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Introduction

Mitral valve (MV) repair is the gold standard for the treatment of mitral
requrgitation (MR)[1-5] today. There is currently no reasonable alternative to
surgery which can be curative and result in the prevention of subsequent heart
failure [6, 7]. Mitral valve repair has been conclusively demonstrated to be
superior to MV replacement with improved post-operative survival rates and
preserved left ventricular function. Modern cardiac surgery programs with a
high volume number have achieved very high MV repair rates with minimal
peri-operative mortality and long-term outcomes that are comparable with the
general population. [1-5, 8, 9]

The Mitral valve is a highly complex structure based upon five different
components (Figure 1): the mitral annulus, the anterior and posterior

leaflet, the chordae tendinae, the papillary muscles, and the left ventricle. An
exceptionally complex mechanism underlies the systolic and diastolic function
of the MV. Even today, the complete task and function of the MV is not fully
understood and continues to be the subject of a tremendous amount of
research activities. Detailed pathophysiogical mechanisms regarding the two
highest prevalence entities—degenerative and functional MR remain
uncertain. The goal of a mitral valve repair procedure for degenerative disease
follows two fundamental principles: restore a good surface of leaflet
coaptation and correct for annular dilatation [1, 10]. A leaflet coaptation line
of 5-8 mm is considered essential to provide a durable repair result.

Figure 1: Purple: left atrium (LA); red line: mitral annulus; green: anterior and posterior leaflet; blue:
chordae and papillary muscle



Pathology of mitral valve disease

Degenerative mitral valve disease is a common disorder affecting around 2% of
the population [6]. The most common finding in patients with degenerative
valve disease is leaflet prolapse due to elongation or rupture of the chordal
apparatus, resulting in varying degrees of mitral valve regurgitation due to
leaflet malcoaptation during ventricular contraction (Figure 2). The emphasis of
clinical decision-making in patients with degenerative disease centers around
the severity of regurgitation and its impact on symptom status, ventricular
function and dimension, the sequelae of systolic flow reversal such as atrial
dilatation/fibrillation and secondary pulmonary hypertension, and the risk of
sudden death [1, 11, 12].
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Figure 2: Spectrum of degenerative mitral disease ranging from fibroelastic deficiency (FED) to
Barlow's disease

Functional MR arises as a consequence of left ventricular dilatation with or
without leaflet tethering due to either ischaemic or dilatative cardiomyopathy
[6, 15]. The most commonly used classification of MV dysfunction and MR has
been introduced by Carpentier, consisting of types I-Illb (Figure 3) and have
been extensively described elsewhere [6, 14, 15].
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Figure 3: Type I: normal leaflet motion; Type II: leaflet prolapse; Type Ill: restricted leaflet motion
a.) diastolic b.) systolic (ICM, DCM)
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Timing of surgical intervention

Controversy exists as to whether early surgical intervention in asymptomatic
patients, before the onset of ventricular changes, improves the outcome of
patients with chronic severe degenerative mitral valve disease [1,13]. This
debate has put emphasis on the lack of predictability of mitral valve repair,
despite broad consensus that this is the procedure of choice for patients
undergoing surgical intervention. The confidence gap in predicting successful
mitral valve repair is one of the factors responsible for the lack of adherence to
guidelines directed toward timely referral of patients with indications for
surgery. An emerging accord is building that current medical and surgical
practice often results in suboptimal care for the individual patient with
degenerative mitral valve disease, and indeed a paradigm shift or 'revolution’
through education is not only predictable but essential to advance the field. All
practicing cardiovascular specialists should have familiarity with the 'state of
art' in terms of degenerative disease differentiation, timing of intervention, and
surgical techniques and results in order to improve patient care [7].

Principles for mitral valve repair

Three principle goals of MV repair were introduced by Carpentier: Stabilization
of the annulus with the retention of an adequately sized mitral orifice,
restoration of physiological leaflet motion and recreation of a sufficient line of
coaptation [10]. Specific techniques such as ring annuloplasty, resection of
leaflet prolapse, leaflet sliding plasty, and others have been ascribed to
Carpentier and are together known as the 'French correction.’ These ‘classical’
repair techniques have proved excellent results with a high durability and high
freedom from reoperation rate [1-5, 8, 9]. Numerous additional repair
techniques such as implantation of neo chordae, edge-to-edge repair, papillary
muscle shortening, leaflet reduction plasty, and others have been developed,
affording the surgeon a wide armamentarium of approaches [1-5, 16-22]. For
patients with degenerative MV disease, a surgical repair rate of nearly 100%
has been reported in select reference centers [8]. Simultaneously,
peri-operative mortality and morbidity rates for complications such as stroke
and valve-related reoperation have been excellent, occurring in 2% of patients.
It has also been recently shown that even the historically more difficult

repair of anterior or bileaflet mitral prolapse can be achieved in 90% of
patients, with long-term survival and freedom from reoperation rates that are
similar to the more straight forward isolated posterior prolapse pathology

[2, 4].



These superb results can also be achieved through a minimally invasive
technique leading to a better cosmetic result, a decreased incidence of
respiratory failure, decreased post-operative pain, and a faster recovery

[4, 8, 9, 23]. For patients with functional MR, undersized mitral annuloplasty is
the current surgical gold standard. This strategy attempts to reshape the mitral
annulus to a more anatomically correct form, thus leading to increased leaflet
coaptation and a competent MV. It is of utmost importance for this operation
that a complete rigid annuloplasty ring is implanted, rather than an open
flexible band [24, 25]. Undersized annuloplasty has been associated with left
ventricular reverse remodeling and improvement of symptoms in the majority
of patients, but recurrent MR occurs more frequently than in patients with
degenerative disease. Recently developed strategies such as the 'ring and
string' concept, secondary chordal cutting, septal-lateral banding, and posterior
leaflet extension have been suggested as additional techniques that may
minimize the risk of recurrent MR [26-28]. Current surgical MV repair offers a
highly effective and safe treatment for patients with MR, even in those
patients who require reoperative procedures [1-5, 8, 9, 23, 29]. Most
important, however, is the fact that surgery frequently results in a complete
correction of the MR and normalization of valve morphology, and thus
represents the only curative treatment strategy for patients with MR. The high
mountain of surgical MV repair therefore represents the current gold standard
for the treatment of MR.
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Figure 4: OP Setting

The right groin is favored for cardio pulmonary bypass
cannulation due to anatomical reasons, since it allows easier
venous cannulation. Thus in case of a preoperative angiogram
for exclusion of any relevant coronary artery vessel disease, the
left groin should be used for access.

Intraoperative set-up including anesthesiologist, surgeon,
surgical assistant, scrub nurse and perfusionist, in a standard
fashion (Figure 4). Two monitors for endoscopic view are
recommended, one each for the leading surgeon and the
surgical assistant.
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Standard monitoring for cardiac surgery is used. A central and
arterial line is placed and defibrillator pads are placed on the
back towards the right chest (as laterally as possible). A
double-lumen endotracheal tube can be helpful but is basically
unnecessary. For selection of the most appropriate repair
technique a complete understanding of the underlying
degenerative etiology, anatomical lesions, and leaflet
dysfunction (excess or restricted leaflet motion) is mandatory.
Intraoperative transesophageal 2D and, increasingly used, real
time 3D transesophageal echocardiography (TEE) is performed to
guide the procedure and finally confirm the postoperative result.

In case of tricuspid valve surgery, the right superior vena cava
(SVC) must be cannulated for venous drainage of the upper body
(Figure 5).

The patient is placed in a supine position with a positioning roll
placed caudal to the right scapula parallel to the spine in order
to lift the right thorax up in an angle of 35 to 45°. The patient is
then draped in a way to allow for right lateral minithoracotomy,
and in case of an emergency for standard full median
sternotomy. The lower axillary line must be accessible for
placement of the transthoracic aortic clamp.

Two holding arms (Unitrac RTO40R), one for the endoscope and
one for the left atrium retractor, are mounted on the OR table
rail on each side at the level of the patients head. The operating
table is rotated 10° to 15° to raise the patient's right side. Final
patient positioning should allow for easy access to the right
chest and right groin (Figure 6).

After administration of the heparin, cardiopulmonary bypass is
instituted via femoral arterial and venous cannulation through a
3- to 4-cm oblique incision in the right groin (Figure 7).

Figure 5: SVC cannulation

Figure 6: Positioning of the patient
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Figure 7: Cannulation for extra corporal bypass
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Figure 8: Right lateral thoracotomy in the fourth intercostal space.

Figure 9: Soft tissue retractor

Figure 10: Stay suture for diaphragm

The tip of the venous cannula is positioned under
transesophageal echocardiographic guidance at the junction of
the inferior cava and the right atrium. Mild hypothermia (34 °C)
and vacuum-assisted venous drainage is applied. After the
extracorporeal circulation has been instituted, adequate
exposure of the right and left atrium and thus the mitral valve
(MV) is mandatory by termination of ventilation with
disconnection of the endotracheal tube. A four to five
centimeter incision in the fourth intercostal space gives access
to the intra-thoracic cavity (Figure 8).

As the next step, a soft tissue retractor is introduced (Figure 9).

After the mini-thoracotomy, it is mandatory to scan the thoracic
cavity for adhesions in order to safely install additional ports,
the camera, atrial retractor and aortic clamp. In case of an
elevated diaphragm, which inhibits direct vision to the left
atrium, a stay suture is recommended to bring the diaphragm
"down" (Figure 10).



In case of a limited surgical field, the thoracic retractor can be
introduced, but it is not prerequisite (Figure 11).

The camera port is placed in the second intercostal space lateral
to mid-clavicular line followed by insertion of the camera. In
addition, COz-insufflation is initiated to improve de-airing at the
end of procedure. Then the transthoracic "Chitwood" clamp is
used for cross clamping of the aorta. The clamp is introduced

through an extra incision medial to anterior axillary line (Figure
12).

To ensure an optimal surgical exposition it is recommended to
dissect the adjacent pericardial fatty tissue (Figure 13).

Figure 11: Thoracic retractor

Figure 12: Position of camera port and “Chitwood “clamp

Figure 13: Phrenic nerve and pericardial fat tissue
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The pericardiotomy is performed with a longitudinal incision of
the pericardium approximately three to four centimeters parallel
to the phrenic nerve. Two stay sutures can be placed close to the
phrenic nerve for retraction in order to improve exposition and
clear visualization of the left atrium (LA) (Figure 14).

Figure 14: Placement of pericardial retraction sutures

A retraction suture is placed into the inter-atrial groove to lift
up the left atrium (Figure 15). Identification of the best spot is
facilitated by identifying anatomical landmarks.

For better orientation the suture can be aligned outside the
chest wall (Figure 16), the continuous line marks the sternum
and the dotted line identifies the right internal thoracic artery
(ITA).

Figure 16: Anatomical orientation to guide placement of LA retraction suture



The ideal site for the execution of the suture can be determined
by the dotted line, which reminds a safety gap to avoid any
injury of the ITA. The suture is easily pulled through using a
clamp (Figure 17).

Figure 17: Placement of the retraction suture

With blunt dissection, the LA can be separated from the inferior
vena cava (IVC, Figure 18).

The transthoracic aortic clamp can be introduced medial to the
anterior axillary line in the second ICS (Figure 19). Care has to be
taken to avoid damaging the pulmonary artery and/or the left
atrial appendage (LAA) when closing the Chitwood clamp. As a
hint, the aortic occlusion is best performed by pushing the LAA
aside with the suction device. The convex side of the clamp is
supposed to face toward the head of the patient.

Figure 19: Intraoperative set-up immediately after aortic cross clamping
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Figure 22: Analysis of valve morphology using nerve hooks

Crystalloid Bretschneider cardioplegia (2000 ml) is
administered antegrade directly into the aortic root over a
commercially available modified needle-vent. In case of aortic
occlusion of more than 90 minutes this procedure can be
repeated. While applying the cardioplegia the LA is incised
(Figure 20).

The LA incision is extended to allow for a suitable access to the
MV. It can be opened as far as 1 ¢cm to the SVC and midway
between the right inferior pulmonary vein and the IVC. The
surgical field is flooded throughout the operation with carbon
dioxide and a left atrial vent is placed to drain the pulmonary
venous return.

Maximal exposure of the MV is obtained using an atrial roof
retractor. The size of the roof blade needs to be chosen
according to the size of the LA. If the exposure remains
sub-optimal, then the LA incision can be enlarged and/or
another intercostal space is selected (Figure 21).

The goal of MV analysis is to confirm or modify the planned
repair strategy based on the preoperative echocardiography. This
includes selection of functional type and identification of
morphology, such as segmental location and others. The leaflets
are examined with two nerve hooks to allow comprehensive
analysis of all leaflet segments and subvalvular apparatus. Valve
analysis is carried out in an organized manner using P1 as a
reference point in most instances (Figure 22). Whenever P1
motion and / or morphology are abnormal, another segment
needs to be identified to serve as the reference point.



In this case, a large P2 prolapse is obvious due to chordae
rupture (Figure 23). With regards to repair strategy, any leaflet
pathology should be corrected in first place, followed by
annuloplasty using complete ring implantation. For better
exposure and visualization of the subvalvular apparatus, the
anterior leaflet can be gently retracted by loading the leaflet
onto the blade of the atrial roof retractor.

To restore the P2 prolapse, the loop technique, using 4 premade
PTFE (5/0 sutures with four loops of identical length), is a
favorable repair technique. The length of required loops is
determined by measuring the appropriate distance from the
body of the papillary muscle to the free edge of a
non-prolapsing portion of the MV leaflet using a custom made
caliper FC357R (Figure 24).

Figure 24: Measurement of the length of the artificial chords
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Figure 27: Fixation of artificial loops at the free margin of the leaflet

The loops are commercially available (Santec Medical,
Grosswallstadt, Germany) or can be manufactured in-house by a
dedicated individual using a single 5/0 PTFE suture. A so-called
"loop" consists of a central pledget with four premade single
loops, ranging from 10 to 26 mm in length. The needles of the
sutures originating from the pledget are then passed through the
tip of the respective papillary muscle and tied over a second
pledget. The free loops are fixed to the prolapsing leaflet
segment using additional 5/0 PTFE sutures, placing the knot on
the ventricular surface of the leaflet whenever possible (Figure
25 to 27).



The saline probe confirms successful (or unsuccessful) repair of
the mitral valve (Figure 28). For restoring and remodeling the
shape of the annulus, a prosthetic ring is implanted.
Regardless of the type of ring, ring selection is based on the
measurement of the anterior leaflet, first with regards to the
basal portion (trigone to trigone), then with regards to the
anterior-posterior diameter of the anterior leaflet height
(Figure 29).

Figure 28: Saline probe

Figure 29: Measurement of annuloplasty ring size under direct vision

Ring implantation is achieved by placing a series of 12 to 15
standard sized 2-0 Premicron mattress sutures trough the mitral
annulus (Figure 30).

Figure 30: Placement of annuloplasty ring sutures within the annulus
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The two key factors for the success of ring annuloplasty are (1)
proper placement of the sutures within the annulus fibrosus to
avoid ring dehiscence and (2) accurate placement of the sutures
into the prosthetic ring to avoid annular distortion (Figure 31).

At the end of the repair the final saline probe confirms a
successful procedure. The MV should then “smile” at you
(Figure 32).

The atrial roof retractor is released and the left atrium is
closed with standard 3-0 Premilene suture (Figure 33 and 34).
Deairing is performed by completely filling the heart while
simultaneously inflating both lungs. During this maneuver it is
recommended to retrieve the camera and the pericardial
retracting suture to allow for complete de-airing.

Figure 33: Release of atrial roof retractor



After closure of the left atrium, CO2 insufflation is terminated. In
case tricuspid valve repair is planned, silastic tapes or large "bull
dog" clamps can be placed around the SVC and IVC. Then
beating heart annuloplasty ring implantation on the tricuspid
valve can be conducted. Before de-clamping the aorta, a
pacemaker wire is placed at the right ventricle (Figure 35). Since
the arrested heart allows for enough operative space, a beating
heart would highly limit the access to the right ventricular wall.

Subsequently the aortic root vent is released and the purse
string suture is closed (Figure 36). Then the aortic root clamp is
released and the patient rewarmed. Ventilation is started again
and the extra corporal bypass is reduced to 50% flow.
Transesophageal echocardiogram determines the immediate
success of the procedure. To exclude impairment of the
circumflex artery, lateral wall motion should be monitored
instantly and needs to achieve a comparable level as seen
preoperatively. In addition, flow in the circumflex artery should
be verified.

Figure 34: Left atrium closure with 3-0 Premilene and de-airing

Figure 36: Closure of needle vent puncture with 4-0 Premilene
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Figure 37: Pericardial closure

K

Figure 38: End of procedure

When extra corporal bypass flow returns to 100%, ventilation is
stopped to allow for access to the heart again. After careful
inspection of the suture lines, the pericardium is closed using
the pericardial retraction sutures (Figure 37).

After drainage of potential pleural effusion under direct
vision, both lungs are ventilated. A chest tube is inserted
through the initial camera port, any other access ports are
closed and protamine is given. Extra corporal weaning is
followed by closure of the intercostal space and the lateral
thoracotomy (Figure 38).

All patients undergoing mitral valve repair should have a
post-repair intraoperative transesophageal echocardiogram to
determine the immediate success of the procedure [30].

A finding of a more than mild mitral requrgitation should lead
the surgeon, except in certain high-risk patients, to perform
valve re-exploration to identify and correct any the source of
potential residual requrgitation.



Summary

Traditionally, mitral valve repair procedures have been performed through a
15-20 cm skin incision and full median sternotomy. The less invasive approach
via right-sided, mini-thoracotomy with video assistance and femoral
cannulation for cardiopulmonary bypass is now successfully performed in many
expert centers [31]. The minimally invasive technique has achieved results that
are comparable with the standard conventional approach via a complete
sternotomy. A high rate of repair can be achieved in MR patients undergoing
minimal invasive mitral valve surgery with low rates of perioperative morbidity
and mortality [9, 23].

Early echocardiographic findings and mid-term valve reoperation rates are very
encouraging.

Potential benefits of the minimal invasive approach include shorter ventilation
times and ICU stays, less pain and bleeding, faster recovery, and a better
cosmetic result [29].

In the near future, this operation may become the gold standard for MV
surgery.

As with all new technologies, a learning curve has to be overcome and a
structured training is considered essential for the procedural success. This
includes a principal understanding of the mitral valve pathology and repair
techniques. A team approach is crucial for success.

After overcoming the initial learning curve this procedure is limited only by
massive calcification of the mitral annulus. All other mitral valve pathologies
are suitable for this access.
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