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Introduction

Extended resection procedures for locally advanced 
malignancies have been developed over the past few decades 
and shown to provide long-term survival (1-3) in situations 
that respond poorly to exclusive chemo-radiation therapy. 
The thoracic inlet (TI) is a small region traversed by major 
vessels and nerves, the esophagus, and the trachea, which 
are therefore often invaded by TI malignancies. Hence, 
surgical resection of TI tumors is challenging. 

We previously described an anterior approach to the 
TI providing safe exposure of the subclavian vessels, 
brachial plexus, and apical chest wall and allowing 
complete resection of TI malignancies in selected patients, 
followed by long-term survival (4). Involvement of the 
subclavian artery (SA) is independently associated with 
lower long-term survival rates after surgical resection of TI 
malignancies (5). However, resection and reconstruction of 
the involved SA does not seem to increase the postoperative 
morbidity or mortality rates after surgical resection of TI 
malignancies (6). Therefore, applying modern principles of 
vascular surgery to SA resection and reconstruction during 

resection of TI malignancies might provide long-term 
survival and might constitute an alternative to conventional 
chemoradiotherapy in carefully selected patients (5-8). We 
have already shown that surgical management of tumoral 
involvement of the SA could achieve long-term survival (i.e., 
22% at 5 years) in such selected patients (9).

The objectives of this study are to update our experience 
with SA resection and reconstruction during surgical 
resection of TI malignancies through the anterior 
transclavicular approach and to evaluate long-term 
outcomes after this procedure. 

Patients and methods

Between August 1985 and November 2014, 85 patients 
underwent en bloc SA resection for TI malignancies in our 
department. There were 60 men and 25 women (female/
male ratio, 2.4) with a mean age of 52 years (range, 
17–80 years).  Their medical records were reviewed 
retrospectively for collection of the following data: clinical 
assessment, tumor histology, characteristics of surgery, 
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clinical course, and survival. Our institutional review board 
approved this retrospective study and waived the need for 
informed consent.

Diagnosis of subclavian artery (SA) invasion by thoracic 
inlet (TI) malignancies

All patients presented with Pancoast syndrome caused 
by malignancies invading the TI and manifesting as 
severe shoulder pain radiating to the axilla, scapula, and 
hand, combined with Horner syndrome. There were 
no specific symptoms of SA invasion such as upper limb 
ischemia, claudication, subclavian steal syndrome, or 

digital ischemia. SA involvement was suspected by duplex 
ultrasonography and confirmed by preoperative thoracic 
computed tomography (CT) and angiography (Figure 1). 
Venous angiography was used to look for subclavian vein 
involvement and magnetic resonance imaging (MRI) for 
spinal involvement. When needed, MRI was extended to 
the brachial plexus to rule out invasion higher than the C8 
root. The preoperative pathological diagnosis was obtained 
by either CT-guided percutaneous biopsy or surgical 
biopsy. There were 74 carcinomas and 11 sarcomas (Table 1).

The comprehensive workup included functional 
testing (spirometry, ventilation/perfusion scan, and 
echocardiography), bronchoscopy, and imaging for staging 
[18F-fluorodeoxyglucose positron emission tomography 
(FDG-PET) and cerebral CT or MRI].

Contraindications to surgical resection of TI malignancies 
were substantial involvement of the esophagus, trachea, 
and/or brachial plexus higher than the C8 root; distant 
metastasis; and clinical N2 or N3 carcinoma as determined 
by the preoperative workup (5).

Surgical technique

All patients underwent one-stage en bloc resection of the TI 
malignancy through an anterior transcervical approach as 
previously described (4,9). Briefly, the surgical approach 
was performed through an L-shaped cervicotomy. The 
inner part of the clavicle was removed if the tumor was 
deemed resectable. Involvement of the subclavian vein 
and/or innominate vein was managed by resection without 
reconstruction. The SA was dissected with a subadventitial 
plane on both sides of the tumor then resected. Depending 

Figure 1 Venous angiogram (A) and thoracic computed tomography (B and C) showing stenosis of the right subclavian vein (black arrow) 
and arterial wall invasion by thyroid carcinoma (white arrow).

A B C

Table 1 Nature of the malignancies in the 85 patients with 
thoracic inlet syndrome and subclavian artery involvement

Pathology Number of patients, n (%)

Carcinomas 74 (87%)

NSCLC 69 (81%)

Breast carcinoma 3 (3%)

Thyroid carcinoma 2 (2%)

Sarcomas 11 (13%)

Solitary fibrous tumors of the pleura 3 (3%)

Hemangioendothelioma 2 (2%)

Undifferentiated sarcoma 3 (3%)

Ewing’s sarcoma 1 (1%)

Synovial sarcoma 1 (1%)

Malignant schwannoma 1 (1%)

NSCLC, non-small cell lung cancer.
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on their involvement, the phrenic nerve and vertebral 
artery were also resected to achieve tumor-free margins. 
The preferred SA reconstruction method was direct end-
to-end anastomosis, which was often feasible, as the first 
rib was always removed with the tumor. If the resected 
arterial segment was too long to allow tension-free end-to-
end anastomosis, a ringed polytetrafluoroethylene (PTFE) 
interposition graft (6 or 8 mm in diameter) was used. The 
surgical procedure ended with resection of the lung, the 
remaining chest wall, and spine as dictated by tumor spread. 
Additional approaches required for extensive resection of 
the lung and spine were posterolateral thoracotomy (n=18) 
and a posterior midline incision (n=15), respectively. In 
patients with carcinoma, the mediastinal lymph nodes were 
dissected via the same anterior approach. Postoperative 
anticoagulation therapy was given during the hospital stay 
and was continued after discharge only in patients with 
venous resection during 6 months. Lifelong antiplatelet 
therapy was started during the hospital stay. Finally, duplex 
ultrasonography was performed before discharge to assess 
the patency of the reconstructed SA. 

Neoadjuvant and adjuvant treatments

Decisions regarding neoadjuvant or adjuvant chemotherapy 
and radiation therapy were made on a case-by-case basis 
after discussion with medical oncologists. 

Neoadjuvant therapy was given to 34 (40%) patients, 
27 with non-small cell lung cancer (NSCLC) and 7 
with sarcomas. Of the 27 patients with NSCLC, 16 
received platinum-based chemotherapy (n=19) and 8 
chemoradiotherapy with a mean radiation dose of 49 Gy 
(range, 30–60 Gy, n=5). Of the 7 patients with sarcomas, 3 
received chemotherapy (adriamycin plus isophosphamide) 
and 4 chemoradiotherapy with a mean radiation dose of 
50 Gy (range, 40–60 Gy).

Adjuvant therapy was given to 54 patients (64%). In 
the 48 patients with NSCLC, adjuvant therapy consisted 
mainly of platinum-based chemotherapy with radiation 
therapy in a mean dose of 48 Gy (range 30 to 65 Gy, n=38) 
or platinum-based chemotherapy alone (n=10). Of the 5 
patients with sarcomas, 3 received chemoradiotherapy and 2 
chemotherapy alone.

Operative mortality, survival, and follow-up

Operative mortality was defined as death within the first 
30 days after surgery or during the same hospital admission. 

Survival was calculated from the date of SA resection to 
death or last follow-up. Disease-free survival was defined 
as the time from SA resection to last follow-up or disease 
recurrence. Complete follow-up was available for all 
patients. 

Follow-up imaging studies consisted of routine chest 
roentgenograms, chest CT, and duplex ultrasonography 
of the SA reconstruction. Subclavian arteriography was 
performed when duplex ultrasonography findings were 
abnormal. 

Graft patency was assessed based on direct color duplex 
imaging or on evidence of restored blood flow in the 
ipsilateral arm as manifested by the presence of palpable 
pulses, absence of pressure gradients, and freedom from 
clinical symptoms.

Statistical analysis 

Data are described as mean with range. Survival and 
patency rates were calculated using life-table analysis. 
Kaplan-Meier curves were plotted and compared using the 
log-rank test for univariate analysis. A multivariate analysis 
of independent prognostic factors was performed using the 
Cox proportional hazards stepwise model, with Statview V 
(Abacus Concept, Berkeley, CA, USA). Differences were 
considered significant when P was smaller than 0.05.

Results 

Surgical resection

All patients underwent complete en bloc resection of the 
TI malignancy and invaded SA segment, which was on the 
right side in 45 patients and on the left side in 41 patients. 
Associated lung resections consisted in lobectomy (n=55), 
bilobectomy (n=1), pneumonectomy (n=1), or wedge 
resection (n=19). When additional chest wall resection was 
performed, the first rib was removed, with one (n=29), two 
(n=22), or three (n=6) adjacent ribs and/or a portion of the 
spine (n=13). The lowest root of the brachial plexus (T1) 
was divided in 46 patients (54%), the C8 root in 2 patients 
(2%), and the phrenic nerve in 19 patients (22%). The 
subclavian and brachiocephalic veins were also resected in 
65 patients (76%).

Primary end-to-end anastomosis was performed in 
48 (56%) patients. PTFE graft interposition was used 
in 28 (33%) patients with resection of a long arterial 
segment. Carotid-SA transposition was performed in 8 
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(10%) patients. To achieve free-margin SA resection, 
2 patients required resection of the SA origin under 
cardiopulmonary bypass with aortic arch repair and SA-
to-carotid artery transfer. Finally, SA revascularization was 
achieved in 1 patient using the superficial femoral artery 
in an anterolateral thigh flap to cover a skin defect due to 
radiation-induced sarcoma of the cervicothoracic junction.

The definite pathological examination showed complete 
R0 resection in 75 (88%) patients had and R1 resection 
in 10 (11%) patients. Adjuvant chemoradiotherapy was 
given to a patient with a positive periarterial margin and 
to a patient with a positive bone margin and postoperative 
pneumonia requiring prolonged ventilatory support and 
therefore precluding repeat surgery. The remaining 7 
patients with R1 resection had a positive margin within 
the brachial plexus and were treated by adjuvant radiation 
therapy.

Morbidity and operative mortality

There were no postoperative deaths. Inhospital morbidity 
was 31% and included pneumonia requiring prolonged 
ventilatory support (n=16), bleeding requiring reoperation 
(n=3), recurrent-nerve palsy (n=2), empyema requiring 
surgical debridement (n=1), incision reopening (n=1), 
cerebrospinal fluid leakage requiring ventriculoperitoneal 
shunt implantation (n=1), acute pulmonary embolism 
(n=1), chylothorax (n=1), and peptic ulcer requiring 
histamine antagonist therapy (n=1). There were no cases 
of graft infection, graft occlusion, upper limb ischemia, 
or complications related to SA resection. Mean length of 
intensive care unit and hospital stays were 8±9 and 21±11 days, 
respectively.

Long-term follow-up

Median follow-up was 44 months, during which 2 patients 
experienced delayed asymptomatic PTFE graft occlusion, 
after 12 and 31 months, respectively. The 5-year patency 
rate was 78% (Figure 2). No cases of occlusion or stenosis 
were diagnosed in patients with end-to-end SA anastomosis.

During follow-up, 56 (65%) patients died, 54 of tumor 
recurrence, 1 of pneumonia, and 1 of multiorgan failure. 
Overall 5-year and 10-year survival rates were 32% and 
19%, respectively (Figure 3), and overall 5-year disease-free 
survival rate was 22% (Figure 4). Median time to recurrence 
was 24 months (range, 2 to 168 months). Recurrences were 
general in 29 (34%) patients, local in 10 (11%) patients, 
and both in 7 (8%) patients. The local recurrences involved 
the 4R lymph nodes (n=5), 7 lymphnodes (n=1) or brachial 
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Figure 2 Patency rates after long-term PTFE graft interposition. 
The 5-year patency rate was 78%. Only 2 patients experienced 
graft occlusion, which was delayed and asymptomatic.

Figure 3 Long-term overall survival after resection of thoracic 
inlet malignancies invading the subclavian artery. Overall 5-year 
and 10-year survival rates were 32% and 19%, respectively.
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Figure 4 Long-term overall disease-free survival after resection 
of thoracic inlet malignancies invading the subclavian artery. The 
overall 5-year disease-free survival rate was 22%. Median time to 
recurrence was 24 months (range, 2 to 168 months).
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plexus (n=4). Factors affecting long-term survival by 
univariate analysis are reported Table 2. By multivariate 
analysis, the only independent factor affecting survival 
was complete R0 resection (P=0.04; odds ratio, 0.61; 95% 
confidence interval, 0.25 to 0.97) (Figure 5). 

Discussion

Our study shows that SA resection for TI malignancies 
through the anterior transcervical approach is safe and can 
provide long-term survival with low postoperative mortality 
and a low rate of vascular complications. 

We previously reported our initial experience with SA 
resection through our anterior approach during en bloc 
NSCLC resection (6). The results were encouraging in 
terms of safety, reliability, and survival. We therefore use 
this transcervical approach for all malignancies invading the 
SA and requiring surgical resection. In 2013, we published 
the results of our surgical approach for the management 
of malignancies invading the SA showing that prolonged 
survival could be achieved in selected patients (9).

The transclavicular approach provides good exposure 
of the entire TI, allowing safe dissection of the brachial 
plexus and subclavian vessels (2,3). Most lung resections are 
feasible through this approach provided retraction of the 
first ribs is possible. One should know that the extent of the 
exposure increases with the number of removed ribs. An 
additional posterolateral approach for major lung resection 
or a posterior midline incision for spine resection could be 
used if needed (10). Since TI malignancies invading the SA 
are located anteriorly, resection of the medial part of the 
clavicle is preferred over the transmanubrial approach (11) 
to safely achieve complete cancer resection (1). Interestingly, 
it has been shown that resection of the inner part of the 
clavicle doesn’t result in bad cosmetic and functional result 
provided the posterior cervical nerves (spinal accessory, 
dorsal scapular, and long thoracic nerves) are preserved (12). 
The anterior transcervical approach should be the preferred 
approach when resecting anterior TI malignancies because 
the posterior approach to the TI cannot provide the same 
safe exposure of the tumor, brachial plexus, phrenic nerve, 
subclavian vessels, and vertebral artery as does the anterior 
one. 

SA resection for TI malignancies is a demanding 
procedure that can provide long-term survival in highly 
selected patients. Briefly, histological documentation 
of the malignancy must be obtained. In addition, a 
complete preoperative workup including FDG-PET and 
cerebral imaging must be performed to rule out cancer 
dissemination. In patients with carcinoma, mediastinal 
lymph node involvement should be ruled out  by 
mediastinoscopy or endobronchial ultrasound biopsy if 
findings are abnormal by CT or FDG-PET (13,14). As a 
reminder, T4N2 NSCLC is associated with limited long-
term survival even when complete resection is achieved (5). 
In patients with TI tumors extending up to the neck, the 

Table 2 Factors affecting long-term survival after resection of thoracic inlet malignancies with subclavian artery resection and 
reconstruction. By multivariate analysis, the only independent factor affecting survival was complete R0 resection

Risk factors Univariate analysis (P value) Multivariate analysis (P value)

Histology 0.39 –

R0/R1 resection 0.04 0.05

Type of revascularization 0.61 –

Additional chest wall resection (>2 ribs) 0.12 –

Phrenic nerve resection 0.05 –

Brachial plexus resection 0.32 –

Figure 5 Long-term overall survival after resection of thoracic 
inlet malignancies invading the subclavian artery according to 
whether R0 or R1 resection was achieved. R0 resection was 
associated with significantly better survival than R1 resection. 
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brachial plexus must be assessed by MRI, as involvement 
higher than the C8 root contraindicates surgical resection. 
Finally, patients must be evaluated for stenosis of the 
carotid arteries or ipsilateral vertebral artery, which might 
result in complications after SA resection. 

Ligation of  the vertebral  artery did not result 
in neurological complications when no additional 
cerebrovascular disease was present (15). However, once 
the tumor and invaded portion of the SA are resected, 
the SA must be reconstructed. SA ligation without 
revascularization during resection of TI malignancies 
consistently causes upper limb ischemia (16,17), as the 
collateral arterial circulation to the arm is disrupted during 
tumor dissection. For SA reconstruction, end-to-end or 
end-to-side anastomosis is preferred over PTFE graft 
interposition, as the use of prosthetic material carries a 
risk of bypass occlusion and graft infection. The first rib 
is always resected, resulting in a more direct trajectory of 
the SA, which usually allows end-to-end anastomosis of 
the SA stumps. When the proximal SA stump is too short, 
end-to-side anastomosis of the SA to the carotid artery is 
performed. After dissection, the carotid artery is mobilized 
to the distal SA stump to allow tension-free anastomosis. 
Thus, a PTFE graft is used only after extensive arterial 
resection precluding possible anastomosis. 

When prosthetic interposition was mandatory, we 
consistently used PTFE, because many patients received 
postoperative radiation therapy. Radiation therapy results 
in localized fibrotic changes, and PTFE grafts are known 
to have high long-term patency rates within irradiation 
fields (16,18-21). We preferably use ringed PTFE grafts, 
which seem particularly resistant to fibrosis (6,22,23). With 
this strategy, the overall 5-year patency rate was 78%, and 
only 2 patients had PTFE graft occlusion. In both cases, 
graft occlusion was delayed and asymptomatic. Upper 
limb angiography showed extensive collateral circulation 
from the external carotid and internal thoracic arteries 
to the arm, explaining the absence of clinical upper-limb 
ischemia. None of the patients with reconstruction by direct 
anastomosis experienced occlusion or stenosis. Despite the 
use of radiation therapy in many of our patients, the SA 
reconstruction outcomes were similar to those reported 
after SA revascularization for occlusion by atheroma 
plaque (19-22,24-27). 

SA invasion has been reported to be an independent 
risk factor for decreased long-term survival (5,6,10,27,28). 
The thick arterial wall with a solid adventitial layer usually 
constitutes an effective barrier to local cancer spread. 

Thus, arterial invasion indicates a highly aggressive tumor. 
However, we have obtained long-term survival after 
complete R0 resection without any additional morbidity 
and mortality compared to TI malignancies without SA 
invasion. In earlier studies, overall 5-year survival after 
resection of TI malignancies ranged from 18% to 56% 
(4,8,29-36). Therefore, the 5-year survival of 32% in our 
update indicates that resection of TI malignancies invading 
the SA is a valid treatment option in selected patients, 
provided complete R0 resection can be achieved. R0 
resection was the only factor that independently affected 
long-term survival in our study. Surgery can also achieve 
good local control of the disease, avoiding severe pain due 
to tumor spread through the brachial plexus. Few patients 
experienced local recurrences at the neck at the level of the 
brachial plexus, and no recurrences were noted at the level 
of the SA resection. This finding highlights the importance 
of brachial plexus MRI during the preoperative workup to 
rule out tumor spread above the C8 root.
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