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ABSTRACT

Background: Multidisciplinary approach is essential for reconstructing patients with chest wall tumor, especially in palliative settings. There are few stud-
ies that describe the essential role of a plastic surgeon for this entity. The main challenges are not only the aesthetic appearance but also the functional
outcomes attained by various tissue transfer techniques. This study presents reconstructive options as one of the mainstay therapies of patients with
chest wall tumors.

Methods: Fifteen patients, aged 13 to 65 years, who underwent chest wall reconstruction at Dharmais National Cancer Center, Jakarta, Indonesia from
2014 to 2018 were reviewed. The outcomes such as complications, recurrence, and mortality were recorded. The follow-up period ranged from 6 to 24
months.

Results: Pedicled and free flaps were the preferred treatment options to cover the chest wall defect following wide resection. Flap modalities such as
latissimus dorsi (LD), anterolateral thigh, transverse rectus abdominal muscle, and external oblique muscle were applied. Skin grafts were frequently
combined in LD flap to cover the muscle flap. In large composite defects in the precordial area with sternum/ribs resection, titanium mesh was used.
Conclusion: This series has shown that the pedicled and free flaps are reliable modalities for reconstruction following chest wall tumor ablation, with
improvement in aesthetics and functionality. Immediate reconstructive surgery post-cancer ablation has been proven to be safe and reliable without

increasing the number of morbidities, even in palliative settings.

INTRODUCTION

Oncologic processes of the chest wall mainly comprise of primary thoracic
wall tumor and metastatic lesion from adjacent tissues and organs. The most
common primary tumors originate from bones and soft-tissue sarcomas,
which account for 55% and 45% respectively [1,2]. On the other hand, the
metastatic lesions commonly occur from adjacent tissues malignancies, such
as breast cancer and lung cancer. It has been suggested that the treatment
approach may include surgical resection of the defects, which is usually fol-
lowed by chemotherapy and/or radiation depending on the histological enti-
ty. Nowadays, wide surgical excision towards chest wall tumors has resulted
in the increased long-term survival of the patients [3,4].

Studies have shown that reconstruction of chest wall defects is required to
reduce morbidity and mortality following tumor excision [3,4]. In the palliative set-
ting, resection of painful, odor-intensive, and bleeding tumors with subsequent
chest wall reconstruction seems to be an option to increase the quality of life in
a period of time. Nevertheless, three main issues should be considered in order
to obtain optimal surgical treatment for chest wall tumor, namely, the extension
of resection, restoration of skeletal stability, and soft tissue coverage [5,6]. These
issues require a multidisciplinary approach, which involves cooperation between
oncologic, thoracic, and plastic surgeons. The primary goal in this multidisci-
plinary approach is to earn the desired results in terms of oncological, functional,
and aesthetic fields. In the surgical field, plastic surgery procedures improve the
patient's condition by refining the local tissue situation [7].

For chest wall defects, various soft tissue transfer techniques are required
to cover the post-excision defects. Most often, muscle or musculocutaneous
flaps are used in chest wall reconstruction. More advanced techniques such
as free tissue transfer (free flap) and multiple simultaneous flaps are needed
to reconstruct larger defects.
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The purpose of this study is to review the reconstruction modalities with-
in the muiltidisciplinary approach for chest wall reconstruction. We have also
proposed an algorithm that is formulated based on our experience to manage
chest wall defects following cancer resection.

METHODS

Fifteen patients, aged 13 to 65 years, who underwent chest wall reconstruc-
tion at Dharmais National Cancer Center, Jakarta, Indonesia from 2014 to
2018 were reviewed. Patients were observed carefully for 5 days and given
antibiotics and analgesia following the surgery. Monitoring to determine flaps
vitality was based on the color of the skin/skin graft, skin turgor, temperature,
and capillary refill time.

Complications, recurrence, period of follow up, and mortality data based on
diagnosis were recorded. The follow-up period ranged from 6 to 24 months. This
was a retrospective study and all patients had given their informed consent prior
to the study.

RESULTS

Records of fifteen patients who underwent chest wall reconstruction at our
institution from 2014 to 2018 were reviewed. Patients' demographic data
(gender, age, pathologic diagnosis, oncologic status, and reconstructive tech-
niques) are reported in Table 1.

There were 11 females and 4 males. The age ranged from 13 to 61 years
with an average age of 47.2 + (13.59) years. All patients underwent surgery for
soft-tissue cancers: 11 patients had breast cancer, 1 had thyroid carcinoma, 1
had chondroma, 1 had primitive neuroectodermal tumor (PNET), and 1 patient
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had skin carcinoma. Some of the defects included lung lobule and/or bony com-
ponent such as clavicle, sternum and/or ribs. The patients were divided into 5
groups according to the reconstructive techniques and variables such as the size
of the chest wall defect and the number of ribs and/or other bony materials re-
sected. The pathological conditions of 9 patients resulted from the recurrence of
the disease. Majority of the patients received neo-adjuvant chemotherapy pre-
operatively.

The majority of the patients were reconstructed in a single-stage fashion;
only 1 patient had to undergo two consecutive reconstruction procedures due
to cancer recurrence. Definitive chest wall reconstruction was achieved with
a total of 18 flaps in 15 patients (Table 1). Varieties of flaps were used, which
included fasciocutaneous, musculocutaneous, and muscle flaps. The only free
flap used in this study was in the form of anterior lateral thigh (ALT) flap, which
was used in 2 cases. Anastomoses of blood vessels in free tissue transfer pro-
cedure were achieved using microsurgery techniques. Titanium mesh was
incorporated in the reconstruction of the chest wall specifically when bony
materials in the precordial area were resected. Surgery was always performed
under general anesthesia with endotracheal intubation. Drainage of the sur-
gical site was obtained using simple fenestrated drain. Drains were removed
after the residue reduced to less than 30 ml.

As shown in Table 2, the patients were organized into 5 groups based
on the applied flaps: 1) anterior lateral thigh (free flap), 2) external oblique,
3) latissimus dorsi, 4) transverse rectus abdominis, and 5) multiple. In Figure
3 to 8, five types of applied flaps in this study were presented. One patient
who experienced two-stage operation was included in each accomplished-re-
construction-procedure group on the patient (latissimus dorsi and external
oblique group).

Latissimus dorsi (LD) flap coverage was the smallest among other types
of flaps recorded, which had covered about 121.4 cm? defect area. However,
it was the most common muscle or musculocutaneous accomplished in this
study, involving 7 patients. The largest defect area, which was 300 cm? on av-
erage, was covered with multiple flaps consisting of LD and external oblique
muscle flaps in two patients. ALT free flap was the choice to cover the average
of 276.5 cm? defect area. Higher numbers of resected costae were also associ-
ated with ALT free flap, which comprised of 4 ribs in each patient. In this group,
additionally, a forequarter amputation involving scapula and shoulder girdle
in one patient and upper lung lobe resection in another patient were done
due to the metastatic progress. The third largest defect group was closed with
pedicled transverse rectus abdominis myocutaneous (TRAM) flap, which ac-
counted for 184 cm? defect area. External oblique flap, on the other hand, was
used to cover the defect area with the average size of about 136.5 cm?, which
was almost the same size of the defect with LD flap covering.

In the LD flap group, split-thickness skin graft was used in 2 out of 7 cases
to cover the exposed muscle flaps. The rest of the cases were applied with LD
flap with skin paddle or closed primarily. There was no remarkable complica-
tion recorded in our cases (Table 3). The surgical area was evaluated based
on the evidence of flap loss, infection, and dehiscence. However, none of the
issues occurred in these cases.

Bony wall reconstruction using titanium mesh was achieved when the
pericardial area was involved or the resected ribs reached greater than 4 ribs
in a single procedure. Major complications involved the disturbance in chest
function, such as flail chest and paradoxical breathing, which covered venti-
lation problem. None of the complications was also shown in the patients.
Nevertheless, 4 patients had a medical complication in the form of their onco-
logical progressivity.

After 24 months of follow up, 12 patients remained alive. Recurrence of
the disease occurred in 4 cases and currently only one patient diagnosed with
PNET was alive. Two patients with breast cancer and one patient with skin
cancer died during the 6 months follow-up due to the progressivity of cancer
(Table 4).

DISCUSSION

This study demonstrates the full spectrum of the complexity of chest wall defects
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for reconstruction from a tertiary cancer center in Indonesia. The benefit of this
single institutional review derives in part from the active role that the surgical
treatment plays in the care of oncologic disease of the chest wall. Aggressive ex-
tirpation of the tumors results in extensive defects requiring definitive coverage.
Such defects most likely qualify for inclusion in the level of highest complexity for
reconstruction.

Demographic Data

The most common indication for chest wall reconstruction in our study was
breast cancer (73 percent). This demographic data is equivalent to the lat-
est trends showing breast cancer has the highest incidence in Indonesia [8]
and the second most common site of cancer in the world [9].

The most flaps used in this series were Latissimus dorsi flaps. Our re-
sult was in agreement with a study conducted by Chang et al. [10]. They
evaluated 113 patients throughout ten years where the most frequent di-
agnoses were breast cancer, followed by sarcoma. The type of reconstruc-
tion depended on the size and location of the defect, the rotation range of
possible local flaps or the availability of vessels for anastomoses. The most
commonly used flaps were latissimus dorsi, rectus abdominis, pectoralis
major, and external oblique. Microsurgical flaps were used in 11% of their
cases [10,11].

Titanium Mesh Usage

In particular, the following defect locations are at the risk of herniation or
paradoxical breathing: total or subtotal sternal resection including several
ribs bilaterally, high lateral resection (more than 3-4 ribs), or forequarter
amputation with resection of 3 or more ribs. In these cases, respiratory
problems might arise if the stability is not adequate at the earliest, follow-
ing the postoperative period [12]. Krall et al. reported that forty patients un-
dergoing a chest wall reconstruction with mesh and flap recovered better
significantly with a shorter time on respiratory support and shorter hospi-
tal stay compared to those having only flaps reconstruction [13]. Chang et
al. proposed an algorithm regarding bony reconstruction on the chest wall:
when less than 4 ribs were resected, a mesh-only reconstruction should
be applied, whereas when 4 or more ribs and/or a sternal resection were
performed, mesh with methyl methacrylate should be used to reconstruct
the defect [10]. Nevertheless, we have a limitation in following the guide-
lines from the previous studies. One of our challenges is regarding national
health insurance. The budget has been tightly regulated, including the use
of mesh for bony reconstruction.

The algorithm showed in Figure 1 was adapted from Chang et al. [10]
and further adjusted based on our experience. Based on this algorithm,
we constructed the bony wall only if the pericardial area was exposed, to
solely protect the cardiac; and, if the resected costae reached greater than
four resected ribs, this might cause some respiratory problems. However,
the study conducted by Makboul et al. reported that the use of alloplastic
material for structuring was not necessary; they were using only latissimus
dorsi flaps to close the defects [11]. This result was in concordance with
our cases, where none of the patients showed any breathing complications
involving disturbance in chest function, such as flail chest and paradoxical
breathing, which covered ventilation problem. However, we only evaluated
based on the patients’ clinical symptoms and physical examination within
the follow-up period. Further studies, which focus more on the skeletal re-
construction and following ventilation function such as evaluation of lung
function test, are paramount to elaborate the work.

Algorithm of Flap

A simple flap choice algorithm after chest wall tumor ablation has been
proposed in Figure 2. We adapted the current flap guideline by Chang et al.
[10] with some small changes based on our experience. Assessment of the
defect location was done in the first place, namely, lateral or sternal area.
Size of the defect was determined further. Large defect comprised of de-
fect area 2300 cm? while small defect had less than 300 cm? area. In cases
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Table 1. Patient Demographic Data

Case  Gender Age (years) Pathologic Diagnosis Oncologic Status Reconstructive Technique
1 F 48 Breast Cancer Recurrence Anterior Lateral Thigh Free Flap
Transverse Rectus Abdominis Flap
2 F 35 Breast Cancer Recurrence Transverse Rectus Abdominis Flap
3 F 40 Breast Cancer Recurrence External Oblique Flap
4 M 63 Breast Cancer Primary External Oblique Flap
5 F 64 Breast Cancer Recurrence Latissimus Dorsi Flap
6 F 55 Breast Cancer Recurrence Latissimus Dorsi Flap
7 F 52 Breast Cancer Recurrence Latissimus Dorsi Flap
8 F 33 Breast Cancer Recurrence Latissimus Dorsi Flap
9 F 50 Breast Cancer Primary Transverse Rectus Abdominis Flap
10 F 50 Thyroid Cancer Primary Latissimus Dorsi Flap
11 M 50 Chondroma Primary Latissimus Dorsi Flap
12 M 13 PNET Primary Anterior Lateral Thigh Free Flap
13 F 65 Breast Cancer Recurrence Latissimus Dorsi Flap
14 F 40 Breast Cancer Recurrence Latissimus Dorsi Flap + External Oblique Flap
15 M 50 Skin Carcinoma Primary Latissimus Dorsi Flap + External Oblique Flap

PNET, primitive neuroectodermal tumor.

Table 2. Comparison of Groups According to Surgery Techniques

Flap Group N Average Size of Chest Wall Defect (cm?) No. Ribs Resected (Each Patient) Bony Part & Lung Lobule Resected (Case)
Anterior Lateral Thigh (Free Flap) 2 276.5 4 Forequarter amputation: 1

Lung lobule resection: 1
External Oblique 2 136.5 0
Latissimus Dorsi 7 121.4 2-3 Sternum resection: 3

Clavicle resection: 1

Transverse Rectus Abdominis 3 184 2-3
Multiple* 2 300 0-1

*Multiple flaps consist of latissimus dorsi and external oblique muscle flap.

Table 3. Complications on Each Flap Group

Flap Group N Complications*
Anterior Lateral Thigh (Free Flap) 2 0%
External Oblique 2 0%
Latissimus Dorsi 7 0%
Transverse Rectus Abdominis 3 0%
Multiple* 2 0%
*Complications include surgical site (dehiscence, infection, flap loss) and major complication (respiratory failure or problems).
Table 4. Etiologies, Carcinologic Results, and Follow-up Period

Diagnosis Total Case Death (N) Recurrence (N) Average Period of Follow-up (months)
Breast Cancer 11 2 2 15.5
Thyroid Cancer 1 0 0 24
PNET 1 0 1 6
Chondroma 1 0 0 24
Skin Cancer 1 1 1 6

PNET, primitive neuroectodermal tumor.
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Figure 1. Algorithm for titanium mesh utilization in chest wall reconstruction procedure. (Adapted from Chang et al. [10] with minor differences based on our experiences).

Chest wall defect
post-cancer ablation

Defect location

Sternal

Lateral

Defect size
Small

R
Sternal Resection
Yes No
s N ’
Procedure approach LD pedicled flap e N
or
External oblique PTRAM
o LD pedicled flap Free flap flap or LD pedicled flap
PTRAM flap or Free flap
Free flap _ y g )

Figure 2. Reconstructive algorithm for chest wall defect following cancer ablation. (Adapted from Chang et al. [10] with minor differences based on our experiences). LD, latissimus dorsi;
PTRAM, pedicled transverse rectus abdominis myocutaneous.

Figure 3. (A) Anterior chest wall resection in a patient with primitive neuroectodermal tumor. Bone defect is covered with titanium mesh. (B) Anterolateral thigh free flap is harvested. (C, D)
Reconstruction with anterolateral thigh free flap.
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Figure 4. (A, B) Chest wall defect in a male patient with breast cancer. Bony material defect in precordial is protected with titanium mesh. (C, D) External oblique flap is harvested and fully inset.

Figure 5. (A, B) Resection of the chest wall in a patient with thorax chondroma. (C) Latissimus dorsi flap is harvested and fully inset. (D, E) Latissimus dorsi flap on 3 weeks follow-up.

Figure 6. (A, B) Defect in the precordial area post breast cancer excision. Titanium mesh is inset. (C) Latissimus dorsi flap with skin paddle is harvested and fully inset. (D) Latissimus dorsi
flap with skin paddle on 3 weeks follow-up.

Figure 7. (A, B) Chest wall resection in a female patient with recurrent breast cancer. Figure 8. Female patient with recurrent breast cancer. Chest wall is resected. Latissimus
Forequarter amputation has been terminated on previous surgery. (C) Transverse rectus dorsi and external oblique muscle flap have been used as the defect coverage. Exposed
abdominis muscle reconstruction. Latissimus dorsi muscle flap is closed with a split-thickness skin graft.
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where the defects were located in the middle chest area (sternal), evidence
of sternal resection should be recorded. There is a strong relation between
resected sternal with the availability of artery internal thoracic. If sternal
resection (with the removal of adjacent ribs) was performed, artery inter-
nal thoracic was removed along with the resected bone; hence, the choice
of the flap would be more restricted. Pedicled TRAM flap or deep inferior
epigastric artery perforator flap could not be used in this condition since
the blood supply was coming through artery deep inferior epigastric as the
continuation of artery internal thoracic.

The anatomic location of the defect in a central, superior, or lateral po-
sition most likely determines the choice of the flap. For example, in our
series, most cases in which the sternum was resected were reconstructed
with latissimus dorsi or rectus abdominis flaps, which could be easily trans-
posed into the centrally localized defect.

Our study concludes the safety and reliability of flap reconstruction of
chest wall defects. In each of the cases included in our series, coverage of
open wounds of the chest wall was done in a single stage. Extensive defects
resulting from the extirpation of oncologic disease were reconstructed in
the same operative setting without delay. There was no hesitation to use all
advanced techniques at our disposal to attain complete coverage. Micro-
surgical free tissue transfer was used to provide well-vascularized coverage
with distant donor tissues. There was no total flap loss.

Palliative Surgery Setting

Several cases of our series were already in terminal stage involving the pallia-
tive team to provide their needs at the end of life stage. Our institution, howev-
er, also has a palliative surgery approach. We believe every tumor which limits
the patients' activities need to be resected and the defect following the sur-
gery should have proper coverage. However, this procedure should be done
after giving informed consent to the patient. Our main aim in these typical
cases is to increase the quality of life of the patients.

CONCLUSIONS

Reconstruction of chest wall defects by plastic surgeon continues to pose in-
teresting challenges. This, however, requires the multidisciplinary works of
other specialties such as oncologic surgeon and thoracic surgeon. Oncologic
surgeon together with the thoracic surgeon will excise the tumor, providing
the free-tumor-margin, while maintaining the physiological function of the
chest wall. This work is continued by closing the defect using local or free flap
by the plastic surgeon. These multimodal therapies of chest wall tumors in
our institution has been shown to improved local disease control and mini-
mal morbidity, which contributes to full recovery after oncologic surgery. Such
coverage could be safely and successfully accomplished in a single stage. This
study was conducted in a tertiary center in Indonesia; hence, it represented
the current management to reconstruct chest wall tumor in Indonesia as a
developing country. Nevertheless, the national health insurance only covered
several procedures which were thought to be important; hence, additional
test in the follow-up period cannot be obtained. The test included the spi-
rometry test, which was essential to evaluate the respiratory function. Further
studies are needed to elaborate more cases and several intended tests in the
follow-up period to strengthen the work.
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