
Complex pectus excavatum (PE) cases, including those
with severe depression of the sternum and recurrences
after initial operation for pectus excavatum, pose greater
operative risks and worse outcomes compared with
average cases.1,2 Though the Nuss procedure has now
been standardised through more than three decades
of clinical practice, the ideal procedure for complex
cases remains controversial and varies from one centre
to another. In this retrospective study, the authors
described an additional subxiphoid incision in the Nuss
procedure for the treatment of the population. 
Approved by Institutional Review Board and informed
consent waived, relevant data of a series of 33 cases,
including 24 males and 9 females, with median age 6.9
years range (2.6 to 17 years) under operation from
March 2013 to March 2016 were retrospectively
collected from patients record database and during
follow-up in this retrospective study. The mean Haller
index was 5.22 ±2.37. There were 7 cases of recurrent
pectus excavatum after Ravitch procedure, 4 recurrences
after Nuss procedure, and 1 after correction of pectus
carinatum. Out of the series, 18 had Haller indices
higher than 6 and three presented with extended
depression of the anterior chest wall in association with

a flat chest (Table I). All patients underwent subxiphoid
incision assisted Nuss procedure either as a primary or
redo operation. Elevation of the sternum was calculated
according to pre- and postoperative computed tomography.
The patients were generally anesthetised and intubated.
Prepping and draping was performed in a normal
fashion. A small transverse subxiphoid incision of 2-3  cm
in length at the level of the junction between the sternum
and xiphoid process (Figures 1a and 1b) was firstly made
and the xiphoid, as well as the retrosternal space, was
bluntly mobilised using fingers or a hemostat. Subse-
quently, a standard Nuss procedure was performed.
At the time of insertion of the introducer, a finger was
put in the retrosternal space allowing for guidance of
the introducer, so the introducer can be advanced
retrosternally safely across the lowest point of the
depression. Then the pericardium was pushed away to
allow the introducer to pass through the chest wall from
the planned site. The rest of the procedure was the
same as a standard Nuss procedure. In asymmetrical
cases, partial excision of cartilages was carried out at
the discretion of individual surgeons.
All the cases had an uneventful postoperative course.
There was no death or major complication including
major hemorrhage, clinically significant pneumothorax,
and injury to the pericardium or even to the heart.
Double-bars were inserted in three relatively elder
patients aged 14 to 17 years, with one or two ribs
between the double bars, to achieve favourable cosmetic
effects. In three cases where the pectus excavatum was
asymmetrical with severe rotation of the sternum, one or
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two costal cartilages of the 4th-6th ribs were partially
excised on the more severe side of the chest so as to
correct stress exerted from the opposite of the sternum
and achieve a roughly symmetrical cosmetic effect.
Thirteen cases had bars removed already. All the cases
were followed up for 16 to 40 months. In one case with
asymmetrical PE, who had one costal cartilage excised,
the anterior chest wall was slightly higher on one side
than on the other, yet the sternum was in normal

position. Rough surface was found where the costal
cartilage had been excised in one patient with recurrent
pectus excavatum and the one after carinatum
correction, whereas the elevation of the sternum was
satisfactory. In one of three cases who had cartilages
excised, late over-elevation of the excision side
presented three years postoperatively. All the other
patients had excellent postoperative chest cage contour.
The sternum was elevated by 2.67 cm on average
(range 1.98 - 3.61 cm) with no significant bar displacement. 
The Nuss procedure, a minimally-invasive procedure
invented in 1987 by Dr. Donald Nuss,3 has now been
widely used across the world for its small incision with
minimal damage, technical simplicity and short recovery
time. However, it comes with some major complications
including major hemorrhage, pneumothorax, injury to
the pericardium or even to the heart which is less
common but may result in fatality.4 Currently, we use a
standard thoracoscopically-assisted Nuss procedure
for the majority of the patients like in most centres.
However, in recurrent or high Haller index cases,
cautions should be taken when performing a Nuss
procedure due to adhesion in retrosternal space or the
heart is so severely compressed by the wedged-down
sternum that it may accidentally be perforated by a Nuss
bar advancing through. Procedures for these patients
vary a lot. Many advocate the use of thoracoscopy under
this circumstances with standard lateral incisions, while
some consider it unnecessary and even a cause of
visceral injuries.5 In this series, we tried and used an
auxiliary subxiphoid incision and bluntly dissected tissue
and adhesion around. With this protective route and
maneuver, the introducer could be safely advanced
through the retrosternal space without injuring the heart.
This auxiliary incision and technique was found easy,
reproducible and reliable in our practice even without the
use of thoracoscopy, which is consistent with published
data.6 There was no death or significant intraoperative
complications like heart perforation.
Based on this experience, the indications for using an
auxiliary incision can be categorised and justified. In
very severe pectus excavatum, heart could be deeply
compressed which incur potential of injury of the heart
when passing the inducer or bar through. In recurrent
and secondary pectus excavatum, existing adhesion
behind the sternum due to primary operations tends to
be so severe that it is worth trying with a subxiphoid
incision to avoid potential injury of the heart. Older
patients (>14 years) with severe depression and tough
ossified sternum, may require double bars, which may
not proceed smoothly, and quite often with increasing
possibility of injury to the heart. If double bars are
needed, the authors practice is first to place a top bar to
avoid blockage of the navigating finger by the bottom bar,
if it was first inserted. However, in some rare situations,
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Table I: Characteristics of the patients.
                                                                                              Characteristics
No. of cases (m/f)                                                                      33 (24/9)
age (years)                                                                     Median: 6.9 (2.6 to 17)
Case type                                                                                          
Primary cases                                                                              21
Recurrence after Ravitch procedure                                            7
Recurrence after Nuss procedure                                                4
Recurrence after correction of pectus carinatum                         1

Haller indices                                                                       Mean: 5.22±2.37
                                                                                                18 cases>6

Figure 1a: Subxiphoid incison length upon the conlusion of a typical
operation of the series.

Figure 1b: The incison scar (arrow) upon discharge.



the bottom bar, has to be put in first to elevate the
sternum so that a finger can reach the part where the top
bar is going through. In severe asymmetrical pectus
excavatum in which rotation of the sternum is necessary
yet hard to be achieved, one or more costal cartilages
should be considered to be excised on the more severe
side through a subxiphoid incision. Then the sternum
can be elevated symmetrically as much as it could be.
These present mid-term results show this technique is
easy to perform, reproducible and reliable. The authors
recommend, considering using it in selected patients as
described. 
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