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Abstract
Introduction: Pectus excavatum is a depression of the sternum. Pectus carinatum, in contrast, is the convexity of the sternum. 
The mixed form is an intermediate condition. Surgical intervention is the treatment of choice. The techniques most commonly 
used include the Ravitch and the Nuss procedures.
Aim: To assess the immediate and long-term results of the original modification of the surgical treatment for anterior chest wall 
deformation.
Material and methods: The modification is based on the Ravitch procedure. The difference is that the ends of the resected car-
tilages are shaped like a blade in order to be inserted into the previously prepared wedge-shaped hollows located on both edges 
of the sternum. The result is long lasting without the need to use additional brackets.
Results: The follow-up examinations performed in 72 patients, including 57 boys and 15 girls, were the basis to produce long-
term results. As for the type of deformity, out of 57 patients operated on due to pectus excavatum, 43 expressed satisfaction 
with the very good result. Similar satisfaction was reported in 7 out of 11 patients operated on due to pectus carinatum. There 
were 4 cases with the mixed form who had very good long-term results. Wound dehiscence was observed in 13 subjects, with 
one documented recurrence.
Conclusions: The alternative treatment we propose is a one-time procedure without the need to use additional support of the 
sternum. Good long-term results make the procedure suitable to be used more frequently in all types of deformities.
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Introduction
The first descriptions of pectus excavatum date back to 

the end of the 15th century. Five centuries later, in 1911, the 
first publications of corrective surgical treatment of this de-
formity appeared [1]. Surgical techniques are changing, but 
the aetiology remains unknown. Although there is insuf-
ficient evidence to determine the causes of the defect, the 
Ochsner hypothesis of 1939 gained recognition. The causes 
of a pathological depression of the sternum are sought 
in the accelerated, disproportionate growth of the costal 
cartilages in relation to the remaining bone skeleton. As 
a consequence, the sternum is pressed towards the spine 
[2]. This belief changed operating techniques. Ravitch was 
the first to describe this procedure in 1949 [1]. The method 
involves bilateral excision of the deformed costal cartilages 
in order to activate the sternum and perform transverse 

wedge osteotomy. The procedure allows for rotation of 
the sternum to the intended position fixed with mattress 
sutures which bring the opposite edges of the osteotomy 
closer. Thus, the sternum rises to the front and stabilization 
becomes possible even without the implantation of foreign 
bodies. However, in most cases, long-lasting and safe op-
erative reposition of the sternum is possible with the use of 
various foreign bodies that have to be removed. The proce-
dures are based on autologous rib grafts or wedge cartilage 
resections performed on the surfaces of the deformed car-
tilages, including the aforementioned metal structures and 
plastic restorations [3–7].

A minimally invasive surgical technique, called the Nuss 
procedure, named after its author, is gaining more and 
more popularity in the treatment of anterior chest wall 
defects [8]. Skin cuts of several centimetres made on the 
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lateral walls of the chest allow for the introduction and re-
moval of a previously shaped metal plate from the pleural 
cavities. A degree of deformation determines the number 
of plates to be used; they are formed appropriately depend-
ing on the expected shape of the anterior chest wall. The 
videothoracoscopic camera monitors movements made in 
the pleural cavity, and above all, the correct positioning of 
the implanted rod behind the posterior wall of the sternum. 
Rotation of the rod by 180° pushes the depressed sternum 
forward, reducing deformation. Special stabilizers protect 
implants against unintentional, uncontrolled rotation.

The incidence of pectus carinatum is much lower [9]. 
The symptoms are scarce, but produce an enormous emo-
tional burden, leading to anxiety, fear and pathological be-
haviours aimed at concealing the abnormality.

The mixed form has not been precisely defined because 
the elements of the concavity and convexity of the anterior 
chest wall bone skeleton coexist [9].

Aim
The aim of the study is to assess the immediate and 

long-term results of the original modification of the surgi-
cal treatment for anterior chest wall deformation.

Material and methods
Retrospective data from the medical records of 98 pa-

tients with anterior chest wall deformity were documented 
from January 2015 to December 2017. The patients were 
operated on at the Department of Thoracic Surgery of the 
Institute of Tuberculosis and Lung Diseases in the Unit in 
Rabka Zdroj. The data generated from a computer system 
and based on the International Classification of Diseases 
(Q67.6 and Q67.7) were used in follow-up examinations 
performed about one year after the surgery [10]. 

The degree of deformity in patients with pectus excava-
tum was calculated using the Kopera-Krol index (KK), which 
is the ratio of the greatest to the smallest distance between 
the posterior surface of the sternum and the anterior sur-
face of the spine measured on lateral chest X-rays. The 
quotient of these two quantities is a basis for a three-point 
scale: grade I with the K-K values from 1 to 1.1, grade II with 
the values ranging from 1.1 to 1.3, and grade III > 1.3 [11]. 

The main indications for surgical intervention were 
mainly emotional factors expressed timidly and with some 
embarrassment; they were also revealed when the patient 
was asked to show the defect during a physical examina-
tion. Routine pre-operative preparations were preceded by 
educational sessions with the patients and their caregivers. 
All the questions about the operation were answered and 
any doubts were dispelled. The patients were asked to fol-
low strict principles immediately before the operation, but 
more importantly after the procedure. These are simple and 
easy-to-follow rehabilitation duties, with the most impor-
tant rule of maintaining the correct body posture with the 
shoulder girdle abducted.

For the Ravitch procedure, the patients received general 
anaesthesia, alone or combined with thoracic epidural an-

aesthesia – an epidural catheter was placed in the Th6-Th8 
intervertebral space. The general and epidural anaesthesia 
protocols were described by our colleagues in the previous 
study [12].

Regardless of the degree of deformation, the course of 
oblique skin incision on the surface of the sternum was de-
termined by points marked symmetrically in relation to the 
nipples. This action is necessary to achieve a good aesthetic 
postoperative effect, with this incision line. Dissected pec-
toral muscles disclose the plane of the sternum with the 
sections of full-size deformed cartilage. The xiphoid process 
is cut off. Then, the intercostal muscle attachments are de-
laminated in order to radically cut out chondro-costal sec-
tions with an incorrect shape and course. However, during 
the entire procedure we must keep our eyes on the possible 
outcomes of the reconstruction. The number of excised 
cartilages depends on a degree of the sternum depression.  
It usually ranges from the 2nd or 3rd to the 7th costal cartilage. 
The resulting parasternal cartilage stumps are dissected 
from the sternum, which is formed to give a physiological 
shape. The released sternum becomes susceptible to manual 
modelling, usually bent upwards, often to the sides, in order 
to eliminate the pathological angular position. On the lateral 
edges, wedge-shaped hollows are formed. The peripheral 
cartilage ends, which are shaped like a blade, are inserted 
into the wedge-shaped hollows created between the laminae 
of the sternum using single, non-absorbable polyester knot-
ted sutures. Each suture covers the thickness of the sternum 
and distal sections of the costal cartilages. This is illustrated 
in Figure 1. This way, a natural support is formed which holds 
the sternum in a coordinated position. At the level of the 
lower pole of the surgical wound, a drain is left; it is led out 
from the anterior mediastinum. If a mediastinal pleural tear 
happens during preparation the complication, called pneu-
mothorax, is eliminated by introducing a draining catheter 
into the pleural cavity. The pectoral muscles are brought 
closer together using single knotted sutures, each of them 
being guided through the scaffolding of the sternocartilagi-
nous sutures already present on both edges of the sternum. 
This is shown on the left edge of the sternum in Figure 1. 
The natural shape of the anterior chest wall is restored with-
out the need to use additional brackets. The procedure ends 
with application of a continuous subcutaneous suture.

Postoperative pain management included epidural infu-
sion of the local anaesthetic with opioid (0.2% ropivacaine 
or 0.125% bupivacaine with fentanyl 5 µg/ml (0.1 ml/kg/h)) 
or intravenous infusion of morphine (20–50 µg/kg/h). The 
patients also received, irrespective of the type of postopera-
tive analgesia, non-opioid painkillers, such as paracetamol, 
a non-steroidal anti-inflammatory drug and metamizole as 
a “rescue drug”. In smaller children < 7 years old, postop-
erative pain intensity was measured using the FLACC scale 
and the Numerical Rating Scale (NRS) in older children [13]. 
In both cases, the scale range was 0-10 points (0 – no pain; 
10 – worst possible pain). Pain intensity was measured by 
nurses according to the three-step method (i.e. at rest, dur-
ing deep breathing and when coughing), which was devel-
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oped in our department and described by Tomaszek et al. 
[12, 14]. The therapeutic goal of pain control was to reduce 
pain intensity during coughing to no more than 2 points. 

The assessment of long-term results of thoracoplasty 
(a year after surgery) took into account the consequences 
of surgery, shape and symmetry of the surgically changed 
contours of the anterior chest wall and the appearance of 
the postoperative scar. We also took into account the pa-
tient’s self-evaluation of the result, i.e. full satisfaction, ap-
proval of the effect or dissatisfaction. This allowed us to 
group the subjects into three categories:
–  Very good result, when the effect of reconstruction met 

the expectations of the patient and operator i.e. restora-
tion of the expected shape of the anterior chest wall with 
a linear scar and symmetry.

–  Good result expressed by all the parties, i.e. the patient 
and operator, although the result was different than ex-
pected, either because of persistent retraction or second-
ary changes in the scar.

–  Finally, a group of dissatisfied patients, with a mediocre 
long-term result, the lack of noticeable clinical improve-
ment and the consequent dissatisfaction.

Statistical analysis
Continuous data are presented as a median, upper and 

lower quartile. Categorical data are shown as number or 
percentage. The assumption of normality was checked 
using the Shapiro-Wilk test. Differences between the two 
dependent samples (K-K before vs. K-K after pectus exca-
vatum surgery) were assessed using the non-parametric 
Wilcoxon test. Statistical analysis was performed using the 
Statistica 13 program (StatSoft, Poland). The significance 
level was set at 0.05. 

Results
Ninety-eight patients were evaluated for enrolment in 

the study. Twenty-six (26.5%) patients did not report to the 
follow-up visit. The data of the remaining 72 patients was in-
cluded in the final analysis. There were 57 (79.2%) boys and 
15 (20.8%) girls in the cohort. In the group of boys, the me-
dian was 14.6 years, and in the group of girls almost 13 years. 
The youngest of the operated patients was 4.5 years old 
and the oldest was just over 18. As for the type of deformity, 
there were 57 patients with pectus excavatum (79.2%), in-
cluding 13 subjects with the advanced form of the disease 
confirmed by the objective measurement with the K-K index. 
Then, there were 11 (15.3%) patients with pectus carinatum 
and the last group of 4 (5.5%) cases with the mixed form. In 
most cases, i.e. 54 (75.0%), the operations were performed 
under general anaesthesia combined with thoracic epidural 
anaesthesia. During the remaining 18 (25.0%) operations, 
only general anaesthesia was used. The median duration of 
thoracic surgery was 130 (115; 145) minutes. The patient was 
discharged when his/her clinical condition was good, and 
this was supported by the results of laboratory and imag-
ing tests, as well healing of the surgical wound. In the ab-
sence of complications, the patients were hospitalized for 

5–6 days, and in the case of surgical wound dehiscence, the 
hospitalization time was extended to 14–21 days.

The medical history obtained from the subjects revealed 
additional burdens, such as chest pain in 4 cases, fatigue 
compared to peers in 11 patients, as well as dyspnoea in  
5 subjects. Scoliosis of the thoracic spine, which is a defect 
accompanying pectus excavatum, was regularly monitored 
by a specialist in 7 cases, while it was left untreated in  
4 patients. Nine subjects with allergy received specialist 
care on a regular basis. eleven patients had a positive fam-
ily history of the defect.

The results of surgical treatment are presented in Ta-
ble I and Figures 2 and 3. In patients with pectus excava-

Figure 1. Illustration presenting modification at the stage of cutting 
the cartilages to form the shape of a blade with wedge-shaped hol-
lows at the edges, into which the cartilages will be inserted. Knot-
ted sutures form a “ladder-like” scaffold on the anterior lamina of 
the sternum, providing support for further muscle reconstruction

Table I. Long-term results after modified Ravitch procedure

Chest 
deformity

Number 
of patients

Result

Very good Good Unsatisfactory

Pectus 
excavatum

57 43 (75.4%) 10 (17.5%) 4 (36.4%)

Pectus 
carinatum

11 7 (63.6%) 3 (27.3%) 1 (9.1%)

Mixed form 4 4 (100%) 0 (0%) 0 (0%)

Total 72 54 (75%) 13 (18%) 5 (6.9%)
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tum, the median pre-operative K-K value of 1.15 (1.10; 1.20) 
dropped to 1.00 (1.00; 1.10) post-operatively – the result was 
statistically significant (Z = 4.93; p = 0.000001). A very good 
result of the pectus excavatum operation was achieved in 
43 (75.4%) subjects. A lower score, i.e. a good effect in this 
category, was noted in 10 (17.4%) cases, and 4 (7%) pa-
tients assessed the result as mediocre. The same qualifica-
tion used in the subjects with pectus carinatum indicates 
a very good result in 7 (63%) out of 11 cases. A good result 
was reported in 2 (18.1%) patients. Dissatisfaction was re-
ported in 1 (9.0%) case. A small group of patients with the 
mixed form had very good long-term results. 

The complications of the postoperative wound were re-
ported in 13 (18%) patients, including 6 patients with swell-
ing and redness around the surgical wound, sometimes 

superficial serous leakage; 7 (5.5%) patients had complete 
or partial dehiscence of the surgical wound. Putting layered 
seams on the wound followed by continuous subcutaneous 
suturing eliminated this complication with no impact on 
the previous cosmetic effect of the operation. The use of 
vacuum devices in patients with dehiscence of the surgi-
cal wound allowed the treatment time to be significantly 
shortened.

One patient with relapse eligible for reoperation did not 
give consent for the procedure. 

Hospitalization ends with a reminder of the principles 
of safe rehabilitation; for 6 weeks the patient should avoid 
contact games and physical exercises with arm swings 
and all kinds of bodybuilding. After this period, the patient 
gradually returns to normal functioning. The postoperative 
control examination period was 12 months dating from the 
surgery. In case of any doubts about the surgery, the pa-
tient could consult his/her surgeon at any time.

Discussion
The condition is usually noticed when the body enters 

the period of turbulent puberty; therefore, the question 
arises whether deformation of the anterior chest wall is 
really a congenital problem. This does not exclude cases 
where the deformity is manifested just after birth. The de-
fect may also occur in members of the same family. In our 
study, this was the case in 11 patients, regardless of the 
type of defect, and this is too little to support the thesis. 
The congenital nature is often confirmed by the medical 
history, but only after a long problem-focused investigation.

Choosing the most appropriate age for surgical treat-
ment is controversial [15]. According to some authors, early 
intervention, i.e. between the age of 3 and 5, brings the best 
results; later, due to physiological stiffening of the chest 
wall, the operation becomes more and more difficult. This 
view raises many doubts, all the more so that the conse-

Figure 2. Photograph of the patient’s anterior chest wall before and after pectus excavatum surgery

Figure 3. Kopera-Krol index before and after the modified Ravitch 
procedure in patients with pectus excavatum (n = 57; Wilcoxon 
test: Z = 4.93, p = 0.000001)
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quences of too early surgery described by Haller [16] are very 
disturbing, as evidenced by the average age of the patients 
(14.6 years old for boys and almost 13 years old for girls). 
Our experience indicates this age range as the optimal time 
for surgery, which should be performed before the end of 
ossification. Additionally, this approach makes it possible to 
restore previously limited interactions with peers, for exam-
ple during physical education classes, though paradoxically 
the latter trigger self-criticism. Children driven by a desire to 
change their appearance exert more and more pressure on 
parents and caregivers, and thus the topic is more and more 
often raised in family conversations. 

Debates are held on which of the correction methods 
is the most advantageous from the point of view of the 
patient, costs and even workload of the people involved. 
Comparative analyses cover the open Ravitch procedure 
and the popular minimally invasive Nuss procedure. Each of 
them has advantages and disadvantages. The comparisons 
included symptoms, the age of patients, duration of an op-
eration, hospitalization time, and finally the effectiveness 
of pain management. According to some authors, the re-
sults suggest no difference between the Nuss and Ravitch 
procedures for paediatric patients [17–19], while others in-
dicate the advantage of the Nuss procedure [20, 21]. 

Dehiscence of the surgical wound accompanied by in-
fection is not very frequent in paediatric patients after pec-
tus excavatum repair [17, 22]. In our study, it occurred in 
5% of the subjects. A significant improvement was reported 
after placing and suturing the gentamicin plate in the op-
erating field on the surface of the sternum before closure 
of the surgical wound. The use of vacuum devices was an-
other milestone in the elimination of undesirable effects 
[23]. As a consequence, hospitalization time significantly 
decreased, and patents’ opinions on the quality of the op-
erations improved. The cause of post-operative recurrence 
is still difficult to identify. In our study, one relapse was re-
ported. We still do not know its cause, and the patient did 
not agree to reoperation. 

Evading postoperative medical recommendations is 
difficult to confirm, because negligence and flaws in this 
respect are carefully concealed by the patients, who have 
a tendency to blame other people and independent circum-
stances for their failure. Thus, self-discipline can be a factor 
determining long-term outcomes.

Very good results of one-year follow-up conducted in  
54 (75%) subjects prove the effectiveness of the method. 
This is reflected in a keen interest in our procedure and 
a demand for this type of surgery, which has been per-
formed at the department since 1999.

Conclusions
The technique we propose is a one-time, definitive cor-

rective operation to treat deformation of the anterior chest 
wall in children and adolescents. Good long-term results 
make the procedure suitable to be used more frequently in 
all types of anterior chest wall deformities.
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