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Introduction

Pectus excavatum is one of the most common congenital chest wall deformities. It is defined by depression of the sternum, usually in its lower part. 

The deformation can be symmetrical or asymmetrical, often coexisting with the costal arch deformity and scoliosis. The incidence is estimated to be approximately 1:1000 live births, much more common in males. The etiology is unknown.

There are two main methods of surgical correction of pectus excavatum: the traditional open Ravitch procedure and minimally invasive Nuss method. 

Many studies describing evaluating techniques used in pectus excavatum surgery were published with heterogeneous results. Meta-analysis enables unambiguous comparison of these methods. 

The evolution of pectus excavatum repair techniques is rarely discussed in literature. There is no comprehensive study in literature, although the knowledge about this process is necessary for understand modern trends in this field.  Therefore, the study was the attempt to fill this gap in knowledge as well.
Aim

The Aim of the study was to answer following question:

1. How evolved techniques used for correction of pectus excavatum? 

2. How constantly changing hypotheses on etiology of pectus excavatum influenced on the evolution of surgical methods?

3. What influenced directly to the process of the evolution of surgical techniques? 

4. Were there any differences between the Nuss procedure and the modified Ravitch procedure, with respect to overall complications, as well as to early and late complications analyzed separately?

5. In which method recurrence rate of the deformity was higher? 

Material and Methods

In analysis of evolution of surgical procedures, describing method, comparative method, induction and deduction were used.

The study was prepared using statistic methods commonly used in meta-analyses. To the meta-analysis 17 studies indexed in MEDLINE and INDEX COPERNICUS were included (6 about open methods and 11 about MIRPE). Total number of patients was 5351.

Results

Surgical techniques were described chronologically, highlighting the sequence of cause and effect in this field. Changes In hypotheses on etiology of the deformation and its input to the changes in surgery was analyzed. The most frequent complications and its role in evolution of techniques were summarized as well.

5351 patients operated using modified Ravitch procedures (2279 patients) or Minimal Invasive Repair of Pectus Excavatum – the Nuss Procedure (3072 patients) were analyzed. 

Results of meta-analysis suggest no differences between the Nuss procedure versus the modified Ravitch procedure with respect to overall complications (p=0.525), as well as to early (p=0.180) and late (p=0.808) complications analyzed separately. The recurrence rate after the Nuss procedure were significantly lower than in Ravitch procedure (p=0.01).

Conclusions

1. Surgery of pectus excavatum constantly evolving from 1911 with two main turning points: the Ravitch method and the Nuss procedure. The rest of methods seem to be its modifications. 

2. Between the views on the etiology of funnel chest and the development of surgical techniques, there was a dynamic, two-way relationship –on the one hand, a hypothesis for the development of PE resulted in the development of open technologies, and on the other hand, endoscopic techniques verified the accuracy of hypotheses highlighted earlier, creating the new lines of research in the etiology of pectus excavatum.

3. The surgical techniques of funnel chest evolved due to introducing subsequent modifications, aimed at reducing the incidence of postoperative complications, especially recurrence of the deformity., the priority of the minimal invasive techniques was to reduce the amount of the Nuss bar dislocations.

4. Results of meta-analysis suggest no differences between the Nuss procedure versus the modified Ravitch procedure with respect to overall complications, as well as to early and late complications analyzed separately. 
5. The recurrence rate after the Nuss procedure were significantly lower than in Ravitch procedure, which suggest the Nuss method to be better from esthetical point of view.
