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Modified minimally invasive
pectus repair in children,
adolescents and adults: an
analysis of 262 patients

Bomtamky' In order to achieve safe and successful funnel Tehnicd minim-invazivd modificatd de corectare
Rainer Stanek chest treatment even in older patients and reduce adeformirilor toracice la copii, adolescenti
postoperative complications, we modified the procedure si adulti: analizd pe 262 de pacienti
Correspondence: of minimally invasive pectus repair using the single-piece | Pentru un tratament reusit si fdrd riscuri al deformdrilor
Alexander M. Rokitansky, pectus bar (PSI® Hofer Medical, Austria) with no metal toracelui,,in pdlnie” chiar si la pacienti de vérstd mai mare si
mfmm abrasion. The features of modified minimally invasive pentru reducerea complicatiilor postoperatorii, am modificat
122, funnel chest correction (MMIPR) are the following: (a) procedura minim invaziva de reparare a toracelui prin utilizarea
emaildlexanion e pend additional subxiphoidal incision, (b) anterior mediastinal- | uneisingure lame férd abraziune metalicd (PSI® Hofer Medical,
wienkav.at mediastinoscopic mobilization, (c) mediastinoscopy, (d) Austria). Etapele tehnicii minim-invazive modificate de corectare
wiww.kidsdoc.at elevation of the funnel during pectus bar placement, atoracelui,,in pdlnie” (MMIPR) sunt urmdtoarele: (a) incizie
and (e) fixation of the implant ends in a latissimus subxifoidiana aditionald, (b) mobilizare mediastinald anterioara
dorsi muscle bag, below the anterior margin of the mediastinoscopicd, (c) mediastinoscopie, (d) ridicarea sternului
muscle. In older funnel chest patients with a stiff thorax, infundat in timpul pozitionarii barei toracice si (e) fixarea
a curved sternum, marked asymmetry or a mixed capetelor de implant intr-un lambou muscular din muschiul
pigeon/funnel chest, the minimally invasive correction latissimus dorsi, sub marginea anterioara a acestui muschi. La
method has to be supplemented by additional surgical pacientii mai varstnici cu torace rigid si stern mult deformat,
measures (MEMIPR) such as partial sternotomy (23%), asimetrie marcatd sau deformare mixtd tip pectus arcuatum,
slit-rib chondrotomy under thoracoscopic guidance interventia corectivd minim invazivd trebuie suplimentatd cu
(Rokitansky method; 48%), rib resection (5%), and metode chirurgicale aditionale (MEMIPR), cum ar fi sternotomia
occasionally rib osteotomy. In 8 patients with residual partiald (23%), condrotomie sub ghidaj toracoscopic (metoda
minor deformities we administered an ultrasound- Rokitansky, 48%), rezectie costald (5%), ocazional osteotomie
guided Macrolane® injection (5 to 20 cc). 262 patients costald. La 8 pacienti cu modificdri reziduale minore am
(mean age: 17.7+7 years) were eligible for analysis. administrat injectabil sub ghidaj ultrasonografic Macrolane®
The large majority of them underwent MIPR between (5 -20cc). 262 de pacienti (varsta medie: 17.7+7 ani) au fost
the age of 14 and 20 years; 6 patients were older than eligibili pentru analizd. Majoritatea au fost supusi MIPR in
40 years. The pectus bar implant was left in the chest intervalul de varsta 14-20 de ani; 6 pacienti aveau peste 40 de
for a period of 1.4 to 6.5 years. Modified minimally ani. Bara toracicd implantata a fost lasata in torace pentru o
invasive pectus repair (MMIPR) was performed in 121 perioada intre 1,4 5i 6,5 ani. Tehnica minim invaziva modificata
patients (mean age: 15.2+5 years). The majority of de corectie a toracelui (MMIPR) s-a realizat la 121 de pacienti
patients received one pectus bar; 13.2% received two (varsta medie: 15,2+5 ani). La majoritatea pacientilor s-a
bars. Modified extended minimally invasive pectus montat o bara toracicd; la 13,2% au fost folosite doud bare.
repair (MEMIPR) was performed in 141 patients (mean Tehnica minim invaziva extinsa (MEMIPR) a fost efectuata la
age: 22.5+8 years); two pectus bars were used in 58.1% 141 de pacienti (vdrsta medie: 22,5+8 ani); s-au folosit doud
of cases. We observed no bar dislocation. Minimal bare toracice la 58,1% din cazuri. Nu am observant nici un caz de
bar movements were noted in 1.6% (MEMIPR) and dislocare a barei. Deplasdri minime ale barei au fost observate
4.9% (MMIPR) of cases. With the MEMIPR technique, la 1,6% (MEMIPR) si respectiv la 4,9% (MMIPR) din cazuri. In
subcutaneous hematoma was observed in 4.1% of cadrul tehnicii MEMIPR s-au observat hematoame subcutanate
patients. No re-thoracotomy was required in the 262 la 4,1% din pacienti. Nici unul din cei 262 de pacienti care au
patients who underwent MMIPR or MEMIPR. After amean | fost supusi MMIPR sau MEMIPR nu a necesitat reinterventie.
period of 3.4 years the implants were removed surgically La 103 pacienti, implanturile au fost inldturate chirurgical
in 103 patients; recurrences were observed 0.9%. Our dupad o perioada medie de 3,4 ani; recidivele au fost observate
procedures of MMIPR and MEMIPR with a single-piece 1a0,9% din cazuri. Procedurile noastre MMIPR si MEMIPR cu
pectus bar permitted safe and successful surgery in o bard toracicd dintr-o singurd piesd permit efectuarea de
patients who required complex funnel chest correction. operatii reusite si sigure la pacienti care necesitd interventii
Keywords: pectus excavatum, modified complexe de corectare a deformdrilor toracice ,in pdlnie”.
extended minimally invasive repair, Rokitansky Cuvinte-cheie: pectus excavatum, corectare minim-invaziva
method, older patients, adults modificatd extinsd, metoda Rokitansky, pacienti vdrstnici, adulti
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Introduction

Pectus excavatum is the most common deformity (1:
400-1000 births) of the anterior chest wall, characterized
by a sternal depression beginning over the midportion
(second and third rib) of the manubrium and progressing
inward through the xiphoid process™?. The sternum may
be straight or curved. The distal end of the sternum is usu-
ally depressed and the ribs are markedly involved in the
formation of a funnel. As a rule the fourth to seventh rib
is affected; in some cases the third rib may also be involved.
Younger patients have a symmetrical funnel chest, where-
as older patients tend to have asymmetrical forms. Thus,
the deepest point is on the right side in paramedian loca-
tion, adjacent to the tilted sternum. On the left side of the
chest the heart offers relative resistance and hinders fur-
ther intensification of the funnel. The older the patient is,
the more pronounced is the kinking in the cartilaginous as
well as bony portion of the ribs (Figure 1).

In one-third of patients the funnel-shaped depression
of the anterior chest wall, which is a disturbing cosmetic
feature, starts to become visible in the first twelve months
of the child’s life. Spontaneous remission is very rare, espe-
cially after the age of six years. The thesis that a funnel
chest will resolve on its own is usually erroneous.

The cause of this deformity of the rib cage is still not clear.
A positive family history indicative of a familial predisposition
is found in just one third of patients (37%)**°. However, no
specific genetic triggers for abnormal cartilage growth in iso-
lated pectus excavatum have been identified thus far®.
Connective tissue diseases such as Marfan syndrome, osteo-
genesis imperfecta, or Ehler Danlos syndrome have been
reported in connection with a funnel chest’. Relevant factors
in the pathogenesis of this condition include changes in the
mechanical load-bearing capacity of the sternum, develop-
mental disorders of the diaphragm, and a tendency towards
longitudinal growth in the region of the rib cartilage.

The male sex is predominant, the male-female ratio being
approximately 3:1. A pectus excavatum is not merely a mat-
ter of cosmetic appearance. Concomitant pathologies occur
in approximately 20% of children, scoliosis being the most
common one (10-39%)% %2, In less than 10% of cases one
finds a prolapse of the mitral valve'® . The latter is also
discussed in association with the altered geometry of the
valve secondary to compression. The right ventricle may be
dented because of the depressed sternum??. In some patients
we found a mild tricuspid insufficiency. The presence of
Marfan’s syndrome must be included in the differential diag-
nosis. Ventilatory deficits in the lower lobes of the lung may
occur in more severe forms of the condition and may be cor-
rected by surgical repair'® 4. Furthermore, the patients
typically have weak muscles in the back and the shoulder,
and demonstrate poor body posture. The abdomen is usu-
ally protruded in a globular fashion. In addition to the clas-
sical pectus excavatum, asymmetrical and mixed forms such
as the funnel-chicken chest also exist.

Physical symptoms and findings

Intolerance of exertion, chest pain, poor endurance, and
shortness of breath have been reported. While young
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Figure 1. 3D CT scan of an asymmetrical pectus excavatum;
in older patients the bony portion of the rib is bent and one
commonly finds a rotated sternum

children are less likely to demonstrate these symptoms, the
latter may develop or worsen during adolescence.

Pectus excavatum patients have a reduced physical
endurance capacity which, in our experience, becomes
especially evident around the age of 40. The patients usually
have no symptoms at rest or during mild or ordinary strain,
but experience difficulties under greater physical strain such
as sports. During pursuing sports that strain the upper
extremities, the upper trunk and the shoulder girdle, patients
report a sensation of pressure or a tearing pain in the pectus
excavatum region. In some cases the main symptom is
dyspnea. Those with more severe funnel deformities are
much more likely to experience diminished lung function
with a restrictive pulmonary pattern and a moderately
reduced vital capacity’®. Several authors have reported an
improvement in respiratory function after correction of
funnel chest, although respiratory function prior to pectus
bar explantation might remain impaired!? 31720,

Severe forms of the disease are commonly associated with
cardiac displacement to the left, subtle right ventricular
outflow obstruction, and reduced right ventricular systolic
function*??. The patients’ ejection fraction is improved by
the increase in heart rate. Baseline cardiac index values were
normal in children with pectus excavatum, albeit 45.5% of
them showed a limited response to exercise. Pectus excava-
tum repair improves these values??,

Cardiac arrhythmias may also occur, especially when the
patient flexes the torso ventrally and the heart is in close
mechanical contact with the sternum. In terms of subjective
symptoms, palpitations have been reported in many cases.

Psychological symptoms

As in certain other malformations, psychological prob-
lems cause difficulties for children and adolescents.
Adolescents experience psychological difficulties to a sig-
nificant extent. Owing to the “hole in the chest”, patients are
greatly impaired in their self-esteem, especially because their
peers openly refer to the deformity. The beneficial effect of
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calcification in the cartilage parts of the ribs

is
F.
S 4 ,

the surgical procedure on loss of self-esteem and a poor body

image has been mentioned in several studies®” 3!,

Diagnostic procedures

Physical examination using the pectus bar template
provides the investigator with an initial impression of the
patient’s condition. A distinction is made between narrow
canyon-shaped funnels on the one hand, and wide types on
the other. Canyon funnels with a depth exceeding 4 cm are
much more difficult to correct. The clinical investigation is
usually followed by a conventional chest X-ray and a sec-
tional imaging procedure (preferably MRI, occasionally CT),
especially in asymmetrical forms of the disease® *. In
certain cases a 3-D CT reconstruction is useful for preop-
erative planning, especially in older patients (calcification
of rib cartilage) and in cases of recurrence (Figure 2)**.

A number of indices were developed to quantify the pec-
tus excavatum objectively; the Vertebral Index (VI) and the
Haller index are most frequently used®*". VI is calculated
on the basis of a lateral X-ray alone. Its low radiation expo-
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Figure 4. The single piece pectus bar (PSI°— Hofer medical, Fiirstenfeld, Austria)

...Explantation
after 2-3 years

Figure 3. Principle of the minimally invasive pectus
repair (MIPR)

sure makes it a preferred investigation for postoperative
follow-up. A cardiac ultrasound scan identifies valve insuf-
ficiencies or the frequent mitral valve prolapse while an ECG
(Holter ECG in different positions) will demonstrate arrhyth-
mia. Spirometry is performed to determine lung function,
and usually reveals a restrictive pulmonary pattern®,

Therapeutic measures

Minimal access pectus repair, first described by Donald
Nuss in 1998, has become the “gold standard” for surgical
repair of the funnel chest**?, Procedures that elevate the
sternum by thoracoplasty should clearly be given prefer-
ence. Subcutaneous implantation of an artificial prosthesis
(a pectus insert) for cosmetic purposes is disadvantageous
because of the child’s growth and the cardiorespiratory
morbidity of the procedure. The “pectus excavatum plastic
cushion” fails to hinder the advancement of the funnel
chest or the progression of physical symptoms. The cos-
metic outcome of synthetic implants in the long term is
frequently unsatisfactory.
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Figure 5. Metal debris in the scar tissue around a multipart
Pectus — Bar (HE staining)

Indications for surgical correction are the following:

B Progression of the deformity despite physical meas-
ures (a Vertebral Index exceeding 25 or a Haller index
greater than 3.25)

B A functional disorder of the heart in conjunction
with arrhythmia or tachycardia disproportionate to
exertion

B A marked and disturbing limitation of endurance
capacity

B Pain in the pectus excavatum region

B Increasing psychological stress.

The modified minimally invasive pectus repair
(MMIPR)

The original minimally invasive procedure described by
Nuss in 1998, involving implantation of an individually
produced bar without cartilage resection, has produced well
to excellent cosmetic results (Figure 3).

From 2006 on we use the single-piece implant with the
integrated stabilizer wing (PSI" by Hofer Medical Austria)
(Figure 4 and Figure 6), which prevents metal abrasion and
metal pollution of the body (Figure 5)*.. Metal debris may
induce a massive release of cytokines from inflammatory
cells, causing local inflammatory reaction as well as wide-
spread dissemination of metal debris*> **, Surgical wire
fixation, which is used in multiple-piece implants and
involves the risk of breakage, is rendered unnecessary. The
asymmetrical stabilizer flap permits implantation of two
pectus bars without the risk of contact between the stabi-
lizer flaps. This also reduces metal contact and metal abra-
sion. In contrast to the previously used pectus bar implants,
the single-piece implant can be individually adjusted until
the end of the pectus bar and thus achieves a perfect fit.
Further advantages of the single-piece implant with an
integrated asymmetrical slim stabilizer include easier han-
dling and fewer complications.

In all modified minimally invasive pectus repair proce-
dures (MMIPR), we perform an additional subxiphoidal inci-
sion for dissection of anterior mediastinal fibrous adhesions
and safe preparation*!. Through a small vertical epigastric
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Figure 6. Two single piece pectus bars (PSI° — Hofer medical,
Fiirstenfeld, Austria), showing an adjustment on the area of
the upper stabilizer — wing (arrow)

incision about 3 cm in length, the distal sternum is sepa-
rated from the anterior portion of the mediastinum, if neces-
sary by transecting coarse connective tissue fibers, which
may also be involved in the pathogenesis of the funnel chest.

Through the subxiphoidal epigastric incision we per-
form a mediastino-thoracic endoscopy and check the condi-
tion of the anterior thoracic wall as well as prepare the
implant bed for the surgical procedure (Figure 7).

Two small oblique skin incisions, just a few centimeters in
size, are made close to the medioaxillary line. Via these inci-
sions an individually bent single-piece metal bar (PSI" Hofer
Medical, Austria) is implanted by crossing the intercostal
spaces. The implanted bar is positioned at or near the deepest
point of the funnel. The sites where the bar passes through
the intercostal space must be exactly selected; they should lie
close, but medial, to the funnel edge. Intraoperatively the
sternum is elevated using a doubly supported Rochard retrac-
tor for safe preparation and better positioning of the indi-
vidually c-shaped pectus bar, thus avoiding intercostal muscle
stripping. The pectus bar is positioned by the use of special
rotation instruments (Hofer Medical’, Austria) on both ends
(Figure 8). This surgical procedure is also useful in that it
avoids intercostal muscle stripping,

The ends of the pectus bar are routinely covered by the
partly mobilized anterior portion of the latissimus dorsi
muscle. By using non-absorbable sutures (2/0 polyester
suture/ Etibond’/Ethicon/Johnson & Johnson), the mobi-
lized latissimus dorsi muscle is surgically reaffixed to the
thoracic wall. Occasionally the bar has to be placed under
the pectoralis major muscle. To strengthen the implant bed,
the bar should be placed on the serratus anterior muscle.
When performing pectus excavatum repair in older
patients, during or after puberty, two pectus bars are used
to reduce the physical load.

The metal pectus bar implant elevates the sternum and
forces the rib cage back to its normal growth for a period
of 2 to 3 years. During removal of the implant, the lateral
skin scars are surgically reopened and the end of the
implant without the stabilizer wing is bent straight.
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| Figure 7-8. The implant is taken synchronously on both sides
with a special gripping tool and rotated

thoracoscopical
slitlike incisions

Figure 9. Slit chondrotomies using hook electrocautery,
performed under thoracoscopic guidance

Age distribution (n = 262):

Figure 10. Age distribution of 262 patients at the time of surgery
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The modified extended minimally invasive pectus
repair (MEMIPR)

Especially in older patients with a stiff thorax, a curved
sternum, severe asymmetrical forms or a mixed pigeon/
funnel chest, the MIPR must be supplemented by addi-
tional surgical measures. The principal extended modifica-
tions are the following:

(1) In cases of a higher-grade or asymmetrical funnel
chest, additional thoracoscopic chondrotomies (Rokitansky
method, Figure 9) of the cartilaginous parts of the affect-
ed ribs via the lateral thoracic incisions have been extreme-
ly beneficial to the patient. Using hook electrocautery, a
partial superficial slit dissection is performed in the carti-
laginous portion of the ribs, in the region of posterior angu-
lation. This step produces good cosmetic results even in
higher-grade funnel chests®.

(2) In recurrent deformities (Figure 2) with ossifica-
tions in the cartilaginous portion of the rib, slit-rib oste-
otomies via an additional skin incision are required to
improve funnel flexibility.

(3) A further technical benefit is achieved by the
wedge-shaped partial sternal osteotomy in cases of ster-
nal rotation or curving. Patients with excessive curving
of the sternum or rotational malpositioning may require
a horizontal or an oblique wedge-shaped partial sternal
osteotomy.

(4) Ultrasound-guided instillation of Macrolane® may
be performed in patients with persistent minor deformities
after correction. Macrolane’ is a stabilized hyaluronic acid-
based gel of non-animal origin (NASHA-based gel) and is
well established for use in aesthetic facial procedures.

(5) In so-called combined forms, such as combined chick-
en and funnel chest, we perform partial rib resection as
described by Ravitch-Welsh in addition to minimally invasive
bar implantation. Protruded cartilaginous portions of the
rib are peeled out of the perichondrium and removed®.

Adequate pain relief, especially during the first three
postoperative days, is achieved by bolus injection of piritra-
mide (Dipidolor®) at a dose of 0.01-0.02 mg/kg BW. The
patient doses the substance individually through a patient-
controlled analgesia pump. Alternatively one may administer
analgesia via an epidural catheter”’. For adolescents undergo-
ing minimally invasive pectus excavatum repair, thoracic
epidural analgesia has proven superior to intravenous
patient-controlled analgesia postoperatively as it resulted in
lower postoperative pain scores and greater well-being*®.

Results

At our institution 262 patients (mean age: 17.7+7 years;
215 male and 47 female patients) could be analyzed after
surgical pectus excavatum repair. The majority of the
patients were between 14 and 20 years of age. We achieved
successful correction in 6 patients aged older than 40 years
(the oldest patient was a 45-year-old woman). Seven patients
(mean age: 20+9 years) demonstrated a recurrence of funnel
chest: 6 of them had undergone several alternative correction
methods while 1 (age, 11 years) had undergone a typical
MIPR. In 103 patients the pectus bar implant was left in the
chest for a period of 1.4 to 6.5 years (mean: 3.4 years).
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List of the complications

S MMIPR group MEMIPR group
Complications (n=121) (n=141)
bar movement 4.9% 1.6%
bar dislocation (op) - -
stabilizer dislocation
(single piece bar) 23% () -0
sc. infection 0.7% 0.8%
Pneu mofh orax 1.4% 2.4%
>1cm apikal
pleural effusion
(needs drainage) ki L
sc. hematoma 1.7% 4.1%
tissue necrosis
(single bar, without 2.5% -
sternotomy)
liver perforation - -
heart perforation - -

No restriction of sports was required. One male patient
(21 years) with two single-piece pectus bar implants par-
ticipated in the “ironman competition” (3.8 km of swim-
ming, 180 km of cycling, and 42.195 km of running).

Modified minimally invasive pectus repair (MMIPR)
was performed in 121 patients (age: 15.2+5 years; 74%
symmetrical pectus excavatum). Most of the patients
received one pectus bar; 13.2% received two bars. Modified
extended minimally invasive pectus repair (MEMIPR) using
the additional surgical techniques mentioned above was
performed in 141 patients (mean age: 22.5+8 years; sym-
metrical pectus excavatum in 57.4%; carinatum/excavatum
in 4.9%). Two pectus bars had to be used in 58.1% of cases.
Rib chondrotomy under thoracoscopic guidance
(Rokitansky method) was used in 48% of patients (mean
age: 20.2+7 years) to enhance funnel flexibility**. The quan-
tity of Macrolane® administered in the eight patients ranged
between 5 and 20 cc. Figure 11 shows the distribution of
modified extended surgical techniques as well as the mean
age of patients in the corresponding group.

The benefit of the operation was demonstrated by a
reduction of the vertebral index (VI) as measured on
chest X-rays preoperatively, postoperatively, and several
years (mean: 3.4 years) after explanation of the implants.
Figure 12 illustrates the significant improvement in the
vertebral index. Blue bars refer to the group that under-
went modified minimally invasive pectus repair
(MMIPR); yellow bars show the results in those who
underwent extended minimally invasive pectus repair
(MEMIPR). In both groups the pathologically increased
vertebral index fell to a physiological range. Recurrences
were observed in 0.9% of patients. In one case we
removed the pectus bar before the spurt of pubertal
growth (the first pectus bar was explanted at the age of
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14 years); the resulting funnel chest recurrence had to
be corrected a second time.

Thoracoscopic chondrotomies resulted in an excessive-
ly flexible thorax in 4% of patients (particularly younger
ones), who developed a slight pectus carinatum which dis-
appeared after removal of the metal pectus bars. Following
explantation of the implants, the patients were asked to
assess the cosmetic outcome of the operation. The opera-
tion was rated either good or excellent by 95%.

Intraoperative and postoperative complications in the
two groups are shown in Table I. No life-threatening com-
plications or deaths have been registered thus far. Bar
movement in patients who underwent additional measures
(MEMIPR) was lower than that in the MMIPR group.
Subcutaneous hematoma occurred more frequently in
patients who underwent additional measures. No re-thor-
acotomy was required in the 262 patients who underwent
MMIPR or MEMIPR.

A patient-controlled analgesia pump was used in 80%
of cases. The remaining patients opted for analgesic drugs
via an epidural catheter. No complications occurred during
pectus bar removal.

Discussion

The procedure of minimally invasive pectus repair
(MIPR) described by Donald Nuss remains the “gold stand-
ard” for pectus excavatum correction®’. The principal indi-
cations for surgery include progression of the deformity,
cardiac and respiratory morbidity, and psychological
impairment. Significant improvements of cardiac and res-
piratory function have been reported after pectus excava-
tum repair® 2% 38 4951 In addition to postoperative
enlargement of thoracic lung cavities in severe deformities,
the reduction of cardiac compression appears to be an
important aspect.

Donald Nuss mentioned 6 years as the optimum age for
surgery because the chest is still soft and elastic at this
age*’. Today the median age for surgery is around 14 years®.
Given the growth of lungs until the age of 9 years and the
intensive growth spurt of the chest during puberty, the best
age for correction is marked by two peaks: the first is
between the age of 6 and 8 years, depending on the sever-
ity of the condition, while the second is between the age of
14 and 17 years® 3,

We use the original single-piece implant with the inte-
grated stabilizer wing (PSI" by Hofer Medical/ Furstenfeld/
Austria) because it prevents metal abrasion caused by fric-
tion between the components of multiple-piece pectus bar
systems. Metal debris may induce a massive release of
cytokines from inflammatory cells*. Surgical wire fixation,
as used in multiple-piece implants, bears the risk of break-
age and is no longer required. The asymmetric stabilizer
flap permits implantation of two pectus bars with no risk
of contact between the stabilizer flaps. This also reduces
metal contact and metal abrasion.

However, in cases of the elderly patients (adults) with a
stiff thorax, a curved sternum, severe asymmetrical forms
or a mixed pigeon/funnel chest, MIPR has to be supple-
mented by additional surgical measures.
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MIPR/ additional surgical technigues

analyzed cases: n= 262 (a: 17,7 +/ - 7)
MMIPR (,Nuss™): n = 121 (a: 15,2 +/ - 5)
MEMIPR: n = 141 (a: 22,5 +/ - 8)

age: 20,2 +/-7 age: 30,3 (17-44a)

age: 2[],8+f.—7

48%

age: 20,9+/-13
®m sternotomy and chondrotomy sternotomy
rib resection

® patch

rib chondrotomy
Macrolane

Figure 11. Additional surgical measures in MEMIPR (with the
patients’ mean ages)

In order to perform surgery safe and successfully as
well as reduce postoperative complications, MIPR was
modified significantly (MMIPR) in terms of additional
subxiphoidal incision, anterior mediastinal-mediastino-
scopic mobilization, equalization of the funnel during
pectus bar placement, and fixation of the implant ends
in a bag of the latissimus dorsi muscle. Pericardiallesions
and perforations of the heart or liver must be avoided.
As the pericardium is much thicker than the pleura,
injury to the pericardium can be avoided by careful
undermining®*. We modified the minimally invasive
method of repair (MMIRP) by performing an additional
small epigastric-subxiphoid incision, and were thus able
to mobilize the anterior mediastinum from the sternum
and monitor the procedure in this area during surgical
preparation by endoscopy. In severe forms of the condi-
tion or in patients with a history of cardiorespiratory
problems, Felts et al. have also recommended a short
subxiphoid incision to release pleural and pericardial
adhesions*!. The cosmetic flaw of a small scar in the
upper abdomen should be accepted in view of the safety
of the procedure. In our minimally invasive repair pro-
cedures we encountered no severe complications such as
cardiac or liver perforation®. Due to controlled anterior
mediastinal mobilization as well as the straightening of
the pectus bar end during removal, vascular and cardiac
injuries may be ruled out significantly; perhaps also the
late onset hemorrhages®-6,

Modified minimally invasive pectus repair (MMIPR)
was performed in 121 patients (mean age: 15.2+5 years;
74% symmetrical). The majority of patients received one
pectus bar; 13.2% received two bars. Modified extended
minimally invasive pectus repair (MEMIPR) using the addi-
tional surgical techniques mentioned above was performed
in 141 patients (mean age: 22.5+8 years; 57.4% symmetri-
cal; 4.9% carinatum/excavatum). Six patients older than
40 years of age were also treated successfully. MIPR has
been rarely reported in patients of this age®”*, However,
in our experience simple MIPR without additional surgical
measures (MEMIPR) does not yield the desired results.
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MMIPR
n: 121 a: 15,2

MEMIPR
n: 141 a: 22,5
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VI post VI n. Explant

Figure 12. Vertebral index (V) in the pre- and postoperati-
ve period as well as after the pectus bar explantation (after
amean of 3.4

Two pectus bars had to be used in 58.1% of cases. The
use of two pectus bars reduces pressure at the sternum,
especially in those areas where the bar crosses the ribs by
doubling the bearing surfaces. Aseptic tissue necrosis in
the areas of support has not been observed ever since we
started to implant two bars in selected patients. The advan-
tages of using two pectus bars have been described else-
where®’. Implantation of three pectus bars was deemed
unnecessary in our patients®.

In some certain cases the modified technique (MEMIPR)
had to be supplemented by additional surgical measures
such as partial sternotomy (23%), slit-rib chondrotomy
under thoracoscopic guidance (48%; mean age: 20.2+7
years; Rokitansky method), rib resection (5%), and occa-
sionally rib osteotomy*’. The pressure on contact areas
between the pectus bar and ribs or the sternum can again
be reduced by this step. We observed no “pressure-related
aseptic tissue necrosis” when we used two bars and/or per-
formed our MEMIPR method.

A Macrolane® injection (5-20 cc) was administered in
patients with residual minor deformities. We employed a
fan-shaped injection technique with small injection depots
(ranging to 5 cc), using ultrasound guidance intraopera-
tively.

Bar displacement, which has been reported to occur in
at least 1% of patients in the published literature, was not
encountered in any of our 262 patients®. Minor bar move-
ments occurred in 4.9% in the MMIPR group, and just 1.6%
in the MEMIPR group. Recurrence was seen in amere 0.9%
of 103 patients who underwent bar explantation, after a
mean period of 3.4 years. In one exemplary case we removed
the pectus bar too early, i.e. prior to the period of intensive
pubertal growth. The first pectus bar was explanted at the
age of 14 years. This patient required surgical correction of
a recurrent funnel chest.

Modifications (MMIPR and MEMIPR) of the original
MIPR procedure, including the single-piece pectus bar
implant, yielded very satisfactory results especially in
older patients with severe deformities and funnel chest
recurrence. W
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