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Summary

Background: The aim of this study was to retrospectively
review files of patients who had tumor resection and re-
constructive surgery performed by thoracic and plastic
surgeons due to chest wall tumor, and to create recon-
struction algorithm.

Methods: Records of 45 patients who underwent surgery
for chest wall tumor between 2006-2014 were included in
this study. Data including age, sex, tumor localization, de-
fect size, quantity of resected costa and bone, and method
of skeletal and soft tissue reconstruction were gathered ret-
rospectively from patient files.

Results: The largest defect was 325 cm? and smallest was
36 cm?. Titanium mesh was used in 54% of patients, while
prolene mesh was used in 32%. Pectoralis kite flap (n=14),
latissumus dorsi muscle-skin muscle flap (n=12), latissumus
dorsi muscle flap and pectoral kite flap (n=5), vertical rec-
tus abdominus skin muscle flap(n=6), omentum flap (n=3),
transvers rectus abdominus skin muscle flap (n=3), free
anterolateral thigh flap (n=2), and local rotation flap (n=1)
were used for soft tissue reconstruction.

Conclusion: Algorithm for soft and skeletal tissue recon-
struction was created in accordance with obtained data.
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Ozet

Amag: Bu calismada multidisipliner yaklasimla toraks duvari
tliiméri nedeniyle rezeksiyon ve onanm yapilan hastalarin ge-
riye dénlik olarak incelenerek bir rekonstriiksiyon algoritmasi
olusturulmasi planland.

Gereg ve Yontem: Hastanemizde 2006-2014 yillari arasinda
toraks duvari tiimérii nedeniyle ameliyat edilen 45 hasta calis-
maya dabhil edildi. Hastalarin yasi, cinsiyeti, tiimér lokalizasyo-
nu, rezeksiyon sonrasi olusan defekt boyutlari, kot rezeksiyonu
yapilip yapilmadidi, iskelet rekonstriiksiyon yéntemi, yumusak
doku onariminin hangi fleple yapildidi, hastalarin dosyalarin-
dan geriye dénlik olarak tarandi.

Bulgular: Onarilan en bliyiik defekt 325 cm?, en kiiglik defekt
36 cm? idi. Olgularin %54’linde titanyum mesh %32’sinde ise
prolen mesh kullanildidi saptandi. Yumusak doku onarimin-
da ise pektoralis major kite flap (n=14), latissiumus kas-kas
deri flebi (n=12), latisimus kas deri flebi ile kombine pektoral
kite flep (n=>5), vertikal rektus abdominus kas deri flebi (n=6),
omentum flebi (n=3), transvers rektus abdominus kas deri flebi
(n=3), serbest anterolateral uyluk flebi (n=2) ve lokal rotasyon
flebi (n=1) kullanildigi tespit edildi.

Sonug: Elde edilen veriler isiginda iskelet ve yumusak doku re-
konstriiksiyonu icin algoritmalar olusturuldu.

Anahtar soézciikler: Algoritma; multidisipliner yaklagim; toraks
duvari rekonstriiksiyonu; toraks duvari rezeksiyonu; toraks duvari
tiimordi.
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Introduction

Large chest wall defects can occur as result of resec-
tion due to etiologies such as tumor or radionecrosis
in chest wall. Soft tissue and bony skeleton may be
affected."? There may be synthetic vascular struc-
tures at base of defect, and in addition, defects of
diaphragm or anterior abdominal wall can develop.
Large areas of damage, loss of skeletal support, and
deep dead spaces are characteristic features of these
defects. When contribution of chest wall to respira-
tion, its role in protecting vital organs, and support
provided to shoulder joint are considered, importance
of reconstruction is evident.2*! After reconstruction of
skeletal defects larger than 5 cm, robust soft tissue
coverage is the goal. Generally, pedunculated muscle
and musculoskeletal flaps are currently preferred for
reconstruction of chest wall defects.!

The present study investigated type of flap used and
short- and long-term complications of 45 patients who
underwent full-thickness chest wall resection and re-
construction in order to formulate a repair algorithm.

Patients and Methods

Records of 45 patients who were operated on in chest
surgery and reconstructive surgery clinics between
2006 and 2014 were analyzed retrospectively, after
local ethic comitee approval. Demographic data (age
and gender) of patients were recorded, as well as pri-
mary or recurrent nature, size of defect, presence of
bone resection, and number of resected ribs. Methods
used for skeletal reconstruction were evaluated based
on type of defect. Results of follow-up were also re-
corded, including postoperative complications and
methods used to address them.

Results

Study population consisted of 26 female and 19 male
patients with overall mean age of 53.4 years. Mean

. '

Figure 1. (a) Malignant mesenchymal tumor localized on the anterior chest wall with clavicular involvement. (b) Image ob-
tained during resection. (c) Skeletal tissue reconstruction with titanium mesh. (d) The image taken after completion
of the repair with latissumus dorsi skin-muscle flap.
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follow-up period was 58 months. In all patients, eti-
ological factors were chest wall tumor and related
complications. Nine patients were recurrent cases
who had previously undergone primary repair. All
patients underwent full-thickness chest wall resec-
tion. Nearly 2 (range: 1-4) ribs were resected in each
patient. Patients had undergone sternal resection
(n=9), concurrent rib, and clavicular resection (n=10).
Largest defect was 325 cm? and smallest was 36 cm?
Pectoralis kite flap (n=11), latissimus dorsi muscle-
skin muscle flap (n=12), latissimus dorsi skin-muscle
flap combined with pectoralis kite flap (n=5), verti-
cal rectus abdominus skin-muscle flap (VRAM) (n=5),
omentum flap (n=3), transverse rectus abdominis
skin-muscle flap (TRAM), rotation-advancement flap
(n=4), and free anterolateral thigh flap (ALT) (n=2)
were used to reconstruct defects (Figures 1a-d). In
24 patients, titanium mesh was used, and prolene
mesh was used for reconstruction of skeletal tissue in
14 patients (Table 1). Total flap loss was not observed
in any patient. In 2 of 3 patients who developed in-
fections, synthetic materials (prolene and titanium
mesh) were used. In 1 patient, reconstruction of skel-
etal tissue was not performed. For 1 patient, in whom
alloplastic material was not used, antibiotherapy and
local wound care were sufficient to defeat infection.
When titanium or prolene mesh was used, infection
could not be brought under control with wound care
and systemic antibiotherapy. Complete removal of
synthetic materials was necessary before infection
regressed and complete wound healing occurred. In
3 of 6 patients with partial flap loss, due to possibility
of extrusion of mesh, defects were debrided in early
phase and closed with local flaps to protect defect
from mesh infection. Minimal complications such as
minor hematoma and delay in wound healing were
seen and treated successfully without additional sur-
gical intervention (Table 2). Soft tissue reconstruction
algorithm was formulated based on location and size
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Table 1. Type of flaps used for the patients, localization, and size of the defects, and numerical values
related to resections applied for ribs, and bony structures

Flap group Average Average Maximum Clavicular Sternal Localization
defect number number resection resection
area of of
(cm?) resected resected
ribs ribs

Pectoral kite flap 154 1.6 3 4 2 11 upper 1/3

(n=11)

Latisimus dorsi 176 2 3 2 2 4 upper 1/3

(n=12) 4 middle 1/3
2 upper and
middle 1/3

2 lateral

Latisimus dorsi + 210 2.8 4 3 1 5 upper 1/3

pectoral kite (n=5)

VRAM (n=6) 136 2.3 3 = 2 4 middle 1/3
2 lower 1/3

TRAM (n=2) 130 1.5 2 - - 2 lower, and
middle 1/3

Free ALT flap 164 2.5 3 1 1 2 upper and

(n=2) middle 1/3

Omentum (n=3) 240 1.6 2 1 Together with

lower
abdominal
wall 1/3
Rotation-advancement 128 1.7 3 - - 3 lower 1/3
(n=4) 1 lateral

VRAM: Vertical rectus abdominus skin-muscle flap; TRAM: transverse rectus abdominis skin-muscle flap; ALT: Anterolateral thigh flap.

of defect, previous surgery, and status of flap pedicles
(damaged or intact) (Figure 2). Skeletal tissue recon-
struction algorithm was also designed, based on loca-
tion and size of defect (Figure 3).

Table 2. Complications, and their incidences

Complications Sayl  Incidence
(%)
Total flap loss 0 0
Partial flap loss (<50%) 6 13.3
Hematoma 4 8.8
Infection 3 6.6
Delay in wound healing 5 11.1
Dehiscence 4 8.8
Vascular thrombosis 0 0

Discussion

Musculoskeletal system of chest wall plays important
role in protection of intrathoracic visceral organs, ex-
pansion of thoracic cage during respiration, and stabi-
lization of shoulder joint. Therefore, all surgeons who
will perform operations on this region should be fa-
miliar with its complex anatomy and physiology. There
are intricate interrelationships between nerves, ves-
sels, cartilage, and muscle within chest wall that can
cause widespread distribution of numerous common
pathologies.” Soft tissue sarcomas constitute major-
ity of malignant chest wall lesions, and 6% of all soft
tissue sarcomas are observed in this region, including
malignant fibrous histiosarcoma, liposarcoma, neuro-
fibrosarcoma, angiosarcoma, and fibrosarcoma. Ma-
lignant lesions stemming from skeletal system consti-
tute 55% of all malignant lesions of chest wall. Most
frequently seen is chondrosarcoma, as well as osteo-
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Soft tissue defect

[
| Anterior chest wall

Upper 1/3 Middle 1/3

If thoracoacromial artery is patent
then pectoralis kite flap

Thoracoacromial artery is not patent

Posterior Lateral
chest wall chest wall
Rotation, Latisimus
transposition or dorsi
advancement flaps Musle or skin
or contralate- muscle
ral latissimus flap
Lower 1/3 dorsi muscle/skin
muscle flap

Or pectoral kite flap is inadequate, then

latissimus dorsi sin-muscle or muscle flap

Internal mammarian
artery is patent then
VRAM or TRAM flap

If internal mammarian artery is patent
then VRAM or TRAM flap

If thoracoacromial artery is not patent or
pectoralis kite flap is inadequate then

If internal mammarian artery is not

latissimus dorsi muscle flap + pectoralis kite flap

Recurrent case where regional flap can

not be used, free flap

If internal mammarian
artery is not patent then
latisimus dorsi muscle or

skin muscle flap

patent, then rotation advancement flaps
with lateral base

Chest+ anterior abdominal wall defect
then omental flap

Figure 2. Algorithm formulated for soft tissue reconstruction.

| Skeletal tissue defect |

| Anterior chest wall |
I

| Posterior chest wall |

Covered with
scapula: no need for
skeletal tissue
reconstruction

Inferior part of scapula

Defect smaller than
5cm:
no need for skeletal
tissue reconstruction

Defect larger than
5cm:
skeletal tissue
reconstruction

Defect larger than
5cm:
skeletal tissue
reconstruction

Defect smaller than
5cm:

no need for skeletal

tissue reconstruction

Figure 3. Algorithm formulated for skeletal tissue reconstruction.

sarcoma and Ewing sarcoma. In addition, breast or
lung cancer, or metastatic lesions without primary foci
may be encountered.® Achievement of suitable surgi-
cal margins depends on histology of tumor. Surgical
margin has key role in recurrence-free survival.>” Rate
of local recurrence of chondrosarcoma has been re-
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ported as highly dependent on surgical margin, rang-
ing from 4% to 73%.% In treatment of soft tissue sar-
coma on lower and upper extremities, compartment
resection approach has been the accepted mode of
treatment, but no such approach has existed for chest
wall sarcoma. Primary tumor easily infiltrates ribs and



skeletal tissue, necessitating resection of chest wall.
In recurrent cases, even if infiltration of skeletal tissue
does not occur, resection of chest wall should be per-
formed to ensure disease-free surgical margin.”! For
high-grade tumors, adequate surgical margin is 4 cm
in width, while for low-grade tumors, surgical margins
of 1-2 cm in width will usually suffice.”? Therefore, for
satisfactory surgery, full-thickness chest wall resection
should be performed in cases with chest wall sarcoma.
Our principles for reconstruction after resection are as
follows: (1) defects smaller than 4-5 cm do not require
skeletal tissue reconstruction, (2) defects covered with
posterior scapula do not require reconstruction, and
(3) skeletal stabilization can be performed using au-
tologous tissue, mesh, Gore-Tex® or methyl methac-
rylate. For soft tissue reconstruction, flaps are almost
always required.™

For reconstruction of central and lateral defects in in-
fraclavicular region, latissimus dorsi muscle flap, free
or pedicled TRAM or VRAM flaps are recommended.
Pectoralis major muscle flap is apparently preferred
for central defects in cases with sternal osteomyelitis
or mediastinitis." In our cases, contrary to literature
data, following reconstruction of lesions localized in
infraclavicular region, remaining segment of pectoralis
muscle was transferred over acromioclavicular artery
to infraclavicular region.""” When defect extended be-
yond middle third of segment and pectoralis muscle
was not sufficient to close the defect per se, latissimus
dorsi muscle flap was also used to achieve durable re-
construction. As a result of resection, pectoralis muscle
becomes nonfunctional, and in this case, use of ipsi-
lateral latissimus dorsi muscle results in dysfunctional
shoulder joint. Use of ipsilateral pectoralis muscle can
achieve reconstruction of medium-sized defects with-
out creating additional donor site morbidity.

Rectus abdominis muscle flap is one of the durable
flaps used for repair of chest wall defects. Based on
localization of skin island, it may be either transverse
or vertical flap. Based on configuration of defect, skin
island can be modified. This flap is often used for tho-
racic reconstruction due to its superior base; however,
in the absence of internal mammarian artery (IMA),
many publications emphasize elevation of flap with
intercostal artery support.'? We thought that this ap-
proach could increase complication rates, so we pre-
ferred to plan a contralateral flap. In cases with bilat-
eral absence of IMA, reconstruction was achieved with
different flaps.
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Latissimus dorsi muscle and skin-muscle flaps may
be preferred for reconstruction of lateral and anterior
defects. Due to large muscle area, a large defect can
be repaired with perfectly vascularized tissue graft.!"?!
Muscle flap is covered with skin graft to ensure suc-
cessful closure of defect. Size of this flap can some-
what prevent approach to midline, so for closure of
defects near midline, generally, combined use of this
flap with contralateral pectoralis major muscle flap
was preferred.

Local flaps are frequently used for reconstruction of
chest wall. Properly prepared local flaps can close de-
fects that are suitable and in cases where defect size is
not so great. Perforators of the superior epigastric ar-
tery with a base, or on lateral side, perforators of inter-
costal artery with a base, have been used successfully
in reconstruction of inferiorly located defects.™

In the literature, oncological indications for chest wall
reconstruction have primarily been breast cancer and
sarcoma.™ In present case series, none of patients
had indication of invasive breast cancer; patients with
advanced stage breast cancer are considered inop-
erable cases. In the literature, average postoperative
morbidity rate for full-thickness chest wall reconstruc-
tion has been indicated as 18%. In oncological cases
and cases with radionecrosis, morbidity rates have
been reported as 11% and 50%, respectively." In pres-
ent case study, average morbidity rate of 20% is con-
sistent with literature findings. Although prevention
of local recurrence does not always increase survival
rate, it is known to improve patient quality of life.2”

One of the most important factors affecting hospital
stay and onset of additional oncological treatment is
infection in contaminated synthetic materials used for
reconstruction of skeletal tissue.'™ Infection can occur
due to contamination of the material during surgery,
as a result of dehiscence of suture lines, or synthetic
material extrusion following partial necrosis of flap.
Once infection develops in the synthetic material,
treatment with systemic antibiotic and wound care
cannot be achieved most of the times. In cases of su-
ture dehiscence, if synthetic material is found on base
of defect, revision should be performed at early stage.
If partial flap necrosis is detected, necrotic portion at
base of defect should be debrided. When necessary,
defect should be closed with local flaps before devel-
opment of infection in synthetic material. If chronic
infection develops in the mesh and manifests with
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unhealed wounds and chronic draining lesions, syn-
thetic material under flap should be removed com-
pletely. Afterward, treatment should be continued
with systemic antibiotherapy.

Following full-thickness resection of chest wall, single-
section reconstruction of defects is a reliable and ef-
fective procedure. Closure of skeletal structure recon-
structed with synthetic material using well-perfused
tissue helps prevent local recurrence and decreases
incidence of postoperative complications. To achieve
optimal conditions for patient, treatment and moni-
toring with multidisciplinary team that includes tho-
racic and reconstructive surgeons is ideal approach.
In well-planned cases, recurrences and complications
can be minimized even in large, complicated defects.
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