Valve Replacement

Variable Mitral Valve Repair Mitral Valve Replacement P Value
(n = 69) (n = 34)

Preoperative
Age, y 64 [58.5�67] 68 [63�72] 0.06
Male sex 67 (97.1) 32 (94.1) 0.60
Preoperative EF by echocardiography 50 [40�55] 55 [50�58] 0.23
NYHA class <0.01
I 10 (14.5) 0 (0.0)
II 25 (36.2) 11 (32.4)
III 25 (36.2) 9 (26.5)
IV 9 (13.0) 14 (41.2)

Preoperative atrial fibrillation 20 (29.0) 6 (17.7) 0.21
Mitral valve disease process <0.01
Degenerative disease 64 (92.8) 10 (29.4)
Barlows 1 (1.4) 3 (8.8)
Ischemic disease 5 (7.3) 4 (11.8)
Calcific stenosis/rheumatic disease 0 (0.0) 10 (29.4)
Hypertrophic cardiomyopathy 0 (0.0) 2 (5.9)
Endocarditis 0 (0.0) 4 (11.8)
Redo mitral valve operation 0 (0.0) 4 (11.8)

Intraoperative
Cross-clamp time, min 72 [63�88] 88 [80�100] 0.02
Pump time, min 93 [89�108.5] 126 [108.5�135] <0.01
Blood transfusion 13 (26.5) 9 (42.9) 0.18
Surgical approach 0.11
Minithoracotomy 16 (23.2) 13 (38.2)
Sternotomy 53 (76.8) 21 (61.8)

Concomitant surgery
CABG 13 (18.8) 3 (8.8) 0.19
Aortic valve replacement 3 (4.4) 3 (8.8) 0.39
Tricuspid valve repair 3 (4.4) 2 (5.9) 1.00
Redo surgery 2 (2.9) 3 (8.8) 0.33
Maze procedure for AF 13 (18.8) 3 (8.8) 0.19
ASD 1 (1.5) 0 (0.0) 1.00
VSD 1 (1.5) 0 (0.0) 1.00

Postoperative
Postoperative EF 55 [45�60] 55 [50�55] 0.40
Duration of follow-up by echocardiography, d 526 [340.5�1361] 380 [92�761] 0.06
30-day mortality 1 (1.3) 0 (0.0) 1.00

AF, atrial fibrillation; ASD, atrial septal defect; CABG, coronary artery bypass grafting; EF, ejection fraction; NYHA, New York Heart Association;
VSD, ventricular septal defect.
Data shown as n (%) or median (interquartile range).
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MV replacement group than in the MV repair group (67.7% vs
49.2%).

Two-thirds of the total cohort underwent MV repair (69/
103, 67%), and one-third underwent MV replacement (34/
103, 33.0%; Table 1). MV repair was primarily used to treat
degenerative MV disease (64/69, 92.8%) but was also used to
treat ischemic MV disease (5/69, 7.3%). MV replacement was
performed not only for degenerative and ischemic MV disease
but also for calcific stenosis/rheumatic MV disease, hypertro-
phic cardiomyopathy, endocarditis, and redo MV operations.
None of the patients with MV endocarditis had anatomy that
allowed for limited resection and MV repair. Of the 74 patients
436 Seminars in T
who had degenerative pathology, 64 (86.5%) underwent MV
repair and 10 (13.5%) underwent MV replacement. For the
patients with ischemic disease, the type of surgery performed
was more evenly split; of the 9 patients with ischemic disease,
5 (55.6%) underwent MV repair and 4 (44.4%) underwent
MV replacement.

An evaluation of intraoperative details showed that com-
pared to the patients in the MV repair group, those in the MV
replacement group required a longer cross-clamp time (72 vs
88 min, P = 0.02) and a longer pump time (93 vs 126 min, P <
0.01; Table 1). The patients in the 2 groups showed no signifi-
cant difference in blood transfusion rates, surgical approaches
horacic and Cardiovascular Surgery � Volume 31, Number 3



Table 2. Mitral Valve Repair Details

Variable Mitral Valve Repair
(n = 69)

Annuloplasty 69 (100.0)
Full ring (Physio II) 20 (29.4)*
GeoForm ring 4 (5.9)*
Posterior partial band 44 (64.7)*

Ring size 28 [28�30]
Commissuroplasty/Alfieri 6 (8.8)
Chordal replacement with PTFE sutures 20 (29.0)
Leaflet resection 40 (58.0)
Triangular 30 (43.5)
Quadrangular 10 (14.5)

Cleft leaflet closure 3 (4.3)
Mitral annulus reduction, annular plication 4 (5.9)
Sliding leaflet repair 8 (11.8)

PTFE, polytetrafluoroethylene.
Data shown as n (%) or median (interquartile range).
*Percentage out of 68 patients with known ring type.
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(minithoracotomy vs sternotomy), or the concomitant surger-
ies undergone. Of the 20 patients with atrial fibrillation who
underwent MV repair, 13 (65%) also underwent a complete
left maze procedure. Exclusion criteria for having a maze pro-
cedure were having an enlarged left atrium (>6 cm) and reo-
perative status. All patients in atrial fibrillation were treated
with left atrial appendage ablation, which was most often per-
formed with an AtriCure clip.

The median duration of echocardiography follow-up after
MV surgery was not significantly different for the patients who
underwent MV repair than for those who underwent MV
replacement (526 vs 380 days, P = 0.06; Table 1). Because
patients within the VA system do not routinely undergo long-
term, longitudinal, time-based follow-up with echocardiogra-
phy, the mean time of echocardiography follow-up after MV
repair was relatively short compared to that for other MV repair
series. The 30-day mortality rate for the entire cohort was
0.97%. The patients in the 2 groups showed no significant dif-
ference in 30-day mortality rate or postoperative ejection frac-
tion. Details regarding the MV repair techniques used are
provided in Table 2.

Patients With Degenerative MV Disease
Table 3 shows the leaflet involvement for the 74 patients

with degenerative pathology. The most frequent finding was
Table 3. Leaflet Involvement for the Patients With Degenerative Mi

Leaflet Involvement All (Repair or Replacement)
(n = 74)

Posterior leaflet 44 (59.5)
Anterior leaflet 8 (10.8)
Both leaflets 22 (29.7)

Data shown as n (%).
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posterior leaflet involvement (44/74, 59.5%), followed by
bi-leaflet involvement (22/74, 29.7%) and anterior leaflet
involvement (8/74, 10.8%). For the 64 patients with degenera-
tive disease who underwent MV repair, these proportions were
similar (posterior: 43/64, 67.2%; anterior: 7/64, 10.9%; bi-leaf-
let: 14/64, 21.9).

Ten patients with degenerative MV disease underwent MV
replacement. In 6 of these patients, the valve was replaced
instead of repaired because of intraoperative anatomic features
that the surgeon believed were highly predictive of poor MV
repair outcomes. Five of the 6 patients had severe dystrophic
calcification of at least 1 leaflet and severe mitral annular calci-
fication. One patient had an excessively long anterior leaflet, a
short coaptation-to-septum distance, and a very small left ven-
tricle cavity; therefore, the risk of systolic anterior motion was
believed to be prohibitive for MV repair. Three of the patients
with degenerative disease underwent MV replacement because
they had extensive bi-leaflet degenerative pathology that was
causing severe bi-leaflet MV prolapse and because they were
undergoing concomitant procedures. Finally, 1 patient
required intraoperative conversion from repair to replacement
because he developed severe MR after the repair due to systolic
anterior leaflet motion that was not responsive to standard
intraoperative hemodynamic therapy.

The MV repairs for degenerative disease were performed via
sternotomy in 76.6% of cases (49/64) and via right minithora-
cotomy in 23.4% of cases (15/64). For the patients with degen-
erative pathology, the likelihood of MV repair differed
depending on the operative approach; the MV repair rate was
higher in the patients who underwent sternotomy than in
those who underwent right minithoracotomy (92.5% vs
71.4%, P = 0.02).

Of the 64 patients with degenerative pathology who under-
went MV repair, 39 (60.9%) did not develop postoperative
MR, 61 (95.3%) had no greater than mild postoperative MR,
only 3 (4.7%) developed moderate MR, and none developed
severe postoperative MR (Table 4). The surgical approach used
(sternotomy vs right minithoracotomy) did not affect the repair
quality in the patients with degenerative pathology; the rates of
greater than mild MR recurrence were similar for the patients
who underwent sternotomy and those who underwent right
minithoracotomy (P = 0.68).

Of the 64 patients with degenerative pathology who under-
went MV repair, 62 (96.9%) had no greater than mild postop-
erative stenosis (ie, a MV area >1.5 cm2 and a mean gradient
<5 mm Hg; Table 4).
tral Valve Disease

Mitral Valve Repair Mitral Valve Replacement
(n = 64) (n = 10)

43 (67.2) 1 (10.0)
7 (10.9) 1 (10.0)

14 (21.9) 8 (80.0)
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Table 4. Comparison of the Intraoperative TEE and Follow-Up
Echocardiography Results of the Patients With Degenerative
Mitral Valve Disease Who Underwent Mitral Valve Repair

Outcome Intraoperative
TEE

Follow-Up
Echocardiography*

(n = 64) (n = 64)

No mitral regurgitation 58 (90.6) 39 (60.9)
Mitral regurgitation 6 (9.4) 25 (39.0)
Trace 4 (6.3) 7 (10.9)
Mild 2 (3.1) 15 (23.4)
Moderate 0 (0) 3 (4.7)
Severe 0 (0.0) 0 (0.0)

No mitral stenosis 63 (98.4) 51 (79.7)
Mitral stenosis 1 (1.6) 13 (20.3)
Trace 0 (0.0) 1 (1.6)
Mild 1 (1.6) 10 (15.6)
Moderate 0 (0.0) 2 (3.1)
Severe 0 (0.0) 0 (0.0)

TEE, transesophageal echocardiography.
Data shown as n (%).
*Echocardiography follow-up period: range=6�3597 days, mean=887
days, median =555 days, interquartile range= 338�1365 days.
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None of the patients who underwent MV repair for degener-
ative disease has required reoperation, but 1 died within
30 days of his operation from a pulmonary embolus.

As shown in Figure 1, patients with degenerative pathology
who underwent MV repair had an 89.7% survival rate at the
median follow-up time of 4.4 years (95% confidence interval,
3.9�6.6 years). At 9 years, the survival rate remained high
at 77%.

DISCUSSION
Under the current guidelines, MV repair is recommended

over MV replacement for patients with severe MR due to
degenerative MV disease.6 The MV repair rates for degenerative
pathology have, therefore, increased over time.1,3,7�11 A metric
presently being advocated to measure quality of MV surgery in
all symptomatic patients with severe MR due to degenerative
pathology, regardless of the location of prolapse, is having a
MV repair rate of at least 90%.8,11,12 In addition, 2 criteria
being advocated as being necessary for offering surgery to
asymptomatic patients with severe MR due to degenerative
valve disease and preserved LV function (ie, class 2 indications)
are having a residual MR rate of less than 5% and an expected
mortality rate of less than 1%.13 Increased MV procedure vol-
ume per surgeon has been shown to be independently associ-
ated with an increase in MV repair rate and a decrease in
operative risk.3,14 However, an analysis by Chatterjee et al15 of
data from the Society of Thoracic Surgeons database suggested
that the decrease in operative mortality was also associated
with an increase in the number of MV repairs performed in
low-risk patients. Recently, some medical centers with a high
volume of MV operations have advocated the development of
quality metrics that enable a hospital to be classified as a “MV
438 Seminars in T
center of excellence,” even though such thresholds have not
yet been determined using a broadly representative and clini-
cally rich data source. Such MV centers of excellence would be
expected to have a greater than 90% MV repair rate for patients
with a degenerative valve and to meet minimum MV procedure
volume requirements for surgeons and centers (»40 per year
per surgeon).4 Referrals to high-volume centers from low-vol-
ume hospitals would be encouraged to improve MV surgical
outcomes. Because few, if any, VA centers could meet both the
minimum MV procedure thresholds for surgeons and centers
and the greater than 90% MV repair rate for degenerative
pathology, VA centers probably could not be designated as MV
centers of excellence.

Having multidisciplinary teams that are able to discuss and
evaluate all the treatment options for the patients has been
shown to facilitate better decision-making and adherence to
clinical guidelines.5 The development of a multidisciplinary
approach for transcatheter aortic valve surgery is an example of
when collaboration between cardiologists and surgeons has led
to improved patient outcomes. VA hospitals are also known to
use multidisciplinary teams to treat ischemic heart disease. A
recent study that compared VA hospitals to private hospitals
found that the VA hospitals had equivalent coronary artery
bypass grafting outcomes, despite having lower volumes of
these procedures.16 Therefore, we asked the following ques-
tion: Is surgical volume the determining factor in the quality of
MV surgery, particularly in the rate of MV repairs? In this study
of a single-surgeon experience at a low-volume hospital, we
evaluated whether having a multidisciplinary valve conference
increased the MV repair rate in our veteran population with
severe MR. For such patients, the MV repair rate at our hospital
for the 60 MV procedures performed between 2000 and 2008
(before the multidisciplinary valve conference) was 21%. How-
ever, as shown in the current study, the MV repair rate for the
103 MV procedures performed between 2009 and 2016 (after
we initiated the multidisciplinary valve conference) was 67%,
suggesting that the new approach resulted in a significant
increase in MV repairs. The pattern of referrals to our hospital
remained the same during the 2 time periods, and the preva-
lence of degenerative MV disease in our cohort was the same as
that noted in the national VA database.1 These facts suggest
that the improvement in the MV repair rate was due to the
multidisciplinary approach and not to changes in the referral
pattern or prevalence of degenerative MV pathology during the
2 time periods.

In addition, we evaluated whether having a multidisciplin-
ary MV conference provided the surgeon the support required
to establish a MV surgery program that emulates the MV repair
rates and surgical outcomes of MV centers of excellence for
patients with severe MR due to degenerative MV disease. Our
subanalysis of the patients with degenerative MV disease
showed that our multidisciplinary team approach resulted in
an MV repair rate of 87% for these patients. For the patients
with degenerative pathology who underwent open sternotomy,
the repair rate was 93%.
horacic and Cardiovascular Surgery � Volume 31, Number 3



Figure 1. Survival probability curve for the patients with degenerative pathology who underwent mitral valve (MV) repair.
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Forty-nine percent of the patients in our MV repair group had
NYHA class III or IV symptoms, 28% had at least 1 concomitant
procedure, and the mean Left Ventricular Ejection Fraction
(LVEF) of these patients was moderately reduced. Nevertheless,
the 30-day mortality rate for our MV repair group was 1.3%. This
rate compares favorably with the 1.4% 30-day mortality rate
reported for the patients in the Society of Thoracic Surgeons data-
base who underwent primary MV repair-only procedures, a high
proportion of whom were younger, low-risk patients who lacked
other serious comorbidities.15

Recurrent MR, defined as MR of moderate or greater severity
after MV repair, has been associated with adverse left ventricu-
lar remodeling and increased mortality in patients with a
degenerative valve.17,18 MR recurrence has been noted to be
higher during the first postoperative year and lower thereaf-
ter.11,18,19 For our patients with degenerative MV disease who
underwent MV repair, the incidence of MR recurrence and
greater than mild postoperative mitral stenosis was 4.7%
(3/64) and 3.1% (2/64), respectively, at a mean postoperative
Seminars in Thoracic and Cardiovascular Surgery � Volume 31
echocardiography follow-up of 887 days. Both values compare
favorably to those previously reported for several MV centers
of excellence.17,18,20�22

In our veteran population with severe MR, degenerative MV
disease caused the posterior leaflet, anterior leaflet, or both
leaflets to prolapse in 59.5%, 29.7%, and 10.8% of patients,
respectively. These rates of leaflet involvement were similar to
those previously reported for the general population.9 In addi-
tion, we noted that 5 (6.8%) of our 74 patients with advanced
degenerative MV disease and severe MR had extensive dystro-
phic calcification of at least 1 leaflet and severe annular calcifi-
cation, which precluded them from undergoing MV repair.
The high rate of leaflet degeneration may be related to the fact
that VA patients, such as ours, are generally older and have
more comorbidities. Gillinov et al23 have suggested that some
patients who have a valve with advanced myxomatous degen-
eration and dystrophic calcification of the annulus may not
benefit more from MV repair than they would from MV
replacement.
, Number 3 439
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Finally, for our patients with degenerative disease who
underwent a minimally invasive right minithoracotomy, the
MV repair rate was 71.4%. This repair rate was low compared
to that for a similar group of 1114 patients who underwent
surgery at a heart valve center with long-term experience using
the right minithoracotomy approach.24 The significantly lower
repair rate at our hospital when the right minithoracotomy
approach was used rather than open sternotomy (71.4% vs
92.5%) was likely due to the surgeon still being in the early
stages of the learning curve for minimally invasive MV proce-
dures during the study period.

Our study was not without limitations. First, it was observa-
tional and retrospective in nature and, therefore, had the asso-
ciated biases. Second, the data were from a single-center
experience and, thus, may not be representative of other VA
centers. Third, the selection of an open sternotomy approach
vs the right minithoracotomy approach could be associated
with selection bias. Finally, we could not use a longitudinal
model to analyze serial echocardiography results to better
delineate the exact timing of recurrent MR because patients
within the VA hospital system do not routinely undergo long-
term, longitudinal, time-based postoperative follow-up with
echocardiography. Our method of assessing long-term recur-
rence of MR by relying on 2 time points (intraoperative TEE vs
the latest echocardiogram on file with MR) would tend to
underestimate the cohort’s incidence of long-term MR recur-
rence. However, we had a postoperative follow-up echocardio-
gram for 100% of our patients.

It should also be noted that the surgeons and cardiologists at
our hospital had an interest in improving our MV program,
which was the stimulus for creating the multidisciplinary team.
Thus, the improvements seen may have been due not only to
the multidisciplinary approach itself but also to the team mem-
bers’ determination to obtain outcomes equivalent to those of
high-volume centers.

In conclusion, even though our cohort comprised high-risk
patients from a VA center, our MV repair rate, quality of repair,
and mortality rate were comparable to the metrics required to
establish a high-quality MV surgery program. Our study suggests
that the rate of MV repair in patients with degenerative valve dis-
ease can be optimized in low-volume institutions by using a mul-
tidisciplinary team for preoperative surgical planning and
intraoperative TEE analysis, as well as by using an open sternot-
omy surgical approach. We also found that specific anatomic fea-
tures, including dystrophic leaflet calcification and severe annular
calcification of the MV, were associated with a reduction in MV
repair in our veteran population with degenerative valve disease.
Therefore, earlier referral of patients with severe MR for repair
(before they develop advanced myxomatous degeneration with
dystrophic calcification) may improve both the rate and quality
of MV repair in veteran populations. In contrast, young patients
with degenerative, multisegment, bi-leaflet pathology who
require a complex repair may benefit from referral to an expert
MV surgeon who is better able to perform a more reliable and
durable MV repair.
440 Seminars in T
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SUPPLEMENTARY MATERIAL
The following is the supplementary data to this article:

Video 1. Multidisciplinary Heart Team in Mitral Valve Repair.
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