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Technique

Median sternotomy - gold standard incision for
cardiac surgeons
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Abstract Sternotomy is the gold standard incision for cardiac surgeons but it is also
used in thoracic surgery especially for mediastinal, tracheal and main stem
bronchus surgery.

The surgical technique is well established and identification of the correct
anatomic landmarks, midline tissue preparation, osteotomy and bleeding control
are important steps of the procedure.

Correct sternal closure is vital for avoiding short- and long-term morbidity
and mortality. The two sternal halves have to be well approximated to facilitate
healing of the bone and to avoid instability, which is a risk factor for wound
infection.

New suture materials and techniques would be expected to be developed to
further improve the patients evolution, in respect to both immediate postoperative

period and long-term morbidity and mortality
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Introduction

Median sternotomy was introduced by Milton in
1897 and has since become the standard incision
in cardiac surgery allowing for access to the
mediastinum and pleural cavities (1).

In thoracic surgery the incision is used for
tumor resections of the anterior mediastinum,
lower trachea and main stem bronchus surgery as
well as retrosternal goiters or for the management
of vascular lesions (2, 3).

Sternotomy can also be used in combination
with left or right thoracotomy as an upper or lower
partial sternotomy due to the reduced morbidity
and mortality by sternal dehiscence. The use of
sternotomy in trauma patients for the management
of heart and great vessel lesions is limited
thoracotomy is more frequently used by thoracic
surgeons (3-5).

Technique

The sternum is responsible for the stability of
the chest, which is the precondition of
physiological respiration. An unstable sternum
can result in wound infection and significant
morbidity.

Patient preparation

The patient is positioned in supine position
with the arms secured alongside him and a roll
between the scapulae. The upper torso is shaved,
antibiotic prophylaxis is given within one hour of
the incision and the patient is draped with sterile
film (2, 3).

Incision

The jugulum and xiphoid are marked and linea
alba is incised (Figure 1). The incision has to be a
median and vertical line between the sternal notch

and the tip of the xiphoid process. The midline
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Figure 1. Identifying the xyphoid (A)
and sternal notch (B) before incision

Xyphoid

Figure 2. Incision of the skin, cutaneous
layer (A) and periosteum (C) according to
landmarks (B)
can be easily incised with cautery between these
two landmarks by dividing the subcutaneous
tissue and the underlying pectoral fascia between
the fibres of the pectoralis major muscle (Figure
2).

In select patients the incision can be limited to
an upper sternotomy or manubriotomy which
starts from the sternal notch, and continues down
to just below the angle of Louis. This limited
incision is used for surgery of the mediastinal
goiters, surgery of the trachea and minimally
invasive aortic and mitral valve repair. From here
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the incision is extended toward the right fourth
rib. The periosteum is divided and bleeding points
are cauterized with the electrocautery. Next, the
tissue is cauterized from the fourth rib up to the
pectoralis major muscle before dividing the
sternum for a length of up to 10cm (6, 7).

The sternal periosteum is then separated, while
at the same time cauterizing bleeding points,
being careful not to strip the periosteum as this
may cause difficulties with healing.

Identification and division of the transverse
venous arch in the jugulum is mandatory in order
to avoid bleeding. The interclavicular ligament of
the sternal notch, which is located at 0.5cm below
the surface, is divided next with the cautery.

The third step is blunt digital dissection of the
posterior side of the sternum from the underlying
sternoclavicular ligament. The final step before
sawing is blunt digital dissection of the xyphoid
process from the underlying tissue of the
diaphragm. Blunt digital dissection carries no risk
and ensures the blade of the sternal saw doesn’t
come in contact with the underlying tissue.

The sternum is usually divided from top to
bottom by using a sternal saw (Figure 3) but it can
also be performed from the bottom to the top (2,
3).

Osteotomy

After preparation of the jugulum, the Xiphoid
and the midline, the surgeon is prepared to saw
the sternum. Before sawing, the anaesthesist is
asked to stop ventilating the lungs in order to
avoid accidental opening of the mediastinal pleura
with the saw. Usually, the osteotomy is performed
from above downwards and the saw is oriented

upwards in order to avoid injury to underlying

structures such as pleura, pericardium, innominate

vein or brachiocephalic artery (1-3, 8).

Figure 3. Electric sternal saw activated by
foot pedal

The exposed periosteum will led to bleeding
which can be controlled with the cautery and bone
wax for sealing the bone marrow. It is worth
noting that excessive cauterization of the
periosteum may lead to necrosis and wound
infection, while an excessive amount of wax
prevents ossification. Some surgeons use only
towels placed over the sternal edges to control the

bleeding (Figure 4).

Figure 4. Control of the bleeding after
sternotomy with cautery (A) and wax (B and C)
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Retraction

The sternum is retracted slowly and
progressively in order to avoid fractures. Initially
the sternum will be retracted manually until there
IS enough room to insert a Finnocheto retractor.
Towels can be placed around the sternal edges for
bleeding control and protection from retraction
trauma. During retraction the sternopericardial
ligaments are freed passively from the posterior

surface of the sternum (Figure 5).

Xyphoid

Figure 5. Gradual opening of the sternum with
Finochetto retractor.

Chest tubes

At the end of the procedure, mediastinal
and/or pleural tubes are placed through stab
incisions in the epigastrium. It is important to
place the tubes below the fascia of the rectus
muscle to avoid herniation and not too far from
the median line as to avoid injury of the epigastric
vessels. The retrosternal chest drains are removed

when drainage is serous and below 100ml/day.

Sternal closure

To protect the heart during insertion of the
wires, a towel is placed between the sternal
halves. The wires can be made from stainless steel
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(for benign conditions such as tracheal stenosis) or
silk (in patients with mediastinal tumors requiring
radiation therapy), either singular or figure of
eight.

The number of wires used for closure depends
on the patients weight and height, and varies from
6 to 10, but as a general rule we use one wire for
every 10-15kg of the patients weight. Two-three
wire sutures are placed around the manubrium and
four-six are placed around the edges of the body
of the sternum.

The wires can either be passed through the
sternal bone, perpendicularly in order to create a
passage with minimal bleeding, or parasternal,
through the intercostal space but with the risk of
injuring the internal thoracic pedicle or intercostal
bundle. The wires must be placed at equal
distance from each other in order to avoid an
override or shift of the sternal edges. After all
wires have been set, the towel is removed
carefully while lifting the wires upwards (9, 10).

Before closure, the mediastinum is rinsed with
saline solution and both retrosternal halves are
checked for bleeding. The surplus wax must be
removed before closure and some surgeons even
remove the initially used bone wax from the
spongiosa in order to prevent healing
complications (9).

While approximating the sternal halves, it is
important not to apply too much force as to avoid
horizontal fractures of the sternum. After proper
approximation, the wires are twisted until the
sternal halves are tightly re-approximated. It is
important not to over-twist the wires because they
can easily brake (Figure 6). The twisted ends must
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not be too long, usually less than half of

centimeter, and have to be buried into the
presternal tissue because they may cause skin

erosion or perforation (10).

Xyphoid

Xyphoid

| Y N A gﬁmal notch
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Figure 6. Closure of the sternum using
stainless steel wires.

Inappropriate sternal approximation can cause
postoperative pain and dehiscence, which is a risk
factor for wound infection. The tissues, including
the pectoralis fascia, are then closed in separate
layers with resorbable running sutures. The skin is
closed either with an absorbable running suture or
with clips (2).

Wound care

The wound is cleaned with iodine and the
dressing will not be removed until 5 days
postoperatively.

Sternal care

The risk factors identified for sternal wound
infection and instability are body mass index >30,
chronic obstructive pulmonary disease, bilateral
mammary harvesting, >75 years of age and

diabetes. In order to keep the sternum stabilized

we recommend to patients to wear a thoracic vest
for stabilization for 4—6 weeks (9, 10).

Outcome & Discussion

The advantages of sternotomy are that it can
be performed rapidly and allows excellent
exposure for all pathologies situated in the
middle The

disadvantages of sternotomy are the long midline

anterior  and mediastinum.
scar and the possibility of sternal instability, life-
threatening osteomyelitis and mediastinitis (2).

Complications, such as sternal dehiscence
with instability and wound infections, are rare if
sternotomy and sternal closure are performed
properly, and depend more on patient-related risk
factors.

Infection and dehiscence

Infections can be either superficial or deep.
The incidence rate of the former is reported to be
between 3 and 8%, while for the Ilatter,
mediastinitis has been reported to occur at a rate
of only 1-3% and is associated with high
mortality rate of up to 35% (2, 3).

The incidence of sternal wound infection and
dehiscence is increased by advanced patient age,
diabetes, obesity, steroid

smoking, therapy,

excessive  cauterization, prolonged surgery,

reintervention and chronic obstructive pulmonary
disease. Patients with sternal wound infection
often have fever, leukocytosis, sternal clicking
noise,

movement during respiration, purulent

discharge from the sternal wound, sternal

dehiscence and retrosternal effusion (2) (Figure
7).
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Sternal notch

Figure 7. Obese female patient with sternal
wound dehiscence and infection

Sternal dehiscence generally manifests 3-5
days postoperatively with a sero-sanguineous leak
from the sternal wound and sudden wound
opening on straining. The patient may be treated
with wound debridement and sternal rewiring,
although conservative management with vacuum-
assisted closure therapy is also an option but with
some risks (1, 11, 12).

Sternal instability and pseudoarthrosis

After surgery approximately 1-2% of patients
of like

pain, during

present  signs sternal  instability

costochondral clicking noise
movement, and palpable instability on coughing.
These patients are at risk of developing a sternal
wound infection but most cases resolve favorably
by pseudoarthrosis (1).

Brachial plexus injury

Brachial plexus injury has been reported as a
sternal retraction but the

consequence to

complication is extremely rare and diagnosis
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requires electromyogram studies. Treatment
involves theuse ofanalgesics and physiotherapy (1).
Keloid and hypertrophic scars
Hypertrophic scarring is frequent and keloid

scars are more frequent in African population (1).

Conclusions

Sternotomy is the gold standard incision for
cardiac surgeons but it is also used in thoracic
surgery especially for mediastinal, tracheal and
main stem bronchus surgery. The surgical
technique is well established and identification of
the correct anatomic landmarks, midline tissue
preparation, osteotomy and bleeding control are
important steps of the procedure. Correct sternal
closure is vital for avoiding short- and long-term
morbidity and mortality. The two sternal halves
have to be well approximated to facilitate healing
of the bone and to avoid instability, which is a risk

factor for wound infection.
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