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Abstract

Median sternotomy remains the gold standard approach for mitral valve surgery, providing
excellent exposure and facilitating complex repairs and replacements. This approach involves a
longitudinal incision through the sternum, providing direct access to the heart and allowing for
thorough visualization and manipulation of the mitral valve apparatus. The advantages of median
sternotomy include superior exposure allowing for a comprehensive assessment of the mitral valve,
surrounding structures, and associated pathologies. This facilitates complex repairs such as
annuloplasty, leaflet repair, and chordal reconstruction, which may be challenging or impossible
through minimally invasive approaches. The wide surgical field enables the surgeon to address
concomitant cardiac issues, such as coronary artery disease or other valvular pathologies. The
technique involves precise sternal division, cardiopulmonary bypass establishment, and cardiac
arrest. The mitral valve is then exposed via direct visualization and manipulation. Following the
completion of the valve procedure, the sternum is meticulously reconstructed using sternal wires
or plates. While median sternotomy offers unmatched access, it is associated with significant
postoperative morbidity, including prolonged hospital stays, increased pain, higher risk of
infection, and a less aesthetically pleasing scar. Despite the development of minimally invasive
techniques, median sternotomy remains the preferred approach for complex mitral valve
pathologies requiring extensive surgical manipulation or in patients with significant comorbidities
requiring a more robust and comprehensive surgical approach. The decision to utilize a median
sternotomy approach is based on careful patient selection and consideration of the complexity of
the mitral valve pathology. Despite its invasive nature, median sternotomy provides the surgeon
with the tools and exposure necessary to address a broad range of mitral valve pathologies effectively
and safely.
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Introduction

Mitral valve disease encompasses a range of conditions affecting the mitral valve, a crucial heart

valve located between the left atrium and left ventricle. The two primary types are mitral
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regurgitation (MR), where the valve doesn't close properly, allowing blood to leak back into the
left atrium during ventricular contraction, and mitral stenosis (MS), where the valve opening is
narrowed, restricting blood flow from the left atrium to the left ventricle. Both conditions can lead
to heart failure, atrial fibrillation, and other serious complications if left untreated. The severity of
symptoms varies greatly depending on the extent and progression of the disease. (Krishnamoorthy,

2020)

Surgical intervention plays a vital role in managing severe mitral valve disease when medical
management fails to provide adequate symptom relief or prevent disease progression. The goals of
surgery are to restore normal valve function, alleviate symptoms, and improve patient prognosis.
Surgical options include mitral valve repair, aiming to restore the valve's competence without
replacement, and mitral valve replacement, involving the implantation of a prosthetic valve.

(Molina, 2018).

Historically, and for many years the predominant surgical approach for mitral valve procedures has
been through a median sternotomy. This traditional open-heart surgical technique involves a
vertical incision through the sternum, providing excellent exposure to the heart and mitral valve,
allowing for complex repairs and replacements. While minimally invasive techniques are gaining
traction, median sternotomy remains a widely used and highly effective method for many cases,
particularly those requiring complex repairs or involving concomitant cardiac procedures. The
choice between median sternotomy and minimally invasive approaches depends on various factors
including the patient's overall health, the complexity of the valve pathology, and the surgeon's
experience. (Krishnamoorthy, 2020)

Preoperative considerations for minimally invasive mitral valve surgery (MIMVY) are crucial for
optimizing patient outcomes and selecting appropriate candidates. These considerations are more
stringent than for traditional sternotomy due to the technical challenges and limitations of
MIMVS. (Krishnamoorthy, 2020)

Patient Selection Criteria: The selection process focuses on identifying patients who can benefit
from the less invasive approach while minimizing the risk of conversion to open surgery.

Severity of Mitral Regurgitation/Stenosis: MIMVS is generally favored for patients with
moderate to severe mitral regurgitation or stenosis. However, the complexity of the lesion
significantly impacts suitability. Simple leaflet repairs are more readily performed minimally
invasively than complex reconstructions. Severe calcification or significant left atrial enlargement

may make MIMVS technically challenging.

Comorbidities: Patients with significant comorbidities (e.g., chronic obstructive pulmonary
disease, renal insufficiency, diabetes) may be at increased risk of complications following MIMVS.
Careful assessment of these comorbidities is essential to determine operative risk. Patients with
significant frailty may also be better suited to a less invasive approach, though the surgical
complexity must still be considered.

Functional Capacity: A patient's functional capacity, often assessed using the New York Heart
Association (NYHA) classification, is a key factor. Patients with higher NYHA classifications
(indicating more severe symptoms) may still be candidates for MIMVS, but the surgical approach
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needs careful consideration balancing the benefits of reduced invasiveness against the potential for

increased complexity.
Preoperative Investigations: A thorough pre-operative workup is critical.

Echocardiography: Transthoracic and transesophageal echocardiography (TTE and TEE) are
essential for detailed assessment of mitral valve anatomy, function, and associated pathologies. This
helps determine the feasibility of a minimally invasive approach and guides surgical planning.
Image quality is particularly important for MIMVS because of limited visual access.

Cardiac Catheterization: Cardiac catheterization may be performed to assess coronary artery
disease, left ventricular function, and hemodynamic parameters. This helps in identifying any
additional cardiac issues requiring attention during the surgery and aids in risk stratification.

Other Investigations: Other investigations may include pulmonary function tests, blood tests
(including coagulation studies), and electrocardiograms to further evaluate overall health and risk

factors.

Risk Assessment: A comprehensive risk assessment is performed using various scoring systems
(e.g., EuroSCORE II, STS score) to predict the likelihood of perioperative complications. The
risks associated with MIMVS, while generally lower than those of conventional sternotomy, must
be carefully considered. The potential for conversion to open surgery adds to the risk assessment.

(Molina, 2018).

Preoperative Preparation: Preoperative preparation involves optimizing the patient's medical
condition, including managing comorbidities and optimizing cardiac function. This may involve
medication adjustments, nutritional support, and pulmonary rehabilitation. Thorough patient
education about the procedure, potential risks, and expected recovery is also crucial. The patient’s
understanding of potential limitations of MIMVS versus sternotomy, and the possibility of
conversion, is vital for informed consent. (Molina, 2018).

The key to successful thoracic surgical procedures is adequate and proper exposure. A well chosen
thoracic incision provides effortless and excellent exposure for almost any procedure. However, an
ill chosen or an improperly placed or performed incision often leads to a difficult and frustrating
procedure (Krishnamoorthy, 2020)

Proper positioning of the patient on the operating table is essential to achieve a safe and satisfactory
procedure. The patient must be positioned in a safe and stable manner; pressure points of nerves
and vascular structures must be padded and protected to prevent injury during the operation. The
electrocautery ground plate must be applied securely and must be kept dry when the skin is
prepared. (Krishnamoorthy, 2020)

Several techniques are available for sterile preparation of the skin at the site of the incision. The
surgeon must ensure that the area of operative exposure does not include any areas of ongoing
sepsis, even to the most minor degree of skin scratches or irritation. The area of skin prepared must
be adequate for the primary incision as well as for vascular access,( the most suitable is groin area).
The patient must be draped to preserve the sterility of the wound throughout the surgical
procedure. Large clear plastic adhesive drapes that are impregnated with iodine provide complete
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access to the operative site while ensuring a draping system that is impervious and resistant to
displacement until the procedure is complete (Krishnamoorthy, 2020)

The incision itself should be placed carefully so that it is located precisely where the operative
procedure is to be done. Entry into an interspace that is higher or lower than intended may lead
to unsatisfactory exposure. The incision must be long enough to provide complete exposure
without too much tension on the tissues. Meticulous hemostasis throughout the operative
procedure is essential; it should be done during the procedure and should not be postponed until
later. Careful use of electrocautery is essential to obtain satisfactory hemostasis during thoracic
procedures and to ensure future healing (Molina, 2018)

Approaching the Mitral Valve through Median Sternotomy

The patient is placed in a supine position on the operating table, and the arms can be ecither
extended or placed by the patient’s side. Although most anesthesiologists prefer to have one or
both of the patient’s arms extended for access to arterial and intravenous lines, it was found that
by careful positioning and padding of the arms, it is possible to routinely place both arms at the
patient’s sides, thus improving the comfort of the operating team. By placing a small pad between
the patient’s scapula and tilting the head to one side, access to the upper end of incision is
improved, especially in obese patients (Hussein et al., 2021)

The intended line of incision may be identified with ink or by pinpoint skin depressions defining
the starting point, midpoint, and completion of the incision every effort should be made to ensure
that the incision is straight and exactly in the midline over the sternum. The sternal notch and tip
of the xiphoid process are identified by palpation. The incision is begun approximately 2 cm below
the sternal notch and extended approximately 2 cm beyond the distal tip of the xiphoid process
and is usually extended with the electrocautery down to the sternal periosteum. A midline approach
can be ensured by careful attention to the insertion points of the pectoralis major muscles onto the
sternum; the incision should lie directly midway between these insertion points. This is preferable
to estimation of the midline by palpation of the intercostal notches (Sellke et al., 2009)

The incision is extended to the sternal periosteum and linea Alba with either a scalpel or
electrocautery. Excessive use of electrocautery may increase the incidence of postoperative sternal
infection (Molina, 2018). The periosteum is scored in the midline with electrocautery, the linea
Alba is divided at the xiphoid, and a plane is created behind the sternum at the suprasternal notch.
Using a blunt finger dissection, a pathway is created above the suprasternal ligament and continued
beneath the manubrium. No attempt at direct division of the suprasternal ligament by scissors,
electrocautery, or other means is necessary. These techniques are to be avoided because of the risk
of injury to the innominate artery as it passes upward to the neck. Division of the suprasternal
ligament with the sternal saw is quite simple and much safer (Sellke et al., 2009).

In most cases, the sternum is divided in a cephalic to caudal direction. The nose plate of the sternal
saw is hooked underneath the suprasternal ligament, and the saw is grasped with both hands for
stability. As the sternum is split, upward lifting on the sternal saw allows safe passage and helps
avoid injury to the underlying pleura and mediastinal structures. It may be helpful to retreat slightly
within the midportion of the sternotomy to allow release of any gathered pleura before completing

the sternotomy.
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Alternatively, the sternum can be divided using an oscillating saw or a Lebske knife, but both
of these techniques are much less satisfactory (Sachdeva et al., 2021).

It is useful to have the anesthesiologist temporarily deflate the lungs as the sternum is divided. This
may help prevent entering the pleural spaces, particularly in those patients with COPD disease and
hyperinflated lungs. Bleeding from the sternal periosteum is best controlled with electrocautery.
In the past, bone wax was routinely used to control marrow bleeding, but its use has been
abandoned on all but rare occasions because of the possibility of impaired wound healing.

The postoperative bleeding does not increase when bone wax is not used. Accordingly, it is
reserved for those patients who have refractory bleeding from sternal fractures, and even then, it
should be used sparingly. A sternal retractor with broad blades is carefully positioned and opened
slowly. The cross arm of the retractor may be positioned in either the upper or the lower end of
the incision, depending on the surgeon’s preference. By opening the retractor only a few turns at
a time, one is usually able to avoid sternal fractures, especially in older patients with osteoporosis.

The sternum should be opened only as wide as is necessary to obtain adequate exposure (Molina,
2018).

Initiation of Cardiopulmonary Bypass and Valve Exposure:

After sternotomy, the pericardium is opened; the heart is cannulated for cardiopulmonary bypass.
Arterial inflow is established by cannulation of the distal ascending aorta near the pericardial
reflection. Double venous cannulation of the venae cavae by way of the right atrium is generally
employed. In most adults a size 32 Fr cannula in the superior vena cava and a size 34-38 Fr cannula
in the inferior vena cava provide excellent venous drainage and easy fit. Encircling of the venae

cavae and their generous mobilization aid in the subsequent exposure of the mitral valve.

Umbilical nylon tapes secured with tourniquets can be used for subsequent upward retraction on
the cavae. They may be tightened following cardioplegic arrest in order to minimize blood return
into the right atrium and its subsequent delivery through the right heart and pulmonary circuit
into the left atrium. The inter-atrial groove is dissected just anterior to the right superior
pulmonary vein. The dissection is carried all the way to the level of the atrial septum. During this
dissection, the core temperature of the body is reduced at 28 °C. After the dissection is completed,
the aorta is cross-clamped and cardioplegic solution delivered through the aortic root (Gerosa et
al., 2023).

After the cardioplegic solution is delivered, the tourniquets encircling the cavae are tightened and
retracted upward to decrease the blood return from the right side. A transverse left atriotomy is
performed and extended superiorly and inferiorly beneath the vena cavae. The mitral valve is then
exposed by superior traction using a hand-held atrial retractor. (Gerosa et al., 2023)

Rewarming, removal of air, atrial closure and separation from cardiopulmonary bypass:

Once the operative procedure has been completed, (replacement of the mitral valve), rewarming of

the patient is begun. In obese patients this process (rewarming) may have to start somewhat earlier.

Removal of air from the heart is accomplished primarily through the opened left acrium. However,
supplementary de-airing is also performed through the aorta. In preparation for de-airing, the valve
is kept incompetent by means of a ventricular vent that is passed through the orifice of the valve.
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The atriotomy is then closed with the ventricular vent coming through the suture line or through
a separate stab in the superior pulmonary vein. The vena caval tapes are loosened, and the
perfusionist is instructed to restrict venous return to the pump so that the right heart fills with
blood. The patient is rotated away from the surgeon and the head is declined so that air tends to
rise towards the aortic root at the level of the cardioplegic cannula. The anesthesiologist then forces
air out of the pulmonary veins into the left atrium by slow hyperexpansion of the lungs.
Simultaneously, the surgeon gently massages the left ventricle and disturbs the left atrial appendage
so that entrapped air evacuates through the vent. While cardiac filling and massage is ongoing,
suction is placed on the aortic vent to evacuate air through the aorta. The aortic clamp is removed.
Full venous return is then allowed to drain into the cardiopulmonary circuit, and the heart is
collapsed. When cardiac contraction resume, the heart is allowed to fill while suction is maintained
on the aortic root. When the patient is fully warmed and cardiac function restored,
cardiopulmonary bypass is discontinued. Removal of air continues even after the heart resumes its
function. Initially, this is performed with direct suction via the aortic root vent. After bypass is
discontinued, this can be accomplished by allowing the aorta to bleed through the puncture site in

the aortic root until the surgeon believes that adequate removal of air has been accomplished

(Sellke et al., 2009).
Closure of the Sternum:

After decannulation and hemostasis has been obtained,, one or more large chest tubes are placed
and led out through stab wounds at the lower end of the incision. The sternum is approximated
with five to eight heavy stainless-steel wires passed through the sternum or, if one prefers or when
the sternum is friable, around the sternum. If the wires are placed around the sternum, care must
be taken to avoid injury to the internal mammary arteries. Traction is placed on these wires, and
they are carefully tightened to achieve uniform approximation of the sternum. Care must be taken
to avoid twisting the wires too tightly or they may cut through the sternum. Stainless-steel wire
has been found to provide the most stable sternal closure when compared with other methods of
closure including mersilene tape, stainless-steel bands, and plastic bands (Molina, 2018). The
twisted wires must be carefully turned down into the sternum so that they do not protrude
externally and are not palpable, particularly in elderly thin patients or children.

At the time of closure, care must be taken to avoid entrapment of pacing wires, and chest tubes.
The linea Alba is approximated with non absorbable sutures, as is the pectoralis fascia.
Subcutaneous tissue may be closed with either continuous or interrupted absorbable sutures. For
skin closure, cither staples or standard suture is satisfactory, but subcuticular skin closure with a
continuous absorbable suture provides a superior cosmetic result and avoids the necessity of
removing sutures (Molina, 2018)
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