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Abstract

Objectives This study reviews the results of our previously
described modification of the minimally invasive (Nuss)
procedure for correction of pectus excavatum. It utilizes a
subxyphoid incision with central fixation to maximize safe
bar passage and minimize bar displacement.

Methods Consecutive patients corrected with the modified
Nuss procedure between 2010 and 2015 form the basis of
this study.

Results  During the study period, 73 patients had correction
of their pectus excavatum by the modified Nuss procedure,
utilizing subxyphoid incision and central fixation. Average
age was 14.3 (range 8—19). 54 patients were male, 19 female.
The average Haller index was 4.3 (range 3.2-7.2). No epi-
sodes of cardiac perforation, hemothorax or significant
pneumothorax were recorded. Bar displacement occurred
in two patients (2.7%) with one late recurrence after bar
removal.

Conclusions Our modification of the Nuss procedure is
effective at preventing intrathoracic complications and car-
diac perforation. Central fixation had a lower rate of bar dis-
placement compared to published reports. Additional efforts
are needed to further reduce bar displacement.
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Introduction

Pectus excavatum is the most common anterior chest wall
deformity affecting approximately 1 in 400 live births with
a male-to-female ratio of approximately 4:1 [1]. Correction
is largely undertaken for symptoms of shortness of breath
or chest pain. In addition, imaging demonstrating a signifi-
cant Haller index (usually >3.2) and ECHO abnormalities
of cardiac compression or valvular deformities are indica-
tions for operative intervention [2]. There are two standard
approaches to its repair—the open repair (Ravitch) [3], and
the Nuss procedure [4]. The latter has had several modi-
fications [5], including one we reported which involves a
subxyphoid incision to elevate the sternum to safely pass the
bar and three-point fixation [6]. At the time of bar passage,
sutures are looped around the bar through the subxyphoid
incision and sewn to the costal margin in an effort to limit
cephalad displacement. It is our operational design to avoid
cardiac perforation which has been documented in patients
undergoing the Nuss procedure, and to limit the incidences
of bar displacement, recurrence, and need for subsequent
reoperation [5, 7]. This study is a compilation of our results
since reporting this modification of the Nuss procedure.

Methods

Consecutive patients from 2010 to 2015 who underwent
surgical intervention by the senior surgeon (S. Bond)
for pectus excavatum are included in the study. Some of
the patients are those whose operation was performed in
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our initial experience and description of the operation
(2010-2012) [6]. Age, gender, the presence or absence of
symptomatology, including shortness of air, palpatations,
and chest pain were tabulated for each patient. All patients
underwent echocardiography and CT scanning of the chest.
Pulmonary function tests were done selectively. Operative
indications were a Haller index of greater than 3.2, with car-
diac compression on CT scan, or echocardiography. Patients
were given the option of Ravitch procedure or the modified
Nuss with central incision and 3-point fixation previously
described [6]. A subxyphoid incision was used to facili-
tate passage of the pectus bar without thoracoscopy. Three
incisions are made, two lateral and one subxyphoid. The
sternum is lifted up, and a heavy clamp is passed from the
left lateral incision through the appropriate interspace to the
subxyphoid incision. An umbilical tape is passed from the
subxyphoid incision to the left lateral incision. Likewise,
an instrument is passed from the right lateral incision to
the subxyphoid incision and umbilical tape is transferred

Fig. 1 Sutures placed through subxyphoid incision are passed around
the transthoracic umbilical tape prior to bar placement

from the subxyphoid incision to the right lateral incision. We
now have an umbilical tape connecting both lateral incisions
behind the sternum. The tunnel is then dilated. Following the
dilators removal, the umbilical tape, which is still behind the
sternum, is grasped through the subxyphoid incision, and
two heavy number one absorbable sutures are passed around
it with the needles intact (Fig. 1). The pectus bar is then
passed using the umbilical tape to guide it. The bar is flipped
and secured laterally. Following the lateral stabilization, the
two subxyphoid sutures which are now around the bar are
secured to the costal margins and tied providing three-point
fixation in an attempt to limit the displacement of the pectus
bar which is usually cephalad.

Modified Nuss bars were left in place for 2 years. All
patients were corrected with a single bar. Ravitch bars were
removed after 6 months to 1 year. Intraoperative complica-
tions of cardiac perforation, pneumothorax, hemothorax, or
bar infections were recorded. Long-term complications of
bar shifting and recurrence were also noted.

Results

During the study period, 105 total patients underwent
operative correction of their pectus excavatum by modi-
fied Nuss or Ravitch procedure. The average age of repair
is 14.3 years. Symptoms of chest pain or shortness of air
were present in approximately 56% of patients. The mean
Haller index was 4.3. All patients demonstrated cardiac com-
pression on CT scan or ECHO. During the time period, a
total of 73 patients underwent a modified Nuss procedure,
and 32 elected to have a Ravitch procedure performed. No
instances of hemothorax or cardiac perforation were noted.
Some small post-operative pneumothoraces were present
but no patients required a chest tube (Table 1). All patients
have subsequently had their bar removed. In the modified
Nuss group, there were two instances of bar displacement
after 6 months, requiring revision. One was removed and

Table 1 Summary of patient

characteristics, operations and

complications Age
Sex

Symptoms present (chest pain or shortness of air)

Haller index
Complications of modified Nuss

Pneumothorax requiring chest tube
Wound infection/allergic reaction

Hemothorax

Cardiac perforation

Bar displacement/revision
Recurrence

Total number of patients undergoing modified Nuss 73

Average 14.3 years (range 8-19)
Male 54 female 19

41 (56%)

Average 4.3 (range 3.2-7.2)

(= el e]

2(2.7%)
1 (1.4%)
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corrected with a Ravitch operation. The other underwent a
redo Nuss procedure. Both with satisfactory results. There
was another recurrence at 1.5 years following the removal
of the pectus bar. That patient has not undergone reopera-
tion because cardiac compression is no longer demonstrated.

Discussion

This study summarizes our last 6 years of operative interven-
tion for pectus excavatum. Both open and minimally invasive
operations were performed and offered to most patients. The
open (Ravitch) procedure requires a longer, more prominent
incision. This is offset by a shorter time until bar removal.
Many of the patients who choose the Ravitch procedure are
adolescent males who are actively involved in high school
sports. We have felt that contact sports such as football and
wrestling are prohibited when a pectus bar is in place. Want-
ing to resume full activity without restriction they choose the
Ravitch over the modified Nuss. Uniformly these patients
have been happy to get back to full activity. The central scar
is not a concern as they have chosen a larger scar in lieu of
a shorter duration of bar placement. In addition, patients
who have an asymmetrical depression or a one-sided depres-
sion with contralateral carinatum deformity are probably the
best served by an open procedure since the sternum can be
modified to better accommodate the discrepancy. Addition-
ally, the perichondrium can be shortened on the side that is
protruding forward to additionally correct the sternal tilt.
There was no difference in length of stay or pain scores in
our series which is similar to prior publications comparing
the Ravitch and Nuss procedures [8—10]. The senior author
feels that both operations have merit, and should continue
to be taught in pediatric surgical fellowships and offered to
patients with pectus excavatum.

Overall, the subxyphoid incision appears to be safer than
what is reported in the literature for many of the thoraco-
scopic-guided bar placements. We had small pneumothora-
ces, none of which required a chest tube. There were no inci-
dences of hemothorax and most importantly no incidences
of cardiac perforation. In most patients, the subxyphoid inci-
sion allows direct digital contact with the large clamps as
they are placed from the left-sided chest incision and guided
to the midline. This limits the possibility of cardiac injury.
We did, however, have two episodes of bar displacement
despite central fixation. Our displacement rate of 2.7% was
lower compared with other studies of 7% [11] and 5.7% [2].
These appear to be gradually occurring, non-traumatic and
may coincide with the dissolution of the absorbable sub-
xyphoid sutures. It has been described in the literature that
adolescent males of older age have significant chest wall
musculature, and were most likely to displace their pec-
tus bars [12]. That was not our experience as both of these

patients, one male and one female, had very slight build.
While our slip rate is recorded at only 2.7%, central fixation
did not completely remove this complication. Both of these
patients required revision of their initial procedures and now
have satisfactory results. Authors have used placement of bar
stabilizers to reduce the incidence of bar displacement. This,
however, has not eliminated this complication [2].

If those who are more prone to bar migration could be
predicted, one could envision additional modifications to
eliminate bar displacement. Placing permanent sutures
through the subxyphoid incision around the bar and secur-
ing it to the lower ribs may help to prevent cephalad migra-
tion. The limitation of this is that upon bar removal one may
have to reopen all three incisions to facilitate bar removal.
Currently, only two lateral incisions are opened to extract
the bar.

In summary, our method of subxyphoid incision with
central fixation as a modification of the Nuss procedure
has proved effective in avoiding the immediate complica-
tions of pneumothorax, hemothorax and cardiac perforation.
We have been successful in limiting bar displacement, and
further consideration should be given to additional modifi-
cations, possibly central fixation with permanent sutures,
especially if those patients prone to bar displacement can
be identified.
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