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Abstract

A 64-year-old female had noticed an 11 x 6 cm mass growing on her left first rib. We performed a
resection of the first and second ribs and a reconstruction of the chest wall. A thoracotomy was
performed at the anterolateral second intercostal space. The second rib cartilage was divided at
the left parasternum. Based on a transmanubrial osteomuscular sparing approach, the left-upper
part of the sternum and the first rib cartilage were both cut at the left clavicular-sternum joint.
The posterior parts of the two ribs involving the tumor were resected at the transverse process of
the vertebral bone by tearing off the anterior, middle, and posterior scalene muscles, subclavicu-
lar artery and vein. The defect size of the thorax was 15 x 9 cm, which was reconstructed by cov-
ering with a polytetrafluoroethylene dual mesh (Dual mesh, Gore tex, 2 mm). The major pectoral
muscle flap was used to cover the mesh. The postoperative pathological examination diagnosed a
poorly differentiated fibrosarcoma. Eventually, she had palliative therapy for the postoperative
metastatic chest wall. She died 14 months after the operation.
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1. Introduction

Primary chest wall tumors are uncommon and more than half are malignant, and most of these are the result of
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metastases or direct invasion from adjacent tumors of the thorax, mediastinum, or soft tissue. Primary chest tu-
mors are rare; of these, soft tissue tumors account for roughly 50%. Chest wall neoplasms, primary and metas-
tatic, can arise from or involve any portion of the thoracic skeleton, including the ribs, sternum, scapulae, and
clavicles. The most common site of involvement for all chest wall lesions is the rib cage. Primary lesions of the
rib bone are uncommon, but nearly all are malignant [1]. Compared to these lesions, the rib tumors are the most
frequently detected and are malignant tumors, however, the first rib tumor is considered to be the rarest location
and we found one case report in English [2].

Wide surgical resection is the most effective treatment for the vast majority of chest wall tumors. However, in
the case of the first rib tumor, the surgical approach is very complex and difficult. It is considered very difficult
to release the anterior part of the first rib from the sternum and the posterior part of the rib from the first trans-
verse process of vertebra in the thorax in order to obtain a sufficient surgical margin of the malignant tumor. The
surgery of the cervico-thoracic inlet is a challenge for the thoracic surgeon. The challenge for the surgeon is to
improve the extent of the resection without causing major neurologic or vascular damage. Typical operation of
the cervicothoracic tumor has used a cervical approach and/or a thoracotomy. Even when using both of these
approaches [3], the tumor and vascular dissections are considered difficult, especially regarding the subclavian
vessels and the brachiocephalic vein because the clavicle impairs the control of the vascular and neural struc-
tures. Due to its anatomical complexity, such as the narrow space between the sternum and clavicle, and the first
and second ribs, although which space is forming the entrance of the subclavian artery, brachiocephalic vein,
brachial plexus from the thorax, there are various muscle involvements of the anterior, middle, posterior scalene,
sternocleidomastoid, and pectoralis major ones. Several authors have described different approaches and with
different degrees of invasion to this anatomical area. This challenge is similar to that created by apical broncho-
pulmonary tumors in adults, which also involve structures of the cervicothoracic junction. The anterior transcer-
vial approach, first described by Cormier in 1970 [4], and then modified by Dartevelle et al. [5], included resec-
tion of the medial half of the clavicle. However, deformities and changes in the shoulder morbidity were re-
ported, ruling out this approach in children. In 1997, Grunenwald and Spaggiari [6] and Spaggiari and Pastorino
[7] in 1999, proposed a transmanubrial osteomuscular sparing approach for these tumors, permitting excellent
exposure of the thoracic and cervical structures [7].

To resect the first and second rib tumors, we performed a transmanubrial approach, a surgical technique
which is generally useful for the resection of cervico-thoracic tumors. The transmanubrial osteomuscular ap-
proach (TMA) [6] is a reliable alternative to avoid postoperative deformities of the transclavicular technique [5]
with excellent results in term of surgical field exposure and extended resections. Besides, the possibility to asso-
ciate TMA with other “muscle sparing” or “classic” thoracic or laparotomic approaches has improved its versa-
tility.

This report presents our experience in the use of this less invasive cervico-thoracic approach underlying its
versatility in approaching different tumors such as the first and second rib ones.

2. Case Report

In February, 2009, a 64-year-old female had noticed swelling and the increasing of a mass of the left upper ante-
rior chest wall. She was determined to have a 7-cm tumor in the left first rib by computed tomographic (CT)
scanning of the chest at another hospital. She was admitted to our hospital to receive a detailed medical exami-
nation in April, 2009. The chest X-ray film showed the mass in the left subclavicular part.

A chest CT scanning revealed an 11 x 6 cm tumor growing on the left first rib, which was heterogeneously
enhanced and had partly invaded the sternum and showed osteolytic changes (Figure 1(a)-(c)). Three-dimen-
sional CT scanning revealed the exact anatomical location and relation of the sternum, ribs, clavicular, and sub-
clavicular vessels to the tumor (Figure 2). Based on the CT-guided needle biopsy of the tumor, the diagnosis of
a malignant spindle cell tumor was made. Position emission topography revealed an abnormal accumulation of
the rib tumor (SUV max early: 10.0, delay: 12.7) suspected to be a malignant.

In May, 2009, we performed a surgical resection of the giant tumor of the first rib by combined removal with
the first and second ribs and partial resection of the sternum (Figure 3). Using the median skin incision with the
left collar, the left major pectoral muscle flap was made. As the tumor had invaded the minor pectoral muscle, it
was partly resected. A thoracotomy was performed at the second intercostal space as pulmonary invasion and
dissemination in the thoracic cavity could not be observed by video thoracoscopicy, however, the tumor was
suspected to invade the first intercostal space. By thoracotomy at the second intercostal space, the first and
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Figure 1. A chest CT scanning revealed the 11 x 6 cm tumor growing on the left first rib with osteolytic changes, which had
partly invaded the sternum and involved the second rib.

Figure 2. Three-dimensional CT scanning revealed the exact anatomical location and relation of the sternum, ribs,

clavicular, and subclavicular vessel to the tumor.
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Figure 3. The second rib cartilage was cut at the left parasternum (a).
The left-upper part of the sternum (b) and the first rib cartilage (c)
were both cut without dividing at the left clavicular-sternum joint by
the transmanubrial osteomuscular sparing approach (b) (c). Both ribs
were resected at the second intercostal space (d) and released at the
transverse process of the vertebral bone by tearing off the anterior,
middle, and posterior scalene muscles (e).

second ribs were planned to be removed. After division of the left mammary artery and veins, the second rib
cartilage was cut at the left parasternum. The left-upper part of the sternum and the first rib cartilage were both
cut without dividing at the left clavicular-sternum joint by a transmanubrial osteomuscular sparing approach.
Both ribs were resected at the second intercostals pace and released at the transverse process of the vertebral
bone by tearing off the anterior, middle, and posterior scalene muscles, and subclavicular artery and vein. The
transmanubrial osteomuscular part was re-fixed to the sternum with stainless steel wire. The defect size of chest
wall was measured to be 15 x 9 cm in size (Figure 4(a)), which was reconstructed by covering with polytetraf-
luoroethylenedual mesh (Dual mesh, Gore tex, 2 mm) (Figure 4(b)). The major pectoral muscle flap was cov-
ered in the reconstructed chest wall.

The resected tumor is shown in Figure 5(a). The postoperative findings displayed a proliferation of oval to
spindle-shaped tumor cells with tapered nuclei, arranged in fascicles, in vague storiform or in haphazard fashion
(Figure 5(b)). Focally, the tumor cells have an eosinophilic cytoplasm. Hemangiopericytomatous vessels were
prominent throughout the tumor. Mitotic figures were frequently seen and a significant tumor necrosis was also
observed. Immunohistochemically, the spindle tumor cells were focally positive for HHF-35, but negative for
alpha-smooth muscle actin, desmin, and h-caldesmon. This feature was suggestive of a poorly differentiated fi-
brosarcoma. Eventually, the postoperative pathological examination diagnosed a poorly differentiated fibrosar-
coma.

The postoperative clinical course was not eventful. However, postoperatively, a chest CT scanning revealed
several small round masses in the right lung field, which were suspected to be multiple pulmonary metastases. In
July, 2009, she received chemotherapy which was a regimen of CDDP (on dayl) + adriamycin (on dayl, 2) +
caffeine for the soft tissue tumor. The chemotherapy was performed for 5 cycles until December, 2009. Some of
the multiple pulmonary metastatic masses had shrunk. In December, 2010, radiofrequency ablation therapy was
performed for two metastatic pulmonary masses in the right S2 and S3. In January, 2010, a bone scintinography
disclosed a suspected metastasis of the right sixth rib bone.

In February, 2010, she received irradiation therapy (3.0 Gy/day, total 36.0 Gy/12 days) for the 6™ rib metasta-
sis and there was no adverse event as the metastatic chest wall tumor had shrunk.

However, in May, 2010, a chest X-ray showed a mass of 74 x 85 mm in size in the right lung field which CT
scanning identified as a new metastasis in the S2 lesion. As the pulmonary tumor had increased in size, she re-
ceived a second irradiation therapy for the right chest wall recurrence (2.0 Gy/day, total 50 Gy/25 days). Abdo-
minal CT scanning revealed an intraabdominal metastasis such as a metastatic adrenal mass. Although she had
palliative therapy after the radiation therapy two months later, she was dead postoperative 14 months later.

3. Discussion

Primary chest wall tumors are uncommon, accounting for only 0.04% of all new cancers diagnosed and 5% of
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Figure 4. (a) After the resection of the first and second ribs and tumor by the transmanubrial osteomuscular sparing approach,
the defect size of the chest wall measured 15 x 9 cm in size. A white scale bar of 10 cm is located at the bottom of the figure.
a: the left-upper part of the sternum with clavicular; b: the first rib cartilage was cut at the left parasternum; c: the second rib
cartilage was cut at the left parasternum; d: subclavicular vein. (b) The defect of the thorax was reconstructed by covering
with polytetrafluoroethylene dual mesh (Dual mesh, Gore tex, 2 mm). Major pectoral muscle flap covered the reconstructed
chest wall.

Figure 5. (a) The cut-surface of the resected rib tumor. (b) The postoperative pathology diagnosed with poorly differentiated
fibrosarcoma.

all thoracic neoplasms [8]-[10]. Primary tumor of the rib comprises 5% - 7% of all primary bone neoplasms, but

make up 50% of bony malignant tumors and the majority of benign tumors of the chest wall [9] [11]. An inci-
dence of rib tumors is less than 1% in the population [8]-[10].
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Primary sarcomas of the thorax are classified according to their histologic features and constitute a large
group of tumors that occur in the lung, mediastinum, pleura, and chest wall. Angiosarcoma, leiomyosarcoma,
rhabdomyosarcoma, and mesothelioma (sarcomatoid variant) are the most common primary intrathoracic sar-
comas. Ewing sarcoma, primitive neuroectodermal tumor, chondrosarcoma, malignant fibrous histiocytoma, os-
teosarcoma, synovial sarcoma, and fibrosarcoma usually arise in the chest wall [12].

The present case was finally diagnosed as a fibrosarcoma by the postoperative pathological close examination
of the surgical resected specimen. Fibrosarcomas are potentially highly malignant tumors originating from the
mesenchymal cells and occurring in various anatomic sites including the lung and chest wall [13]-[15]. In the
chest, the fibrosarcoma must be differentiated from fibrous mesotheliomas, malignant fibrous tumors of the pleura,
and other sarcomas, such as myxofibrosarcoma, synovial sarcoma, or nerve sheath sarcoma [13] [14]. Mesotheli-
oma always stains positive for keratin, whereas fibrosarcomas, fibrous tumors of the pleura, and most other sarco-
mas remain negative for keratin and stain positive for vimentin [16]. Additional markers, such as S-100 protein,
desmin, or alpha-smooth muscle actin allow further differentiation between the different types of sarcomas [17].

In the treatment of primary soft tissue sarcomas, chemotherapy and radiotherapy are less effective, thus the
appropriate surgery is needed. Extensive resection with a sufficient margin (3 - 4 cm) is considered as first-line
therapy [18]. Surgery is considered the best option for most malignant tumors of the chest wall.The published
case reports and small series on primary soft tissue sarcomas involving the chest wall provide a limited perspec-
tive on which to base one’s evaluation and management [19]-[22].

Wide excision with clear margins is very important for long-term survival [22]. A 2-cm margin is advocated
by Graeber et al. [23] for low-grade tumors, and a 4-cm margin for high-grade sarcomas. To achieve local con-
trol, an adequate resection margin is indispensable, and therefore, a thoracotomy associated with rib resection or
flap transfer for extensive skin defects may be required in such cases. Depending on the onset location, however,
it may be difficult to have a sufficient safety margin. In the present case, the medial margin of the thoracic cavi-
ty was diagnosed as a marginal margin, and it will be necessary to carefully follow the patient, however, there
was no local recurrence but distant metastasis. A case of the resection of a chondrosarcoma arising in the right
first rib was reported [24].

Chest wall tumor resection is possible with perioperative mortality from 0% to 4.5% [25]-[27]. Loss of more
than 4 consecutive ribs or defects in the lateral chest wall larger than 5 cm necessitates skeletal stabilization to
avert a flail chest deformity. The existing options include either autogenous or alloplastic reconstruction. Many
different types of flaps, either pedicled or free, have been described for autogenous reconstruction of the chest
wall deficiency. Pedicle muscle and myocutaneous options include the pectoralis major, latissimusdorsi, abdo-
minal rectus, external oblique and trapezius flaps [28]. The use of alloplastic materials in chest wall reconstruc-
tion are based on convenience, reliability and ease of application of the synthetic materials. Alloplastic materials
include non-absorbable synthetic woven meshes; i.e., polypropylene, polyester and polytetrafluoroethylene soft
tissue patches or, more recently, knitted meshes [28]. In the present case, we used a dual mesh of polytetrafluo-
roethylene, which was used for covering the defected apex thorax without narrowing the inlet of the brachioce-
phalic artery and vein.

The thoracic inlet and adjacent structures may be involved in different clinical settings, including superior
sulcus tumors (“anterior Pancoast tumors’), neurogenic tumors, metastatic lesions, verterbral and first rib tumors
[2]. The surgical approach to this area is complex, with different degrees of invasiveness [2]. Grunenwald and
Spaggiari [6] proposed a transmanubrial osteomuscular sparing approach without resection of the clavicle for
removing the anterior Pancoast tumors.

The transmanubrial osteomuscular sparing approach (TMA) has been proposed for the treatment of an apical
chest tumor to allow for a safer subclavian artery control with a less invasive procedure for the patient [29]. The
technique combines the antero-lateral muscle-sparing thoracotomy with TMA for lung cancer patients in whom
extended resection of the cervico-thoracic structures as well as anatomic lung resection and radical lymph nodes
dissection are required [29]. TMA offers wide surgical exposure with the possibility to perform en-bloc ex-
tended resection with no osteo-muscular sacrifices associated with good functional outcome [29]. Its versatility
has progressively increased surgical indications compared to the initially published applications [6].

For the apical chest tumor, Grunenwald [30] suggested performing an anatomic upper lobectomy through the
TMA after having resected the first and second ribs. Even though the upper lobectomy may be feasible using the
TMA or transclavicular approaches alone, a radical lymph nodes dissection is certainly not possible through on-
ly these cervical approaches [29]. Moreover, in the case of an extensive en bloc chest wall resection, hilar node
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Table 1. Mini review of clinical features of reconstruction of chest wall after resection of fibrosarcoma.

C,\i‘:‘? References years Age Gender L-glé;rt‘ioc:n Resection De{gg:z;ize Pg;g?;ilc RT CT  Outcome (Snl:g\r/l't\éasl)
1 [19] 2005 40 F dorsal chest wall, lung 100 Marlex NED 144
2 [19] 2005 28 F anterior chest wall 120 Gore NED 84
3 [19] 2005 73 M lateral chest wall 250 Vicryl NED 120
4 [19] 2005 61 F anterior sternum, lung 1050 Marlex post DOD 35
5 [19] 2005 51 M anterior sternum, lung 220 Sandwitch NED 160
6 [31] 2001 61 M anterior  chest wall, lung - Sandwitch  post NED 60
7 Ourcase 2015 64 F 1st-rib chest wall 135 Gore post DOD 14

NED: no evidence of disease; DOD: dead of disease; RT: Radiotherapy; CT: Chemotherapy.

dissection might be difficult and dangerous through TMA alone, however, for our case of the first and the
second rib tumor, a resection and reconstruction of the apical thorax is needed, so this TMA approach should
only be effective to expose the appropriate operative field because the hilar lymph node dissection is not re-
quired.

Lastly, we showed a mini review of case reports on clinical features of the resected fibrosarcoma of the chest
wall and lung in Table 1.

4. Conclusion

We consider taht the TMA accesses a valuable technique for the surgical treatment of the first left rib tumor of
the cervico-thoracic inlet. The cosmetic and functional results are good without any limitation. The exposure of
the operative field of the cervico-thoracic inlet is excellent. The removal of the tumor of the first and the second
ribs, which are very deeply located in the inlet, is possible by this approach, without adding a posterior thora-
cotomy.
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