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for pectus excavatum deformity.
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ABSTRACT: Pectus excavatum is the commonest anterior chest wall deformity which is the result of overgrowth and elon-
gation of costal cartilages that push the normal sternum in. The deformity has serious pshychologic impact and limits the
exercise tolerance of the patient, because of displacement of the heart within the left hemithorax.

Repair of pectus excavatum is performed by the classical Ravich technique or the minimally invasive Nuss repair. The Ravich
operation consists of resection of the deformed cartilages, bending the sternum in its normal position and maintenance of the
sternum in the correct position by using a metal bar or a strong synthetic mesh. The Nuss procedure involves the thoracoscopic
placement of a pre-formed curved metal bar behind the sternum which rises the sternum to the desired position. The selection
of the technique depends on the age of the patient and the degree and symmetry of the deformity.

The Nuss technique is suitable for children between 5 and 15 years old who have flexible chest wall and symmetric deformities,
while the Ravich procedure is indicated in young adults and asymmetric forms. Indeed, the Nuss technique still undergoes
modifications to become safer and simpler and further it needs expertise and special equipment.

Key Words: Anterior chest wall deformities, Pectus excavatum, Ravitch repair, Nuss procedure, Minimally invasive pectus
Excavatum repair.

INTRODUCTION

Chest wall deformities include a spectrum of malfor-

es are considered to be the main responsible factor,
while the ribs and sternum are normal**. According

mations, such as pectus excavatum, pectus carinatum,  t0 the mechanical model that appears in Figure 1, if

Polland’s syndrome, sternal clefts with or without ec-
topia cordis and pentalogy of Cantrell. Pectus excava-
tum accounts for 90% of all anterior chest wall defor-
mities and it is by far the commonest deformity. The
reported incidence of pectus excavatum varies from
1:400 to 1:200 live births and the male to female ratio
is 3-4:1'2, The deformity is uncommon in blacks"??,
Forty percent of patients with pectus excavatum have
another family member with a chest wall deformity?.
The etiology of pectus excavatum and pectus cari-
natum is unknown. Abnormalities of the connective
tissue properties of the costal cartilages which result
in overgrowth and elongation of the costal cartilag-

the elongated costal cartilages push the sternum in a
pectus excavatum deformity is created while if they
push the sternum out the result is a pectus carinatum
deformity?.

IMPACT OF PECTUS EXCAVATUM
DEFORMITY ON DAILY LIFE
AND ASSOCIATED CONDITIONS

Pectus excavatum deformity has serious psychologic
impact and seriously affects the personality and social
life of patients. Persons have poor self image, are very
sensitive and tend to avoid sport activities and espe-
cially swimming, in order to hide the deformity from
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Figure 1. The mechanical model that represents pectus
deformities.

their peers!*. In most cases the adverse psychological
impact of the deformity in patient’s social life is the
“driving force” behind the strong request for repair
pectus excavatum®.

The main symptoms in severe pectus excava-
tum deformities are chest pain, shortness of breath
and exercise intolerance'. Restrictive ventilatory
pattern and ventilation/perfusion mismatch may be
observed**. However, most of the studies in the past
failed to demonstrate consistent improvement of pul-
monary function after the repair of the deformity®. A
reduction in stroke volume and cardiac output is de-
tected in some studies because of the displacement of
the heart within the left hemithorax and because of
the compression of the right ventricular outflow tract
by the depressed sternum which can also produce a
functional systolic murmur'~,

Pectus deformities are frequently associated with
scoliosis (20%-65%), mitral valve prolapse (15%-
60%), Marfan syndrome (2%), asthma and chronic
bronchitis'. The incidence of congenital heart disease
among patients with pectus deformity is not different
from that observed in the general population®.

Figure 2. Combined pectus excavatum and carinatum de-
formity (mixed form). Note the rotation of the sternum to-
ward the depressed side.

CLASSIFICATION
OF PECTUS EXCAVATUM DEFORMITY

Pectus deformity is classified in 3 forms, according to

Chin EF:*

(1) Local, narrow and symmetric form, where the
sternal depression is mainly situated in the lower
part of the sternum

(2) Broad and symmetric form, where the sternal de-
pression is extended from the manubrium down
to the xiphoid process

(3) Asymmetric form

From a practical point of view, pectus deformity is
classified in symmetric and asymmetric forms. Asym-
metric forms and mixed forms which represent a com-
bination of carinatum and excavatum deformity are
complex forms that need expertise for their optimal
repair. In asymmetric and mixed forms the sternum is
rotated toward the depressed side that is usually the
right side (Figure 2)>3.

Pectus deformity becomes evident since the age
of two years and worsens during the periods of rapid
growth which for boys is between the age of 12 and
15 years®*. The severity of the pectus excavatum de-
formity is objectively estimated by anthropometric
indexes, such as the Haller index measured on chest
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Figure 3. The way to calculate the Haller index from chest
CT scan images. Haller index = A/C.

CT scan and the Lower Vertebral Index measured on
lateral plain chest radiography. The Haller index is the
commonly used anthropometric index for the estima-
tion of the severity of a pectus excavatum deformity.
(Figure 3)™.

CONCERNS ON SURGICAL REPAIR
OF PECTUS DEFORMITY

The decision to proceed with surgical repair is based
on the answer to the following questions:

Which is the severity of the deformity and which
is the degree of physiologic and psychological embar-
rassment?

Which is the optimal age for repair if needed?

Which is the appropriate technique of repair in
each individual? The 3 available options today are the
classic Ravitch repair, the minimally invasive pectus
excavatum repair (MIPER or Nuss procedure) and the
prosthetic reconstruction of the deformity.

The optimal age for repair still remains debat-
able. Early pectus repair, between 2 and 5 years, is
proposed by some experienced pediatric surgeons in
the past and the main argument supporting early re-
pair is to avoid the expected adverse psychological
impact of the deformity during clildhood and adoles-
cence’. However, increase concern exists today about
long term recurrence rate and the future impairment
of growth of the chest wall if the Ravitch technique
will be used for repair in this early age'. Surgery dur-
ing adolescence and especially around the age of 15
years is considered today to be the optimal age for

repair. The chest wall has less remaining growth after
the age of 15 and the recurrence rate of the deformity
is considered to be very low!?. Repair after the age
of 18 is also an acceptable option with good results'.
The repair that is performed between 18 and 22 years
has minimal risk for recurrence and is therefore con-
sidered to be a permanent repair. Indeed, the recently
widely accepted, attractive Minimally Invasive Pectus
Excavatum Repair (MIPER/Nuss procedure) should
ideally be offered in children between 5 and 12 years
old who have “flexible” chest'>'*!",

All patients should undergo a complete medical
evaluation to determine the potential effects of pec-
tus excavatum on their heart and lung function or to
discover any other associated cardiopulmonary abnor-
mality. Preoperative work-up should routinely include
spirometry, arterial blood gas or pulse oximetry, chest
radiography and chest CT scan, electrocardiogram
and Doppler echocardiography!'-.

The two principles of the repair are to correct the
sternal depression and to maintain the sternum in the
corrected position!. Repair is usually performed by
either the classical Ravich repair or the minimally
invasive Nuss repair.

The basic principles of the Ravich repair are the
bilateral resection of the deformed costal cartilag-
es that is followed by a transverse osteotomy at the
beginning of the sternal concavity which permits to
bend the sternum anteriorly using a posterior support
(metal bar or a strong synthetic mesh)>*'2. Our team
prefers the e-PTFE mesh as posterior sternal support
because the patient will avoid the reoperation after 2
or 3 years to remove the bar and because this material
is strong and resistant to infection'®>. Any associated
sternal tilting in asymmetric or mixed forms can be
corrected by a reversed “Z” wire. (Figure 4) Both pec-
toralis major muscles are mobilized at the beginning
of the Ravich procedure to expose the sternum and the
deformed costal cartilages. The pectoralis major mus-
cles are re-approximated at the end of the procedure
in the midline, offering that way a very good cosmetic
result’>*!2,

The observed complications of the Ravich repair
for pectus deformities are atelectasis, pneumothorax
(6%), seromas (5%), displacement of the supporting
metal bar, mild pectus recurrences (<5%) as the result
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Figure 4. Correction of the tilted sternum by a reversed “Z”
wire.

Figure 5. The minimally invasive Nuss procedure.

of inadequate initial repair or of rapid growth of the
chest during adolescence and restriction of the chest
wall (acquired Jeune’s syndrome) that is mainly ob-
served after a too early (between 2 and 4 years old)
and too extensive repair of the deformity!>*!4. The
cosmetic result of the Ravich repair is very good in
most instances while the repair significantly improves
cardiovascular function, but nor pulmonary function’.

The minimally invasive endoscopic Nuss pro-
cedure is currently the state-of-the-art thoracoscopic
surgical repair for pectus excavatum and it is the best
option for most of the patients'®. The Nuss procedure
avoids cartilage resection and transverse sternal os-
teotomy. A curved preformed stabilizing metal bar
is placed under the sternum just below the point of
the maximal depression. The metal bar is advanced
below the sternum with the convex facing the ster-
num until reaching the contralateral chest wall under
thoracoscopic guidance. The bar is advanced through
a tunnel created at the beginning of the operation by
an introducer (long clamp). The bar is then forcefully
turned over and its convex will face now the mediasti-
num, rising that way the sternum to the desired posi-
tion. (Figure 5) The whole procedure is accomplished
trough 2 small incisions in the lateral chest wall on
both sides under thoracoscopic guidance'*!®!>. Re-
cently the titanium bar represents an excellent mate-
rial for posterior sternal support in Nuss procedure
which is resistant to infection and corrosion within a
biological environment and which has also extraordi-
nary tissue biocompatibility. Additional advantages
of the titanium bars are that they do not respond to
metal detectors and permits the performance of MRI
examinations'®. Unfortunately this material is at the
moment unavailable in the Greek market.The advan-
tages of the Nuss procedure are the minimal invasive-
ness of the procedure, the reduced operating time and
the minimal blood loss!*!1%15,

A quite good correction of pectus excavatum de-
formity can be achieved with the Nuss procedure in
symmetric forms of the deformity. Indeed, the Nuss
technique has certain limitations such as any associat-
ed inferior costal flaring that precludes a good cosmet-
ic correction, the asymmetry (> 15°) of the deformity
or mixed forms of the deformity, the thickening of the
costal cartilages and the rigid chest together with a
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strong musculature in young adults and extreme ster-
nal depression, where the depressed sternum reaches
the spine, that makes the Nuss procedure technically
difficult and dangerous. In addition the Nuss proce-
dure needs expertise in thoracoscopic surgery and
special equipment to achieve the optimal result.

The main reported complications of the Nuss
procedure are bar displacement requiring revision
(4%-8%), infectious complications (2%) and pleural
effusions (2%). Rare complications are reactive peri-
carditis (0.5%), cardiac injury during passage of the
introducer behind the sternum (< 0.5%), damage to
the internal thoracic artery or erosion of the artery and
pseudoaneurysm formation by the metal bar (< 0.5%)
and sternal erosion by the pressure applied by the bar
(< 0.5%)'°. Overcorrection of the deformity and reac-
tive postoperative pectus carinatum deformity are also
reported and represent failure of surgery to achieve the
optimal repair or the later further overgrowth of costal
cartilages, especially in Marfan patients'”. Of impor-
tance is also the fact that as the experience ongoing,
the Nuss procedure undergoes continuously modifica-
tions in order to become safer and to ameliorate the
rate of existing complications.

Prosthetic reconstruction is an alternative op-
tion for mild pectus excavatum deformities. (Figure
6) The implants that are used to fill the space between
the depressed sternum and the skin are custom-made
from information obtained on helical CT scan of the
chest supported by special technology, the Comput-
er Assisted Design and Computer Assisted Milling
(CADCAM)'# Indeed, the use of subcutaneous im-
plants (from silicone or silastic or polyethylene) to fill
pectus excavatum deformity has no physiologic ben-
efit for the patient and has also the danger of migration
of the prosthetic material causing further cosmetic de-
formity'.

SELECTION OF THE OPTIMAL
APPROACH TO REPAIR A PECTUS
EXCAVATUM DEFORMITY

A logical approach when we are going to decide on

which is the appropriate technique to repair a pectus

deformity in each case individually seems to be the

following:

a) The Nuss operation is highly recommended in the
paediatric population because of the flexibility of

Figure 6. Prosthetic reconstruction (silicone implant) of
pectus excavatum deformity.

the chest wall, moreover the technique should be
applied only by surgeons who have good skills
in thoracoscopy and experience with the proce-
dure.

b) In adolescents, although the complication rate is
higher than in the paediatric group, the incidence
of late complications such as bar displacement
and persistent pain is acceptable.

¢) In adults, however, the incidence of reoperation
due to bar displacement, of chronic pain and of
stabilizer-related wound infection is high and
therefore, the Nuss procedure is not recommend-
ed for correction of pectus excavatum. In addi-
tion, in asymmetric and complex forms of the de-
formity the Nuss procedure is not recommended
because the repair will be suboptimal.

d) The Ravich repair is applicable for patients of all
ages and for all types of pectus deformity includ-
ing complex forms and recurrent deformities.

e) Prosthetic reconstruction with subcutaneous im-
plants is an acceptable option for mild, symmet-
ric pectus deformities without physiologic em-
barrassment.

ILLUSTRATIVE CASE

A 21-year old man was presented with a mixed exca-
vatum and carinatum deformity of the anterior chest
wall. (Figure 7) The patient did not experience any ex-
ercise intolerance and the results of pulmonary func-
tion tests were normal. Doppler echocardiography did
not reveal mitral valve prolapse or compression of the



44 Aristotle University Medical Journal, Vol. 36, Issue 2, June 2009

Figure 7. Mixed pectus deformity - preoperative image
(From AHEPA University Hospital, Department of Cardio-
thoracic Surgery).

right ventricular outflow tract. The Haller index mea-
sured in chest CT scan was 4.1. The deformity caused
a serious psychologic embarassement and the patient
asked for surgical correction of the deformity.

The patient underwent surgical correction of his
mixed excavatum and carinatum deformity by the
Ravitch technique. A dual-mesh e-PTFE mesh, 2mm
thick was used for posterior sternal support after bilat-
eral removal of the deformed 3™ to 10" costal cartilag-
es and correction of the sternal tilting by two reverse
“Z” wires just below the lower edge of manubrium.

The immediate postoperative (7™ postoperative
day) and the late postoperative result (3 months lat-
er) of the repair were very good. (Figures 8a and 8b)
The patient currently follows an exercise program to
strength and to enlarge the musculature of the chest
wall for further improvement of his body image.

CONCLUSIONS

Surgical repair of pectus excavatum can significantly
improve the body image, the associated with body im-
age psychologic embarrassement of the patient and
any limitation on physical activity experienced by
the patient. Surgical repair for pectus excavatum sig-
nificantly improves cardiovascular function, but not
pulmonary function. Repair of severe forms of the
deformity improves to a variable degree the exercise
tolerance of the patient.

All the available techniques (Ravitch and Nuss

Figure 8a. Ravitch procedure: CT scan performed the 7t

postoperative day - posterior sternal support with e-PTFE

dual-mesh. (From AHEPA University Hospital, Department
of Cardiothoracic Surgery).

Figure 8b. The 3-month postoperative image of the patient:
excellent final result of the Ravitch repair.

procedures, prosthetic reconstruction) can be used.
Indeed, the selection of the proper technique for each
individual will be based on the morphology, the se-
verity of the deformity and the age of the patient. The
minimally invasive Nuss repair is very attractive how-
ever one’s should always keep in mind the limitations
and complications of the technique in order to apply
an optimal, permanent and uncomplicated repair for
pectus excavatum deformity.
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H o0yypovn 0éon ¢ yerpovpykc Oepaneiog Yo To oKaQoEd1) 0D paka
(pectus excavatum).

Xprotoeopog N. Popoving, Kvprakog Avactactdong, Nikoiaog Xapokdnoc,
I'edpylog Miooag, Xpnotog [omakwvoetativov

Aprorotédeio Hovemotiuio Osacolovikng, lazpixy Lyols, Iovemornuioxo Noooxoueio AXEIIA,
Klwvikn Xepovpyikne Odpaxa-Kapdiag ko Meydlawv Ayyeiwv

MEPIAHYH: O ckapogidng Ompakag amoteret T cuyvotepn cuyyevn ducpopeio tov tpochiov Bwpakikoy TOL®IUTOG
Kot OQEIAETOL GE aVOUOAiD KOl ETPUNKLVOT TOV GTEPVOTAEVPIKAOV YOVOP®@V, oL eUPubilovv 10 pUGI0A0YIKO GTEPVO TPOG
™ 6movovAIKn 6TNAN. H duspoppio £xel onUOvVTIKEG YOYOAOYIKES ETTTMOGELS, EVM GE GOPUPEG LOPPEG VITAPYEL TEPLOPIGLLOG
™G KOvOTNTAG Y10 AGKNGT, AOY® UETOTOTIONG TG KOPOLAS EVTOG TOV aplotepol NUbmpakiov kot EAATTOONG TOL OYKOV
TOALOD.

H yepovpywn| S16pBwom tov oKapogdong atépvou yivetat pe TNy KAacotkn texvikn Ravitch, mov cuvictatol oty ektoun
TOV U1 QUGLOAOYIKMV GTEPVOTAEVPIKMY YOVOP®V, TNV OVATOEN TOV GTEPVOL KoL T GUYKPATNGY TOV TNV avataypuévn 0éon
pe omicOio vrooTHPIEN pe peTodhk] pafdo 1| GuVOETIKO TAEY O KOt T VEOTEPT EVEOGKOTIKN TeYVIKN Nuss, Tov cuvioTaTol
011 0paKooKOTIKN TOTOOETNGN KOTAAANAG SIOHOPPMUEVNG, KUPTHG LETAAMKNS pAPfdov Omichev TOV GTEPVOV, TOL AVATACGEL
pe v migomn mov ackei To gpPuvdiopévo otépvo. H teyvikn g d10pbwong eéoptdton omd TopopuéTpoug OTme 1 NAKio Tov
yivetail n 010pbwaon, n PapdTnTa Kot cuppeTpic ™G SGHOPEING KoL 1) EUTEPiaL.

H teyvucn Nuss Oswpeitor 1davikn yio ) d10pOwon g duepoppiog o€ mondid nAikiog 5-15 etmv mov £xovv dKopnto Hopakikd
TOlYmLLO KoL GUIUETPIKT SuoHopia, evd 1 TexVikN Ravitch evdgikvotan oe veapohc eviiAKeS Kot 6€ ocOppeTpeg popeés. H
teyvikn Nuss opog ypetdleton epmeipia, £yl mEPLOPIGHOVS KoL VITOKEITAL GE GUVEYEIG LIKPO-TPOTOTOU|GELC.

Aéeic Klgioia: Avauoppies tov mpocabiov Bwpoakixod toiywuatos, Zxapoeldés atépvo, Erxéufoon Ravitch, Exéufiocn Nuss,
Elayioro emeufotikn omokatdoroon tov oKapoEId0ns aTEPVOD.
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