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Introduction 

In minimally invasive mitral valve surgery (MIMS), 
the surgeon performs mitral valve surgery through 
a small incision (Figure 1A,B)  under direct vision 
utilizing specialized minimally invasive instrumentation  
(Figure 2A,B) without a sternotomy. Both mitral valve repair 
and replacement can be performed minimally invasively 
through a small incision. A right lateral mini-thoracotomy 
is performed through a 4–5-cm incision in the 4th–5th 
intercostal space. Many reports have been published and 
demonstrated the benefits of MIMS (1-3). The benefits 
(Table 1) include faster recovery, shorter hospital stay, earlier 
patient ambulation, less blood transfusion requirement, 
lower post-op atrial fibrillation rate, lower wound infection 
rate and less hospitalization cost (1-3). Just as important, this 
approach will allow surgeons to have a better visualization 
of the mitral valve apparatus (mitral leaflets, annulus, 
papillary cords and papillary muscles), resulting in a more 
comprehensive operation. Mitral valve repair should always 
be emphasized and performed as suggested by the American 
Heart Association (AHA) guidelines (4,5) especially for 

patients with chronic primary mitral regurgitation, and 
hence a great direct visualization of the mitral apparatus 
will be extremely helpful. Different mitral repair techniques 
have been proposed and developed over the years (6-8). 
MIMS (especially for minimally invasive mitral valve repair) 
can have a steep learning curve and special attention needs 
to be paid at each step of the procedure. In this report, we 
attempted to provide some tips, tricks and techniques 
for MIMS. 

Patient selection

In general, MIMS can be performed on most patients 
with mitral valve disease. Double or triple valves surgery 
can also be performed minimally invasively (9), but it is 
outside the scope of this article and will not be described 
here. In patient with severe peripheral vascular disease, in 
which peripheral cannulation for cardiopulmonary bypass is 
prohibited, axillary cannulation can be performed. In obese 
patient with mitral disease, we found it helpful to perform 
mitral surgery minimally invasively, and has experienced 
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Conventional open heart surgery
(sternotomy, breastbone splitting)

BMinimally invasive heart surgery
(small incision, no bone cutting, less tissue trauma)

A

Figure 1 Direct comparison of minimally invasive heart surgery incision (A) vs. conventional open-heart sternotomy (B). Arrow indicating 
the minimally invasive incision. 

A B

Figure 2 Intraoperative pictures illustrating the surgical approach of minimally invasive heart surgery and the use of specialty-designed 
instruments and retractors. (A) Picture taken from the right side of the patient; (B) picture taken from the head of the bed. 
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a faster recovery, earlier ambulation, shorter hospital 
stay and a better visualization of their mitral apparatus 
for those patients. For patient with prior heart surgery, 
MIMS can be performed with a ventricular fibrillation 
approach. Standard cardiac surgery preoperative screening 
is obtained prior to surgery. We generally do not obtain 
CT scan on all patients, unless there is a suspicion of 
peripheral vascular disease. 

Surgical technique

Anesthesia protocol is the same as in conventional mitral 
valve surgery. A Swan-Ganz catheter and radial arterial line 
are placed in the standard fashion. Defibrillation pad should 
be placed on the patient’s right shoulder and left chest. A 
single-lumen endotracheal tube is used since ventilation can 
be paused after the initiation of cardiopulmonary bypass. 

From our experiences, single-lung ventilation has a higher 
risk of unilateral pulmonary edema post-operatively. An 
intraoperative transesophageal echocardiogram is used 
for assessment of the mitral valve pathology and anatomy, 
which is especially important for mitral valve repair 
planning. We also utilize 3-D echo reconstruction. The 
patient is positioned with a sheet roll under the right chest, 
and the right arm is positioned at a 45-degree angle off to 
the side of the bed. The patient’s chest, abdomen and pelvis 
are prepped and draped in the standard surgical fashion. 
Cannula for cardiopulmonary bypass are generally placed 
in the femoral artery and vein (Figure 3A). For patient 
with small or calcified femoral arteries or iliac disease, 
the axillary artery may be used for cannulation. Seldinger 
technique with transesophageal echocardiogram guidance 
is used for femoral artery and vein cannulation. It is very 
important to verify the wire location in the superior vena 
cava before inserting the venous cannula into right atrium 
via the femoral vein. Fluoroscopy should be used for wire 
and cannula visualization if needed for confirmation if 
transesophageal echocardiogram cannot provide adequate 
images. And we generally perform limited dissection and 
exposure of the anterior aspect of the femoral vessels 
before cannulation in order to avoid lymphatics injury 
and lymphocele formation postoperatively. A multi-
staged femoral venous cannula size 23–25 Fr should be 
used. And a femoral arterial cannula size 17–21 Fr should 
be used [body surface area (BSA) <2.0 kg/m2: 17 Fr,  
BSA >2.0–2.6 kg/m2: 19 Fr, BSA >2.6: 21 Fr]. The tip of the 
femoral venous cannula should be placed in the superior 
vena cava to assure adequate drainage. 

A 4–5-cm incision in the 4th or 5th intercostal space, 
lateral to the anterior axillary line, is made. For female 
patient, the incision is made laterally at the mammary 
crease and dissected up toward the 4th or 5th intercostal 
space. Plastic drape can be used to retract the breast 

Table 1 Benefits of minimally invasive heart surgery

No breast bone splitting (no sternotomy associated morbidity) 

Less pain with reduced trauma 

Smaller incision 

Better cosmesis

Shorter recovery time—return to normal activities quicker 

Shorter length of hospital stay

Lower wound infection rate due to smaller incision 

Lower risk of pneumonia (ambulate earlier, cough better with  
less pain) 

Less blood loss/decreased blood transfusion requirement 

Better and direct visualization of valves for better repair and 
replacement (better visualization than conventional open-heart 
surgery)

A B C

Figure 3 Intraoperative photos depicting: (A) femoral cannulation; (B) placement of left atrial retractor; (C) operating through a small incision 
under direct vision.
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superiorly and medially if needed. An intercostal rib 
retractor and soft tissue retractor are used for exposure. 
Extensive rib spreading is unnecessary and should be 
avoided in order to minimize rib fractures and postoperative 
pain. Cardiopulmonary bypass is initiated, and mechanical 
ventilation is held. Vacuum within the cardiopulmonary 
circuit can be used to improve blood return if needed. The 
pericardium is incised longitudinally about 2–3 cm above 
the phrenic nerve. Pericardial retraction sutures are placed 
and exited through the skin in order to improved exposure. 
We generally do not place diaphragmatic retraction suture 
to avoid potential liver injury, instead we use the inferior 
pericardial retraction sutures to retract the diaphragm 
inferiorly. Electrocautery and blunt dissection are used to 
develop a plane between the inferior aspect of the aorta 
and the superior aspect of the right pulmonary artery for 
aortic cross-clamping. A purse-string suture is placed in 
the mid-ascending aorta for cardioplegia/root vent cannula 
placement. If there is a calcified ascending aorta or in redo 
heart surgery, where aortic cross-clamp and anterograde 
cardioplegia administration are not permitted, ventricular 
fibrillation arrest can be utilized in the standard fashion. 
If there is significant aortic regurgitation, a retrograde 
cardioplegia catheter can be used and placed under 
transesophageal echocardiogram guidance through the 
right atrium into the coronary sinus. A chest tube incision 
is made two to three rib spaces below the operative incision, 
and a cardiotomy suction is placed. The Waterson’s groove 
is dissected accordingly to expose the left atrium. Extensive 

Waterson’s groove dissection is not needed unlike in 
sternotomy approach. A specialty-designed flexible aortic 
cross-clamp is used and placed in the previously developed 
plane via the same incision. Antegrade cardioplegia is given. 
We use modified Del Nido cardioplegia solution. A left 
lateral atriotomy is performed via the Waterson’s groove to 
expose the mitral valve. An atrial lift retractor blade is placed 
into the left atrium. The post of the left atrial lift retractor 
is inserted anteriorly into the chest lateral to the internal 
mammary artery (Figure 3B). A spinal needle can be placed 
first to identify the needle position of the post placement. 
Special attention is necessary in order to avoid injuring the 
right internal mammary artery when placing the retractor 
post. Visualization of the right internal mammary artery 
should be obtained either directly or with a thoracoscope. 
With proper placement of the left atrial retractor, perfect 
and direct visualization of the mitral valve apparatus can 
be obtained (Figures 3C,4). Once optimal visualization is 
obtained, the mitral valve is then inspected, and replacement  
(Figure 5A,B,C) or repair (Figures 6,7A,B) can be performed 
as needed. For repair, we generally place annular sutures 
first (Figure 6), which will further improve the visualization 
of the mitral apparatus. Leaflets resections, artificial chord 
placement or chordal translocation and mitral annuloplasty 
(Figures 6,7A,B) can be easily performed under direct vision. 
For patient with atrial fibrillation, the left atrium appendage 
ostium can be closed from within the left atrium using 
4-0 or 5-0 prolene sutures. It is recommended to place 
at least two layers of closure to prevent recanalization or 
reopening of the appendage in the future, in which we have 
not experienced with this closure. A MAZE procedure will 
also be performed through the same incision in patients 
with atrial fibrillation using both radiofrequency ablation 
and cryoablation, which is outside the scope of this report 
and will not be described here. Upon completion of the 
mitral repair or replacement, the atriotomy is closed 
with 4-0 prolene suture in a running two-layer fashion. A 
right ventricular pacing wire is placed at this time, since 
it will be difficult to place after the aortic cross-clamp is 
removed. The patient is then place in the Trendelenburg 
position, and the aortic cross-clamp is removed. The 
aortic root vent is used for deairing. Cardiopulmonary 
bypass is weaned. Protamine is given and decannulation 
is performed in the standard fashion. For patient with 
femoral arterial cannulation, it is always important to 
examine distal pulses for confirmation of patency. At 

Figure 4 Intraoperative picture showing the great direct visualization 
of the mitral valve components (mitral annulus, leaflets, papillary 
muscle and chordae) with minimally invasive approach which is 
crucial for a comprehensive mitral repair.
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Figure 5 Minimally invasive mitral valve replacement. (A) Placement of mitral annular pledged sutures via mini-thoracotomy; (B) mitral 
annular sutures secured with Corkot; (C) completion of minimally invasive mitral valve replacement. 

Figure 6 Mitral valve repair in a patient with posterior leaflet (P2) prolapse with ruptured chords.

A B

Figure 7 Minimally invasive mitral repair. (A) Minimally invasive mitral valve repair with partial leaflet resection and annuloplasty; (B) 
minimally invasive mitral valve repair with artificial chord placement. 

least two chest tubes should be placed with one placed 
within the pericardial space posteriorly and one in the 
right pleural space. The groin and chest are closed in the 
standard fashion (Figure 8). 

Conclusions

MIMS is mitral valve surgery performed through a small 

incision under direct visualization without a sternotomy 
or rib division. Numerous reports have been published 
and proven its benefits. MIMS is surgically demanding, 
and cautions and attention to details are needed to 
perform the procedure safely and effectively. With 
the knowledge of the tips, tricks and technique of the 
procedure, patients will benefit greatly from the success 
of the operation. 
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