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Abstract
The correction of severe asymmetric pectus excavatum is still challenging, especially for adults with a rigid thorax. For the 
repair of asymmetric cases, we introduce our surgical techniques added to the Nuss procedure. Chondrotomy of the depressed 
and deformed costal cartilage to elevate the depressed side was performed in a 42-year-old female patient. The depressed 
chest wall was directly elevated using pectus bars. Her sternal rotation angle improved from 27° to 15° after bar removal. 
In a 26-year-old male patient, oblique sternotomy and chondrotomy were performed. The sternal rotation angle improved 
from 26° to 9° postoperatively. These techniques were effective for correcting severe asymmetric pectus excavatum in adults.
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Introduction

Pectus excavatum (PE) is the most frequent deformity of 
the thorax. PE, which is characterized by a depression of 
the anterior chest wall, varies in morphology among cases. 
Asymmetry is one of the most important factors in the 
morphology of PE, as it greatly affects the cosmetic results 
after surgical repair. Several authors have pointed out that 
asymmetry may progress during the time of growth [1, 2]. 
In addition, asymmetric PE correlates strongly with sternal 
rotation [1]. The correction of severe asymmetric PE with 
sternal rotation is still challenging, especially in adults with 
a rigid chest wall.

The surgical techniques that were added to the Nuss pro-
cedure to correct sternal rotation are presented here.

Methods

The evaluation of thoracic deformity

The degree of the defect in patients with pectus excavatum 
was assessed based on the Haller index (HI) and correction 
index (CI) on computed tomography (CT) [3]. In addition, 
the sternal rotate angle in each patient was measured at the 
level of the lower sternum.

Surgical techniques

Chondrotomy

Based on preoperative CT, the deformed costal cartilage is 
selected for chondrotomy. A midline incision, 2- or 3-cm 
long, is made on the lower anterior chest wall. In female 
cases, a submammary line incision on the affected side may 
be preferred. After dissecting the pectoralis major muscle 
from the ribs, the deformed 4th to 7th costal cartilage is 
exposed and incised halfway in the acutely angled spots. 
When the depression extends to the 3rd and 4th costal carti-
lage, a thoracoscopic incision is made using electric cautery, 
and partial resection by rongeurs is performed. The Nuss 
procedure is then performed using an appropriate number 
of bars. The depressed costal cartilage is pushed directly up 
by the bars. Figure 1 shows a schematic illustration of the 
chondrotomy procedure.
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Sternotomy

Sternotomy is considered in cases with a severely twisted 
sternum (Fig. 2a) and performed at the same time as chon-
drotomy. After chondrotomy, the anterior sternal cortex is 
resected in a wedge-shape using a bone saw (Fig. 2b). This 
oblique incision line is determined in accordance with the 
ridge of the sternal twist. Two bars are then used to repair 
the depression.

Results

Chondrotomy was performed for a 42-year-old female 
patient (Patient one), and chondrotomy plus sternotomy 
was performed for a 26-year-old make patient (Patient two).

Patient one is preoperative chest appearance showed 
asymmetric PE with broad and right-sided depression. The 
HI was 9.3, and the CI was 58.6. The sternum from the level 
of the 2nd to the 7th rib was leaning to the right, and the 
maximum rotation angle was 27° against the horizontal line. 
Chondrotomy was performed with a right partial submam-
mary incision, 2.5 cm long, on the lower anterior chest wall 
(Fig. 3). The right deformed 5th to 6th costal cartilage was 
incised via the anterior wall, and the right 3rd and 4th cos-
tal cartilage was incised thoracoscopically. Three bars were 
used to correct the chest wall depression. The patient’s post-
operative course was uneventful. Three years later, the bars 
were removed, and postoperative CT showed that the sternal 
rotation angle had improved to 15° (Fig. 4).

Patient two had asymmetric PE with right-sided depres-
sion. Chest CT showed a bifid rib (right third rib). The HI 
was 3.48, and the CI was 34.5. The sternum was acutely 
twisted at the 3rd costosternal junction (CSJ), and the max-
imum rotation angle was 26° against the horizontal line. 
Chondrotomy and sternotomy were performed with a mid-
line incision, 3 cm long, on the lower anterior chest wall 
(Fig. 5). The right deformed 4th to 6th costal cartilage was 
incised, and then a wedge-shaped incision of the sternal cor-
tex along the line from the right 3rd intercostal space to left 

Fig. 1  Schematic illustration of the chondrotomy procedure. The 
black arrow shows the incision points on the deformed cartilage

Fig. 2  Schematic illustration of the oblique sternotomy procedure. a: 
Three-dimensional CT image of the severe twisted sternum. b: The 
black triangular prism shows the resected sternal cortex

Fig. 3  The site of a submammary incision (patient one). The black 
line shows the submammary line incision for chondrotomy
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4th intercostal space was made. Two bars were used to cor-
rect the chest wall depression. There were no problems after 
the operation, and he underwent bar removal 3 years later. 
Postoperative CT after bar removal showed improvement of 

the chest depression, and the sternal rotation had improved 
to 9° (Fig. 6).

Discussion

The Nuss procedure has been established as minimally inva-
sive surgery for PE in children and young adolescents and 
is currently the most commonly used standard treatment. 
However, the Nuss procedure for adults who have a rigid 
thorax is not entirely minimally invasive. Intra-operative and 
postoperative complications, such as damage to the intercos-
tal muscles and bar migration, have been reported [4]. Some 
modified procedures, such as resection of the costal cartilage 
sand sternal osteotomy, have been reported as methods of 
treating adults’ rigid thorax [4–7].

Conversely, there have been no reports of surgical pro-
cedures to correct asymmetric PE. In this report, two adult 
cases with severe asymmetric PE who underwent the Nuss 
procedure with additional surgical procedures of chon-
drotomy and sternotomy were presented. In patient one, the 
whole body of the sternum leaned to the right side. There-
fore, chondrotomy of the depressed right cartilages was per-
formed. In patient two, the lower half of his sternum had 
twisted severely to the right side, and the twist would have 
remained even with sternal elevation by the pectus bars. 
Therefore, oblique sternotomy was added to chondrotomy. 

Fig. 4  CT images and chest appearance before and after the Nuss procedure (patient one). a Preoperative chest appearance, b Postoperative chest 
appearance, c Preoperative CT images, d Postoperative CT images

Fig. 5  The site of a midline incision (patient two). The black line 
shows the midline incision for chondrotomy and sternotomy
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In both cases, great improvement was observed in the chest 
appearance and the sternal rotation angle after bar removal.

In conclusion, chondrotomy of the curved costal cartilage 
and sternotomy are effective for adults with severe sternal 
tilt and twisting. Further investigations will be needed to 
determine the effectiveness of this procedure in relation to 
the degree of sternal rotation and the age group requiring 
these techniques.
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Fig. 6  CT images and chest appearance before and after the Nuss procedure (patient two). a Preoperative chest appearance, b Postoperative chest 
appearance, c Preoperative CT images, d Postoperative CT images
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