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Pectus Excavatum

e Congenital deformity of the anterior chest
wall

— Abnormal musculoskeletal growth displaces the
sternum posterior

* “Sunken chest”
* “Funnel chest”


Presenter
Presentation Notes
Pectus excavatum is a congenital deformity of the anterior chest wall.
There is abnormal musculoskeletal growth, particularly at the articulation between the ribs and costal cartilages, that displaces the sternum posterior.
This is commonly referred to as a “sunken chest” or “funnel chest.”








Presenter
Presentation Notes
The left hand photograph shows a 16 year old boy with a severe pectus excavatum. Note the caved-in appearance of the sternum and lower ribs.

The right hand photograph shows a 10 year old girl with a severe pectus excavatum. In girls, the deformity is of particular concern because of the medial displacement of the breasts, often resulting in significant asymmetry of the breasts and nipples.


Etiology

e Mechanism for abnormal growth Is unknown

e Multifactorial
— Mechanical factors during growth
— Metabolic factors

— Genetic
e Familial incidence

 Association with Marfans syndrome and Polands
syndrome
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The exact mechanism that results in the abnormal growth pattern is unknown and is likely multifactorial.

Although mechanical factors that occur during growth or physical activity have been implicated, it is more commonly accepted that there is a metabolic or genetic factor that leads to abnormal musculoskeletal growth.

Despite the lack of an identifiable genetic marker, a familial occurrence of pectus deformity is reported in 30-35% cases. There is also an association with Marfans syndrome and Polands syndrome.











Presentation

* Birth
— >90% diagnosed within first year of life

e Teenage years
— Worsening of appearance

— Onset of symptoms
 Shortness of breath
e Pain
 Self-esteem and body-image perception
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The condition is typically noticed at birth, and more than 90% of cases are diagnosed within the first year of life. Worsening of the chest’s appearance and the onset of symptoms are usually reported during rapid bone growth in the early teenage years. Typical symptoms include shortness of breath, chest pain and issues with self-esteem and body perception. Many patients are not brought to the attention of a surgeon until the patient and the family notice such changes. �


Evaluation

e History and physical

e Chest xray

 CT scan

e Echocardiography
 Pulmonary function testing
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Patients are typically evaluated by the following means.

History and physical
Plain chest radiograph
CT scan
Echocardiography
Pulmonary function testing





History

e Symptoms
— Shortness of breath
— Chest pain
— Self esteem
* Progression
— Better, worse, same

__ (subjective)
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During the history, it is important to elicit the presence of symptoms.

Regarding shortness of breath, a child may be out playing with his/her friends. The child may become more fatigued than his peers with a similar level of activity.  Oftentimes, the child may complain of having to stop and rest.

Regarding chest pain, a child may have difficulty sleeping, or may only sleep in one position. They may have difficulty getting comfortable at school and appear to be squirming in his or her seat. 

Regarding  self esteem, children may be reluctant take their shirts off in public.  Boys and girls may swim with a jersey on over their swimsuits. Older teenagers maybe self-conscious with physical relationships.

It is also important to document the defect’s progression – is it getting better, getting worse, or staying the same.

Unfortunately, all of this is subjective and difficult to quantify





Imaging .
+ CXR
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A chest radiography (AP and lateral views) should be obtained in all patients. This provides information about any possible associated intrathoracic pathology, severity of the lung compression, and mediastinal displacement. Plain chest radiography also shows the degree of posterior displacement of the sternum, particularly in relation to the spine. 

It does not provide any information about the appearance of the affected ribs because the cartilaginous part is not visible on standard radiographs. 




Imaging

e CT scan

— Haller Index
 Dividing
transverse
diameter by
anterior-
posterior
diameter
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Chest CT is useful in quantifying the severity of the defect.

The Haller index is derived by dividing the transverse chest diameter by the anteroposterior diameter. The anteroposterior diameter is measured from the deepest point of the sternum to the anterior vertebral body.

An index of more than 3.2 has been correlated with a severe deformity that requires surgery. 

CT scan can also provide helpful information related to asymmetry of the chest, and clearly reveals the displacement and rotation of the heart.




Echocardiogram

e Cardiac compression
— Right ventricular outflow tract obstruction
— Valve regurgitation
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Cardiac function and morphology can be easily assessed with noninvasive methods such as echocardiography. The most common abnormalities detected are right ventricular outflow tract obstruction and mitral valve prolapse.  

Although echocardiography is not mandatory in the workup of patients with pectus excavatum, if Marfans syndrome is suspected, echocardiography should be performed to evaluate for possible aortic root dilation. 




Pulmonary function tests

* Measures pulmonary volumes, ventilation,
and exercise tolerance
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Pulmonary volumes, ventilation, and exercise tolerance can be easily evaluated in a pulmonary laboratory with a standard pulmonary function tests, or PFTs.  

A progressive, or stress, exercise test may help detect abnormalities in exercise response. Most patients have abnormal stress PFT findings.


Indications for surgery

e Cosmetic

e Medical

— Presence of symptoms
— Defect worsening over time
— Haller Index > 3.2

— Cardiopulmonary impairment
« Abnormal echocardiogram
« Abnormal pulmonary function tests
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The most common goal in operative repair of pectus excavatum is to correct the chest deformity. 

This is particularly important in teenagers, in whom the appearance of the chest can result in significant problems related to body image and self-esteem. Thus, the desire to improve the appearance of the chest is considered an appropriate medical indication for surgery.

Other indications for surgery include the presence of symptoms, a defect worsening over time, a haller index by CT scan greater than 3.2, and cardiopulmonary impairment based on abnormal echocardiogram or abnormal pulmonary function tests.






Treatment

* Physical therapy / postural exercises
 Orthopedic devices

* (largely ineffective — inability to alter
skeletal growth)
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No effective nonoperative management strategies can correct pectus excavatum. Several exercise programs have been suggested. However, no substantial scientific evidence has determined that they are effective in achieving anatomical correction.

External braces have also been used in the nonoperative management of pectus excavatum, but no successful experience with this approach has been reported. 


Treatment

 Surgical
 Ravitch procedure (1949)

« Anterior chest wall exposure
 Creation of muscle/skin flaps
o Cartilage resection
 Sternal osteotomy
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The surgical treatment of pectus excavatum was initially described by Ravitch in 1949.  Although a few variations have been added, this operation became almost universally accepted by surgeons as the standard for treatment of this condition. 

The Ravitch operation requires anterior chest wall exposure, creation of muscle and skin flaps, resection of abnormal cartilage with perichondrial preservation, and transverse sternal osteotomy to reposition the sternum.

Several published series demonstrated excellent results with low complication rates despite the extensive nature of the operation.


Treatment

e Surgical
* Nuss procedure (1987)

» Placement of retrosternal bar
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In 1987, Nuss performed the first minimally invasive operation for the correction of pectus excavatum. 

The operation involves placing a convex stainless-steel bar under the sternum through a small lateral thoracic incision to correct the pectus excavatum.

Because of the excellent results obtained with this new technique and because of the less radical nature of the operation, the popularity of this technique has grown dramatically. 


Instruments l

Flipper
Tunneler
Bender

Nuss Bar /
Stabilizer
Template bar
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For reference, this shows the instruments typically required to perform the Nuss procedure.

From left to right, bar flipper, bar tunneler or tunneling clamp, bar bender, Nuss bar and stabilizers, and template bar.
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The next slides will describe the surgical technique.

The patient is placed in the supine position with both arms abducted at the shoulders to allow access to the lateral chest walls.  

The patient is prepared for surgery and draped such that the entire anterior and lateral chest wall is exposed.

The chest is marked in the deepest portion of the pectus, on the corresponding intercostal spaces on the right and left sides where the bar is to be inserted, and on the corresponding intercostal spaces on the pectus ridge where the bar will enter the chest cavity.
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At this time, the length and shape of the pectus bar is confirmed using the template bar. The bar should be measured in inches from the mid-axillary line in one side to the opposite mid-axillary line. It should then be shaped by hand to the desired shape of the chest wall. The curvature (convexity) of the bar is shaped to fit each individual patient's chest. 
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Using the template as a model, the real Nuss bar is bent from the center out to either end, making small gradual bends with a bar bender. It is matched to the shape of the template bar. The final shape of the bar must fit snugly over the chest. 
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A transverse 2-cm skin incision is made across the midaxillary line on the right and left sides.  

A skin tunnel is raised anteriorly from both incisions to the top of the pectus ridge at the previously selected intercostal space; a skin pocket is extended posterior to allow for the distal end of the pectus bar to hug the chest wall posterior to the midaxillary line. 

A long instrument, such as a Crawford vascular clamp or an S-shaped pectus introducer is inserted through one incision, up to the pectus ridge, and inserted into the chest cavity at the previously marked interspace. The clamp or introducer is slowly advanced across the anterior mediastinal space immediately under the sternum. This can be done blindly or with videoscopic guidance. The point of the instrument should always face anteriorly, away from the heart, and maintain contact with the sternum to avoid injury to mediastinal structures. 

Once the instrument is passed behind the sternum, the tip is pushed through the intercostal space at the top of the pectus ridge on the opposite side and brought out through the skin incision. 




Presenter
Presentation Notes
Using the clamp or the tunnler, 2 strands of umbilical tape are pulled through the tunnel; one tape is used as a spare.
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One of the tapes is used to guide the previously prepared pectus bar through the tunnel and anterior mediastinal space using traction on the tape. The bar is inserted with the convexity facing posterior. This shows the bar in place before it is turned over.
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Using the bar flipper, the bar is turned over so that the concave part now faces posterior and the convex part faces anteriorly. The ends of the bars are placed in the subcutaneous tissue, anterior to the muscle fascia. The bar must hug the chest so that the ends do not protrude under the skin pocket. 
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Once the bar is in place, stabilizers are secured to each end to allow for additional points of fixation. The bar is secured on each side by a stitch around an underlying rib and the stabilizer is secured on each side to the underlying chest wall muscle.  The incisions are closed.
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This shows a PA chest x-ray and lateral chest x-ray on the first postoperative day with correct bar position.  
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The left hand photograph shows a 12 year-old prior to minimally invasive repair of pectus excavatum. The right-hand view shows a two-week postoperative photograph. Note the small lateral chest wall incision and the excellent appearance of the anterior chest with correction of the pectus deformity.
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The bar is typically removed 2-3 years later. The incisions are opened and the stabilizers are removed. A bone hook through the end hole in the bar can be utilized to withdraw the bar. Again the incisions are closed.


Initial results

(344 patients)

Satisfaction

Excellent 291/344
Good 52/344
Failed 1/344

84.6%
15.1%
0.3%
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This shows the initial results following the Nuss procedure. In several studies, patient and family satisfaction was found to be very good or excellent in most cases. In a study of 344 patients by Dr. Nuss, satisfaction was good or excellent in 99% of patients.


Long-term results

(79 patients, 23%)

Time post-bar removal

>5 years (n=24) 30.4%
1-5 years (n=18) 22.8%
<1 year (n=37) 46.8%

Satisfaction

Excellent 56/79 70.9%
Good 15/79 19.0%
Failed 8/79 10.1%
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Although the initial results are quite good, there is a drop in satisfaction with time. This shows the long-term results by Dr. Nuss. 79 patients, or 23%, were followed after bar removal between <1, 1-5, and > 5 years. The good and excellent satisfaction rates dropped from 99% to 90%, with 10% of patients considering their operation a failure.


Complications

* Intraoperative
— Pneumothorax
— Massive hemorrhage

 Postoperative
— Bar migration or displacement

— Persistent pain
— Recurrence
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There does appear to be a significant rate of complications with the minimally invasive technique, with an overall incidence of complications being reported at 20%.

Intraoperative complications include pneumothorax and massive hemorrhage from a cardiac or vascular injury at the time of bar placement and/or removal.

Postoperative complications include displacement or migration of the bar, persistent pain, and recurrence.

Importantly, the risk of complications has been reduced over time with advancements in technology and modifications of operative technique.  
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These radiographs show a pectus bar displacement. While improved technique with the use of stabilizers and additional points of fixation has minimized bar displacement, it clearly has not eliminated the problem. This bar has migrated despite the placement of bilateral stabilizers.
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These radiographs show stabilizer displacement. It is now recommended that wire fixation is used is secure the stabilizers to the ends of the bar, and this problem has largely been eliminated.



Conclusion

« Ravitch and Nuss provide excellent results

— Nuss procedure
* Decreased operative time
* Decreased hospital stay
 Lower cost of hospitalization
* Increased complications
* Increased recurrence/dissatisfaction

e Surgeon experience and attention to technical
operative details are essential for success
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Overall, the Ravitch and the Nuss procedures provide excellent clinical results for the treatment of pectus excavatum.

The Nuss procedure has the advantages of decreased operative time, decreased hospital stay, and lower cost of hospitalization at the expense of a slightly higher complication rate and a slightly higher recurrence or dissatisfaction rate.

Surgeon experience and attention to technical operative details are essential for success.
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