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Abstract
In this chapter, we discuss the preoperative evaluation that is necessary prior to
surgical resection, stage-specific surgical management of lung cancer, and the
procedural steps as well as the indications to a variety of surgical approaches to
lung resection.
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1 Introduction

Surgery, with curative intent, is the major treatment modality for early-stage
non-small-cell lung cancer (NSCLC). The primary goal of surgical treatment is
twofold: (1) the complete resection of the tumor along with its regional lymphatic
drainage and (2) tumor staging which will determine perioperative treatment and
prognosis. The principal goal of resection is to obtain an R0 resection with negative
microscopic and gross margins. In general, incomplete resection with microscopic
(R1) or macroscopic (R2) margin positivity does not confer an overall survival
benefit. En bloc resection of any adjacent tissue should be performed when pos-
sible, and margins should be assessed intraoperatively to ensure negativity.

2 Preoperative Evaluation

2.1 Radiographic Staging

Clinical staging for patients suspected to have lung cancer requires radiologic
assessment for extent of disease workup with chest, abdomen, and pelvic CT
scanning or whole-body PET/CT scanning with intravenous contrast. The use of
PET/CT for preoperative staging has been shown to reduce the total number of
thoracotomies and the number of futile thoracotomies for NSCLC stage IIIA, IIIB,
IV, or benign lung lesions [1]. Although there has been no clear evidence that the
use of PET/CT affects overall mortality [1], there has been routine use of preop-
erative PET/CT at many centers. Brain MRI with intravenous gadolinium to assess
for brain metastases is more sensitive than CT and is generally obtained only in
symptomatic or clinical stage II or III patients. While earlier detection of distant
metastases has not been shown to provide survival benefit, detection of multiple
occult metastases would prevent unnecessary lung surgery. With the exception of
the brain and certain bony metastases, pathologic confirmation of the suspected
metastatic focus with tissue diagnosis should be obtained. Chest MRI with
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intravenous gadolinium is helpful in patients with paravertebral or superior sulcus
tumors to rule out neuroforaminal invasion and to assess for brachial plexus and
subclavian vessel involvement. Although the National Comprehensive Cancer
Network (NCCN) guidelines suggest consideration for obtaining somatostatin
receptor scintigraphy (octreotide scan) preoperatively for patients with a neuroen-
docrine tumor (e.g., carcinoid tumor), the clinical utility of this scan is questionable
[2]. Although the majority of bronchial neuroendocrine tumors express somato-
statin receptors, octreotide scans have limited specificity due to positivity in other
tumors, granulomas, and autoimmune diseases, and therefore, its use as a preop-
erative extent of disease workup is limited [3, 4].

2.2 Tissue Diagnosis

The diagnosis of lung cancer requires pathologic evaluation of biopsied tissue. While
a pathologic diagnosis can be made based on cytology or tissue samples, in general a
tissue biopsy (core needle or surgical specimen) is preferable to cytology samples
(fluid, sputum, bronchoscopic washings or brushings, or fine needle aspirates) due to
the higher likelihood for distinguishing histologic subtypes of lung cancer and also
allowing genetic analysis of the cancer for driver mutations. However, depending on
the size, location, and clinical suspicion for primary lung cancer, a tissue diagnosis is
not always necessary prior to surgical intervention. In situations where there is high
clinical suspicion for lung cancer and radiographic appearance highly suspicious for
primary bronchogenic carcinoma, tissue diagnosis is not required prior to invasive
staging and surgery. In these patients, surgery would provide a tissue diagnosis,
staging, and definitive resection of the tumor. It is acceptable to obtain a trans-
bronchial or transthoracic needle biopsy for tissue diagnosis. Endobronchial and
centrally located lesions are preferably biopsied bronchoscopically with endo-
bronchial or transbronchial technique. More peripheral lesions are generally biopsied
by a CT-guided transthoracic needle approach. In limited situations, there is a role for
endoscopic ultrasound (EUS) biopsy of the mediastinal lymph nodes with a trans-
esophageal needle biopsy technique to obtain a diagnosis. However, any needle
biopsy has an attendant false negativity and a negative or non-diagnostic pathologic
finding should not deter the high clinical concern for underlying malignancy and
need for surgery for diagnostic and therapeutic purposes.

2.3 Physiologic Pulmonary Evaluation

Physiologic workup for pulmonary and cardiac risk profile is required as part of the
preoperative evaluation. To determine pulmonary reserve, complete pulmonary
function testing that includes diffusing capacity for carbon monoxide (DLCO) is
required. Forced expiratory volume in one second (FEV1) and DLCO are the most
commonly used parameters to predict operative suitability and perioperative mor-
bidity and mortality. The British Thoracic Society (BTS) suggests that patients with a
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preoperative FEV1 in excess of 2L (or >80 % predicted) generally tolerate pneu-
monectomy [5]. Patients with FEV1 and DLCO >60 % are suitable for lobectomy.
Patients with a preoperative FEV1 or DLCO <60 % of predicted are at increased risk
of developing postoperative respiratory complications but are still considered surgical
candidates [5]. With the advent of video-assisted thoracic surgery (VATS), it is
unclear if this population is at higher risk of complications andmortality based on PFT
results [6, 7]. Patients with compromised pulmonary function with FEV1 or DLCO
<60 % should undergo quantitative lung perfusion (QLP) scan to better estimate
postoperative pulmonary function based onmeasurements of lung perfusion to upper,
mid, and lower lung zones [7]. Patients with a predicted postoperative FEV1 and
DLCO >40 % are considered at acceptable risk for lobectomy [5]. High-risk subjects
with <40 % should undergo cardiopulmonary exercise testing (CPET) that measures
maximal oxygen consumption/uptake (VO2 max). CPET has been shown to be a
better predictor of postoperative complications than resting cardiac and pulmonary
function. A VO2 max of at least 15 mL/kg/min is suitable risk for a lobectomy [8].

If the estimated predicted postoperative FEV1 is <35–40 %, performing lung
resection is extremely high risk with some studies demonstrating postoperative
mortality as high as 50 %, and the tumors are generally considered unresectable
[9, 10]. However, based on National Emphysema Treatment Trial (NETT), a
subgroup of patients was identified with FEV1 or DLCO >20 % that were deemed
to be of acceptable risk for lung volume reduction surgery [11]. On this basis, there
are select patients where surgical resection may be offered with predicted postop-
erative FEV1 or DLCO as low as 20 %. But this is considered controversial.

2.4 Cardiac Evaluation

As part of a cardiac evaluation, a transthoracic echo (TTE) should be performed to
evaluate for right ventricular systolic pressures (RVSP) and pulmonary hyperten-
sion. If there is any evidence of pulmonary hypertension and the patient is being
considered for a pneumonectomy, then a right heart catheterization should be
performed. Pneumonectomy is contraindicated in the presence of pulmonary
hypertension. Pulmonary hypertension can also be identified in patients with main
pulmonary artery diameter of >3 cm [12]. These patients should also be considered
for right heart catheterization. A stress test is done in patients with suspected or
known CAD or based on age and functional status as per the ACC/AHA guidelines
[13]. If there is evidence of coronary disease requiring intervention, the treatment
proposed must be evaluated based on the tumor histologic type and aggressiveness
and risk and benefits of delaying surgery versus other oncologic treatment options.

2.5 Mediastinal Staging

Staging of the mediastinal lymph nodes entails radiologic (PET/CT scan) and
pathologic (tissue biopsy) approaches. It is our preference to biopsy the mediastinal
lymph nodes almost universally except for:
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(1) peripheral <1-cm invasive adenocarcinomas,
(2) low-grade neuroendocrine carcinomas (aka typical carcinoid tumor) with

negative PET/CT imaging,
(3) small pure ground glass lesions which are suspected to be adenocarcinoma

in situ or minimally invasive adenocarcinomas.

It is our practice that preoperative staging of the mediastinum can be omitted for
patients with small (<1 cm) peripheral tumors and suspected stage 1A (T1N0M0)
disease. These patients are usually staged intraoperatively with VATS mediastinal
lymph node biopsies. Invasive mediastinal staging is required for most patients of
suspected stage IB, II, and III NSCLC. NSCLCs include lymph nodes that are
enlarged on CT (e.g., >1 cm), and PET-avid lymph nodes regardless of their size
are suspected to be involved with cancer. We do not use PET/CT as our only
modality for evaluating the mediastinum. PET/CT has higher sensitivity and
specificity than CT for staging the mediastinum (71 vs. 43 %, respectively), but it
commonly has false-negative results in the subcarinal lymph nodes (level 7) and the
AP window lymph nodes (level 5 and 6). In addition, many false-positive results
occur [14].

We typically submit all patients to mediastinal staging with cervical medi-
astinoscopy (CM) as this is the gold standard for mediastinal lymph node staging
with a false-negative rate of 5.5 % and mortality and morbidity rates of 0.005 and
1.07 %, respectively [15]. Anterior mediastinotomy is typically reserved for
patients with left upper lobe tumors as the drainage pattern usually involves the
aortopulmonary window (APW) lymph nodes. Extended cervical mediastinoscopy
(ECM) is another way to access and pathologically evaluate APW lymph nodes.
A retrospective analysis of 55 patients with NSCLC is compared with PET/CT and
ECM and found a higher sensitivity (69 vs. 53 %) and negative predictive value (89
vs. 83 %) with ECM [16]. The main advantage of ECM is that when accessing the
APW, it avoids the surgical risk and morbidity associated with a left anterior
mediastinoscopy in addition to a CM. However, there are a limited number of
centers with the expertise to perform ECM.

Endobronchial ultrasound (EBUS) with transbronchial needle aspiration
(EBUS-TBNA) has emerged as a less invasive, non-surgical approach to obtain
tissue from lymph nodes in the mediastinum. EBUS has been shown to have similar
sensitivity, negative predictive value, and diagnostic accuracy as CM, 81, 91, and
93 %, and 79, 90, and 93 %, respectively [17]. However, in a study looking
specifically at patients suspected of having N2 disease, 28 % of patients with
negative EBUS-TBNA had positive lymph nodes on CM [18]. Given the dis-
crepancy in results, it is still unclear how EBUS-TBNA should be incorporated into
current algorithms for mediastinal staging. At our institution, it is typically used as a
primary diagnostic modality in patients with high clinical suspicion of N2 disease.
It is otherwise used as an adjunct to the CM.

Some centers have added endoscopic ultrasound (EUS) to EBUS-TBNA to
improve the diagnostic accuracy. In a study of 138 patients, the combination of
EUS plus EBUS had higher sensitivity and negative predictive value 93 and 97 %,
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respectively, compared with sensitivity and negative predictive value of
EBUS-TBNA (76 and 91 %, respectively) and EUS-TBNA (79 and 91 %,
respectively) [19]. EUS plus EBUS also had higher sensitivity and higher negative
predictive value for detecting lymph nodes for patients without lymph node
enlargement on chest CT [19].

3 Surgery and Small-Cell Lung Cancer (SCLC)

Surgical resection has a limited role in small-cell lung carcinoma (SCLC). SCLC
comprises 15 % of lung cancers and is considered aggressive with early development
of systemic disease. Local treatment alone has been associated with poor survival. In
1969, the British Medical Research Council study reported a 5-year follow-up study
of 144 potentially operable patients with SCLC diagnosed preoperatively on bron-
chial biopsy. Of the 144 patients, 71 were allocated randomly to surgery and 73 to
radiation. The survival rates for the surgery series and the radiotherapy series were 4
and 10 % at 24 months, 3 and 7 % at 48 months, and 1 and 4 % at 60 months,
respectively [20]. The study demonstrated extremely poor survival for both treatment
groups defining that local treatment alone was inadequate for SCLC.

However, surgical resection does have a role in multimodality treatment of
early-stage SCLC with chemotherapy and/or radiation. The National Cancer
Institute’s Surveillance Epidemiology and End Results (SEER) database from 1988
to 2004 identified 205 patients who underwent lobectomy without radiation for
stage I SCLC and reported 3- and 5-year overall survival was 58.1 and 50.3 %,
respectively [21]. The benefit of surgery for early-stage SCLC was also demon-
strated by the International Association for the Study of Lung Cancer (IASLC)
Lung Cancer Study Project. The IASLC database included 349 patients
post-resection and staged pathologically with reported 5-year survival rates for
patients with pathologic stage I, II, and III SCLC of 48, 39, and 15 %, respectively
[22]. Based on this study, patients with SCLC with pathologic absence of medi-
astinal nodal involvement and distant metastasis should be considered for resection
if they are low-surgical-risk candidates.

Given the poor long-term survival with surgery alone historically, adjuvant
chemotherapy is given to patients who have undergone a complete resection of
pathologically stage I, II, or IIIA SCLC [21]. Patients found to have unsuspected N2
metastasis following resection should receive adjuvant mediastinal radiation. While
adjuvant mediastinal radiation is considered in N2 disease, patients with patholog-
ically negative N1 and N2 lymph nodes are generally not given radiation. However,
the data on adjuvant radiation following lobectomy for early-stage SCLC are limited
and unreliable. The role of prophylactic cranial irradiation is unclear following
surgical resection of early-stage SCLC. Based on established data for limited stage
SCLC treated with definitive chemoradiation, prophylactic cranial irradiation
(PCI) is considered in the adjuvant setting following resection. However, there are
no reliable data that addressed the role of PCI after surgical resection for SCLC.
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4 Non-Small-Cell Lung Cancer (NSCLC)

4.1 Stage IA

In patients with stage I and II NSCLC, surgical resection is the treatment of choice.
Clinical staging based on radiographic findings is limited requiring restaging fol-
lowing pathologic results from invasive mediastinal staging and resection. Stage I
and II patients comprise about 30 % of NSCLC patients [23]. Surgical resection
alone is the standard of care for stage IA patients.

The location of the tumor dictates the anatomic resection and surgical approach.
Intraparenchymal lesions are best treated with surgical lobectomy, while lesions
that are central and abutting the bronchus may require sleeve resection or pneu-
monectomy. Sublobar resection (segmentectomy or wedge resection) is considered
in patients with marginal lung function or high-risk surgical candidates. Sublobar
resection should be limited to tumors less than 3 cm.

4.2 Stage IB

In patients with stage IB, it is controversial whether tumors should be treated with
adjuvant chemotherapy. The CALGB trial demonstrated that adjuvant chemother-
apy with carboplatin and paclitaxel provided improved disease-free survival in
patients with stage IB tumors in initial reports [24]. However, at 74 months, the
difference in survival was not statistically significant. This has been the only study
that has showed a potential benefit of adjuvant chemotherapy in stage IB tumors,
which may be limited to patients with tumors greater than 4 cm. The ANITA trial
demonstrated a benefit of adjuvant therapy in stage II NSCLC tumors [25]. It is our
practice that these patients receive adjuvant chemotherapy.

4.3 Stage IIB

In patients with chest wall invasion stage IIB (T3N0), en bloc chest wall resection
with ribs should be performed. It is associated with a 40 % five-year survival.
However, five-year survival decreases to 12 % if there is any mediastinal lymph
node involvement [26]. For this reason, it is crucial to have adequate mediastinal
staging prior to surgical resection. Multiple studies have demonstrated improved
survival in stage IIB NSCLC and are discussed with most patients [27, 28].
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4.4 Stage III NSCLC

4.4.1 Stage IIIA (e.g., T3N1/T4N1)
If the patient has stage IIIA disease based on the involvement of the chest wall or
proximal airways or due to the presence of satellite nodules within the same lobe as
the primary tumor, they are candidates for surgical resection followed by adjuvant
chemotherapy. These patients have a better prognosis than patients with stage IIIA
secondary to mediastinal N2 nodal involvement [29]. The primary exceptions to
this treatment are superior sulcus (Pancoast) tumors with hilar lymph node
involvement. Patients with Pancoast tumors are typically treated with neoadjuvant
chemoradiation followed by surgery [30].

4.4.2 Stage IIIA with N2 Disease
Patients with clinically resectable stage IIIA (T3N2) disease have been the only
group of patients found to benefit from neoadjuvant chemotherapy or chemoradi-
ation. It is our practice that these patients are staged cervical mediastinoscopy first
and reserve EBUS for mediastinal restaging after neoadjuvant therapy to evaluate
for persistent N2 disease. If there is no evidence of mediastinal disease or the
patient is downstaged to N1 (N2 negative), then the patient is considered a can-
didate for surgical resection with increased survival if lobectomy is performed
versus pneumonectomy [29, 31]. While it is controversial whether the induction
should be chemotherapy alone or chemoradiation, when pneumonectomy is tech-
nically required, preoperative radiation should be omitted due to the attendant high
risk of perioperative mortality associated with pneumonectomy following
chemoradiation. It is our preference to offer preoperative chemotherapy alone and
then perform pneumonectomy should there be any clearance of N2 disease on
mediastinal restaging for low-risk patients [31, 25]. Based on the ANITA trial,
adjuvant radiation should be considered in these patients.

4.5 Stage IIIB and IV NSCLC

Patients with stage IIIB or stage IV NSCLC are typically not candidates for
resection and should be treated with definitive chemotherapy or chemoradiation.

4.6 Special Situations

4.6.1 Extended Resections
Resectable T4N0-1 lesions are uncommon, and most T4 lesions (mediastinum,
heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body,
or carina) are generally treated with definitive chemoradiation therapy. Patient
selection is of critical importance. Surgery for T4 disease is contraindicated in the
presence of N2 involvement (stage IIIB) or if a complete resection is not possible.
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When carefully staged and selected, some patients with T4 (N2 negative) tumors
appear to benefit from resection as part of the treatment as opposed to chemora-
diotherapy alone [31–33].

4.6.2 Synchronous NSCLC
Patients that present with synchronous multiple primary lung cancer (MPLC) pose a
variety of clinically important diagnostic and therapeutic dilemmas. Patients pre-
senting with more than one pulmonary nodule at the same time must fulfill strict
criteria to be classified as having synchronous MPLC. Based on the American
College of Chest Physicians guidelines, the following are the considerations that
define synchronous lung cancers [34]:

1. Both lesions must be malignant and must arise independently in the lung.
2. The second lesion cannot be assumed to represent a second primary lung cancer.

A benign nodule, infectious process, or metastasis from an extrapulmonary site
must be excluded.

3. The second malignant lesion must not represent a metastasis from the first lung
lesion. Accepted criteria for distinction include different histology or origin from
separate focus of carcinoma in situ. It has same histology but anatomically
distinct, without involvement of the mediastinum (N2, N3, negative) and
without systemic metastases.

4. Absence of systemic disease.

Patients with MPLC with N1 involvement of NSCLC should be considered for
surgical resection if feasible. Some patients may be candidates for surgical resection
of the primary with N1 nodal involvement and non-operative local management of
the other primary malignancy if surgical resection is not feasible. MPLC with the
same histology and N2 nodal involvement are generally treated as stage IV disease
since a single malignant process is likely responsible for all the lesions and clinical
carries a poorer prognosis compared to absent mediastinal involvement.

Surgery is a standard approach for treatment in patients with synchronous
MPLC. Surgical planning is based on sufficient pulmonary reserve after resection.
However, limited pulmonary reserve may require a patient to undergo a sublobar
resection (e.g., segmentectomy) of one or both lesions, or limited resection to one
lesion and definitive non-operative local therapy such as radiation or ablation.
Patients with a satellite lesion in the same lobe as the primary lung cancer have a
good prognosis and should be managed as dictated by the primary tumor alone.

4.6.3 Oligometastatic Disease
Oligometastatic disease is relatively common in NSCLC and does not always lead
to widespread metastatic disease. Mediastinal staging is extremely important in this
patient group as any positive mediastinal lymph nodes are a contraindication to
resection.
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(a) Brain metastasis

Limited brain metastases can be managed aggressively with surgical resection.
The use and benefit of directed therapy toward brain metastases has coincided with
improved neurosurgical and radiosurgical techniques. Surgery is reserved for
patients with limited number (1–3) of metastases. These patients benefit from a
combination of stereotactic radiosurgery (if less than 3 cm or in a surgical inac-
cessible location) and/or surgical resection in addition to whole-brain radiation.
Patients whose treatment included surgery had significantly fewer local recurrences
(20 vs. 52 %), significantly improved survival (40 vs. 15 weeks), and a better
quality of life [35]. Whole-brain radiation is primarily used to decrease risk of
recurrence. The patients with stable extracranial disease had increased survival
(median 12 months) [36]. In patients with >3 brain metastases, whole-brain radi-
ation is the standard approach. Our practice is the local treatment of solitary brain
metastasis (either surgically or with radiation) and resection of the primary lung
cancer in mediastinal lymph node-negative patients with chemotherapy, preferably
preoperative to the lung resection. Although there have been reports of lung cancer
resection with oligometastatic brain lesions, the existing information suggests
poorer prognosis with oligometastatic disease.

(b) Isolated Adrenal metastasis

The adrenal gland is a common site of metastasis in NSCLC. Diagnosis should
not be based exclusively on imaging findings as one study found that 4 of 14
suspected adrenal metastases were cortical adenomas [37]. Histologic confirmation
is absolutely necessary.

Surgical resection in isolated adrenal metastasis from lung cancer should be
considered in selected patients. Patients with metachronous adrenal metastases
survived longer than those with synchronous adrenal metastases [38]. Favorable
prognostic characteristics are R0 resection, long disease-free interval, and no other
metastasis. In a study from the Massachusetts General Hospital, among 37 patients
with isolated adrenal metastases, the five-year survival was 34 % in the
adrenalectomy group versus 0 % in the non-operative group [39], thus emphasizing
the important survival benefit of surgical resection. Our practice is surgery of
solitary adrenal metastasis and resection of the primary lung cancer in mediastinal
lymph node-negative patients with chemotherapy, preferably preoperative to the
lung resection. Usually, patients are given systemic therapy first, followed by lung
resection and finally adrenalectomy.

(c) Metachronous NSCLC

Although many patients are treated successfully for NSCLC, approximately
one-third of recurrences will be isolated from the ipsilateral thorax [40]. A complete
metastatic workup should guide further therapy. Selected patients with the same type
of cancer in a different lobe of the lung may benefit from aggressive surgical
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resection. According to the American College of Chest Physicians guidelines and
recommendations, the survival results after resection for either a synchronous pre-
sentation or ametachronous presentation with an interval of <4 years between tumors
are variable and generally poor, suggesting that many of these patients may have had
a pulmonary metastasis rather than a second primary lung cancer [41]. Although a
thorough and careful evaluation of these patients is warranted to differentiate between
metastatic disease from a second primary lung cancer, distinguishing criteria have not
been defined in the literature [41]. Surgical resection should be considered in
appropriately selected patients as it can prolong survival [42]. A retrospective study
of 161 patients at the Mayo Clinic with metachronous NSCLC revealed a 5-year
overall survival rate of 61 % calculated from the time of the second resection with
improved survival and freedom from recurrence with tumors less than 2 cm [43]. If
recurrence is restaged clinically a stage I or II, then re-resection should be considered.
If the patient is not a candidate for additional surgery, definitive radiation or ablation
should be the primary modality of treatment particularly in patients with a long
disease-free interval. If the recurrence is restaged clinically as stage III with nodal
involvement, then definitive chemoradiation should be considered [44].

(d) Synchronous Squamous cell carcinoma (SCC) of the head and neck and the
lung

Synchronous SCC of the head and neck with solitary SCC of the lung presents a
very difficult diagnostic and therapeutic dilemma. If the tumors are found meta-
chronously, then the treatment is based on established clinical criteria. For syn-
chronous tumors, pan endoscopy and cervical mediastinoscopy are necessary for
adequate staging. If there is no evidence of mediastinal disease, then surgical
resection is warranted as this prolongs survival. In a retrospective study of 2964
patients with SCC of the head and neck, 27 patients were found to have syn-
chronous SCC of the lung. Of those who had surgery with curative intent, the
5-year disease-free survival was 51 % if the mediastinum was radiographically
negative compared to 13 % in patients who were surgical candidates but elected to
treat with palliative therapy [45].

The appropriate sequence of surgery is still unclear. If the head and neck tumorwill
be treated with radiation, then it is reasonable to proceed with the thoracic resection
first. However, if both tumors require surgery, then proceeding with the resection of
the head and neck tumor to ensure a patent airway is a reasonable approach.

5 Surgical Options and Approaches

5.1 Types of Incisions

Lung resection, such as a lobectomy, can be performed through a thoracotomy
(most common) or a median sternotomy. A posterolateral thoracotomy (Fig. 1) is a
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commonly used incision for lung resection. This incision is carried from the mid-
point between the spine and the posterior border of the scapula to one fingerbreadth
below the inferior tip of the scapula and then extended anteriorly the same distance
toward the inframammary crease. The serratus anterior muscle is usually preserved
and retracted anteriorly. For the standard pulmonary resection, the chest cavity is
reached by entering through an intercostal space that provides the best access for
the procedure to be performed (4th interspace for upper lobe lesions and 5th
interspace for lower lobe lesions) [46]. The posterior muscle-sparing thoracotomy is
preferred when possible as it spares all chest wall muscles by using the auscultatory
triangle as the landmark. The initial skin incision is identical to the traditional
thoracotomy. Subcutaneous skin flaps are created superiorly and inferiorly. The
latissimus dorsi muscle is identified and mobilized from the underlying serratus
muscle for its entire length. The serratus muscle is then elevated. A rib can be
partially excised to facilitate spreading and to avoid rib fractures.

An axillary thoracotomy, or limited lateral thoracotomy (Fig. 2), can be used for
upper or middle lobe resections or procedures confined to the anterior mediastinum
or hilum. The incision is carried through the anterior aspect of the serratus muscle
parallel to its fibers to the level of the 4th intercostal space. Care must be taken not
to damage the long thoracic nerve posteriorly. With experience, this incision can be
used for most situations. Since no muscle is divided, it can also be the least painful
of the thoracotomy incisions.

The anterior thoracotomy (Fig. 3) is used to approach lesions in the anterior and
middle thoracic cavity. An incision is made in the inframammary crease along the

Fig. 1 Posterolateral thoracotomy
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5th rib. The pectoralis major muscle is divided at its insertion into the medial chest
wall. The serratus anterior muscles are then incised to expose the 4th and 5th ribs
with the chest cavity entered at the 4th intercostal space. Lateral serratus fibers are
spared to avoid long thoracic nerve injury [46].

5.2 Types of Surgical Resection

5.2.1 Wedge Resection
Several studies indicate that wedge resections for NSCLC are associated with
higher local recurrence rates compared to lobectomy. Wedge resections are reserved
for small peripheral lesions in patients with impaired cardiopulmonary reserve that
are not candidates for lobectomy or segmentectomy [47–49]. Minimally invasive
approaches such as VATS wedge resections are the standard of care that achieve
shorter hospital stay and less patient morbidity than an open operation [50]. More

Fig. 2 Axillary thoracotomy
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importantly, the 5-year survival rates are the same for patients with T1N0 lesions
who underwent wedge resection whether by VATS or thoracotomy [51]. There is
also no difference in disease-free survival when comparing wedge resection to
anatomic lobectomy of stage IA patients [52]. Criteria for wedge resection that have
been suggested include the following:

(1) Tumors less than 2 cm in diameter (T1a lesion);
(2) Tumors located in outer third of lung and approachable by wedge resection by

staple, electrocautery, or laser;
(3) No endobronchial extension;
(4) Frozen section evidence of negative pathological resection margins; and
(5) Intraoperative mediastinal and hilar nodal staging [51].

Recurrences vary with tumor size and nodal involvement. For node-negative
patients with T1 and T2 tumors, the long-term local recurrence occurs in 5–12 %,
whereas distant metastasis occurs in 7–30 % of patients. Failure rates increase with
the presence of hilar or mediastinal nodal disease. In N1 and N2 disease, several
studies show the local failure rate ranges from 9–28 % to 13–17 %, respectively,
while distant metastasis occurs in 22–61 % of patients [53–55]. Interestingly, if

Fig. 3 Anterior thoracotomy
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recurrence occurs with initially clear margins, this is thought to reflect an aggres-
sive, metastatic tumor phenotype rather than surgical failure leading to metastatic
disease [51, 56–59].

A number of strategies have been shown to decrease local recurrence after
wedge resections. External beam radiation has had promise, but in a prospective
multi-institutional clinical trial of high-risk patients treated with post-wedge
resection “postage stamp” radiotherapy, the results were less promising [47]. The
phase III Alliance trial that enrolled 224 patients found no difference in local
recurrence or survival between sublobar resection alone and sublobar resection
combined with intraoperative placement of iodine-125 seeds. Local progression
occurred in only 17 patients (8 %) overall, there was no significant difference
between the two treatment arms, and the three-year overall survival rate was 71 %
in each treatment arm. The median follow-up was 4.4 years [60].

5.2.2 Segmentectomy
Segmentectomy (Fig. 4) has been reserved for resection of selected NSCLC. These
include stage I and II NSCLC in patients with impaired lung function, as a lung
preservation operation in patients with synchronous or metachronous lung cancer,
and for peripheral stage I lung cancer [61]. Retrospective studies have shown
segmentectomies to confer equivalent survival rates to lobectomy in selected
patients. Major complications include prolonged air leaks (5–16 %) and a higher
rate of recurrence (11–16 vs. 5 % for lobectomy) [47, 62–65]. As expected,
increased recurrence (22 %) was seen in segmentectomies with margins less than
1–2 cm as well as proximity to the hilum [66, 67]. With underlying pulmonary
compromise, segmentectomies were associated with a 30-day mortality benefit of
1.1 versus 3.3 % for lobectomy [66]. This is supported by findings that segmen-
tectomy results in better residual pulmonary function than lobectomy [68]. Tho-
racoscopic resection has been shown to result in shorter hospital stay as well as
lower thirty-day mortality compared to the open approach [69]. Due to the
improved tolerance of patients to adjuvant therapy, thoracoscopic segmentectomy
may also yield better survival than the open technique [70]. Commonly performed
segmentectomies include lingula-sparing left upper lobectomy, lingulectomy,
superior segmentectomy, and basilar segmentectomy. Less commonly performed
segmentectomies include anterior or posterior upper lobe segmentectomies [71].

5.2.3 Lobectomy
Open lobectomy has been the standard of care of early-stage NSCLC for many
years. However, VATS lobectomy has emerged as an excellent alternative to open
lobectomy and is now the standard of care for surgically amenable tumors. Com-
parable complication [72–74] and survival [73, 75, 76] rates between VATS and
open lobectomies can be achieved. VATS lobectomies have several advantages
over traditional open techniques. These include decreased postoperative pain [77,
78], lower chest tube output and duration [73], less blood loss [79], superior pul-
monary function [80], shorter hospital stay, and earlier return to normal activities
[72, 73]. Equivalent survival at 3 and 5 years has been reported for VATS
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Fig. 4 Segments of the lung
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lobectomy (90 and 90 %, respectively) and open lobectomy (93 and 85 %) for stage
I NSCLC [81–83]. Importantly, patients who underwent VATS lobectomy were
more tolerant of adjuvant therapy than their open lobectomy counterparts. Patients
undergoing VATS lobectomy experienced fewer delays in chemotherapy and were
more likely to tolerate and complete the entire adjuvant chemotherapy regimen.
Furthermore, more VATS lobectomy patients received >75 % of their planned
regimen without delayed or reduced doses. Long-term outcome differences remain
unproven [84]. Although challenging, VATS lobectomy has also found to be fea-
sible and safe after induction therapy [85].

5.2.4 Pneumonectomy
According to the Lung Cancer Study Group report, mortality in “pneumonectomies
should carry a risk of less than 7 %, lobectomies less than 3 %, and lesser resec-
tions less than 2 %.” Risk factors for mortality in pneumonectomies include
right-sided pneumonectomies, older age (>70), and low-volume surgical centers. In
addition, long-term sequelae of pneumonectomies include pulmonary hypertension,
progression of emphysema, and increased right heart pressures during exercise [86,
87]. Pneumonectomies are considered when sleeve resections are considered
technically not feasible [88]. Impaired function and shortened long-term survival
due to cardiorespiratory compromise have been cited as risks against pneu-
monectomies in favor of sleeve resection [87, 89]. Patients treated with pneu-
monectomy have increased operative morbidity and mortality as well as reduced
long-term survival compared with patients treated with lobectomy [90–92]. Late
death may also be increased by the long-term cardiopulmonary morbidity of
pneumonectomies [92]. Life-threatening complications following pneumonec-
tomies are more likely when there is reduced preoperative diffusion capacity,
preexisting compromising cardiopulmonary disease, excessive perioperative fluid
administration, and a preoperative low hemoglobin [93]. Others have found that
after performing a multivariate analysis, pneumonectomy was not an independent
determinate of long-term survival [94]. Rather, it was the patient age, preoperative
spirometry, and T and N status that determined long-term survival. It has also been
argued that pneumonectomies are associated with a lower rate of second primaries
compared with lobectomies, presumably because there is less remaining lung tissue
at risk for malignancy.

The safety of chemoradiation therapy with pneumonectomy is an important issue
for patients with more advanced NSCLC. Single-institution experiences report that
chemoradiation induction therapy can be performed with acceptable 30- and
100-day mortality rates of 6 and 10 %, respectively, with good oncologic outcomes
[95]. Long-term survival at 1 and 5 years for those receiving neoadjuvant therapy
was 74 and 46 % and similar to the surgery-only group with the survival of 72 and
34 % [96]. However, definitive chemoradiation is recommended by some groups in
NSCLC stage IIIA patients being considered for pneumonectomy as there is
increased mortality in this select patient group, particularly with a right-sided
pneumonectomy. Results from other similar reports were, however, less encour-
aging with 30- and 90-day mortality rates of 12 and 21 %. Survival at 3 and 5 years
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was 35 and 25 %, respectively [97]. A consistent finding is that right pneu-
monectomies are associated with significantly greater morbidity and mortality and
should be performed with great care [98]. Discrepant results are likely due to the
retrospective nature of these studies that are subject to inherent biases. Differences
in perioperative management can lead to variations in outcomes such as chest tube
drainage, pain control, and fluid balance.

5.2.5 Sleeve Resections
Bronchial sleeve lobectomy was introduced by Sir Clement Price-Thomas in 1947
to allow parenchyma-sparing surgery. Allison subsequently performed the first
sleeve lobectomy for bronchogenic carcinoma [99]. Bronchoplastic techniques are
used in 3–13 % of resectable pulmonary tumors accompanied [99–101]. The pur-
pose is to provide adequate tumor resection margins while conserving as much
healthy lung parenchyma as possible [102]. Sleeve lobectomy has become an
alternative to pneumonectomy for patients with marked impairment in pulmonary
function, elderly patients, as well as those with serious comorbidities, and should be
considered in all patients where technically feasible. In particular, it is the procedure
of choice for cancer extending to the left or right upper lobe bronchial orifice and
adjacent main stem bronchus or extending to the proximal left lower lobe bronchus.
Compared to pneumonectomy, it provides an improved quality of life while
achieving superior morbidity, mortality, and long-term survival [99, 103]. Inter-
estingly, in addition to a better quality of life, the long-term cancer control appears
to be no different than a pneumonectomy [104]. Sleeve resections have a reported
mortality 4 % with survival at 1 and 5 years of 84 and 42 %, respectively. A sleeve
lobectomy can reach the same functional result as a standard lobectomy. However,
it takes 3–4 months for the reimplanted lobe to completely recover and contribute
to residual postoperative pulmonary function [105]. Given that the lifelong risk of
developing a second lung cancer is about 2 % per year after the resection, a sub-
sequent lung resection can more safely be performed in patients who previously
underwent a sleeve lobectomy versus those who had a prior pneumonectomy [103,
106]. The size of the tumor may limit the technical feasibility of sleeve lobectomy
[107]. However, chemotherapy and radiation can downstage tumors in the presence
of mediastinal disease to allow bronchoplastic techniques. Although chemotherapy
has been associated with decreased mucosal blood flow and healing [108], clinical
studies have shown that sleeve lobectomy is still safe after neoadjuvant
chemotherapy [101, 109]. Operative mortality is high in patients with serious
comorbidities (e.g., poor nutritional status, liver impairment, renal impairment,
diabetes, cardiac compromise, peripheral vascular disease, stroke). Elderly patients
must be very carefully selected as well [103].

Performance of sleeve resections involves a dissection of bronchus from its
adjacent lung and pulmonary vessels at the lobar orifice level (Fig. 5). A bron-
chotomy is sometimes performed under bronchoscopic guidance to ensure adequate
margins. After determining the extent of the tumor, resection is performed en bloc
with a portion of the airway and sometimes the associated pulmonary artery per-
fusing the remaining lung. The specimen is then sent for frozen section to confirm
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negative margins. An end-to-end anastomosis (Fig. 6) is then performed and cov-
ered with a vascularized pleural or pericardial flap (Fig. 7) for protection and
prevention of pulmonary vessel erosion by suture knots and to provide extra blood
supply to the anastomosis [102, 110]. The most common site of sleeve resection is
the right upper lobe [111–117].

Bronchoplastic procedures have more postoperative complications than standard
lobectomies, thereby requiring intensive care monitoring in the immediate post-
operative period. Early postoperative issues include partial atelectasis, lobar col-
lapse, pneumonia, air leak, suture erosion of vessels, and transient vocal cord
paralysis. Atelectasis commonly results from blood or mucus plugging. Routine
postoperative flexible bronchoscopy and bronchial toilet are recommended for
preemptive treatment prior to extubation. This also offers an opportunity for the
surgeon to confirm the patency of the reconstructed bronchus. Pulmonary clearance

Fig. 5 Sleeve right upper lobectomy
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mechanisms are compromised postoperatively, especially in elderly patients, so
aggressive chest physiotherapy and steam inhalations may help prevent compli-
cations [102]. Transection of bronchial lymphatics increases pulmonary fluid and
likely contributes to increased risk of infection [110]. Sleeve resection has a

Fig. 6 Sleeve lobectomy anastomosis
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morbidity rate of 26.8 % and mortality rate of 5.5 % [101]. Other complications
following sleeve resection are bronchoplasty site stenosis and dehiscence, bron-
chopleural fistulae, and bronchovascular fistulae [103, 104]. Late complications
include bronchial stricture, bronchiectasis, bronchopleural fistula, and empyema
[99]. The incidence of bronchial anastomotic complications is 6.4 % with a bron-
chopleural fistula rate of 3 % and a bronchovascular fistula rate of 2.5 %. There is
also a 10 % rate of pneumonia following sleeve resection [99]. Predictive factors
for postoperative complications include right-sided resections, smoking, and
squamous cell carcinomas [118]. Technical points that can assist in minimizing
complications include precise dissection and anastomotic technique, avoidance of
anastomotic stenosis during initial surgery, preservation of blood supply, using a
buttress for the anastomosis, and interpositing healthy tissue between the bronchial
and vascular structures [118]. Anastomotic dehiscence or stenosis after sleeve
lobectomy can require subsequent completion pneumonectomy [99]. This occurs
more frequently in compromised patients [119], pathologic N2 status, as well as
those with positive bronchial margins [119, 120]. The use of absorbable suture such
as vicryl or PDS has decreased the incidence of bronchial anastomotic complica-
tions which can more readily allow postoperative dilatation [121]. Bronchoplastic
procedures are technically demanding and have better outcomes by surgeons spe-
cializing in general thoracic surgery.

Fig. 7 Pericardial fat pad buttress
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5.2.6 Carinal Resection
Lung cancers in close proximity to or involving the carina are often not amenable to
resection. However, complete resection may be possible for a select patient group that
does not have dissemination or invasion into vital structures [122, 123]. Utilization of
bronchoplastic techniques in these patients can greatly improve outcomes and survival
[124]. Several studies have shown that bronchoplastic operations for carinal involve-
ment can be done with an acceptable mortality rate of approximately 16 % [124–130].
Tracheobronchial junction tumors are particularly challenging. While most of these
tumors can be resected through the usual right posterolateral thoracotomy, Muscolino
et al. used anterior thoracotomy through the fourth intercostal space to perform a right
sleeve pneumonectomy. Good exposure, adequate anastomotic visualization, and nodal
clearance from the paratracheal and subcarinal areas can be achieved through this
incision [106]. Other exposures that have been described include bilateral thoraco-
tomies or sternothoracotomy [128]. Lethal complications of this operation are acute
respiratory distress syndrome (ARDS) and non-cardiogenic pulmonary edema. The
etiology of post-lung-resection ARDS and is unknown, but this complication is asso-
ciated with mortality rates as high as 90 % [123, 131]. Nitric oxide has been used to
treat this devastating condition with modest success [132]. Anastomotic complications
are major complications of bronchoplastic resection of carinal tumors. Most commonly,
these result from excessive tension on the anastomosis either from an excessive airway
resection or from inadequate mobilization of the remaining lung and trachea. Therefore,
carinal resection should be limited to a maximum of 4 cm (measured from proposed
tracheotomy to left main stem bronchotomy). Other key factors include preservation of
airway vascularity, meticulous anastomotic technique, and careful tissue handling
[125]. Prolonged postoperative mechanical ventilation increases mortality, so patients
should be extubated immediately after surgery whenever possible [123].

6 Summary

Preoperative staging is very important and is considered to be one of the most
important prognostic indicators in patients with lung cancer. Once adequately
staged, a treatment regimen can be outlined for the patient. It is not uncommon for
patients to be told they are unresectable without adequate staging only to be told
later that they are surgical candidates. Cardiopulmonary testing is important to risk
stratify patients and better estimate their risk of morbidity and mortality from
surgery. There are several surgical approaches to surgical resection of a lung cancer.
However, minimally invasive surgical approaches such as VATS and robot assis-
tance are increasingly used for pulmonary resections for lung cancer. The T and N
status of a surgically resected specimen determines whether it is beneficial to
proceed with adjuvant chemotherapy or radiation. Genetic alterations in lung cancer
may be able to predict sensitivity to chemotherapy agents and allow for more
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targeted therapy. Due to the complexity of management, patients with lung cancer
should be cared for by general thoracic surgeons and a multidisciplinary team to
improve both disease-free survival and overall survival.
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