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Background: The safety and efficacy of minimally invasive pectus excavatum repair have been demonstrated
over the last twenty years. However, technical details and perioperative management strategies continue to
be debated. The aim of the present study is to review a large single-institution experience with the modified
Nuss procedure.
Methods: A retrospective review was performed of patients who underwent primary pectus excavatum repair
at a single tertiary hospital via a modified Nuss procedure that included: no thoracoscopy, retrosternal
dissection achieved via a left-to-right thoracic approach, four-point stabilization of the bar, and no routine
epidural analgesia. Data collected included demographics, preoperative symptoms, operative characteristics,
hospital charges and postoperative outcomes.
Results: A total of 336 pediatric patients were identified. No cardiac perforations occurred and the rate of

pericarditis was 0.6%. Contemporary rates of bar displacement have fallen to 1.2%. Routine use of
chlorhexidine scrub reduced superficial site infections to 0.7%. Two patients (0.6%) with severe recurrence
required reoperation. Bars were removed after an average period of 31.7(SD 13.2) months, with satisfactory
cosmetic and functional results in 94.9% of cases.
Conclusions:We report here a single-institution large volume experience, including modifications to the Nuss
procedure that make the technique simpler and safer, improve results, and minimize hospital charges.

© 2014 Elsevier Inc. All rights reserved.
Since the introduction of the minimally invasive repair of pectus
excavatum (PE) in the late 1980s by Nuss [1], it has become accepted
by pediatric and thoracic surgeons for its apparent technical
simplicity, reproducibility, and long-term functional and cosmetic
results. However, though the technique allows successful correction
of the deformity in 93%–96% of cases [2–4], the overall rate of
complications ranges from 15% to 20% [2,3,5,6]. Over time, the
technique has undergone several modifications. In particular, numer-
ous efforts have been made to improve safety during the passage of
the instruments through the mediastinum and to achieve greater
stability of the bar. Although the procedure is considered minimally
invasive, considerable stresses on the forcibly elevated thorax result
in significant postoperative pain. To date, there is no consensus on the
management of postoperative pain and limited data have suggested
the superiority of thoracic epidural on pain relief when compared
with intravenous analgesia.
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The aim of the present study is to review the experience with a
modified Nuss procedure at Johns Hopkins Hospital, including
technical modifications designed to minimize complications and
improve results.
1. Methods

Following Institutional Review Board approval, a retrospective
review was performed of all patients undergoing pectus excavatum
(PE) repair with Nuss procedure at Johns Hopkins Hospital from
January 1998 to June 2011. Indications for operative management
were based on medical history, physical examination (caliper
measurement ≥ 2.5 cm) [7]; computed tomography (CT) imaging
demonstrating a Haller index≥3.25; and cardiopulmonary evaluation
including static and exercise pulmonary function tests with echocar-
diogram as needed. All pediatric patients (age at the time of PE
repair ≤ 21 years) who underwent primary pectus repair were
analyzed. Exclusion criteria were: repair for recurrent PE or acquired
thoracic dystrophy, PE developed after median sternotomy, diagnosis
of connective tissue disorder, pectus repair during other major
procedure (aortic root replacement or lung transplantation), or age
≥21 years.
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Minimally invasive repair based on the “Nuss” procedure has been
uniformly performed for PE since 1998; with experience, the
following modifications to patient selection, technique, and postop-
erative management have been introduced:

1.1. Patient Selection

A complete evaluation of pubertal status including, weight and
height, caliper measurements, and female Tanner stage is performed
every six months, to evaluate the worsening of the defect with respect
to the chest growth. Generally, patients are counseled towait until age
14 and they are able to express their own will to be operated. This
timing permits bar placement in a still flexible chest wall after
completion of early pubertal growth spurts. If criteria for operation
are fulfilled and circumstances are extenuating, the repair of the chest
wall defect can be made earlier.

1.2. Skin incision site, access at the thorax and tunneling

Two transverse inframammary incisions are made at the level of
the midclavicular line and extended for 3–4 cm laterally (Fig. 1). A
curved introducer is inserted proceeding from the left to the right side
of the thorax without thoracoscopic guidance. Once the dissection is
completed, holding the two ends of the introducer, the sternum is
lifted and a segment of umbilical tape is pulled through the
retrosternal tunnel and used to guide a prebent bar into place, also
from left to right. Thoracoscopy is not necessary because by passing
the clamp and bar from left to right, the pericardium can be visualized
during the introduction of the instruments and safely excluded. The
Fig. 1. (a) Skin incisions are made from the midclavicular line laterally for 3–4 cm to the ante
wall. (b) A “Crawford” curved aneurysm clamp is introduced into the left incision, passed ant
an umbilical tape through the retrosternal tunnel, which then is used to pass the prebent ba
each end of the bar and simultaneously rotated, bringing the bar into final position. (e) Two b
is secured with a stabilizing clip on each end as well as with a #6 wire bilaterally to an adj
retrosternal tunnel is typically wide enough to enable the blind
passage of the bar safely. In case of a very severe defect, the sternum
can be elevated using a bone hook elevator, introduced through a stab
subxiphoid incision.

1.3. Bar configuration

A precurved Lorenz bar (Biomet Microfixation, Jacksonville, FL) is
placed beneath the sternum, and in situ bar benders are used to
conform the bar to match the sidewalls of the chest. Then by
simultaneously rotating each end of the bar with a turning lever, the
sternum is elevated into final position. Symmetrically bent bars are
used in cases of mildly asymmetric PE. When there is a severe degree
of sternal rotation the bar is bent more on the right side and slightly
flattened on the left. The residual “crest” on the left side tends to
correct itself over time or can be treated at 6 to 12 months
postoperatively with an external brace.

1.4. Number of bars placed

In the majority of cases one bar is placed. In selected patients with
a long defect and wide thorax a second bar is occasionally necessary.

1.5. Limited excision of costal cartilages and transverse
sternal osteotomies

In selected cases with rigid chest wall or asymmetric deformity,
cartilage resection or sternal osteotomies can be performed if the
cosmetic result after bar placement is not satisfactory.
rior axillary line. The bar is prebent to approximate the desired final contour of the chest
erior to the pericardium, and out the right incision. (c) The introducer is used to deliver
r through the thorax concave-out, again from left to right. (d) Bar turners are placed on
ar benders are used to contour each end of the bar to the chest wall laterally. (f) The bar
acent rib upon exit from the thorax.



Fig. 2. Distribution by age of patients undergoing pectus excavatum repair.
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1.6. Bar stabilization

Routinely, a rectangular stabilizing clip is placed at each end of the
bar bilaterally and positioned under subcutaneous pockets. The bar is
also secured to the adjacent ribs placing two number 6 wire sutures at
the anterior arch of the rib, halfway between the stabilizers and the
costal-cartilage junction.

1.7. Antimicrobial prophylaxis

One dose of a first generation cephalosporin (cefazolin) is
administered prior to incision. After 2005, preoperative surgical-site
preparation was performed with chlorhexidine scrub instead of
povidone–iodine solution.

1.8. Inpatient pain management

Epidural catheters are not routinely placed; our pain management
protocol includes a combination of narcotic and nonnarcotic systemic
analgesia. Intravenous patient controlled analgesia (IV PCA) with
hydromorphone (5–6 μg/kg/h continuous infusion plus 5–6 μg/kg
demand doses with a 6-min lockout) is routine. The continuous PCA
rate is progressively reduced during the first 24–48 h and patients
are gradually transitioned to oral pain medication (oxycodone or
hydromorphone in combination with acetaminophen and ibupro-
fen). On demand doses of intravenous hydromorphone are used
during the transition phase for breakthrough chest pain. IV non-
steroidal anti-inflammatory (NSAIDs) (ketorolac 0.5 mg/kg to a
maximum dose of 30 mg every 6 h) are administered during the
first 24–48 h after operation. If needed, oral diazepam (2–10 mg) is
given for muscular spasm in larger male patients. Emesis or nausea is
treated with ondansetron.

1.9. Outpatient pain management

Patients are discharged home with a prescription for oral narcotics
(oxycodone or hydromorphone) and NSAIDs (ibuprofen or acetamin-
ophen), and encouraged to progressively reduce the dosage of
narcotics during the second postoperative week. In patients with
persistent chest pain, physical examination, chest radiography,
echocardiography, complete blood count, and erythrocyte sedimen-
tation rate are performed to exclude complications such as bar
displacement, infection, and effusions in the pleural or pericardial
spaces. If there are no clinical and instrumental signs of underlying
pathology, a multidrug therapy with a combination of narcotic and
non-narcotic agents is prescribed.

The dosage of narcotics is gradually reduced using NSAIDs and
in some cases gabapentin or antidepressants (amitriptyline or
duloxetine). Physical therapy is recommended in cases of muscu-
loskeletal chest pain. Intercostal nerve blocks or trigger point local
anesthetic infiltration is used in extreme cases of persistent neuro-
pathic chest pain.

1.10. Bar removal

The bar is left in place for a minimum of two years. The removal is
performed under general anesthesia as an outpatient procedure.
Both incisions are reopened, stabilizers and wires are removed, and
using the bar bender, the two ends of the bar are straightened. The
still-bent bar is slid out from behind the sternum, typically without
any difficulty.

1.11. Data analysis

Records were examined for patient demographics, comorbidities,
operative characteristics, hospital and operative charges, and clinical
outcomes. Descriptive statistics are presented as a mean and standard
deviation (SD).

Results after bar removal were defined as satisfactory if the sternum
was symmetrically and uniformly elevated in a neutral position and
preoperative symptoms were resolved; mild recurrence if there was a
residual depression of the sternum greater than 1.5 cm; and recurrence
with indication at repair if the depth of the defect was greater than
2.5 cm. Finally, overcorrection is defined as the presence of asymmetry
between the left and right side of the thorax or protrusion of the
sternum consistent with reactive carinatum deformity.

2. Results

In the period between 1998 through 2011, primary PE was
surgically managed with a modified Nuss procedure in 364 pediatric
patients and 106 adults. Forty-two patients had an associated
connective tissue disorder (CTD). Nine patients underwent com-
bined major procedures at the time of PE repair including open-
heart surgery (aortic root replacement and mitral valve repair) and
lung transplantation.

A total of 336 patients met inclusion criteria. Six attending
surgeons were identified, with one predominating (author PC, 275
cases). The mean age at operation was 15.6 (SD 2.5) years, and the
majority of patients were older than 14 years of age (Fig. 2).
Preoperative characteristics and comorbidities are summarized in
Table 1. All patients had severe PE with mean Haller index of 4.3
(range 3.25–12) and 90.2% of patients were symptomatic. Pulmonary
function test results were available in 181 cases, of which 51.4% of the
patients had an obstructive or restrictive defect as shown in Table 2.
Cardiopulmonary stress tests showed cardiac limitation during
submaximal exercise in 8.5% of cases.

Amodified Nuss procedure as previously describedwas performed
in all cases except one, in which conversion to Ravitch, with
placement of the Adkins strut, was necessary because the intraopera-
tive cosmetic result was not satisfactory. In three cases, limited
resection of two or three deformed costochrondral cartilages was
performed at the time of Nuss procedure (Table 3). One Lorenz bar
was used in the majority of cases; two bars were placed in only 20
cases (6.0%). The operative time ranged from 26 to 158 min (mean
57.6). Post-operative pain was managed with IV PCA with hydro-
morphone in 96.1% of patients, for an average period of 2.7(SD 0.9)
days. Themean length hospital stay was 3 days (SD 1.03) and 78.3% of
patients were discharged home by the end of the third postoperative
day (POD).

Financial data were analyzed in a sample of 40 patients who
underwent primary PE repair in the last two years. Not included in the
financial assessment are charges related to surgeon’s fees. The average
operating room charge was $ 1697 (SD $632.46), and total hospital
charges $ 11,973.3 (SD $5028.2).

image of Fig.�2


Table 1
Medical history and symptoms

Characteristics Patients (n = 336)

Preoperative characteristics N (%)
Family history of PE/PC 34 (10.1)
Family history of CTD 3 (0.9)
Male 296 (88)
Mean age at presentation, years (SD) 15.6 (2.5)
Haller index (CT scan),mean (SD) 4.3 (1.4)
Depth of defect, cm mean (SD)a 3.6 (0.9)
Mitral valve prolapse 41 (12)
Aortic root dilatation 9 (2.7)
Electrocardiogram changes 26 (7.7)
Scoliosis 36 (11)
Severe scoliosis requiring spinal fusion 2 (0.6)
Depression 6 (1.8)
Preoperative symptoms, N (%)
Dyspnea on exertion 183 (54.5)
Dyspnea at rest 3 (0.9)
Chest pain 88 (26.2)
Discomfort/chest pressure/Paresthesias 7 (2.1)
Fatigue, decreased energy 73 (21.7)
Tachycardia/palpitations 8 (2.4)
Significant body image issue 11 (3.3)
Dizziness 3 (0.9)
Syncope 2 (0.6)
Dysphagia 1 (0.3)

a Caliper measurement.

Table 3
Intraoperative Variables and Characteristics of Hospital Stay

Characteristics Patients(n = 336)

Thoracosopy, N (%) 9 (2.7)
Stabilizing clips used, N (%) 322 (96)
Wire fixation, N (%) 310 (92)
Placement of two bars, N (%) 20 (5.9)
Operative time, mean, min 57.6 (22.5)
EBL, median(range), ml 15 (0–200)
Intraoperative complications
Conversion to Ravitch 1 (0.3)
Cardiac perforation, N (%) 0 (0.00)
Need for ICU monitoring, N (%) 0 (0.00)
Post-operative PCA, days, mean (SD) 2.7 (0.9)
Length of hospital stay, days, mean (SD) 3 (1.03)
Total Hospital Charges, median (IQR) $11,276 ($10,025–$13,211)

EBL: estimated blood loss; ICU: Intensive care unit; PCA: patient controlled analgesia;
SD: standard deviation; IQR: interquartile.

Table 4
Postoperative complications

Complications Patients (n = 336)
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Postoperative follow-up was obtained after a median of 27 months
(range 5–104). Early and late postoperative complications are
summarized in Table 4. Pericarditis occurred in 2 cases (0.6%), neither
required drainage of the pericardium and both responded to
nonsteroidal therapy. Viral etiology of pericarditis was confirmed in
one of the two patients, which had a past medical history of recurrent
pleuritis and several comorbidities (common variable immunodefi-
ciency-IgG deficit and insulin-dependent diabetes type 1).

In three cases (0.9%), the postoperative course was complicated
with hemothorax, but only in one thoracoscopy demonstrated active
bleeding from a right intercostal artery. Bar displacement occurred in
14 cases (4.2%), upper sternal depression with bar in place in 4 (1.2%),
overcorrection in carinatum deformity in 15 (4.5%), and superficial
site infection (SSIs) 15 (4.5%).

The majority of cases of bar displacements occurred during an
early learning curve period when the end of the bar was fixed only
with absorbable sutures to the underlying muscles. The rate of this
complication has progressively reduced to 1.2% with the introduction
of two lateral stabilizing clips and two pericostal wire sutures (Fig. 3).
Table 2
Preoperative pulmonary function tests

Characteristics Patients

Static PFT Patients N =181
Normal N (%) 86 (25.6)
Obstructive patterna, N (%) 45 (13.4)
Restrictive patternb, N (%) 39 (11.6)
Combined obstructive and restrictive diseasec, N (%) 9 (2.7)
Treadmill exercise test Patients N = 117
Normal study N (%) 63 (53.8)
Cardiovascular limitation to exercise, N (%) 10(8.5)
Pulmonary limitation to exercise, N (%) 44(37.6)

PFTs: Pulmonary Function Tests; FEV1: Forced expiratory volume at 1 s; FVC: Forced
vital capacity TLC: total lung capacity.

a Obstructive pattern is defined as FEV1 b80% and FEV1/FVC ratio b67% of predicted
values for age, height, and sex.

b Restrictive pattern is defined as FEV1 b80% and FEV1/FVC ratio N80% and TLC b 80%
of predicted values for age, height, and sex.

c Combined obstructive and restrictive disease as FEV1/FVC b80% and TLC b80% of
predicted value for age, height, and sex.
In 12 cases, bar displacement required reoperation; in 8 the bar was
removed and a new bar positioned in a different intercostal space in
order to improve the elevation of the sternum and give more stability
at the bar. In 4 cases the bar was only manipulated and refixed in
correct position, without reopening the pleural space. Finally in two
patients with a very slight shift, early bar removal (before 18 months)
was necessary for the onset of sharp chest pain. One of them, in whom
two bars were placed, experienced displacement of the upper bar,
fixed only with one right clip. The last case of bar shifting was in a
patient that had multiple rib fractures after a car accident.

Upper sternal depression was another complication that required
reoperation. In one case with very deep depression, the deformity was
repaired with a Ravitch procedure and in the remaining three patients
a second bar was placed in the superior portion of the thorax.

Overcorrection causing carinatum deformity occurred in 15 cases
(4.5%). In two cases protruding cartilages were cut at the time of
bar removal and two patients were successfully treated with
external bracing.

The most common late complication observed in this series was
prolonged chest pain, which occurred in 11.9% of cases. At eight weeks
after surgery, 4.5% of our patients still required narcotics (Fig. 4).
Patients with persistent chest pain, once surgical problems were
Early (within 30 days of operation) N (%)
Pneumothorax 69 (20.5)
Required chest tube 2 (0.6)
Pleural effusion 7 (2.1)
Required drainage 6 (1.8)
Pneumonia 7 (2.1)
Hemothorax 3 (0.9)
Required mini-thoracotomy and ligation of

an intercostal artery
1 (0.3)

Pericarditis 2 (0.6)
SSIs 15 (4.5)
Wound drainage, noninfectious/seroma 11 (3.3)
Dehiscence of the wound 1 (0.3)
Early Bar displacement a 4 (1.2)
30-day mortality 0 (0.0)
Late N (%)
Broken wire 1 (0.3)
Rib fracture 4 (1.2)
Late Bar displacement 10 (2.9)
Upper depression of the sternum with bar in place 4 (1.2)
Overcorrection in carinatum deformity 15 (4.5)
Prolonged chest pain 40 (11.9)

SSIs: superficial site infections.
a Two patients had bar displacement two times.



Fig. 3. Rate of bar displacement during the study period.
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excluded, are managed on an outpatient basis with multidrug therapy
and/or peripheral nerve block. Early bar removal for pain was
necessary only in two cases, at an average period of 15.5 months
after operation.
Fig. 4. Need for postoperative analgesics. NSAID
At the time of analysis bar removal had been performed at our
center for 293 patients after an average period of 31.7(SD 13.2)
months. Cosmetic and functional results were satisfactory in 94.9% of
cases (Table 5). Recurrence after bar removal occurred in 5 patients
= Nonsteroidal anti-inflammatory drug.

image of Fig.�3
image of Fig.�4
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(1.7%). Only two siblings had severe recurrence that required
reoperation. Both underwent PE repair at an early age (mean age at
repair 12.2; SD 3.3 years) and had the bar removed before adolescent
growth was completed (mean age at bar removal was 14.3). Results
after redo Nuss operation in these two patients were satisfactory.

The other three patients with mild recurrence have a stable
residual defect b 2.5 cm at an average period of follow up of 6.4 (SD
3.2) years after bar removal.

3. Discussion

The Nuss technique for PE repair was adopted at our institution in
1998 with a high rate of success. During the subsequent 14 years of
experience, several modifications were introduced in order to
improve safety and efficacy of the procedure. Our primary goals
have been to identify optimal age for operative repair as well as
technical solutions that allow a retrosternal dissection and the safe
passage of the bar through the mediastinum.

The most feared complication for this procedure is direct cardiac
injury. Eleven cases of cardiac perforations have been described in the
literature, including one fatality [8–15]. Minor pericardial tears are
reported in 4.2% of cases [10] and the rate of pericardial effusion
ranged from 0.5 (18) to 2.4% [11]. Over time several techniques have
been introduced to reduce the risk of cardiac injuries. In 1998, routine
use of right thoracoscopic guidance was introduced by Nuss et al. [5].
Subsequently other authors have recommended the use of left or
bilateral thoracoscopic approach to improve the visualization of the
tip of the dissector or the bar during the passage through the
mediastinum, especially in cases of a severe defect or in the presence
of adhesions between the sternum and pericardium [16,17]. Other
methods described to improve the safety of the procedure are:
thoracoscopic or non-thoracoscopic extrapleural dissection [18,19];
retrosternal dissectionmore superiorly at the level of the thymus [20];
and thoracoscopic sternocostal relaxing incision before performing
retrosternal tunnel [21]. Finally, other authors have proposed the use
of several types of sternal elevators with or without thoracoscopy
such as the Langenbeck retractor [22], Crane elevator [23], Rultract
Skyhook elevator [14], or the use of a subxiphoid incision and manual
guidance of the instruments [24–26].

The direct visualization of the mediastinum during the Nuss
procedure does not appear to eliminate the risk of cardiac perforation
completely, based on reported occurrence despite the use of
thoracoscopic guidance [14,27]. In addition other possible complica-
tions of thoracoscopy are: liver, diaphragmatic or intercostal nerve
injuries during port insertion [10,28]; injuries of the brachial plexus
due to prolonged overextension of the upper extremity during the
Table 5
Follow-up information and results after bar removal

Characteristics Patients (n = 336)

Bar removal, N (%) 293 (87.2)
Time to bar removal, mean (SD), months 31.7 (13.2)
Bar removal b 18 months, N (%) 10 (3.4)
Persistent chest pain, N (%) 2 (0.7)
Bar infection, N (%) 1 (0.3)
Chronic wound infection, N (%) 3 (1.0)
Allergic reaction, N (%) 2 (0.7)
Reactive carinatum deformity, N (%) 2 (0.7)
Cartilages resection or sternum remodeling for
carinatum deformity, N (%)

4 (1.4)

Results following bar removal, N (%)
Satisfactory cosmetic and functional results 278 (94.9)
Recurrence Required reoperation 2 (0.7)
Mild recurrence(Depth of defect N 1.5 b 2.5 cm) 3 (1.0)
Overcorrection in mild carinatum defect with
indication at follow-up

10 (3.4)
procedure (5.2%) [29,30]; hemodynamic compromise if elevated CO2
insufflation pressure (N 5 mmHg) is used [31]; and a high rate of
postoperative pneumothorax (64.7 %) [3].

We believe that to reduce the risks of pericardial and mediastinal
injuries, the safest way is to begin the incisions at the inframammary
midclavicular line extended laterally, and simply pass the bar from the
left to the right side of the thorax with knowledge of the location of
the pericardium. Advantages of this approach are: good control of the
tip of the instruments that cross the mediastinum, because they are
guided at contact with the sternum away from the heart; no need for
additional incisions to allow for thoracoscopy; no need for additional
equipment; shorter operating room time; and reduced hospital
charges. Using the left-to-right approach no cardiac perforations
occurred during our entire experience.

Another issue that has been debated is approach to bar stability, as
this is essential for successful outcome. Although the main cause of
bar displacement is inadequate fixation, other factors such as age
[32,33]; asymmetric defect (Grand Canyon type) [11], or stiff thorax
have been suggested to increase the risk of this complication. The rate
of flipped bar with the original technique described by Nuss et al. was
initially 15% [3] and dropped to 5.6% with the introduction of the
lateral stabilizing plates [34]. Subsequently, to give additional support
at the bar and secure the stabilizers (dislocation of stabilizer plates is
reported in 1.6%–4.2% of cases) [10,35] several different approaches
have been proposed: use of figure-of eight wire sutures to fix together
the bar and stabilizer at the adjacent rib [36–38], multiple pericostal
double-thickness 0 PDS sutures [3,39], “third point of fixation” placed
on to the side of the sternum under thoracoscopic control [40], 5
points of fixation to the ribs utilizing pericostal wires, without lateral
stabilizers, placed with the “through-the-skin” suture technique [11],
placement of bars and stabilizers in a deeper submuscular pocket fixed
with multiple periscostal sutures [39].

We achieved adequate stability of the bar by fixing the strut in four
symmetric points. The lateral stabilizer placed at both ends of the bar
prevents lateral migration and the two medial wires, easily placed
through the inframammary skin incisions, prevents shift superiorly or
inferiorly. In addition, because the tips of the bar are bent, the lateral
stabilizers cannot slip, and thus can be placed in subcutaneous
pockets without any additional sutures. With this approach, no cases
of stabilizer plate dislocation have occurred at our institution and the
rate of bar displacement is currently 1.2%.

Concerns have been raised with the use of wire sutures because
breakage andmigration of fragments can lead to pleural or pericardial
injury [10], and the use of stabilizers because pressure damage leads
to increased occurrence of seroma and dermatitis [11,41]. In our
experience the breakage of wires occurred in only one case, and
residual wires after bar removal in 2 (0.7%) were successfully
surgically removed in all cases without any added complication.
Although this complication can occur, we prefer to secure the bar with
wire sutures because they ensure a greater stability long-term.
Regarding the use of lateral stabilizers, these are necessary to ensure
the stability of the bar. The subcutaneous dissection necessary to
create the pocket for the stabilizers can result in a fluid collection [42],
and some authors suggest placing “hemo-vac catheter drainage” to
prevent it [11]. The rate of seroma in our series was 3.3% and erosion
of the skin with bar exposure occurred in 0.3% of cases. Early
identification of this complication and drainage of collected fluid
reduce the risk of dermatitis and wound dehiscence, preventive
placement of percutaneous drains is not recommended.

Because the Nuss procedure requires the implant of a metallic
device, another dreaded complication is infection. Published rates of
postoperative superficial site infections have ranged from 1% to 6.8%
[38,43], and the occurrence of bar infections from 0.7% to 4.2% [35,42].
To address this, some authors suggest performing irrigation of the
wound with povidone–iodine or antibiotic solutions, [5,44] and use a
liberal policy of antibiotic prophylaxis [42]. In some reports, patients
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receive a first-generation cephalosporin 15 min before incision and
for 24–72 h [43,44] or throughout their hospital stay [42]. Although
no official guidelines exist for perioperative antibiotics use in
noncardiac thoracic surgery [45], wound irrigation, intracavitary
lavage and prolonged antibiotic time administration for more than
24 h after operation are not recommended [46]. Prolonged use of
prophylactic antimicrobial agents does not reduce the risk of
postoperative infections, but increases the risk of adverse effects
and the emergence of resistant bacterial strains [47]. Our current
antimicrobial policy that includes the administration of a single dose
of a first generation cephalosporin before surgical incision in addition
to surgical site preparation with chlorhexidine, has dramatically
reduced the incidence of this complication.

Another perioperative concern, for which there is no consensus in
the literature, is the management of postoperative chest pain.
Although an optimal pain control strategy has not been established,
and the only two randomized controlled trails have discordant results
[48,49], several studies recommend the use of thoracic epidural
analgesia arguing that this therapeutic approach provides better pain
control with less side effects on respiratory function [3,50]. Even
though thoracic epidural block is an effective method for pain control,
neurologic complications associated with the use of this practice
should be considered: Horner syndrome, although transitory, has
been reported in 15.5% of cases in a large retrospective series [3] and
the risk of permanent neurologic damage is estimated in about 0.07%
[51]. In addition, other issues related to the use of a thoracic epidural
are the high rate of failure placement (35%) and catheter displace-
ment [25], epidural dysfunction (3.6%) [52] and risks of site infection.
A randomized controlled trial demonstrated that with the use of
thoracic epidural, operative time and hospital charges are increased
[25]. Finally hospitalization can be prolonged, because in many cases
removal of the epidural catheter may not result in immediate
successful transition to oral pain medications [25]. At our institution,
postoperative pain control is managed with IV PCA using hydro-
morphone, with adjunct NSAIDs (often IV ketorolac). This association
allows for improving the analgesic effect and reducing the dosage and
side effects of the opiates.

The assessment of long-term results after pectus bar removal is
very difficult, because the severity of the defect is measured with
different type of indices, criteria used to evaluate patient satisfaction
and cosmetic appearance are not always clear and the majority of
studies have reported only early results in a mixed age population.

At our institution, in order to objectively evaluate the depth of a
residual sternal defect after bar removal, we use caliper measure-
ments [7]. This simple clinical evaluation allows classifying and
monitoring recurrence until the pubertal process is completed,
avoiding exposure to radiation. A residual defect greater than
2.5 cm on caliper measurement is considered a severe recurrence
with indication for reoperation.

Finally, the age that surgical repair of PE is indicated has not
definitively been established. Our practice patterns have been stable
and recurrence rate in this cohort is low, so analysis of risk factors is
not possible. However, in our opinion, pectus repair before the
pubertal growth spurt is likely a risk factor for recurrence. Recurrent
PE requiring repair has been elsewhere reported in 1.4% of patients
who underwent the Nuss operation [3], but this percentage increased
to 5% in patients operated in early age [38]. Our cohort experienced
less than 1% risk of recurrence requiring operative repair. Anthropo-
metric studies have demonstrated that in male patients, the lungs,
diaphragm and thoracic chest wall grow throughout adolescence until
their final height is reached. By contrast, in females this process occurs
early in the pubertal process and it is almost complete after menarche
[53,54]. With the thorax continuing to grow, the length of the bar
placed during childhood is no longer adequate to ensure the correct
remodeling of the chest wall. When patients after bar placement grow
more than 8 inches, Nuss suggests to change the bar using the “chest
tube switch technique”, or earlier remove the bar [38]. In order to
reduce the risk of recurrence and avoid a second operation, we believe
that is necessary that the bar should support the sternum during and
until the pubertal growth spurt is essentially completed, thus
delaying primary repair until age 14 or older. Despite greater stress
and strain on a less flexible thorax, and more postoperative pain in
older patients [55], delaying the age for repair may still be beneficial
by not avoiding recurrence.

Acquired deformities secondary to bar placement are also reported
in the literature, generally manifested as progressive deformities
resulting in pectus carinatum. Particularly in patients younger than 5
years, the sternum is not completely ossified and cannot withstand
the elevating force of the bar; thus bars are typically removed as soon
as possible in children of this age. Even in teenagers, bars left in place
for more than two years can cause rib deformation and restriction of
costal growth [56].

The optimal timing for PE repair remains debated and consensus
regarding this issue is not already reached. A trend toward increasing
patient age (from amean of 13.5 to 15.5 years) observed in the USA in
a cross-sectional analysis of more than five thousand elective PE
repair, conducted using nationwide discharge data, may represent an
emerging consensus regarding the ideal age at operation in our
country [57].

In contrast with this trend observed in the USA, in the most recent
large series of more than one thousand PE repairs, coming from Korea,
more than 50% of patients who underwent Nuss procedure are
younger than 11 years.

The authors of this report argue that early repair of pectus
deformity can facilitate normal chest wall growth, contribute in
enhancing patients ‘growth, prevent bad posture, scoliosis and
psychic trauma. Complication rates in children younger than 5 years
are lower compared with older patients and there are no differences
in reoperation rates and recurrence after bar removal among different
age groups [58]. However, long-term follow-up beyond bar removal is
not reported in this study and so it remains to be seen if their success
with young children is durable.

These considerations and results raise other questions. Should the
indications at PE excavatum be re-discussed? Should Nuss procedure
be reserved for symptomatic patients with severe defect or antici-
pated to prevent symptoms and worsening of the defect?

From our point of view and according to Nuss [59], the operation
should be reserved for patients with severe defect associated with
cardiopulmonary impairment or body image issues.

These criteria for repair are often not fulfilled in young patients.
Symptoms such as exercise limitations, frustration, relationship’s
problemswith peers and concern about body image are not present in
the majority of preadolescent patients, and the depth of the defect is
often under the Haller index cutoff. Not one of our patients younger
than 5 years had extenuating cardiopulmonary impairment that
required a not deferrable operation; there is, thus, really no harm in
waiting until 12–14 years when the chest is still flexible and
malleable and the depth of the defect is stable.

The effect of the Nuss procedure on the spine is another issue that
should be clarified; it is known that the placement of a retrosternal
bar exerts dynamic influence on the back; however this influence in
some case can result in acquired scoliosis [60].

Regarding preexistent scoliosis or bad posture, before Nuss
procedure, the response patterns of the spine at the bar are not always
predictable because of complex interaction among spine, respiratory
and erector spinal muscles [61]. In particular in some cases of
asymmetric deformity the bar placement can result in deterioration
of the distortion of the spine. Further studies in specific age popula-
tions will be useful to clarify indications, optimal timing at PE repair
and dynamic effects on the chest wall during the pubertal growth.

In conclusion our experience in post-pubertal patients, without
other comorbid conditions, who underwent primary pectus repair
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demonstrating that the Nuss procedure is safe and effective in this
specific age population can contribute to clarify the optimal timing at
operation [62,63]. Our current management includes blind left-to
right approach tunneling, four points of bar fixation and postoperative
pain control with IV PCA, which have proven simple, reliable, and
effective in reducing operative room times, hospital charges and
major complications.
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