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Surgical approaches to apical thoracic malignancies
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Objective: Several surgical approaches have been described to access apical thoracic malignancies extending
into the thoracic inlet. However, most publications have focused on a specific approach and considered the tho-
racic inlet as 1 entity. In the present analysis, we divided the thoracic inlet into 5 different zones requiring spe-
cific surgical considerations to identify the best approach for each zone.

Methods: A review of 22 consecutive patients undergoing surgery for apical thoracic malignancies extending
into the thoracic inlet from January 2005 to November 2011 was performed.

Results: Different surgical approaches were used for each zone. The first (anterolateral) zone required a subcla-
vicular approach to open the costoclavicular space and expose the subclavian vein with or without elevating or
removing the clavicle (n ¼ 4). The second (anterocentral) zone required a transverse supraclavicular approach
with or without extension to a partial (trapdoor) or full sternotomy (n ¼ 10). The third (posterosuperior) zone
located between the top of the subclavian artery and the T1 vertebra along the posterior superior border of
the first rib was the most difficult area to access (n ¼ 5). The transclavicular approach was ideally suited to ex-
pose this zone in our experience. The fourth (posteroinferior) zone and fifth (inferolateral) zone located poste-
riorly and laterally along the inferior border of the first rib were accessed using a posterolateral and
posterotransaxillary approach, respectively (n ¼ 3).

Conclusions: The thoracic inlet could be divided into 5 zones requiring specific surgical considerations and dif-
ferent approaches. Division of the thoracic inlet into these zones could provide more clarity and guidance for
thoracic surgeons to select the correct surgical approach. (J Thorac Cardiovasc Surg 2012;144:72-80)
The surgical approach to apical thoracic malignancies rep-
resents a technical challenge owing to the important neuro-
vascular structures confined in the limited space between
the first rib, manubrium, and first thoracic vertebra (T1).
The thoracic inlet is classically divided around the subcla-
vian artery into anterior, middle, and posterior compart-
ments, with an anterior approach typically used to access
the anterior and middle compartment and a posterior ap-
proach to access the posterior compartment.1,2 A number
of anterior and posterior approaches have been described
to achieve the best exposure with the lowest morbidity.
Each of these approaches offers specific advantages and
drawbacks and should therefore be selected according to
the type and locoregional extension of the tumor.3 However,
it is often difficult to choose the optimal approach for a spe-
cific tumor, because most publications have focused on
a specific approach and considered the thoracic inlet as 1 en-
tity. In the present study, we divided the thoracic inlet into 5
different zones requiring specific surgical considerations
and different surgical approaches.
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METHODS
A retrospective review of a prospective database including 984 patients

from a single surgeon (M.d.P.) identified 22 consecutive patients undergo-

ing resection of malignant tumors at the level of the thoracic inlet from Jan-

uary 2005 to November 2011 (Figure 1). The institutional review board

approved the study, and informed consent was waived.

Patients
Most patients (n ¼ 10) presented with non–small cell lung cancer

(NSCLC), 8 presented with metastatic disease and 4 with a mediastinal

mass extending to the thoracic inlet (Table 1).All patients underwent disease

staging with computed tomography of the chest and abdomen. Patients with

NSCLC also underwent mediastinoscopy, brain magnetic resonance imag-

ing, and bone scanning and/or positron emission tomography.Magnetic res-

onance imaging of the spine and thoracic inlet was performed for tumors

extending along the pulmonary sulcus. The clinical stage of patients with

NSCLC was cT3N0 in 5 and cT4N0 in 5. All but 2 patients with NSCLC

had undergone induction chemoradiotherapy, with a radiation dose of 30

to 66Gy (median, 45Gy), and 9 of 12 patientswithmetastatic disease orme-

diastinal mass had induction chemotherapy before surgery.4 All patients

with NSCLC underwent en bloc resection of the tumor with lobectomy

(n ¼ 8) or pneumonectomy (n ¼ 2). The anatomic structures resected en

bloc with the tumor were the chest wall in 8, vertebra in 6, subclavian

vein in 6, sympathetic trunk in 4, T1 nerve root in 3, phrenic nerve in 3,

subclavian artery in 2, vertebral artery in 1, vagus nerve in 1, and C8-T1

nerve roots, together with the inferior trunk of the brachial plexus in 1.

Zones
A schematic representation of the 5 zones is presented in Figure 2. The

first zone (anterolateral zone) is located anteriorly and laterally to the sub-

clavian vein between the lateral border of the sternum and the anterior sca-

lene muscle. This zone includes the anterior part of the first rib and the

subclavian vein. Access to this zone requires opening the costoclavicular

space to expose the subclavian vein. The second zone (anterocentral
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Abbreviation and Acronym
NSCLC ¼ non–small cell lung cancer
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zone) is locatedmedially to the subclavian vein and contains the subclavian

artery up to the middle part of the first rib. The tumors included in this zone

typically extend along the subclavian artery and/or brachiocephalic vein

and can be accessed without opening the costoclavicular space. The third

zone (posterosuperior zone) extends from the top of the subclavian artery

to the T1 vertebra and encompasses the posterior superior border of the first

rib. The tumors located in this zone typically extend along the vertebral ar-

tery and/or involve the T1 vertebra at the level of the costovertebral artic-

ulation, neural foramen, and/or vertebral body. Because of the cephalad

course of the first rib, structures located at the level of T1 and immediately

anterior to T1 sit outside the chest and thus cannot be adequately accessed

with a posterior approach alone. The fourth zone (posteroinferior zone) and

fifth zone (inferolateral zone) extend posteriorly and laterally along the in-

ferior border of the first rib. The fourth zone extends medially to the spine,

and the fifth zone extends laterally to the axilla and subclavian artery after it

exits the window between the anterior and middle scalene muscles. Tumors

located in zone 4 and/or zone 5 do not involve the T1 costovertebral artic-

ulation, T1 neural foramen, and/or T1 vertebral body.

Surgical Approach
The surgical approach can be selected according to the locoregional ex-

tension of the tumor in these different zones of the thoracic inlet (Table 2).

These approaches have been previously described in published studies5-16;

therefore, the surgical details were not included in the present report.

Tumors located in zone 1 are accessed using a subclavicular approach

with or without a vertical cervicotomy along the sternocleidomastoid mus-

cle. The subclavicular approach is performed by an incision along the upper

edge of the second rib below the clavicle, providing exposure to the first rib

after dividing the pectoralis major muscle along its fibers and retracting the

pectoralis minor muscle laterally.8 Sectioning of the costochondral junc-

tion of the first rib and division of the costoclavicular ligament opens the

costoclavicular space and provides access to the anterior part of the first

rib up to the subclavian vein and anterior scalenemuscle. The subclavicular

incision can be combined with a vertical cervicotomy along the anterior

border of the sternocleidomastoid muscle in an L-shape fashion to either

split the manubrium and elevate the sternoclavicular articulation with the

clavicle (transmanubrial approach) or divide the sternal attachment of

the sternocleidomastoid muscle and remove the proximal part of the clav-

icle (transcervical–thoracic approach) to have adequate exposure of the

subclavian vein and artery.10,13

Tumors located in zone 2 are accessed by a transverse supraclavicular

approach. This approach is performed by a transverse cervical skin incision

2 cm above the clavicle.5 After dissection of the prescalenic lymph nodes

and identification of the phrenic nerve, the anterior scalene muscle can be

sectioned to expose the subclavian artery. The transverse supraclavicular

approach can be combined with a full sternotomy or partial sternotomy ex-

tending into the third or fourth intercostal space (trapdoor approach) accord-

ing to the intrathoracic extension of the tumor.6,7 The supraclavicular

approach provides good exposure to the subclavian artery and

brachiocephalic vein but very limited exposure to the subclavian vein.6 If

the subclavianvein is involved, the costoclavicular space needs to be opened

as described in zone 1, with resection of the first rib or clavicle.15,17-19

Tumors located in zone 3 are accessed by a vertical cervicotomy along

the anterior border of the sternocleidomastoid muscle extending into the

upper part of the sternum. The sternocleiodmastoid muscle is then reflected

laterally by splitting the upper part of the sternum down to the first intercos-

tal space (cervical–transsternal approach) or below (hemiclamshell
The Journal of Thoracic and C
approach).11,12 Division of the sternocleidomastoid muscle at its lower

insertion sites, leaving adequate length to reattach it at the end of the

operation, is occasionally required to provide additional access to the

posterosuperior zone. The transclavicular approach provides optimal

exposure to the posterosuperior zone by extending the vertical

cervicotomy down to the upper border of the third rib, sectioning the

sternocleidomastoid and pectoralis major muscles off the chest wall to

create a myocutaneous flap that is reflected laterally and resecting the

proximal part of the clavicle.9,20,21 This approach provides complete

reflection of the sternocleidomastoid muscle to the posterior triangle of

the neck and gives optimal anterolateral access to the spine from C7 to

T4. The first and second ribs are exposed without opening the sternum,

and the lung is approached through an anterior thoracotomy in the

second intercostal space.

The posterior approach to the thoracic inlet requires an incision extend-

ing posteriorly between the scapula and the spine up to the C7 vertebra,

with division of the latissimus dorsi muscle, trapezius, levator scapulae,

and rhomboid major and minor muscles. This extended posterior incision

is commonly used to provide exposure to zone 4 of the thoracic inlet.14

The posterotransaxillary approach requires the same extended posterior in-

cision to the C7 vertebra, but the anterior part of the incision is curved along

the scapula into the axilla by dividing the serratus anterior muscle up to the

pectoralis major muscle in a hook fashion, as described by Niwa and col-

leagues15 and Tatsumura and colleagues.16 The transaxillary extension of

the posterior approach improves the lateral exposure to the subclavian ves-

sels in zone 5.
RESULTS
Of 22 patients with thoracic malignancies extending to

the thoracic inlet, 4 were located in zone 1, 10 in zone 2,
5 in zone 3, 2 in zone 4, and 1 in zone 5 (Figure 1). A rep-
resentative computed tomography scan of NSCLC located
in each zone is presented in Figure 3.
Tumors located in zone 1 were accessed with a subcla-

vicular approach (Figure 4). If the subclavian vessels
were not involved by the tumor, the subclavicular approach
was adequate to expose the anterior part of the first rib, dis-
sect the subclavian vein, and section the first rib between
the sternum and anterior scalene muscle without elevating
or resecting the clavicle (n ¼ 2). When the subclavian
vessels were involved, the subclavicular incision was com-
bined with a vertical cervical incision along the sternoclei-
domastoid muscle to elevate (n ¼ 1) or remove (n ¼ 1) the
clavicle. The subclavicular approach did not provide ac-
cess to the pulmonary hilum; thus, both patients with
NSCLC underwent an anatomic lung resection through
a planned separate anterior thoracotomy in the same oper-
ative setting.
Tumors located in zone 2 were approached through

a supraclavicular incision (Figure 4). The supraclavicular
exposure was combined with partial sternotomy (n ¼ 3)
or full sternotomy (n ¼ 2) to complete the intrathoracic re-
section of the tumor. This incision provided excellent expo-
sure for tumors extending medially along the subclavian
artery and/or brachiocephalic vein. The subclavian vein,
however, was not involved in this group of patients. Both
patients with NSCLC underwent an anatomic lung resection
through the trapdoor incision.
ardiovascular Surgery c Volume 144, Number 1 73



FIGURE 1. Distribution of patients and surgical approaches by zone. NSCLC, Non–small cell lung cancer.
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In both patients with metastatic disease located in zone 3,
the vertical cervicotomy along the sternocleidomastoid
musclewith partial sternotomy ending in the first intercostal
space provided good exposure to the vertebral body of T1
and T2 without removing the clavicle (Figure 4). In patients
with NSCLC located in zone 3, a transclavicular approach
was required to adequately expose this zone and be able
to remove the tumor en bloc with an anatomic lung resec-
tion (Figure 4). The lung resection was performed through
an anterior thoracotomy in the second intercostal space.
These patients presented with involvement of the T1
TABLE 1. Patient and tumor characteristics

Characteristic Value

Age (y) 48 � 18

Gender (n)

Male 17

Female 5

Side of surgery (n)

Left 16

Right 6

NSCLC (n) 10

Metastatic disease (n) 8

Testicular germ cell tumor 4

Sarcoma 2

Renal cell carcinoma 1

Breast carcinoma 1

Mediastinal mass (n) 4

Primary mediastinal germ cell tumor 3

Thymoma 1

NSCLC, Non–small cell lung cancer.
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vertebra (n ¼ 3) and/or vertebral artery (n ¼ 1). The trans-
clavicular approach was performed after a posterior midline
approach to section the nerve roots in the neural foramen
(n ¼ 1) or spinal canal (n ¼ 2) and to stabilize the spine
posteriorly for patients requiring hemivertebrectomy
(n ¼ 1) or total vertebrectomy of T1 to T3 (n ¼ 1). This
initial posterior spinal and paraspinal soft tissue release,
as well as spinal osteotomies and instrumentation, allowed
us to complete the en bloc resection of the tumor in 1 setting
through the anterior transclavicular approach. An anterior
spinal stabilization was also performed through the same
approach in 1 patient who underwent total vertebrectomy
of T1 to T3 en bloc with the right upper lobectomy
(Figure 5).

Tumors located in zone 4 or 5 extended posteriorly and
laterally along the inferior border of the first rib and did
not involve the T1 costovertebral articulation, T1 neural fo-
ramen, and/or T1 vertebral body. Both tumors located in
zone 4 were approached through an extended posterolateral
incision and required resection of the transverse process of
T1 to expose T1 nerve root with partial (n ¼ 1) or total
(n ¼ 1) vertebrectomy of T2 to T4 (Figure 4). Because
the T1 vertebra was not involved, the spinal osteotomies
and instrumentation of T2 to T4 were performed by com-
bining the extended posterior approach with a posterior
midline incision without any anterior cervical approach.
Tumor located in zone 5 was accessed through a postero-
transaxillary approach. This approach provided excellent
exposure to the subclavian vessels distally to the lateral bor-
der of the anterior and middle scalene muscles (Figure 6).
ry c July 2012



FIGURE 2. Superior (A) and lateral (B) view of thoracic inlet. The green zone (zone 1) represents the anterolateral zone located between the sternum and

anterior scalene muscle and requiring exposure of the subclavian vein in the costoclavicular space. The red zone (zone 2) represents the anterocentral zone

containing the subclavian artery medially to the first rib. The blue zone (zone 3) represents the posterosuperior zone located between the top of the subclavian

artery and T1 vertebra, encompassing the posterior superior border of the first rib and the vertebral artery. The gray zone (zone 4) represents the posteroin-

ferior zone located along the posterior inferior border of the first rib extending toward the spine. The yellow zone (zone 5) represents the inferolateral zone

located along the posterior inferior border of the first rib and extending toward the subclavian artery distally to the anterior and middle scalene muscles.

de Perrot and Rampersaud General Thoracic Surgery

G
T
S

With the exception of the 2 patients undergoing spinal
decompression for metastatic disease in zone 3, all but 2
of the remaining patients underwent R0 resection (90%).
One patient with NSCLC located in zone 2 underwent R1
resection along the dome of the aortic arch, and 1 patient
with metastatic disease located in zone 2 underwent R2
resection along the carotid artery that was not resected
The Journal of Thoracic and C
and reconstructed owing to the age and comorbidities of
the patient. The final pathologic stage of the patients under-
going surgery for NSCLC was pT3N0 in 1, pT4N0 in 1,
ypT0N0 in 1, ypT3N0 in 2, ypT3N1 in 2, ypT4N0 in 1,
ypT4N1 in 1, and ypT4N3 in 1. One patient with NSCLC
died 28 days after undergoing left pneumonectomy of pneu-
monia, for an overall 30-day operative mortality of 4.5%.
ardiovascular Surgery c Volume 144, Number 1 75



TABLE 2. Surgical approaches

Approach* (original investigator) Exposure Comments

Subclavicular (Murphy et al8) Zone 1 Exposes subclavian vein, but no exposure of subclavian artery

Transmanubrial (Grunenwald et al10) Zone 1 and 2 Good exposure of subclavian vessels

Transcervical–thoracic (Dartevelle et al13) Zone 1–3 Resection of clavicle provides excellent exposure of subclavian vessels

Transverse supraclavicular (Blanchereau et al5) Zone 2 Exposes subclavian artery but limited exposure of subclavian vein

Transverse supraclavicular with sternotomy/trapdoor

(Hajarizadeh et al6; Masaoka et al7)

Zone 2 Resection of clavicle or first rib required to access zone 115,17-19

Cervical-transsternal/hemiclamshell

(Ladas et al11; Korst et al12)

Zone 2 and 3 Section of sternocleiodmastoid muscle required for large tumor in zone 3

Transclavicular (de Perrot9; Fadel et al20) Zone 1, 2 and 3 Anterolateral access to spine from C7 to T4

Extended posterior (Shaw et al14) Zone 4 Limited access to zone 3

Posterior-transaxillary/hook

(Niwa et al15; Tatsumura et al16)

Zone 4 and 5 Good exposure of subclavian vessels in axilla

*These approaches were named according to the term used by the original investigators.
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DISCUSSION
Division of the thoracic inlet into 5 zones can facilitate

the selection of the most appropriate surgical approach,
because each of these 5 zones requires specific surgical con-
siderations. Zone 1 requires exposure of the costoclavicular
space to dissect the subclavian vein. The tumors located in
this zone were accessed by a subclavicular approach with or
without elevation or resection of the clavicle. Tumors
located in zone 2 are in close proximity to the subclavian
artery and/or brachiocephalic vein but do not involve the
subclavian vein and thus could be accessed through a supra-
clavicular approach associated with a partial hemiclamshell
sternotomy (trapdoor) or full sternotomy according to the
intrathoracic extension of the tumor.
FIGURE 3. Computed tomography scan of the chest demonstrating the locatio

small cell lung cancer (white arrows). A, Tumor located in zone 1. B, Tumor loca

artery and the T1 vertebra. D, Tumor located in zone 4. E, Tumor located in

(asterisk) is not involved in tumor located in zone 4 (D) compared to the tumo

76 The Journal of Thoracic and Cardiovascular Surge
Tumors located in zone 3 are the most difficult to access,
because they are located between the top of the subclavian
artery and T1 vertebra and are in close proximity to the bra-
chial plexus and vertebral artery. Because of the cephalad
course of the first rib, this zone is located outside the chest
and must be approached anteriorly by an incision extending
down the sternocleidomastoid muscle to the upper part of
the sternum. The cervical component of the incision should
extend high in the neck to facilitate the lateral retraction of
the sternocleidomastoid muscle and improve exposure to
the thoracic inlet. Although a partial upper sternotomy pro-
vides lateral retraction of the sternocleidomastoid muscle,
the exposure to zone 3 remains limited unless the sternoclei-
domastoid is sectioned at its lower insertion on the sternum
n of tumor in the different zones of the thoracic inlet in patients with non–

ted in zone 2. C, Tumor located in zone 3 between the top of the subclavian

zone 5. Note the mediastinal tissue between the subclavian artery and T1

r located in zone 5 (C).

ry c July 2012



FIGURE 4. A, Zone 1 required exposure of the subclavian vein in the costoclavicular space and was approached through a subclavicular incision (red line).

The incision was extended along the sternocleiodmastoid muscle to elevate or resect the clavicle if the subclavian vein and artery needed to be exposed

(dashed line). The incision could also be extended into the deltopectoral groove to access the subclavian vessels beyond the clavicle, if necessary (dashed

line). This approach was associated with a separate anterior thoracotomy to perform the anatomic lung resection in patients with non–small cell lung cancer.

B, Zone 2 was approached through a supraclavicular incision (red line). The incisionwas associated with a partial or full sternotomy (dashed line), according

to the intrathoracic extension of the tumor. This incision provided good exposure of the subclavian artery and brachiocephalic vein but very limited exposure

of the subclavian vein. C, Zone 3 was approached through an incision along the sternocleidomastoid muscle extending into the first intercostal space (red

line). After splitting the manubrium, this incision provided good exposure of the T1 and T2 vertebral body but limited exposure of the posterior part of the

first rib. Therefore, a transclavicular approach with extension of the incision into the second intercostal space associated with mobilization of the sterno-

cleidomastoid and major pectoralis muscles as a myocutaneous flap combined with resection of the proximal part of the clavicle was used for patients with

NSCLC located in zone 3 (dashed line). Resection of the inner part of the clavicle and mobilization of the sternocleidomastoid muscle to the posterior

triangle of the neck provided excellent anterolateral exposure to the posterosuperior zone and spine between C7 and T4. The anatomic lung resection could

be performed through the anterior thoracotomy in the second intercostal space. D, Zone 4 was approached through a posterior incision extending up to the C7

vertebra (red line). In tumors extending to the subclavian vessels in zone 5, the incision was extended around the scapula to the lateral border of the major

pectoralis muscle in the axilla (dashed line).
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and clavicle. In our experience, the transclavicular approach
was ideally suited to expose zone 3 by completely mobiliz-
ing the sternocleidomastoid muscle to the posterior triangle
of the neck and providing excellent anterolateral exposure
to the spine between the C7 and T4 vertebra.9,20 Total
vertebrectomy of T1 to T3 for NSCLC, en bloc with right
The Journal of Thoracic and C
upper lobectomy, followed by anterior spinal stabilization
(typically with first stage posterior release and spinal
stabilization) could be achieved with this approach.
Resection of the proximal part of the clavicle and upper

chest wall does result in some cosmetic and functional im-
pairment of the shoulder, although less pronounced if
ardiovascular Surgery c Volume 144, Number 1 77



FIGURE 5. Intraoperative view of a patient undergoing total vertebrectomy of T1 to T3 en bloc, with ribs 1 to 4, subclavian vessels, and the right upper lobe

for non–small cell lung cancer. A, The transclavicular approach extending along the sternocleidomastoid muscle down to the second intercostal space was

performed 10 days after a posterior midline approach for laminectomy and posterior spinal stabilization. B, This approach allowed complete en bloc re-

section of the tumor and anterior stabilization of the spine through the same incision. A and B, The same view from the right side of the patient.
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a posterolateral thoracotomy is avoided (as is our practice)
and the scapulothoracic articulation is preserved.21 The
degree of dysfunction also varies according to the extent
of upper chest wall resection and becomes more prominent
in patients requiring resection of the first 3 or 4 ribs. Some
investigators have reported different techniques to preserve
and reconstruct the clavicle.22,23 Preservation of the anterior
part of the clavicle on a pedicle of sternocleidomastoid
78 The Journal of Thoracic and Cardiovascular Surge
muscle was most recently described; however, the risk of
malunion is high when the clavicle is reconstructed after
radiotherapy.23,24

The posterior approach with a large posterolateral inci-
sion extending up to C7 as described by Shaw and col-
leagues14 was used for posterior tumors extending to the
inferior border of the first rib. The posterior incision was
extended around the scapula up to the lateral border of
ry c July 2012



FIGURE 6. A, Intraoperative view and (B) postoperative photograph of the posterotransaxillary approach with an incision extending around the scapula

from C7 posteriorly to the lateral border of the major pectoralis muscle anteriorly. The axillary extension of the incision provided excellent exposure to the

subclavian artery distally to the lateral border of the anterior and middle scalene muscles. A and B, The same view from the left side of the patient.
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the major pectoralis muscle in the axilla (posterotransaxil-
lary approach) in 1 patient with a posterior tumor extending
laterally to the subclavian vessels. The posterolateral ap-
proach could also be combined with a long posterior mid-
line incision to perform partial or total vertebrectomy of
the spine at the level of T2 and below, en bloc with lung re-
section for NSCLC. However, the posterolateral approach
The Journal of Thoracic and C
provided minimal exposure to the T1 vertebra, and a trans-
clavicular approach, rather than a posterolateral approach,
was used when T1 was involved as described above.
The present study was limited by the small number of pa-

tients owing to the rarity of these tumors. Patients with non-
malignant tumors were also excluded because benign
diseases are often approach with more limited access. The
ardiovascular Surgery c Volume 144, Number 1 79
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present analysis included only our experience; therefore,
the surgical approaches based on the anatomic location of
the tumor might vary according to surgeon experience and
the degree of comfort with each approach. However, we be-
lieve that division of the thoracic inlet into the suggested
zones is important because each zone requires specific sur-
gical considerations and will provide guidance for thoracic
surgeons in selecting the approach that best enables the sur-
gical goals.

CONCLUSIONS
A number of surgical approaches have been developed

during the past 20 years to access the thoracic inlet. Because
no single approach provides the best access for all tumors
located in this region, thoracic surgeons must choose the
most appropriate incision for each patient. The classic divi-
sion of the apex of the chest into the anterior, middle, and
posterior compartment with an anterior approach for the an-
terior and middle compartment and a posterior approach for
the posterior compartment does not provide enough infor-
mation to help the surgeon select the most adequate surgical
option. The present study reports on 5 zones in the thoracic
inlet that require specific surgical considerations and poten-
tially different surgical approaches. The difference between
zone 1 and 2 is important, because tumors located in zone 1
will require opening of the costoclavicular space to expose
the subclavian vein, and tumors in zone 2 might involve the
subclavian artery and brachiocephalic vein, but not the sub-
clavian vein, at the level of the thoracic inlet. In our experi-
ence, zone 1 was better accessed by a subclavicular
approach to achieve adequate exposure of the subclavian
vein, and zone 2 was better accessed by the supraclavicular
approach to expose the subclavian artery. The difference be-
tween zones 3 and 4 also has important surgical implica-
tions. Tumors located in zone 3 typically involve the
vertebral artery and/or T1 vertebra and are therefore techni-
cally extremely difficult to expose from a posterior ap-
proach to achieve an en bloc resection. In our experience,
the transclavicular approach was ideally suited to expose
this zone, because it provides complete reflection of the
sternocleidomastoid muscle with a myocutaneous flap
back to the posterior triangle of the neck and thus anterolat-
eral exposure to this zone. Tumors located in zone 5 are less
common; however, we believe that transaxillary extension
of the posterior approach is particularly helpful to expose
tumors located in this zone and should be thus be differen-
tiated from zone 4.
80 The Journal of Thoracic and Cardiovascular Surge
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