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Abstract
Rationale: Nuss procedure is a safe and popular minimally invasive surgical technique for the correction of pectus excavatum in
adolescents. Acquired scoliosis over 50 degrees after Nuss procedure has never been reported.

Patient concerns: A 14-year-old boy was referred to pediatric surgery for pectus excavatum deformity. He underwent a
successful Nuss procedure. At follow up, the patient was noted having an asymmetric back whole spine X-ray showed a right-sided
thoracic curve with a Cobb angle of 54 degrees.

Interventionsandoutcomes:Weobtained a satisfactory result by removing the pectus bar and prescribing the patient a brace.

Lessons: This report demonstrates that the spine should be evaluated routinely before and after Nuss procedure. Besides, spinal
fusion is not recommended for acquired scoliosis following pectus excavatum surgery.

Abbreviation: CT = Computed tomography.
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1. Introduction

Pectus excavatum, characterized by a depression of the sternum in
the anterior chest wall, may cause cardiorespiratory dysfunction,
chest pain, psychosocial problems and other diseases.[1,2] Patients
with aHaller index over 3.25 generally require surgical correction.
Nuss procedure is a safe and popular minimally invasive surgical
technique for the correction of pectus excavatum in adolescents.
The most common complications of this procedure include bar-
related adverse events and pneumothorax.[3] Acquired scoliosis
following Nuss procedure is quite rare and only 2 cases have been
reported in the literature.[4] However, both cases were of mild
curve with a Cobb angle less than 20 degrees. Here, we present a
14-year-old male who presented with an acquired curve over 50
degrees after pectus excavatum surgery. This patient was treated
with removal of the pectus bar and wearing a brace. The scoliosis
has improved greatly at the last follow-up. Informed written
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consent was obtained from the patient for publication of this case
report and accompanying images.
2. Case report

A 14-year-old boy was referred to pediatric surgery for pectus
excavatum deformity. The depression of chest wall had been
noticed when he was 10 and progressed in the past years. He
complained of unsatisfied appearance and occasional shortness
of breath upon exertion, but no chest pain or palpitations. On
physical examination, a sunken sternum was noted. Computed
tomography (CT) scan of the chest revealed a Haller index
measuring 3.26, which supported the diagnosis of a pectus
deformity. PA chest radiograph revealed no evidence of
scoliosis of the spine (Fig. 1A). Pulmonary function tests were
within normal limits. The patient underwent a Nuss procedure
(Fig. 1B). After general anesthesia, 2 small incisions were made
bilaterally at the mid-axillary line of the chest. Then an
introducer was pushed through the skin incision to create a
substernal tunnel. A bent metal bar was slipped under the
sternum under the guidance of a thoracoscope. Once placed in
an appropriate position, the bar was flipped 180 degrees and
elevated the depression as expected. Stabilizers and wires were
used to fix the bar to the ribs. The surgery was completed
successfully and the recovery process was uneventful. Four
weeks postoperatively, the patient was noted to have an
asymmetric back and referred to an orthopedic surgeon. Whole
spine X-ray showed a right-sided thoracic curve ranging
from T3 to L4 with a Cobb angle of 54 degrees (Figs. 1C
and 2A). Scoliosis correction was strongly recommended but
declined. Alternatively, we removed the pectus bar in case of
curve progression. Chest CT revealed a Haller index measur-
ing 3.02 postoperatively. Full spine radiograph demonstrated
that the curve magnitude decreased from 54 to 41 degrees
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Figure 1. (A) Chest radiograph before the Nuss procedure. (B) Immediate postoperative chest radiograph. (C) Whole spine radiograph revealed a thoracic curve at
four weeks’ follow-up postoperatively. (D) Whole spine radiograph taken after pectus bar removal. (E) Whole spine radiograph taken in a brace. (F) Whole spine
radiograph taken at the last follow-up.
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(Fig. 1D). Moreover, we prescribed the patient to wear a
customized Boston-type orthosis for 12h per day (Figs. 1E and
2B). Three months later, the curve disappeared (Figs. 1F and
2C).
Figure 2. (A) Photograph showed asymmetry of the back. (B) App
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3. Discussion
Nuss procedure was first described as a minimally invasive
technique for pectus excavatum correction by Nuss et al in the
1980s.[5] Over the past years, several modifications have been
developed improving the efficacy and safety ofNuss procedure.[6–8]
earance in a brace. (C) Photograph taken at the last follow-up.
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Comparingwith open techniques, such asRavitch andSauerbruch,
Nuss procedure have several advantages including avoidance of
osteotomies, less bleeding, shorter hospital stay, good cosmetic
results and fewer complications.[3,9] The frequent association
between pectus excavatum and scoliosis has been reported in the
literature. However, acquired scoliosis following Nuss procedure
have been rarely reported.[10–12] One possible explanation for
the cause of acquired scoliosis following Nuss procedure was that
the Nuss procedure forcibly changes the anatomical environment
of the thorax by insertion of metal bars. Due to the integrality of
the anterior and posterior thorax, the Nuss procedure corrects the
depression of anterior thorax, but also develops considerable
stresses on the spine, whichmay cause development of scoliosis.[13]

Scoliosis is defined as a lateral curvature of the spine with a Cobb
angle of more than 10 degrees. Management of scoliosis is mainly
determinedby theCobbangle of curves and skeletalmaturity.Mild
curves (less than 30 degrees) may need observation and exercise.
Curves between 30 and 50 degrees usually need bracing. Curves
larger than 50degrees are associatedwith a high risk of progression
and usually indicate the need for surgery.[14]

Up to now, only 2 cases of acquired scoliosis following Nuss
procedure have been reported. Both cases were of mild scoliosis
(14 degrees and 16 degrees, respectively) and exercise achieved
satisfactory results.[4] In our case, the patient presented with an
acquired curve over 50 degrees which requiring surgical
correction. However, the patient’s guardians refused to have a
surgery. Therefore, we attempted to remove the pectus bar and
recommended the patient to wear a brace. At the last follow-up,
the scoliosis has been disappeared. Niedbala et al suggested that
acquired scoliosis resulted from acute asymmetric pressures
following the Nuss repair.[4] This hypothesis was confirmed by
the fact that the scoliosis improved immediately after the bar
removal in our case. In addition, as acquired scoliosis following
Nuss repair is typically functional but not structural, spinal
fusion surgery was not necessarily recommended even the curve
was of over 50 degrees. Shu et al analyzed the complications of
406 patients undergoing Nuss operation and found 2 patients
had post-operative scoliosis because of severe pain.[15] In
our case, the patient did not complain of post-operative pain,
which suggested pain was not the cause of acquired scoliosis in
this case.
The spine should be routinely evaluated before and after

surgical repair of pectus excavatum. For acquired scoliosis
following theNuss procedure, conservative treatment including
physical therapy and bracing could achieve an excellent
outcome.
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