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In the mid-1990s, the first minimally invasive 
mitral valve procedure was described separately by 
Navia and Cosgrove,[1] followed by Cohn et al.[2] After 
these descriptions, various methods were developed, 
including parasternal, hemisternotomy, right mini-
thoracotomy, and total endoscopic approaches, 
which were demonstrated to be suitable alternatives 
to the traditional full sternotomy approach. Many 
studies have reported excellent clinical outcomes 
with low perioperative morbidity and mortality. As 
a result, minimally invasive mitral valve surgery 
has been increasingly used as a routine procedure 
worldwide.

The main advantages of minimally invasive 
mitral valve surgery are as follows:

 É It reduces surgical trauma by minimizing 
incision size;

 É It reduces the need for blood products;
 É It reduces postoperative atrial fibrillation;
 É It reduces pain;
 É It allows for faster mobility and shortens 

hospital stay;
 É It provides better cosmetic outcomes 

compared to traditional median sternotomy 
surgery.

However, along with these advantages, there 
are certain limitations, as well. It is technically 
more complex and requires a separate learning 
curve, which is significantly associated with longer 
cardiopulmonary bypass (CPB) and cross-clamp 
times.

MINIMALLY INVASIVE 
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SetUP for ViDeo-aSSiSteD 
SUrGery
Minimally invasive techniques require additional 

considerations in terms of anesthesia, ventilation, 
and monitoring.

To access the mitral valve via a right mini-
thoracotomy approach, the right lung needs to be 
collapsed. Various options are available, but double-
lumen tubes are usually preferred for single-lung 
ventilation. Alternatively, an endobronchial blocker 
can be used to isolate the right lung. Recently, 
some surgeons have reported using a single-lumen 
endotracheal tube and collapsing both lungs with 
CPB to provide an adequate surgical field.

As defibrillator paddles cannot be used through 
the incision of a right mini-thoracotomy, external 
defibrillator pads are placed on the patient.

Transesophageal echocardiography (TEE) is 
necessary in almost all patients before surgery to 
confirm heart and valve function, as well as to 
provide specific additional assessment and guidance 
on access and cannulation techniques for mitral 
valve in minimally invasive surgery.

Videoendoscopic-assisted techniques can be 
used to further reduce surgical entry trauma in 
minimally invasive mitral valve procedures. To use 
this technique, a video endoscopy unit consisting of 
a monitor, camera control unit, camera head, cold 
light source, fiber-optic light cable, telescope, and 
documentation and archiving section is required.

SECTION 16ValVular Surgery
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i. Positioning of the patient (including 
cannulation)

After anesthesia preparations, the patient 
is typically positioned in a lateral decubitus 
position, with the right side of the chest elevated to 
approximately 30 to 45 degrees while ensuring that 
the pelvis of the supine patient remains almost flat 
(Photo 16.1).

Due to the limited surgical field in the right mini-
thoracotomy incision, peripheral cannulation is 
usually performed for CPB. Therefore, cannulation 
is often applied before making the mini-thoracotomy 
incision and, then, the incision is made. Various 
approaches are available for cannulation.

Arterial access is usually obtained through 
femoral artery cannulation. Alternatively, axillary 
artery cannulation can be used. In femoral 
arterial cannulation, there is a concern about 

retrograde aortic embolization, which can lead 
to cerebrovascular events. Preoperative vascular 
assessment is essential for this condition.

For venous drainage, a multi-stage venous 
cannula can be advanced from the femoral vein 
to the superior vena cava. In patients with a high 
body mass index, a single venous cannula may be 
insufficient for venous drainage; therefore, a second 
venous cannulation can be performed via the internal 
jugular vein. The cannula extending from the femoral 
vein to the superior vena cava passes through the 
right atrium, and if present during the operation, 
it may negatively affect the exposure to the mitral 
valve with left atriotomy, so two different venous 
cannulas may be preferred. With this approach, the 
venous cannulas placed from the femoral vein and 
right internal jugular vein are advanced to where the 
inferior vena cava and superior vena cava drain into 
the right atrium, allowing easier exposure during the 

Photo 16.1. Determination of patient position and surgical incision area. 



162

Atlas of Coronary Artery Bypass Grafting

Figure 16.1. Femoral arterial-venous and jugular venous cannulation. 
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operation as there are no cannulas inside the right 
atrium. The TEE can be helpful in adjusting the 
localization of the venous cannulas (Figure 16.1).

Less frequently, some surgeons prefer 
central cannulation. After making the right 
mini-thoracotomy and opening the pericardium, 
the aortic cannula can be placed directly into the 
aorta through a small incision made over the second 
intercostal space, and the two-stage venous cannula 
can be placed directly into the right atrium through 
an incision made over the fourth intercostal space.

ii. Incision (anatomical landmarks, size of the 
incision)

Following the use of the right parasternal 
incision in the initial cases of minimally invasive 
mitral valve surgery, hemi-sternotomy became a 
common approach. The first minimally invasive 
mitral valve surgery via a right mini-thoracotomy 
was performed by Carpentier et al.[15] in 1996. 
Subsequently, after the presentation of clinical 
results of video-assisted mitral valve surgeries 
using a transthoracic aortic clamp by Chitwood 
et al.[16] and the reporting of cases of video-
assisted minimally invasive mitral valve surgeries 

with port access technology based on endoaortic 
balloon clamping by the Leipzig group, relevant 
technologies such as long shaft surgical instruments, 
high-resolution endoscopy, and peripheral access 
CPB systems rapidly developed. Following these 
developments, right mini-thoracotomy became the 
most common approach for minimally invasive 
mitral valve surgery.

In the anterolateral right mini-thoracotomy, 
access to the thorax is achieved through a 4 to 6 cm 
incision made from the inframammary fold into 
the fourth or fifth intercostal space. While a more 
medial incision may provide proximity to cardiac 
structures, a more lateral incision may provide better 
exposure of the mitral valve despite the increased 
distance. After reaching the pleural cavity, good 
exposure can be achieved using soft tissue retractors 
and mini-thoracic spreaders (Photo 16.2).

As a variation of the standard right lateral mini-
thoracotomy, an alternative access route can be 
provided by making a periareolar incision. This 
approach requires a small convex incision of about 
3 cm along the right areolar border.

In addition to mini-thoracotomy incision, for 
the use of video assistance, a port is placed through 

Photo 16.2. Mini-thoracotomy incision. 
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an approximately 1 cm incision made at the level of 
the second or third intercostal space on the anterior 
axillary line, and a camera is inserted through this 
port.

For the application of transthoracic aortic cross-
clamping, an incision of approximately 5 mm is 
made on the mid-axillary line at the level of the third 
intercostal space. Through this incision, a Chitwood 
clamp (Scanlan, Saint Paul, MN, USA) is advanced 
into the thorax and mediastinum for transthoracic 
aortic clamping.

In cases where the aortic cross-clamp obstructs 
the view and movement of the camera, the aortic 
cross-clamp can be placed through the second 
intercostal space on the anterior axillary line, and 
the camera port can be placed through the third or 
fourth intercostal space on the mid-axillary line. The 
choice of intervention sites may vary depending on 

the patient's anatomy and the surgeon's preference 
(Photo 16.3).

For the placement of an atrial retractor, another 
5-mm incision is made parasternally at the level of 
the fourth or fifth intercostal space, avoiding damage 
to the right internal thoracic artery.

Finally, a 2 to 3 mm incision can be made at the 
level of the fifth or sixth intercostal space for the 
insertion of a left atrial vent.

iii. Instrumentation (Camera, Chitwood, 
Atrial retractor)

Camera: Following the thoracotomy incision, 
a high-resolution standard camera is advanced 
into the chest through a 10-mm port placed at the 
intercostal space. These cameras come with various 
scope, tool, and accessory options (two-dimensional, 
three-dimensional, 00 or 300) and can be selected 

Photo 16.3. Cannulation and cardiopulmonary bypass. 
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Photo 16.4. Atrial retractor.
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according to the surgeon's preference. Video 
assistance not only provides additional visualization, 
but also illuminates the surgical field. Throughout 
the procedure, the surgical field can be filled with 
carbon dioxide through the camera port to prevent 
air embolism.

Aortic root cannula: After making the 
thoracotomy incision, an aortic root cannula is 
inserted in a way that does not obstruct the surgical 
field. The root cannula used in minimally invasive 
cardiac surgery should be different from the one 
used in standard surgery and should be long and 
multifunctional.

Transthoracic aortic clamp: The transthoracic 
Chitwood clamp is placed through a 5-mm incision 
at the right anterior-mid-axillary line, at the level of 
the second to third intercostal space, and clamps the 
emerging aorta. Care should be taken not to damage 
the pulmonary artery and left atrial appendage 
during aortic clamping. After clamping, cardioplegia 
is administered through the long root cannula.

Endoaortic clamp: In some cases, it may be 
appropriate to use an endoaortic clamp. The 
endoclamp is a multi-lumen catheter with an 
inflatable balloon at its distal end that provides 
endoaortic clamping. With the aortic endoclamp, 
antegrade cardioplegia can also be administered. 
A second lumen allows monitoring of aortic root 
pressure. Localization can be better adjusted using 
TEE during the placement of the endoclamp. 
However, it is possible for the endoclamp to move 
within the aortic lumen during the operation, 
which may be overlooked during the procedure. 
To detect this early, preoperative bilateral radial 
artery monitoring should be performed in patients 
who will undergo endoclamp placement to monitor 
pressure tracings.

Atrial retractor: After applying the aortic cross 
clamp and achieving cardiac arrest by administering 
cardioplegia, left atriotomy is performed. Then, to 
ensure mitral valve exposure, an atrial retractor is 
placed through a 5-mm incision parasternally at the 

Figure 16.2. Atrial retractor, cross clamp, and camera port. 



167

Minimally Invasive Mitral Surgery

level of the fourth or fifth intercostal space. Once 
placed, the atrial retractor is fixed in the appropriate 
position. The part of the retractor corresponding 
to the left atrium is adjusted to the most suitable 
position for facilitating mitral valve intervention. 
This allows access to the mitral valve (Photo 16.4, 
Figure 16.2).

iv. Basic tools: Long-shaft instruments, Knot 
pushers (describing the usage), Cor-Knot® 
device 

In addition to conventional operations, some 
special tools and equipment are required for 
minimally invasive cardiac surgery. These special 
tools and equipment have made minimally invasive 
surgical procedures more feasible and reliable.

Long-shaft surgical instruments: Due to the 
length and width of standard surgical instruments, 
difficulties may arise in accessing the mitral valve 
and performing necessary movements through the 
mini-thoracotomy incision. Therefore, thinner and 
longer shaft instruments have been developed. These 

special surgical instruments allow easy access to the 
mitral valve from the mini-thoracotomy incision 
without obstructing the field of view, and all types of 
manipulations can be performed (Photo 16.5).

Knot pusher: The mini-thoracotomy incision is 
too small to manually tie the knots of valve sutures. 
Therefore, a knot pusher is required to seat the knot, 
after the knot is tied outside the incision. After 
preparing the valve suture knot outside the incision, 
the threads are placed on the notches of the knot 
pusher, and the tool is pushed to seat the knot. The 
knot pusher ensures safe seating of the valve sutures 
and greatly facilitates minimally invasive valve 
surgery.

Cor-Knot® device (LSI Solutions, NY, USA): 
Developed to facilitate minimally invasive valve 
surgery, this device secures valve sutures with a titanium 
connector while simultaneously cutting excess suture 
tails, thereby working bidirectionally. This eliminates 
the need for manual knot tying and knot pusher usage, 
reducing operation times (Figure 16.3).

Photo 16.5. Long-shafted instruments. 
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SUrGical StrateGy
Unlike standard surgery, performing surgery 

endoscopically with video assistance and long-shaft 
instruments lengthens the learning curve. Although 

challenging at first, opting for the minimally 
invasive technique in suitable patients is important 
for patient comfort.

Determining the surgical strategy before the 
operation increases the success rate of the surgical 

Figure 16.3. Cor-Knot® device (LSI Solutions, NY, USA). 
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Photo 16.6. Passing of valve sutures. 
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Photo 16.7. Video-assisted minimally invasive mitral valve replacement. 
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procedure. Similar to classical surgery, repair 
or replacement can be performed using existing 
techniques (Photos 16.6 and 7).

tiPS & PitfallS
Arterial and venous cannulation:
Choosing appropriate sizes and proper 

anatomical placement of cannulas is important to 
prevent possible complications.

Right mini-thoracotomy incision:
While accessing the thorax through the fourth or 

fifth intercostal space incision and the diaphragm 
obstructs the surgical field, it is preferable to choose 
the incision one intercostal space higher to achieve 
proper exposure.

Placement of ports and aortic cross-clamp:
If the aortic cross-clamp obstructs the camera's 

view and movement, it can be placed through the 
second intercostal space on the right anterior 
axillary line, while the camera port can be placed 
through the third or fourth intercostal space on the 
mid-axillary line. The locations of the interventions 
may vary according to the patient's anatomy and the 
surgeon's preference.

Care should be taken to avoid damaging the 
pulmonary artery and left atrial appendage while 
clamping the aorta. For this, the aorta is elevated 
upwards to move the pulmonary artery and left atrial 
appendage away. This ensures safe cross-clamping.

Retraction sutures:
To visualize the left atrium more clearly, 

retraction sutures can be placed in the right atrium 
and pericardium. It is of utmost importance to 
remove these sutures from the skin with a needle to 
prevent narrowing of the surgical field. Additionally, 
retraction sutures applied to the outer or inner 
surface of the left atrium after left atrial incision 
help achieve a better exposure area.

Placement of atrial retractor:
Using the camera while placing the atrial 

retractor is important to prevent damage to the right 
internal thoracic artery.
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