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Abstract

Background: In this paper, we report our experience in the resection
and immediate reconstruction of chest wall tumors, using oncoplastic
surgery criteria.

Methods: This is a prospective study including 27 patients with ma-
lignant tumors of the chest wall (primary and metastatic) who under-
went oncoplastic surgery with curative intent.

Results: In 15 cases, it was a sternal defect and in 12, the ribs were
involved. Immediate closure, in collaboration with teams of plastic
surgeons, was conducted with different prostheses to provide wall
stability and then be able to cover the defect with musculocutaneous
flaps at different levels, depending on the need.

Conclusions: Extended resection of the chest wall is the best treat-
ment for most tumors affecting this region. Reconstruction with mesh
and musculocutaneous flap is an effective technique for repairing
such defects, although not without morbidity.

Keywords: Chest wall reconstruction; Osteosynthesis material;
Meshes; Chest wall oncoplastic surgery

Introduction

Chest wall resection may result from a variety of diseases: car-
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cinomas (primary or metastatic), infections, radionecrosis, or
traumatisms [1].

The resection may include bone frame (sternum and/
or ribs), soft tissue and skin. The type of reconstruction will
depend on the affected location (especially anterior or lateral/
posterior defects) and the amount of the excision. Defects of
one or two ribs, especially of posterior localization (subscapu-
laris) can be closed directly; larger defects will require pros-
thesis (Marlex® or Goretex®) to cover the defect [2].

Large resections, or especially anterior defects, affecting
the sternum require a reconstruction to restore necessary rigid-
ity, so the chest might provide normal respiratory mechanics
and offer protection of the organs it covers.

Various materials (Table 1) of osteosynthesis or prosthesis
have been used to provide chest wall rigidity and to immedi-
ately cover the defects with muscle or musculocutaneous flaps.
Multiple treatment combinations are possible, depending on
the location and size of the defect, the state of the wall adjacent
to it, and the preferences of the surgical team. Furthermore, we
should deliver an acceptable esthetic result that will allow the
patient to achieve an optimal quality of life [3].

In this paper, we report our experience in oncoplastic sur-
gery (Table 2), which seeks to accomplish a cancer treatment
procedure with acceptable esthetic results, after treating 27
chest wall tumors (primary or metastatic) with different recon-
struction techniques.

Material and Methods

During a period of 12 years, we have performed oncoplastic
surgery in 27 patients with chest wall tumors (Table 3): surgery
included en bloc resection from skin to cavity, removal of the
bone wall (costal-sternal), mesh placement and musculocuta-
neous flap.

Twelve (12) men were treated. Mean age was 51 years (32
- 80 years). In five cases, tumor embolization was performed
prior to surgery. Regarding the histological type, the most fre-
quent tumors were chondrosarcomas and chest wall involve-
ment by breast carcinoma.

The lesions were palpable in all cases, with or without
pain (32% of cases). In 18 cases, lesions were biopsied prior to
surgery: 12 by surgical incision and six by puncture.

The study of the lesion included a chest radiograph and
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Table 1. Material for Chest Wall Reconstruction

Table 2. Chest Wall Oncoplastic Surgery

Polyglycolic acid (LactoSorb®): resorbable
Autologous bone/cadaver
Steel bars
Meshes
Mesh-methyl methacrylate (MMM)
Titanium
Goretex (polytetrafluoroethylene (PTFE®))
Cemented (Sandwich Technique)
Moldable titanium bars
Bars (Synthes®)
Stratos® system: bar + rib clips

Intramedullary system (MatrixRIB®)

computed tomographic (CT) scans of the affected area, ex-
tended to other places if there was suspicion of metastasis.
The magnetic resonance imaging (MRI) was performed in 17
cases. In four cases, PET-CT was requested for metastatic ex-
tension study. No patient was subjected to chemotherapy or
radiotherapy before surgery.

Results

Oncologic resection and chest wall reconstruction were per-
formed in the same procedure. All cases were primary or meta-
static malignancies. In the case of rib resection, the minimum
number of ribs was 3 (range 3 - 6). In 15 cases, the main defect
after surgery was sternal (Table 4), and in 12 was costal, ante-
rior or lateral.

Closure of the chest wall was carried out with synthetic
material: 10 cases of polytetrafluoroethylene (PTFE), six cases
with titanium mesh, four with titanium rods, and seven with
mesh-methyl methacrylate (MMM). The muscle flap was se-
lected from three regions: pectoral (11), dorsal (11) and rectus
abdominis (5).

The main complications are listed in Table 5. In one case,
a change of prosthesis had to be performed given the possibil-
ity of extubation, and another patient required removal of the
prosthesis for persistent cutaneous fistula after 2 months. Two
patients died of respiratory distress in the days immediately
following surgery.

Discussion

The anatomy and physiology of the chest wall and sternum
are intimately intertwined. Various diseases can affect them,
mainly radiation necrosis and infection, and tumors. The latter,
either primary or metastatic, invades the chest wall, soft tissues
and adjacent structures. Oncologic resection includes adequate
preoperative assessment and chest wall reconstruction plan-
ning in the same procedure.
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Oncoplastic surgery: characteristics
Oncologic surgery with complete resection criteria
En bloc resection from skin to parietal pleura or affected organs
Resection of three or more ribs or sternum (total or partial)

Immediate reconstruction in the same surgical procedure

In the case of a chest wall lesion, silent or not, the first
question that needs to be resolved is to determine the histo-
logical type. Radiological studies (chest radiography, CT and
MRI) are useful for the preliminary assessment and evaluation
of the degree of extension. Even though, definitive diagnosis
requires a sample for pathological study. Cavanaugh [4] rec-
ommends an incisional biopsy for diagnosis and appropriate
therapeutic management. The interpretation of the samples
should be careful because potential diagnostic confusions can
occur as with chondrosarcomas, which show alternating be-
nign and malignant areas [5]. We took samples in 18 cases,
12 by incisional biopsy; in nine cases, surgery was decided
directly because of the location (sternum) or progression of
the disease, as in the case of recurrent breast carcinoma on the
chest wall.

In five cases, on the day before surgery, arteriography and
tumor embolization were performed due to the large size of the
tumor and great tumor-associated vascularity.

In some cases, the administration of neoadjuvant therapy
is useful in multidisciplinary treatment. In the present series,
surgery was decided as the first option because the treated tu-
mors would not have benefited from that type of therapy.

Once surgery has been decided, the strategy should be
considered. The skin incision should include ulcerated areas
(if any), and affected areas with a margin of 2 cm in the mac-
roscopic view. The incision from skin to chest cavity allows
us to explore it, considering the possibility of pleural and lung
metastasis, and also organ involvement. The resection of struc-
tures at that level should be performed en bloc. Later, chest
drains are placed in the area.

The next step is to provide stability to the chest wall: di-
verse material can be used for this purpose (Table 1). Costal
defects can be stabilized with a mesh. However, the partial or
total excision of the sternum requires a rigid prosthetic mate-
rial [6] (titanium, steel, cemented mesh) to prevent respiratory
failure and minimize the risk of respiratory complications [2,
7]. In our series we used mostly titanium bars/mesh in ster-
nal defects with good results regarding wall stability, showing
resistance to infection and compatibility with adjacent tissue.

The next step is soft tissue coverage. The muscles used
are usually latissimus dorsi, pectoralis and rectus abdominis,
as shown in Table 3. In sternal defects, the pectoral muscle
is preferred, and lateral defects, the latissimus dorsi. We use
the rectus abdominis in extensive defects of the anterior wall,
which require a large flap to cover the defect. Moreover, we
used the omentum in two patients due to the associated in-
fection. Omentoplasty is a difficult procedure [8] in some pa-
tients, mainly in cases of extensive resections, irradiated fields
or recurrent tumors. We used it on two occasions, where both
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Table 3. Patients Included in This Study

No. Diagnosis Defect Age Mesh Flap
1 Chondrosarcoma A 38 PTFE PT
2 Chondrosarcoma A 54 M-M PT
3 Desmoid tumor L 59 M-M DS
4 Neurofibrosarcoma A 43 PTFE PT
5 Breast carcinoma A 61 PTFE RC
6 Chondrosarcoma L 29 M-M DS
7 Rhabdomyosarcoma L 74 PTFE RC
8 Lung carcinoma A 70 PTFE PT
9 Schwannoma L 32 PTFE PT
10 Breast carcinoma A 41 PTFE RC
11 Thyroid carcinoma A 62 M-M DS
12 Thyroid carcinoma A 63 M-M RC
13 Chondrosarcoma A 50 PTFE PT
14 Radio-induced sarcoma L 63 M-M RC
15 Chondrosarcoma L 64 M-M DS
16 Breast carcinoma A 43 Titanium mesh DS
17 Breast carcinoma A 33 Titanium mesh DS
18 Fibrous histiocytoma A 42 Titanium mesh DS
19 Giant cell tumor A 55 PTFE PT
20 Chondrosarcoma A 55 Titanium bars DS
21 Breast carcinoma A 43 Titanium mesh PT
22 Squamous cell carcinoma TO 80 Titanium bars PT
23 Squamous cell carcinoma TO 77 Titanium bars PT
24 Esophageal carcinoma IL 42 Titanium bars DS
25 Chondrosarcoma A 45 Titanium mesh PT
26 Pleomorphic sarcoma IL 76 PTFE DS
27 Breast carcinoma A 44 Titanium mesh DS

A: anterior; L: lateral; TO: thoracic outlet; PTFE: polytetrafluoroethylene; MMM: mesh-methyl methacrylate; PT: pectoral;

DS: dorsal; RC: rectus.

tumors had a large necrotic component.

Regarding complications, they range between 8% and
20% [9, 10]. Table 5 lists those that appeared in our series: the
most frequent was partial flap necrosis, requiring partial de-
bridements to heal the wound. Seroma appeared in cases where
PTFE mesh was used, recovering well after drainage and local
treatment. One patient required a change of prosthesis (PTFE
by MMM) due to paradoxical breathing, and not being able to

Table 4. Main Anatomical Defect Following Tumor Resection

tolerate extubation until replacement. We had two postopera-
tive deaths (on the first and fifth day): both were women with
recurrent breast cancer to the sternum, and whose extension of
the oncological disease must have been greater than what was
supposed in the lungs, not allowing extubation and suffering
early respiratory failure. Resection of recurrent breast cancer
is indicated for wound hygiene with the major objective being

Table 5. Major Complications Associated With Surgery

Complication Cases
Anatomical defect Cases Chronic cutaneous fistula 1
Anterior costal 8 Change of prosthesis 1
Lateral costal 4 Persistent seroma (> 15 days) 2
Superior sternal 11 Partial flap necrosis 4
Medium sternal 4 Perioperative death 2
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a healed chest wall.

In short, chest wall immediate reconstruction after onco-

plastic surgery requires proper planning to choose a suitable
material for each patient and coordination between different
surgical teams.
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