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Given the increasing age of the US population and the accompanying rise in cardiovascular disease, we expect 
to see an increasing number of patients affected by degenerative mitral valve disease in a more complex 
patient population. Therefore, increasing the overall rate of mitral valve repair will become even more 
important than it is today, and the capability to provide a universally and uniformly accepted quality of repair 
will have important medical, economic, and societal implications. This article will describe preoperative 
and intraoperative considerations and the currently practiced mitral valve repair approaches and techniques. 
The aim of the article is to present our contemporary approach to mitral valve repair in the hope that it can 
be adopted at other institutions that may have low repair rates. Adoption of simple and reproducible mitral 
valve repair techniques is of paramount importance if we as a profession are to accomplish overall higher 
rates of mitral valve repair with optimal outcomes.
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Perspective

Introduction

Myxomatous degeneration of mitral valve apparatus 
affects 2–3% of the general population and it is the most 
common cause of severe mitral regurgitation in western 
countries (1). More than 90% of degenerative mitral valves 
are suitable for valve repair rather than replacement, with 
short and long term clinical outcomes being superior after 
repair (2). In addition to the clinical benefits, mitral valve 
repair is associated with an economic benefit in the form 
of reduced short and long term medical expenses (3,4). 
Patients who have undergone mitral valve repair have mitral 
function restored, have avoided the added expense of a 
prosthetic valve and are free from lifelong anti-coagulation 
requirement.

The 2014 American College of Cardiology/American 
Heart Association (ACC/AHA) guidelines for management 
of patients with valvular heart disease recommend early 

surgery, before signs of LV function deterioration, and 
that asymptomatic patients with severe mitral regurgitation 
should be offered surgery in Heart Valve Centers of 
Excellence if there is a high probability of successful repair 
and low mortality risk (5-8). Despite the well accepted data 
favoring mitral valve repair, repair rates are not uniformly 
distributed in the United States. The mean rate of repair is 
69%, ranging from 35% in low volume hospitals, trending 
to 90% in tertiary centers with high case volumes (9,10). 
Hospital volume, primarily driven by individual surgeon 
volume, is associated with lower postoperative mortality 
rates reported for repair at 1.0% for high and 2.7% for low 
volume surgeons and for replacement at 3.6% for high and 
7.4% for low volume surgeons (11). Thus, the discrepancy 
in mortality and repair rates is probably somewhat related 
to surgeons’ experience and comfort level with repair 
techniques. Given the increasing age of the US population 
and the concomitant expected rise in cardiovascular disease, 
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we will likely see increasing numbers of degenerative 
mitral valve pathology in a more complex population (12). 
Increasing the overall rate of mitral valve repair will become 
more important as time goes on and providing a universally 
and uniformly accepted quality of repair should have 
beneficial medical, economic, and societal implications. 

This article describes preoperative and intraoperative 
considerations in mitral valve repair as well as currently 
practiced repair approaches and techniques. The aim is to 
articulate our contemporary approach of mitral valve repair 
so that it may be used as a model by other institutions 
that may have low repair rates. Adoption of simple and 
reproducible mitral valve repair techniques is of paramount 
importance if we are to accomplish overall higher rates of 
mitral valve repair and optimal outcomes.

Patient selection and preoperative work-up

When considering the optimal surgical approach for a given 
patient, we primarily consider patient’s comorbidities, as 
most severe adverse outcomes are complications related 
to existing comorbidities. Additionally, the surgeon’s level 
of expertise and the increasing preference expressed by 
patients for minimally invasive procedures must be taken 
into account. 

Our primary goal is to choose the approach that will 
yield a safe and effective operation, and our secondary goal 
is to achieve this through the smallest incision possible. 
To maximize the patient’s comfort, decrease the length of 
recovery and minimize pain management requirements, 
a minimally invasive approach should be used unless 
contraindicated. If feasible, robotically assisted mitral valve 
repair, the least invasive form of mitral valve surgery, should 
be considered for all patients with severe myxomatous MV 
disease (13-15).

From a surgical perspective, the most important 
preoperative diagnostic tests are imaging studies including 
echocardiography, cardiac catheterization, computed 
tomography (CT) scan and lower extremity Doppler 
ultrasound. Echocardiography is the most important 
diagnostic tool for determining mitral valve function and 
morphology. Transthoracic echocardiography provides 
information about the mechanism and severity of mitral 
regurgitation, size and function of the left and right 
ventricles, size of the left atrium, degree of pulmonary 
hypertension and presence of other associated valve lesions 
(16). Doppler evaluation provides quantitative measures of 
severity of MR (17). Transesophageal echocardiography is 

even more accurate in providing information about valve 
morphology, thus enabling a more precise operative plan. 
It is also an important intraoperative tool for confirming 
the success of valve repair. Additional diagnostic tests 
help reveal the presence of comorbidities that would 
contraindicate certain approaches. Cardiac catheterization 
is performed in women >45 and men >40 years old to 
determine coronary anatomy and the presence or absence 
of coronary artery disease (CAD). If it is present, we favor 
complete sternotomy so that concomitant CABG may be 
performed. Patients with no CAD undergo CT scan of 
thorax and abdomen. If CT scan shows severe aortic or 
iliofemoral atherosclerosis and calcification, we perform 
either complete or partial sternotomy. Patients with no 
evidence of atherosclerosis or calcification on the CT scan 
are then candidates for robotic approach or anterolateral 
thoracotomy if there are no other contraindications (18). 
Femoral Doppler ultrasound helps to determine groin vessel 
size. Patients with large vessels are suitable for peripheral 
cannulation, and therefore are candidates for robotic or 
anterolateral thoracotomy. In patients with small groin 
vessels (e.g., <0.9 cm) we favor partial sternotomy (Figure 1).

Contraindications for minimally invasive approaches 
include previous right thoracotomy, chest deformities 
such as severe pectus excavatum, need for concomitant 
procedures, presence of severe annular calcification, CAD, 
significant aortic root or ascending aortic dilatation or 
calcification, more than mild aortic regurgitation, right 
ventricular dysfunction, severe pulmonary hypertension, 
recent (<30 days) myocardial infarction or stroke and 
others (18). Patients with severe COPD or respiratory 
insufficiency are also not suitable due to the need for lung 
isolation with these approaches. 

Surgical approaches to mitral valve repair

We approach the valve through complete sternotomy or 
minimally invasive approaches including partial upper 
sternotomy, right mini anterolateral thoracotomy and 
robotically assisted right thoracic approach. Minimally 
invasive approaches offer comparable quality of MV repair 
with benefits of less bleeding, decreased need for blood 
transfusion, shorter ICU and hospital length of stay, less 
postoperative pain and sternal wound complications, 
superior cosmetic result, and more rapid resumption of 
baseline activity (13,14,19). Our practice goal is to perform 
safe and successful mitral valve surgery through the smallest 
incision possible. 
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Complete sternotomy

A ve r t i c a l ,  m id l ine  inc i s i on  i s  made  a long  the 
whole sternum (incision length is about 16–19 cm). 
Cardiopulmonary bypass (CPB) is  establ ished by 
cannulating the distal ascending aorta and superior and 
inferior venae cava (central cannulation). The aorta is 
cross clamped directly. Myocardial protection is achieved 
by antegrade cardioplegia (catheter placed directly in the 
ascending aorta), retrograde cardioplegia (catheter placed 
in the coronary sinus) and may also include topical or 
systemic cooling. The mitral valve is exposed through a 
left atrial incision anterior to the right superior pulmonary 
vein, going posterior and parallel to interatrial groove 
(standard left atriotomy). 

With increasing application of minimally invasive surgery 
and the development of simplified repair techniques, this 

traditional approach is rarely used today in simple MV 
repair surgery at our institution.

Partial upper sternotomy

In this approach, we use a 6–8 cm midline skin incision and 
upper partial sternotomy. CPB, aortic cross clamping and 
myocardial protection are achieved in a similar manner as 
in complete sternotomy. Mitral valve exposure is obtained 
through an extended transseptal incision, approached from 
the right atrium.

Partial upper sternotomy is a good alternative to 
complete sternotomy in patients with peripheral arterial 
disease or small femoral vessels, when the robotic approach 
and right mini thoracotomy are contraindicated. 

Right mini anterolateral thoracotomy

A skin incision (4–8 cm) is made along the infra-mammary 
crease lateral to the nipple and the chest is entered through 
right fourth intercostal space. CPB is established by 
peripheral cannulation, and aortic occlusion is accomplished 
using a transthoracic clamp inserted through the third 
intercostal space in the midaxillary line. Myocardial 
protection is achieved with antegrade cardioplegia, and can 
be supplemented by retrograde cardioplegia (especially if 
more than mild aortic insufficiency is present) and topical 
or systemic cooling. The mitral valve is approached via 
standard left atriotomy and the procedure is performed 
under direct visualization using long shaft instruments. 
This approach also includes the use of a double lumen 
endotracheal tube and lung isolation.

Robotically assisted right thoracic approach

This approach entails five main incisions: a working port 
incision (4 cm) in the right fourth intercostal space and 
three additional incisions (1 cm) for right and left robotic 
arms and the camera port. Additional port for the dynamic 
left atrial retractor is placed through the fourth or the fifth 
intercostal space in the mid-clavicular line. Port placement 
is crucial and may vary depending on patient body habitus. 
It is particularly important to have sufficient separation 
between the robotic arms to avoid instrument collisions.

CPB is established by peripheral cannulation and 
aortic occlusion is achieved with a transthoracic clamp. 
Alternatively, aortic occlusion can be achieved by using 
endo aortic balloon inserted percutaneously via peripheral 
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Figure 1 Institutional preoperative assessment and work up for 
determining eligibility for least invasive surgical approach to mitral 
valve repair.
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arterial access into ascending aorta. Myocardial protection 
can include antegrade cardioplegia, percutaneously placed 
retrograde cardioplegia (especially in cases of more 
than mild AI), and systemic hypothermia. As with right 
mini thoracotomy, lung isolation with double lumen 
endotracheal tube is necessary. We use a robotic surgical 
system with special robotic instruments.

Pros and cons of surgical approaches 

Each of the above described approaches for mitral valve 
repair has its advantages and limitations. Minimally 
invasive and conventional approaches are equally safe, 
with no significant differences in mortality, safety and 
efficacy, and with outcomes highly dependent on surgeon 
expertise (10,20,21). Minimally invasive surgical techniques 
were initially introduced in the mid-1990s with a goal of 
minimizing surgical trauma while preserving the safety and 
quality achieved by conventional surgery. Advantages of 
minimally invasive surgery include enhanced cosmesis, less 
postoperative pain, shorter ICU and hospital length of stay, 
better respiratory function, less transfusion requirement, 
less infectious complications and faster return to work (14).  
All these reasons have led us to perform over 80% of 
isolated mitral valve repairs through minimally invasive 
approaches at our institution. The commonly raised 
disadvantages of minimally invasive approaches include 
longer perfusion and cross-clamp times and a greater risk 
for stroke (9). However, several studies have shown that the 
risk of stroke is in fact not greater with minimally invasive 
approaches (20,22,23). In addition, we have demonstrated 
that myocardial ischemic times, cardiopulmonary bypass 
times and the rate of complications can be lower or similar 
with minimally invasive approaches (13).

The least invasive minimally invasive approach is 
robotically assisted. This approach is as safe and effective 
as other minimally invasive approaches or complete 
sternotomy (24). It provides excellent visualization of 
structures and enhanced spatial orientation compared to 
other minimally invasive approaches. Possible disadvantages 
and likely the reasons for the robotic approach not 
gaining widespread use are the complexity of procedure 
and the cost associated with greater initial investment, 
maintenance, disposable instruments and retrograde 
cardioplegia catheters. It has been suggested that this may 
be compensated for by the overall economic advantages of 
robotic approach, specifically shorter hospital stay, faster 
recovery and faster return to work (18,25).

Mitral valve repair techniques

The 2014 ACC/AHA guidelines suggest that all repairs 
requiring more than single scallop posterior leaflet 
repair should be considered complex and managed by 
more experienced mitral valve surgeons with established 
outcomes, including acute success rate as well as long-term 
durability (26).

We have built a decision tree of mitral valve techniques 
based on our experience that is relatively simple and has led 
to 98% repair success (Figure 2). This may help improve 
standardization of techniques for complex mitral valve 
repair and enable availability of repair in more centers. 

Valve morphology, particularly lesion site and extent, 
dictates the choice of mitral valve repair technique 
in degenerative mitral disease. Information obtained 
by echocardiogram is further confirmed by detailed 
intraoperative inspection of the specific portions of the 
mitral valve apparatus. Following segmental anatomical 
approach to mitral valve pathology, we will discuss repair 
techniques used at our institution for posterior, anterior, 
bileaflet and commissural prolapse.

The common feature in all leaflet and chordal repair 
techniques used at our institution is the use of a partial 
flexible annuloplasty band.

Posterior leaflet prolapse

Single or multiple segments of the posterior leaflet can be 
affected. Isolated prolapse or flail of the mid-portion of the 
posterior leaflet (P2) with annular dilatation is the most 
common pathology causing mitral regurgitation. Triangular 
resection is used if the P2 prolapse is narrow-based. Broad-
based P2 prolapse is repaired by quadrangular resection 
or with artificial chordae. Isolated P1 or P3 (commissural 
prolapse) is simply repaired by commissuroplasty. 

Triangular resection

The preferred choice for localized narrow-based P2 repair 
at our institution is triangular resection (Figure 3A). It 
involves resection of the prolapsed segment of the leaflet 
with incisions on the leaflet angled toward one another as 
the incision approaches the annular level. There is no need 
for annular plication, and the risk of kinking or distortion 
of the circumflex artery is decreased. This technique is 
simple, effective, durable and suitable for small localized 
prolapse (27).
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Figure 2 Mitral valve repair technique selection—simplified decision tree based on institutional experience demonstrating the most 
commonly used type of mitral valve technique according to echocardiographic and direct visual intraoperative findings.

Quadrangular resection

The quadrangular portion of the posterior leaflet is 
identified and marked with stay sutures. The diseased 
portion is then resected and the gap is closed using sliding 
plasty technique. The leaflet edges are approximated 
without tension and repair is completed with annuloplasty. 
This previously widely used technique has fallen out 
of favor at our institution due to more prevalent use of 
artificial chordae (Figure 3B).

Chordal replacement

Chordal replacement was introduced experimentally 
by Frater and colleagues in the early 1980s. Since then 
it has been widely adopted and used for more complex 
posterior, anterior and bileaflet repairs. The neochordae 
are constructed using expanded polytetrafluoroethylene 
(ePTFE). The neochordal length is established by lowering 
the height of the prolapsed segment to the level of non 

prolapsed segments to achieve good leaflet coaptation. We 
use artificial ePTFE chordae to repair posterior leaflet in 
cases of broad-based P2 or multi segment prolapse (Figure 4).

Systolic anterior motion 

Systolic anterior motion (SAM) is a potential complication 
that may arise after mitral valve repair.  It  occurs 
postoperatively in approximately 5% of patients with 
myxomatous disease. If not recognized, it can lead to left 
ventricular outflow obstruction and decreased cardiac 
output. Patients with preexisting SAM, excessive leaflet 
tissue, prominent septal buldge and tall and thickened 
posterior leaflet are considered high risk for developing 
postoperative SAM. Several techniques have been described 
to reduce the risk of SAM, including use of sliding plasty, 
large triangular resection, use of large annuloplasty ring, 
posterior leaflet ventricularization, and chordal reduction of 
posterior leaflet (28,29). This list is not complete; however 
all techniques described so far are directed towards creating 
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a more posteriorly located valve coaptation point and 
moving the anterior leaflet away from the left ventricular 
outflow tract.

Anterior leaflet prolapse

Isolated anterior leaflet prolapse comprises approximately 
one third of degenerative mitral regurgitation cases and is 
traditionally considered more challenging to repair. This is 
partially due to less successful long term repair results (30). 
Prolapse or flail of the middle scallop of the anterior leaflet 
(A2) is the most common type of anterior leaflet pathology.

Various techniques were developed to deal with anterior 
leaflet prolapse over the past three decades. Resection 

techniques, although widely used for repair of the posterior 
leaflet prolapse, are generally not feasible for anterior 
repair. Chordal shortening yields less durable results than 
chordal transfer or replacement (31,32). The chordal 
transfer technique was favored prior to greater utilization of 
artificial chordae.

Artificial chordae

Most of the anterior leaflet repair techniques (resection, 
chordal shortening and chordal transposition) have lost 
popularity with increasing use of artificial chordae. The 
simplicity, durability and reproducibility of chordal 
replacement with artificial ePTFE chordae led to chordae 

A

B

Figure 3 Isolated narrow based P2 mitral valve prolapse. (A) Triangular resection; resection of the prolapsed segment of the leaflet with 
incisions on the leaflet angled toward one another as the incision approaches the annular level; (B) quadrangular resection; diseased portion 
is identified, marked with stay sutures and resected. The gap is closed using sliding plasty technique. The leaflet edges are approximated 
without tension. Both triangular and quadrangular repair are completed with annuloplasty.

Figure 4 Diffuse mitral posterior leaflet prolapse repair with artificial chordae. Neochord length is established by lowering the height of the 
prolapsed segment to the level of non prolapsed segments to achieve good leaflet coaptation. Repair is completed with annuloplasty.
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Figure 5 Anterior mitral leaflet prolapse repair with artificial chordae. As with the use of neochordae in posterior repair, neochord length is 
determined by visual estimation of appropriate leaflet coaptation and the overall appearance of mitral valve apparatus. Repair is completed 
with annuloplasty.

Figure 6 Commissural mitral prolapse repair with commisuroplasty. The free edge of the anterior leaflet is affixed to the free edge of the 
posterior leaflet, thus reducing the circumference of the mitral orifice. Repair is completed with annuloplasty.

replacement becoming the preferred technique for anterior 
leaflet repair. Neochordal length is determined by visual 
estimation of appropriate leaflet coaptation and the overall 
appearance of the mitral valve apparatus (Figure 5).

Commissural prolapse

For prolapse of medial (A3/P3) and lateral (A1/P1) 
scallops of anterior, posterior or both leaflets, we use 
commissuroplasty (edge-to-edge repair). The free edge 
of the anterior leaflet is affixed to the free edge of the 
posterior leaflet, thus reducing the circumference of the 
mitral orifice. A larger annuloplasty ring is used to avoid 
mitral stenosis. This is a simple, reproducible and efficient 
technique (Figure 6).

Bileaflet prolapse (Barlow’s disease)

Repair of the bileaflet prolapse has been considered 
technically challenging. Bileaflet prolapse is a common 
feature of Barlow’s disease. The term Barlow’s disease refers 
to myxomatous degeneration that affects the entire valve 
causing excessive thickening of the leaflet tissue. Chordae 
are often elongated, thickened, fused and calcified. Annular 

dilatation with multisegmental prolapse and billowing of 
the valve are typical findings. These patients have complex 
valve pathology and dysfunction. Therefore, surgical 
repair is more complicated and has to address all lesions 
present in order to achieve good leaflet coaptation and valve 
competency.

The technique used in cases of bileaflet prolapse with 
predominant prolapse of the posterior leaflet is triangular 
resection. If the prolapse is large and symmetrical, we use 
the annuloplasty ring only to achieve repair. Asymmetrical 
diffuse prolapse is managed with artificial chordae.

Conclusions

Improved outcomes in the management of degenerative 
MV disease resulted from evidence based practice changes 
highlighted in this article, including early surgery before 
signs of LV function deterioration, preference for MV 
repair versus replacement and use of minimally invasive 
technique whenever feasible. High volume centers offer 
improved outcomes and have higher rates of repair and 
more experience in minimally invasive approaches. We have 
presented our institutional approach to preoperative and 
intraoperative decision making and emphasized the need 
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for more uniform quality across hospitals that would offer a 
higher chance of better overall outcomes for all patients.

Robotic approach represents the least invasive approach 
for mitral valve repair that offers multiple advantages 
including increased operative dexterity, tremor free 
movements, ambidexterity, lack of fulcrum effect, superior 
3D surgical visualization, less transfusion requirement, less 
infectious complications, better cosmetic result, shorter 
length of stay and faster return to baseline activities. Main 
limitations of robotic approach are lack of haptic feedback, 
longer learning curve, initial cost of equipment and need 
for specific selection of patients with no contraindications. 
With advancing technology, we will likely overcome some 
of these limitations, and thus the robotic approach will have 
potential to become the universally preferred approach for 
mitral valve repair in carefully selected patients. 
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