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1.1 Background

Minimally invasive surgery (MIS) of the thorax was introduced
about 100 years before the publication of this atlas. It began
primarily as a diagnostic modality, and was taught to me during
my training in the late 1970s. The applications of thoracoscopy
40 years ago were limited to pleura biopsies and drainage of
pleural effusions. There were no dedicated instruments other
than a suction cannula and biopsy forceps, and viewing was
limited to the operator looking directly through a small diam-
eter low resolution telescope. Thus the technique was not used
commonly. Technological advances in the late 1980s and
beyond offered improved telescope optics, compact high reso-
lution video cameras, and instrumentation including tissue and
vascular staplers. These advances permitted performance of
complex procedures such as lobectomy, esophagectomy, and
mediastinal operations. A small number of adventurous sur-
geons were pioneers in establishing the safety and utility of
these operations, from which many other surgeons and their
patients have benefitted.
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The first MIS operations included lung biopsy and pleural
procedures for pneumothorax and empyema. In the early
1990s the first major lung resections were reported, which
initially in many centers were non-anatomic resections—SIS
lobectomy, or stapled in-situ lobectomy—in which most
hilar structures associated with a lobe were stapled collec-
tively. Anatomic resections as they are now performed fol-
lowed quickly, however, and reports from single institutions
of large experiences with outstanding results were first pub-
lished in 2006 [1]. Esophagectomies performed with hybrid
procedures or exclusive minimally invasive approaches were
first reported in the early 1990s, with the first large series of
successful cases published in 2003 [2].

Despite these advances, general adoption of minimally
invasive thoracic surgery was slow. The majority of surgeons
in the West who had routine access to minimally invasive
resources had not been trained to do MIS surgery and were
reluctant to take time from their busy practices to develop
MIS skills. Training in MIS general surgery was in its
infancy, and the variety of procedures thought to be appro-
priate for MIS techniques was limited to cholecystectomy in
carefully selected patients and biopsies. Thus, even younger
thoracic surgeons didn’t have a very extensive background in
MIS resulting from their general surgery training. No certi-
fied training courses existed early on, and surgeons inter-
ested in learning the techniques had to search out an

J. Wang, M.K. Ferguson (eds.), Atlas of Minimally Invasive Surgery for Lung and Esophageal Cancer,
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experienced mentor and arrange to spend the necessary time
observing; such mentors were soon overwhelmed with
requests by potential observers and found it difficult to meet
the demand. A system of sponsored training courses for tho-
racic surgeons in practice wasn’t introduced until 1992,
when the Society of Thoracic Surgeons created an infrastruc-
ture and curriculum for MIS training in thoracic surgery that
served the needs of the physicians until training during fel-
lowship became routinely available.

Training in MIS thoracic surgery remains less regulated
than training in MIS general surgery. The latter effort
includes a skills course (Fundamentals of Laparoscopic
Surgery), the successful completion of which is required
prior to graduation from residency and obtaining board certi-
fication in the United States [3]. No such curriculum for MIS
thoracic surgery has been developed in the US. Efforts in
other regions of the world are similarly underdeveloped.
Skills needed for MIS thoracic surgery are demonstrably dif-
ferent than those learned during abdominal surgical training.
However, we expect our graduating thoracic trainees to be
skilled in MIS techniques without having developed skills
definitions, the infrastructure for simulation training, or
methods of determining competency. Clearly there is consid-
erable room for improvement in how we train and certify
young thoracic surgeons in MIS abilities.

1.2  Frequency of MIS Thoracic Surgery

in Developed Countries

It is difficult to determine exactly how many lung and esoph-
ageal resections are performed annually using minimally
invasive techniques. Outside of the United States there are
no large databases that mandate recording of such practices.
Even within the US the collection of such data are often
inaccurate and analyses of such data can be misleading. A
few resources in the US that help provide some insights
include the Nationwide Inpatient Sample (NIS), the SEER
(the Surveillance, Epidemiology, and End Results) Program,
NSQIP (the National Surgical Quality Improvement

Program of the American College of Surgeons), the State
Inpatient Database (SID) and the Society of Thoracic
Surgeons (STS). These data sets are not available for direct
inspection, and so we must assess outcomes from reports
published in scientific journals.

1.3  Video Assisted Thoracic Surgery

(VATS) Lobectomy

The incidence of VATS is related in part to the percentage of
patients with early stage lung cancer and reflects to some
extent the expertise of the contributing surgeons, which is
greater in the STS, NSQIP and SID datasets (Table 1.1)
[4-9]. The NIS demonstrated an increase in VATS usage
from 26 % early in the study to 39 % in the final year of the
study [8]. Overall, the percentage of major lung resections
performed by VATS in the US is moderate, is increasing
over time, and likely will have exceeded 50 % at the time of
this publication.

Assessment of the frequency of MIS resections performed
in Europe is a little more difficult because of the fragmented
nature of the data. A review of published results demon-
strates surprising differences among countries in the use of
VATS for lobectomy. The EPITHOR project in France dem-
onstrated a fourfold increase in the use of VATS for lobec-
tomy from 2005 to 2012, culminating in an incidence of
nearly 11% [10]. In Denmark from 2007 to 2011, clinical
stage I lung cancer was treated by VATS lobectomy in 47 %
of patients [11]. The European Society of Thoracic Surgeons
(ESTS) Database, a large voluntary effort including nearly
all European countries, demonstrates a very variable pene-
tration of VATS techniques at present, with Denmark having
the highest percentage and many countries lacking centers of
excellence [12]. The overall rate is between 10% and 15 %
(Table 1.2) [10-14].

The rates of VATS use for lobectomy in other developed
countries are difficult to determine. From an analysis of the
literature, no nationwide databases reporting such results
were available from Japan, Taiwan, South Korea, or Australia.
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Table 1.1 Frequency of use of VATS for lung resection among large US databases

Author Database Time period Total patients VATS patients
Paul [4] STS 2002-2007 6,323 20%
Paul [5] SEER 2007-2009 6,008 22%
Farivar [6] STS 2010-2011 10,525 44 %
Mungo [7] NSQIP 2005-2012 6,567 37 %
Harrison [8] NIS 2008-2011 19,353 32%
Kent [9] SID 2008-2010 33,095 38%

STS Society of Thoracic Surgeons, SEER Surveillance Epidemiology and End Results Program, NSQIP National Surgical Quality Improvement
Program, VIS Nationwide Inpatient Sample, SID State Inpatient Database

Table 1.2 Frequency of use of VATS for lobectomy in European databases

Author Database Time period Total patients VATS patients
Thorsteinsson [13] Iceland 1994-2008 404 0%

Licht [11] DLCR 2007-2011 2,230 47 %

Morgant [10] Epithor 2005-2012 34,006 32%

Begum [12] ESTS 2010-2012 Not stated 11.3%

Falcoz [14] ESTS 2007-2013 28,771 9.5%

DLCR Danish Lung Cancer Registry, ESTS European Society of Thoracic Surgeons
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1.4  Minimally Invasive Esophagectomy

(MIE)

The very low relative frequency of esophageal cancer com-
pared to lung cancer, especially in Western countries, makes
identification of rates of MIE quite difficult. In a survey of
esophageal surgeons reported in 2010, the frequency of min-
imally invasive approaches worldwide was about 30 %. This
figure varied considerably according to surgeon specialty,
being highest for general surgeons (57 %) and lowest for
surgical oncologists and cardiothoracic surgeons (20 %)
[15]. Data from the STS Database for 2001-2011 indicate
that 14 % of patients underwent MIE [16]. In Japan in 2011,
the frequency of hybrid or totally minimally invasive esopha-
gectomy was 33 % [17]. From these limited data it appears
that the acceptance of minimally invasive approaches in
developed countries remains limited.

1.5  Growth of MIS Thoracic Surgery

in Developing Countries

Penetration of minimally invasive techniques into develop-
ing countries is very uneven. Obstacles to growth include
lack of resources (equipment for thoracoscopy or laparos-
copy; trained support staff; non-specialist anesthesiologists)
and lack of training for surgeons. Whereas in most developed
countries trainee instruction in thoracic MIS is routine and
usually required, such is not the case in many developing
countries. In centers of excellence that have high volumes of
practice, particularly in India and China, VATS lobectomy
and MIE are routine. In such centers more than 80% of
lobectomies are performed using VATS, and more than 90 %
of esophagectomies are done via MIE.

1.6  Status of MIS Thoracic Surgery

There can be little doubt that VATS lobectomy and MIE are
accepted as standard approaches to surgery for lung and
esophageal cancer. The chapters in this atlas clearly identify
outcomes after MIS and demonstrate numerous advantages
over open surgery. Short-term benefits have been conclu-
sively demonstrated, oncologic equivalence in terms of nodal
harvest is similar to open operations, and oncologic equiva-
lence in terms of long-term survival is apparent. What
remains to be fully elucidated is relative costs, or cost-
effectiveness, particularly for robotic thoracic MIS.

1.7  Future Areas of Study

Complex minimally invasive thoracic surgery was intro-
duced in the early 1990s, less than 25 years before the pub-
lication of this atlas. In that short span of time its growth
and acceptance have been remarkable. We can anticipate
continued growth of this application in the developing
world, and will also see rapid advancement in a variety of
elements of MIS, including education, technology, and out-
comes (Table 1.3).

Table 1.3 Target areas for future study of thoracic minimally invasive surgery

Education and training

Learning curves for competency and proficiency

With mentoring

Without mentoring

Current approaches to education

Training program

Centers of excellence

Specialized fellowships

Simulation training

How much can this shorten the learning curve?
Models
Animal models

Tissue models (perfused, unperfused)

3-D printed models, other artificial materials

Virtual models

Improved performance

Ergonomics

Double or single port techniques

More advanced complex operations including double sleeve
resections

Advanced technology

Powered staplers

Tissue site marking

Measurement of perfusion for tumor, lymph node, or vessel
identification

Ultrasound applications

Hybrid procedures
Robotics
Standard resections

Advanced resections

Single port or hybrid approaches

Technological enhancements (tissue perfusion, ultrasound,
automated processes)

Improved clinical care

Fast tracking to discharge

Cost-effectiveness
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1.8  Education

Education is the primary means by which MIS thoracic surgery
will expand and evolve. How we provide education to our train-
ees and to practicing surgeons who haven’t yet learned the tech-
niques is an ongoing challenge. In most developed countries
there is sufficient expertise and volume in training programs to
permit all trainees to emerge having achieved competence in
MIS thoracic surgery. Whether this goal is sufficient is unclear.
We would all like our trainees to achieve a higher level of per-
formance than mere competence by the time of their graduation.
Whether this could be achieved through increased use of simu-
lation training needs to be investigated. A number of models are
currently or soon will be available, and identification of appro-
priate targets for simulation training is underway.

For practicing surgeons who have not previously learned
MIS techniques, training is available in short courses, but appli-
cation of the lessons learned in such courses is likely to be slow
and fraught with difficulty without proper ongoing mentoring.
The learning curve under such circumstances can be steep, put-
ting the surgeon and patients at risk (medical-legal/financial risk
for the former, personal health risk for the latter). Society needs
to identify improved methods of training practicing surgeons in
new approaches and technologies that minimizes threats to sur-
geons’ income and practice integrity, optimizes opportunities
for ongoing mentoring, and minimizes patient risk.

1.9  Surgeon Performance

Improving performance should be every surgeon’s lifelong
goal. This may be accomplished through a variety of means,
including using new instruments, new approaches, or by
varying the steps of an operation. Surgeons are studying
comparative surgeon ergonomics of different patient posi-
tions for minimally invasive operations. Advances in thora-
coscopy for complex operations include growing use of
double and single port techniques, and studies are needed to
determine whether these provide benefit to our patients. As
surgeon experience with minimally invasive surgery grows,
increasingly complex operations are being done more rou-
tinely, including sleeve resection, double sleeve resection,
and en bloc chest wall resection, to name a few.

1.10 Advances in Technology

A variety of technological enhancements are becoming avail-
able for minimally invasive surgery. Powered staplers may
provide improved access of staplers to difficult areas, and may
improve the consistency and quality of staple lines. Tissue per-
fusion for assessment of vessel anatomy, identification of

regional lymph nodes, and evaluation for reconstructive organ
ischemia is increasingly being used. Ultrasound for identifica-
tion of tumors, nodes, and regional vessels is currently used
sporadically, but as technological enhancements and surgeon
familiarity grow, ultrasound use is likely to increase dramati-
cally. Finally, advances in chemical testing of plume from elec-
trocautery has the possibility of determining whether tissue is
malignant or benign without frozen section and can help
assess adequacy of resection margins.

1.11 Robotics

Robotic operations are growing in frequency and popularity.
This technology is cost-prohibitive at present for many insti-
tutions and certainly for most developing countries. As the
technology improves and use grows, costs are likely to
decrease substantially, providing access to most levels of the
market. We have yet to determine appropriate applications of
robotics in thoracic surgery. Certainly many experienced sur-
geons are capable of performing almost any operation using
the robot, but whether this adds benefit to the patient in terms
of costs or outcomes has not been determined for most oper-
ations. Potential benefits of the robot include decreased oper-
ating time (experienced surgeons only), improved accuracy
of dissection (wide range of wristed movements; minimi-
zation of surgeon tremor and tissue movements related to
heart beat, etc; three-dimensional imaging; image magnifica-
tion), better ergonomics, and availability of advanced
technologies (tissue/vessel perfusion, powered staplers), to
name a few. There remain concerns about added costs, added
OR time when inexperienced users or operating room teams
are involved, and patient safety when there is an increased
risk of technological malfunctions.

1.12 Improved Patient Care
Our ultimate goals as surgeons are to improve patient care
and the outcomes of care. Minimally invasive techniques
offer shorter operative times, faster recovery from anesthe-
sia, reduced pain, reduced risk of postoperative complica-
tions, shortened duration of hospital stay, and faster return to
activity. The predictability of these outcomes permits patients
to be “fast-tracked” to discharge, which helps reduce unnec-
essary testing, further reduces duration of hospital stay, and
is associated with a decreased risk of complications.
Resources are conserved and overall costs are substantially
reduced.

Identifying practices that are cost-effective benefits all
patients by enabling better distribution of resources. This
process can help reduce the overall costs of healthcare and
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lessen the financial burden of healthcare on society. It is
incumbent on surgeons who are endeavoring to advance the
art and science of minimally invasive surgery to consider
evaluation of cost-effectiveness as part of their efforts. It is
often easier to make such evaluations during the growth of a
new technology or application rather than after such as
become a standard of care.

Conclusion

There have been remarkable advances in minimally inva-
sive thoracic surgery in the past 25 years. Despite this,
utilization of this approach remains limited. This atlas has
the potential to help expand the growth of minimally inva-
sive thoracic surgery by providing a background includ-
ing indications, limitations, and benefits, and by offering
detailed descriptions for virtually all aspects of minimally
invasive surgical care of lung and esophageal cancer. For
surgeons who are relatively unfamiliar with VATS or
MIE, this atlas will encourage them to use these
approaches more often. For surgeons who understand the
basics of VATS and MIE, the atlas will enable them to
take on more complex operations with confidence.

There is considerable opportunity for advancing tech-
niques and technology in minimally invasive thoracic sur-
gery. Hopefully this atlas will stimulate surgeons to identify
ways of enhancing patient care. Imagine the future, and
work towards that future for the benefit of our patients.
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2.1 Overview of Minimally Invasive
Surgery in Lung Cancer

Yin-Kai Chao and Hui-Ping Liu

2.1.1 History of Development of Minimal
Invasive Thoracic Surgery

The application of thoracoscopy can be traced back to 100 years
ago, when Dr. Jacobaeus first reported his experiences in the
diagnosis and treatment of pleural effusions by thoracoscope in
1909 [1]. Most patients who needed to undergo thoracoscopy
at that time suffered from pulmonary tuberculosis [2]. The
development of fibro-optic light transmission, the illumination
and the image processing techniques, as well as the refinement
of related instruments made video-assisted thoracoscopy more
easily and broadly applied after the 1990s [3, 4]. And now
video-assisted thoracic surgery (VATS) has become a basic and
important technique for a thoracic surgeon.
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2.1.2 Definition of VATS Lobectomy

Frequently, minimal invasive thoracic surgery for lung can-
cer includes three approaches: (1) VATS, (2) Hybrid VATS
and (3) Hand-assisted VATS. VATS usually refers to thoracic
surgery that involves insertion of instruments through one
(Uniport) or two to four small chest incisions under two-
dimensional video images, and hand-assisted VATS mainly
refers to thoracic surgery performed by inserting the
surgeon’s hand into the chest cavity through one of the chest
incisions to control the target organs under a two-dimensional
video images. A “Hybrid VATS” was defined as using a rib
spreading retractor and operates directly through the thora-
cotomy (usually 8—10 cm in length). In these cases the cam-
era is only used for illumination. Recently VATS can be
performed through uniportal or subxiphoid approach for
lung lesion.

In 2012, the VATS Lobectomy Consensus Meeting was
held in Edinburgh, UK, which marked the 20th anniversary of
this procedure. For the first time in history, consensus
agreements on several important issues on VATS lobectomy,

including its definition, patient eligibility, surgical standard of
care were reached [5]. Since then, the Cancer and Leukemia
Group B (CALGB) definition has become the globally
accepted state-of-the-art VATS lobectomy technique [6],
which comprised (1) no use of rib-spreading, (2) a maximum
length of 8 cm for the utility incision (3) individual dissection
of pulmonary vessels and bronchus. While a small retractor
isonly acceptable in selected circumstances, such as conduct-
ing complex procedures (e.g. sleeve resection) or delivery of
a large specimen.

2.1.3 Minimally Invasive Surgery in Lung
Cancer: Current Evidence

In the current era, a prospective, randomized comparison of
open versus VATS lobectomy for lung cancer will likely
never occur, leaving us to rely on the best available current
evidence to draw meaningful clinical conclusions. In the fol-
lowing sections, several important studies to address this
issue.
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2.1.3.1 Impact on Perioperative Outcome
Perioperative outcomes of VATS versus open lobectomy
have been compared in one small prospective trial and five
retrospective case control series, and one large systematic
review including more than 6,000 patients [7-12]. All of
these studies indicate less perioperative morbidity for VATS
lobectomy (10-30%) than for open lobectomy (20-50 %).
The mortality rates are similar between the two procedures.
Table 2.1 summarizes the published studies that directly
compare VATS versus open lobectomy.

2.1.3.2 Oncological Perspective

Critics of VATS lobectomy suggest that inadequate nodal
sampling and the potential for port site contamination by
tumor will lead to inferior survival compared to open lobec-
tomy. Important studies comparing nodal clearance and sur-
vival between VATS and open lobectomy were discussed in
the following sections.

Nodal Clearance: VATS Versus Open

Three prospective trials have investigated the adequacy of
nodal sampling during VATS lobectomy. The first is a
small trial of 29 patients [13]. What is unique about this
study is that following VATS dissection, a thoracotomy
was carried out by another surgeon and any remaining
mediastinal lymph nodes were removed. Based on weight
and number of nodes, the authors concluded that only
2-3% of nodal tissue was “missed” with thoracoscopic
techniques. Two other randomized studies have also docu-
mented a equal degree of lymph node clearance between
VATS and open procedure. In the second trial, the mean
number of hilar and mediastinal nodes removed during
open lobectomy were 8 and 13 respectively, exactly the
same as in the VATS group. Furthermore, an equal number
of patients were upstaged to N1 or N2 disease in each
group [14]. In the third trial, 39 patients were randomized
to undergo either a complete VATS or an “Hybrid-VATS”
(in which the thoracotomy was 10 cm in length and rib-
spreading was used) [15]. In the complete VATS group 32
nodes were submitted for pathologic review, compared to
29 in the control group (p=0.12).

Table 2.1 Studies comparing perioperative outcome between VATS and open procedure

Author/year Study design Procedure N Morbidity rate (%) | Mortality rate LOS (days)
Kirby, 1995 Prospective VATS 25 24 0% 7.1
Open 30 53 0% 8.3
Whitson, 2008 Systematic review VATS 3114 16.4 NA 8.3
Open 3256 31.2 NA 13.3
Handy, 2009 Retrospective VATS 49 10 4.1% 5.2
Open 192 22.5 2.6 % 6.6
Villamizar, 2009 Retrospective VATS 284 31 3% 4
Open 284 51 5% 5
Flores, 2009 Retrospective VATS 398 23 0.3 % 5
Open 343 33 0.3% 7
Stephens, 2014 Retrospective® VATS 307 37 <1% 4
Open 307 19 2% 6
Nwogu, 2015 Retrospective® VATS 175 14.9 1.7% 5.4
Open 175 25.1 1.7% 8

“Propensity matched analysis; LOS Length of Stay, VATS Video-assisted thoracoscopic surgery
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Long Term Survival
The first and only randomized trial to report survival data
was published in 2000 from Japan [14]. In this trial 100
patients with clinical stage IA lung cancer were randomized
to either a VATS or open lobectomy. With the median follow-
up of 4.9 years, 6 % of patients in both group developed a
local recurrence. The 5-year survival was 85 % in the open
group and 90 % in the VATS group (p=0.91).

Several retrospective reports support the aforementioned
findings. In these separate reports, the 5-year survival for
VATS lobectomy is near 80 %, similar to that for open

lobectomy (75-82 %). In a 2008 systematic review, Whitson
and colleagues provided an analysis of 39 studies compar-
ing VATS with open lobectomy [16]. In this study, patients
with VATS lobectomy had similar survival when compared
with those who underwent open resection. At 4 years,
patients who underwent VATS lobectomy even had
improved survival versus patients with open lobectomy
(88.4% vs 71 %; p=0.003), suggesting that VATS lobec-
tomy is at least oncologically equivalent to open lobec-
tomy. Table 2.2 summarized the major findings from the
aforementioned studies.

Table 2.2 Studies comparing survival of VATS versus open lobectomy for early-stage non-small cell lung cancer

Author/year Study design Procedure N 5 years-survival (%) | P value

Sugi, 2000 Prospective randomized VATS 48 90 N.S
Open 52 85

Yang, 2009 Retrospective VATS 43 79 N.S
Open 98 82

Flores, 2009 Retrospective VATS 398 79 N.S
Open 343 75

Whitson, 2008 Systematic review VATS 3114 80 N.S
Open 3256 65.6

Stephens, 2014 Retrospective VATS 307 78 N.S
Open 307 73

VATS Video-assisted thoracoscopic surgery, N.S Not significant
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2.1.4 Summary

To the best of my knowledge, there has been no publication
thus far demonstrating inferior outcomes of VATS lobectomy
compared to open thoracotomy. Without a doubt, VATS has
completely revolutionized modern thoracic surgery and signifi-
cantly improved patient outcomes over the last two decades.

2.2  Physiologic Evaluation of Candidates

for Lung Cancer Resection

Sean C. Wightman and Mark K. Ferguson

2.2.1 Introduction

One goal of perioperative surgical care is to minimize postoperative
complications. This process includes preoperative decision mak-
ing, intraoperative judgment and technical considerations, and post-
operative care. Knowing which clinical factors are associated with
complications permits physicians to assess which candidates are
appropriate for major surgery. Furthermore, it allows patients to
both understand the risk of procedures and make an informed deci-
sion on agreeing to a planned operation versus pursuing an alterna-
tive treatment modality. The development and standardization of
algorithms for evaluation of risk has made risk estimation more
uniform. There is increasing understanding of how to mitigate risk
through appropriate preoperative interventions or through altering
standard surgical approaches to minimize risk while maintaining
the original treatment objectives. Knowing potential risks for a
given patient allows the treatment teams to allocate intraoperative
and postoperative resources to identify and treat complications
more efficiently, thus increasing resiliency.

2.2.2 Background

After pulmonary resection, there are substantial changes in
the physiology of the cardiopulmonary system. Lung resec-
tion decreases postoperative pulmonary function as mea-
sured by forced expiratory volume in the first second (FEV1)
and the shuttle walk test [17]. While FEV1 decreases maxi-
mally the first few days postoperatively, it improves to only
75% of predicted values at 1 month and 85% at 3 and
6 months [17]. Similarly, the shuttle walk test is 70 % of its
preoperative value when assessed at 1 month and improves
to 84 % of preoperative values when reassessed at 6 months
[17]. The immediate postoperative decrease is related to
reduced respiratory mobility of the ribs and diaphragm after
a thoracic operation, predominantly due to pain. This
subsequently leads to decreased pulmonary expansion, alve-
olar collapse, and subsequent atelectasis [18].

The changes in pulmonary spirometry are associated with
the degree of pulmonary resection performed. For patients
undergoing a segmentectomy, FEV 1 and forced vital capacity
(FVC) are relatively preserved [19]. After lobectomy, and
once recovered from the initial postoperative period, spirom-
etry values for FVC, FEV1 and total lung capacity (TLC) are
reduced by 7-10 % [20]. For those patients undergoing pneu-
monectomy, FVC, FEV1, and TLC are typically decreased
by 30-35% [20]. In patients undergoing wedge or lobec-
tomy, no postoperative changes in cardiac hemodynamics
are observed [21]. Pneumonectomy is associated with ele-
vated right ventricular volumes at end-systole and end-
diastole, while right ventricular ejection fraction is decreased
by 10% [21]. The decreased ejection fraction after pneumo-
nectomy is likely due to the increased afterload, while the
increased right heart volume compensates to improve ejec-
tion based on the Frank-Starling Curve. These changes
underline the importance of preoperative evaluation to deter-
mine which patients are likely to tolerate surgery without
increased cardiopulmonary risk.

General anesthesia adversely affects pulmonary function
by relaxing respiratory muscles leading to a reduction in
functional residual lung volume. This in turn collapses bron-
chioles leading to atelectasis [22]. These changes contribute
to postoperative hypoxemia and can last many days after sur-
gery. A thoracotomy incision reduces chest wall compliance
leading to decreased total lung volume due to limited expan-
sion. Appropriate pain control and minimally invasive proce-
dures are thought to limit this physiologic restriction.

Induction chemotherapy reduces diffusion capacity of
the lung for carbon monoxide (DLCO) in 15 % of patients
[23]. This reduction does not typically affect clinical
symptoms and only 2 % of patients are ineligible to pro-
ceed with surgery based on the change in DLCO. For
heavy smokers, the reduction after induction chemother-
apy is greater. The relation of induction chemotherapy to
increased post-operative complications is controversial
[23, 24]. Due to pulmonary changes after induction che-
motherapy, an updated assessment of the patient’s lung
function should be obtained [25].

Lung resection is associated with the development of
postoperative complications including pulmonary, cardio-
vascular, infectious, surgical, and others (Table 2.3). Some
postoperative complications are associated with specific
preoperative patient characteristics, permitting risk stratifi-
cation. The two most common categories of complications,
pulmonary and cardiovascular, are listed in Table 2.4 with
their preoperative predictive variables. Aside from demo-
graphics, significant predictive ability is found in cardiac
and pulmonary function. For this reason, specific evaluation
of these parameters should be performed in all patients
undergoing major lung resection regardless of the surgical
approach [26].
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Table 2.3 Classification of postoperative complications after lung resection

Category Components

Pulmonary Prolong postoperative intubation

Reintubation for respiratory insufficiency

Prolonged postoperative air leak

Atelectasis requiring bronchoscopy

Pleural effusion requiring drainage

Pneumonia

Adult respiratory distress syndrome

Pneumothorax required intervention

Cardiovascular Arrhythmia requiring intervention

Myocardial infarction

Pulmonary embolism

Use of inotropic agents

Deep venous thrombosis requiring therapy

Cerebrovascular Cerebrovascular accident

Transient ischemic attack

Delirium

Surgical Bronchopleural fistula

Chylothorax

Recurrent nerve injury

Bleeding requiring reoperation

Other reoperation

Infectious Emypema
‘Wound infection
Sepsis
Other Acute renal insufficiency

Urinary retention

Postoperative transfusion

Table 2.4 Preoperative parameters associated with complication categories

Complication category Preoperative parameters

Pulmonary FEV1, FEV1%

DLCO%

Stair climb, shuttle walk, 6 min walk

Peak V02

Age

Smoking status

Induction therapy

Body mass index (BMI)

Cardiovascular FEV1, FEV1%

Age

Diabetes mellitus

Coronary artery disease

Renal insufficiency

Cerebrovascular disease
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2.2.3 Pulmonary Assessment

Physiologic assessment of lung function includes measure-
ment of both ventilatory capacity and gas exchange capacity.
Each of these is an independent predictor of postoperative
complications, especially cardiopulmonary complications
[27-32]. The most useful spirometric parameters are the
forced expiratory volume during the first second expressed
as a percent of predicted (FEV1%) and the predicted postop-
erative value for this parameter estimated based on the
amount of lung to be resected (ppoFEV1%). Gas exchange
capacity is assessed by measurement of the diffusing capac-
ity of the lung for carbon monoxide (DLCO), which is an
estimate of pulmonary capillary surface area or pulmonary
capillary blood volume. The value is often corrected for
hemoglobin, which provides a more accurate assessment of
gas exchange ability. In contrast, corrections for lung volume
are not typically performed, as the basis for such corrections
are not physiologically sound. DLCO is usually expressed as
a percent of predicted (DLCO%) or as an estimate of
expected postoperative function (ppoDLCO%).

Predicted postoperative values are more accurate than
preoperative values in estimating the risk of postoperative
complications as well as long-term survival [33, 34].
Preoperative alterations in FEV 1% may be related to under-
lying lung disease, neuromuscular disorders, prior lung
surgery, extreme obesity, and other conditions (Table 2.5).
Alterations in DLCO% may be related to serum hemoglo-
bin level, primary lung disease, disorders of the pulmonary
vasculature, and cardiac insufficiency. Predicted postopera-
tive values of FEV1% and DLCO% usually can be

Table 2.5 Causes of abnormal lung function tests

accurately estimated using the functional segment counting
technique [35].

Postoperativevalue= Preoperativevaluex
(Postoperative segments | Functional preoperative segments)

The accuracy of such estimates can be affected by the
location of the resected lobe (upper versus lower) and
the presence of heterogeneous distribution of emphy-
sematous changes [36]. In patients with heterogeneous
lung disease, prior lung resection, or major airway
obstruction, more accurate estimates are obtained
using quantitative ventilation/perfusion scans or quan-
titative computed tomography [37-39].

Exercising testing is also a useful method for evaluating
patients’ postoperative risk after lung resection, as it assesses
the interactive function of the respiratory and cardiovascular
systems [40-45]. Although the routine use of exercising
testing provides slightly more accurate risks of postoperative
complications, its use is usually reserved for patients who are
identified as being at increased risk based on pulmonary
function testing. Selective use decreases the costs and dura-
tion of the preoperative evaluation. Exercise testing can be
performed using low technology methods (stair climb, 6 min
walk test, shuttle test) or using high technology testing, usu-
ally measurement of peak oxygen consumption during maxi-
mal exercise (peak VO,), which is typically performed
during cycle ergometry. Exercise testing may not be possible
in some patients because of lower extremity weakness, car-
diovascular disease, or other physical limitations, and is
often precluded because of the lack of availability the
required equipment and expertise to use it.

Parameter tested Cause of abnormal result

Etiology

FEV1% Chronic obstructive pulmonary disease Decreased air flow
Asthma Decreased air flow
Interstitial lung disease Loss of alveoli
Major airway obstruction Decrease air flow
Chest wall disorders Loss of lung volume
Severe obesity Impaired diaphragm excursion
Prior lung resection Loss of lung volume
Phrenic nerve dysfunction Impaired diaphragm excursion
Dysfunction of respiratory muscles Impaired air flow

DLCO% Anemia Low oxygen carrying capacity
Polycythemia Increased oxygen carrying capacity
Emphysema Loss of pulmonary capillary surface area

Obstructive lung disease

Gas trapping

Interstitial lung disease

Increased alveolar wall thickness

Pulmonary edema

Increased alveolar wall thickness

Congestive heart failure

Increased alveolar wall thickness

Pulmonary hypertension

Increased vascular wall thickness

Low cardiac output

Low blood flow limiting gas delivery

Restrictive lung disease

Loss of pulmonary capillary surface area

Pulmonary embolism

Decreased pulmonary blood flow
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2.2.4 Cardiac Assessment

The American College of Cardiology and the American
Heart Association (ACC/AHA) guidelines stratify proce-
dures by their level of risk and in turn identify patients who
have clinical risk factors placing the patient at increased car-
diac risk during non-cardiac procedures [46]. According to
the ACC/AHA, major lung resection qualifies as having
intermediate risk (a cardiac risk of 1-5%). If patients are
undergoing an elective lung resection, they should be evalu-
ated and screened for severe or increasing angina, recent
myocardial infarction (MI), decompensated heart failure,
severe arrhythmias, or severe valvular disease. If any of these
symptoms or history is present, the patients should have an
appropriate cardiac work-up and management prior to an
elective lung resection. If no history is present, patients are
then evaluated for typical physical activity levels based on
metabolic equivalents (METs). One MET is expended dur-
ing effectively taking care of one’s self daily by dressing and
feeding. Four METs are expended doing light work around
the house or climbing a flight of stairs. If a patient meets the
4 MET threshold, the likelihood of important cardiovascular
disease in the absence of symptoms is low and the operation
can be planned. If less than 4 METs are typically expended
or if METSs are unknown, clinical risk factors of ischemic
heart disease, heart failure, stroke, diabetes, and renal insuf-
ficiency are evaluated. If none is present, proceeding with the
operation is appropriate. If one or more risk factors are pres-
ent, a non-invasive stress test should be considered prior to
scheduling an operation.

2.2.5 Perioperative Risk

2.2.5.1 Cardiac Risk Scoring Systems

The European Respiratory Society (ERS), the European
Society of Thoracic Surgery (ESTS), and the American College
of Chest Physicians (ACCP) recommend cardiac evaluation
prior to lung assessment as recommended by the ACC/
AHA. An index was developed to identify patients at high risk
for complications in patients undergoing major noncardiac sur-
gery [47]. The Revised Cardiac Risk Index (RCRI) identifies
patients at increased risk for cardiac death, myocardial infarc-
tion, and cardiac arrest. The index is based on preoperative risk
factors including a history of ischemic heart disease, conges-
tive heart failure, cerebrovascular disease (stroke or TIA), the
presence of diabetes mellitus requiring insulin therapy, the
presence of chronic kidney disease with a creatinine >2 mg/dL,
and planned high risk surgery including intrathoracic surgery
[47]. Patients with O, 1, 2, or more risk factors are divided into
classes I, II, III, or IV respectively. This correlates with pro-
gressively increasing risks of major cardiac complications.

Recalibration of the RCRI to a system for risk estimation
specific to lung resection was recently performed, resulting in
the Thoracic RCRI (ThRCRI). The ThRCRI is a four-class
risk score based on weighted values for serum creatinine, cor-
onary artery disease, cerebrovascular disease, and extent of
lung resection. Classes A, B, C, and D are assigned from the
cumulative risk score, which correlates well with an increas-
ing incidence of major cardiovascular complications [48-51].
This risk score also is predictive of the long-term risk of death
in patients undergoing resection for lung cancer [52].

2.2.5.2 Cardiopulmonary Risk Algorithms
Algorithms for risk assessment and preoperative pulmo-
nary evaluation were developed by both the ERS/ESTS and
the ACCP [25, 45, 53]. Both recommend cardiac risk
assessment for all patients; those found to be at increased
risk should undergo a preoperative cardiology evaluation.
The ACCP recommends pulmonary assessment of FEV1
and diffusion capacity for carbon monoxide (DLCO) with
calculation of the predicted post-operative values (Fig. 2.1).
If both the ppoFEV 1% and ppoDLCO% are >60 %, no fur-
ther testing is needed. If either the ppoFEV1% or
ppoDLCO% is <60 %, but both are >30 %, a stair climb or
shuttle walk test should be performed. If either of the pre-
dicted post-operative values is <30 %, a formal cardiopul-
monary exercise test with maximal oxygen consumption
assessment (peak VO,) is recommended. Those patients
with <25 shuttles or <22 m climbed in low-tech testing
should proceed to high-tech cardiopulmonary exercise test-
ing with measurement of peak VO,. Patients with a peak
VO, >15 mL/kg/min do not have importantly increased
risk. Those with a peak VO, 10-15 mL/kg/min are at
increased risk, and a detailed discussion of the relative risks
and benefits associated with surgery as well as alternative
treatments should take place. Those patients found to have
a peak VO, of <10 mL/kg/min are at substantially increased
risk and non-operative treatment should be seriously
considered.

The ERS/ESTS guidelines also rely on FEV1, DLCO,
and measurement of peak VO, [25, 45]. The ERS/ESTS
guideline starts with assessment of a patient’s of FEV1 and
DLCO (Fig. 2.2). If the values are >80 % of predicted, sur-
gery can proceed without further testing. If one of the values
are <80 % of predicted, then a measurement of peak VO, is
obtained. If this is >20 mL/kg/min, then the recommendation
is for surgery. If it is <10 mL/kg/min, then non-operative
management is recommended. If it is 10-20 mL/kg/min,
then ppoFEV1 and ppoDLCO are reviewed. If both the
ppoFEV 1% and ppoDLCO% are >30 %, then it is reasonable
to proceed with surgery. If one or both are <30 %, then sur-
gery is only performed if the predicted post-operative peak
VO, is >10 mL/kg/min.
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Fig.2.1 The American
College of Chest Physicians
algorithm for preoperative
cardiopulmonary function
assessment [37]

Fig.2.2 The European
Respiratory Society and the
European Society of Thoracic
Surgery algorithm for
preoperative cardiopulmonary
function assessment [29]
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The main differences between the AACP and ERS/
ESTS guidelines are that that the ERS/ESTS is quicker to
obtain the measurement of peak VO, and doesn’t utilize a
stair climb or shuttle walk test. The AACP also recom-
mends initially using the ppoFEV1% and ppoDLCO%
while the ESTS guidelines utilize this later in the
algorithm.

Utilization of these guidelines has been variable and a
review of the compliance to the ERS/ESTS guidelines dem-
onstrated that nearly 20 % of cases were non-compliant due
to the omission of the exercise test [54].

2.2.6 Preoperative Risk Reduction

2.2.6.1 Smoking

A Society of Thoracic Surgeons database study evaluated the
impact of patient’s smoking on perioperative risk [55]. Many
patients undergoing lung resection are either current or past
smokers. Perioperative mortality decreased in relation to the
interval of smoking cessation. Major pulmonary complica-
tions were more frequent in current or past smokers [55].
Over time, smoking cessation mitigates these risks but no
optimal time interval was identified.

2.2.6.2 Preoperative Physical Rehabilitation

Preoperative exercise therapy in lung cancer patients under-
going resection demonstrates mixed results [56]. Some
studies demonstrate decreased hospital length of stay and
pulmonary complications while others demonstrate no dif-
ference between the groups. Using the patient’s mean dis-
tance walked per day to calculate an estimated peak VO,,
also including age and DLCO%, is more predictive of post-
operative cardiorespiratory complications than the peak
VO, measured during a standard exercise test [57]. Due to
a narrow preoperative window after cancer diagnosis, it is
difficult to determine if an intense program will strengthen
or simply fatigue those with poor preoperative condition-
ing. Furthermore, it is difficult to know if frequent outpa-
tient sessions are feasible due to patient commitment, and
inpatient rehabilitation is often cost prohibitive. Because of

the limited and conflicting data surrounding preoperative
rehabilitation, future research is needed in the area.

2.2.6.3 Frailty

Frailty is a clinical state with decreased physical function
and low physiologic reserves [58]. It is the frail patient’s low
organ system reserves, due to diseases, decreases activity,
inadequate nutrition, and physiologic changes that are attrib-
uted to poor clinical outcomes. These poor reserves make
physical compensation difficult in times of acute stress; like
undergoing pulmonary resection. Assessment of frailty
ranges from in-person encounters, usually in the form of an
office visit, to a developed frailty index involving functional,
medical, and cognitive health. More than 50 % of potential
lung resection candidates are pre-frail or frail. Frailty is asso-
ciated with adverse perioperative outcomes after lung resec-
tion; as an aging-frailty index increases, both morbidity and
mortality increased incrementally [59].

There is increasing interest in identifying methods of
mitigating frailty preoperatively, which theoretically may
reduce perioperative risk. These include nutritional, phar-
macologic, and physical interventions such as strength and/
or endurance training. Early results demonstrate that physi-
cal interventions provide the most consistent positive
results, and that results can be achieved in a time period
suitable for planning lung cancer surgery [60].

Conclusions

Utilization of algorithms guide risk assessment and help
quantify risk probability for an individual patient in the
perioperative period. Research continues to change the
assessment protocols of patients and their estimated risk.
Algorithms not only aide surgeons in selecting appropri-
ate patients for operations, but also allow patients to make
informed decisions on risks and benefits prior to lung
resection or alternate therapy. Future research is still
needed in areas of patient optimization prior to surgery
after cancer diagnosis as well as continued improvement
in preoperative risk stratification for postoperative
complications.
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2.3  Staging and Selection of Patients
for Minimally Invasive Lung Cancer

Resection

Christopher W. Seder and Michael J. Liptay

2.3.1 Introduction

Lung cancer remains the leading cause of death from malig-
nancy worldwide [61]. Accurate staging of non-small cell
lung cancer (NSCLC) is essential for prognostication and
determination of the optimal treatment strategy. Proper risk
stratification and patient selection is equally important; every
patient must be assessed for both operability and resectabil-
ity. The terms operability and resectability are often used
interchangeably, however they represent different concepts
[62]. Operability refers to a patient’s cardiopulmonary fit-
ness and physiologic ability to undergo the required surgery.
Alternatively, resectability describes the tumor characteris-
tics and how that relates to the ability to achieve a curative
operation. A given patient being considered for pulmonary
resection can have any combination of operability and
resectability.

All patients with lung cancer should be evaluated,
staged, and treated in a multidisciplinary fashion, which
includes input from thoracic surgeons, medical and radia-
tion oncologists, pathologists, radiologists, and palliative
care specialists [63]. The thoracic surgeon is an integral
part of this process and is primarily responsible for the
selection of patients for lung resection and technique in
which it is performed. With rapid technologic advances
instrumentation and increasing experience with advanced
endoscopy and video-assisted thoracoscopic surgery
(VATS), the range of operations able to be performed in a
minimally invasive fashion is growing. There is emerging
evidence that VATS may actually expand the patient popu-
lation able to benefit from anatomic pulmonary resection
[64-68].

2.3.2 Staging

Accurate staging is essential in the evaluation, prognostica-
tion, and treatment of patients with NSCLC. The Table 2.6
details the 7th edition of the TNM classification for non-
small cell lung cancer [69]. In the absence of systemic metas-
tases, the status of a patient’s mediastinal lymph nodes
directs the overall treatment strategy, since those with N2
metastasis are often treated with induction therapy prior to
surgical consideration and those with N3 disease are not
offered surgical intervention.

2.3.2.1 Radiographic Staging

While modern computed tomography (CT) scanners provide
excellent anatomic detail relative to tumor location and sur-
rounding structures, its ability to identify mediastinal nodal
metastases in patients with NSCLC is marginal, with a sensi-
tivity and specificity of 55% and 81 %, respectively [70].
Accordingly, the American College of Chest Physicians
(ACCP) clinical staging guidelines recommended that all
patients with NSCLC and no suspicious extrathoracic abnor-
malities on chest CT undergo positron emission tomography
(PET) imaging to evaluate for metastases, with the exception
of peripheral clinical stage IA tumors and ground glass opac-
ities [70]. 18F-flouro-2-deoxy-D-glucose (FDG) is injected
intravenously and its metabolite accumulates in cells with
relatively high metabolic activity, such as malignant or
inflammatory cells. This provides a qualitative estimate of
cellular activity and a standardized uptake value (SUV) can
be calculated. Although there is a high degree of variability
between scanners, centers, and interpreting radiologists, an
SUYV less than 2.5 is generally considered normal.

Multiple early studies, including the American College
of Surgeons Oncology Group (ACOSOG) Z0050 and PET
in Lung Cancer Staging (PLUS) trial, demonstrated the abil-
ity of PET and integrated PET-CT scan to reduce the num-
ber of “unnecessary thoracotomies” compared to
conventional imaging [71-73]. These studies demonstrated
a number needed to scan of only five patients to avoid 1 non-
therapeutic thoracotomy, defined as thoracotomy for benign
disease or pathologic N2 disease, exploratory thoracotomy,
or that resulting in recurrence or death within 1 year.
Although the use of PET-CT has been shown to accurately
upstage patients with N2 disease not recognized by conven-
tional imaging, the risk of identifying false positive medias-
tinal activity and potentially denying patients curative
resection also exists. A subgroup analysis of the Early Lung
Positron Emission Tomography (ELPET) trial [74] examin-
ing 149 patients who underwent both PET-CT and mediasti-
noscopy with or without thoracotomy with lymph node
sampling demonstrated positive and negative predictive val-
ues of 64 % and 95 %, respectively for PET-CT scans [75].
Eight patients in this trial had a positive PET-CT, but no
evidence of pathologic nodal involvement. The modest pos-
itive predictive value of current PET-CT imaging reinforces
the importance of pathologic confirmation of mediastinal
lymph node involvement. On the contrary, the high negative
predictive value of PET-CT, demonstrated across multiple
studies, suggests that in patients with clinically TINO
NSCLC, preoperative pathologic assessment can reasonably
be omitted [76]. This is supported by the National
Comprehensive Cancer Network (NCCN) clinical practice
guidelines, which recommend preoperative pathologic stag-
ing in all cases except clinical stage IA NSCLC [77].
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Table 2.6 TNM classification for non-small cell lung cancer (7th Edition) [69]

Primary tumor (T)

Tx Primary tumor cannot be assessed, or the tumor is proven by the presence of malignant cells in
sputum or bronchial washing but is not visualized by imaging or bronchoscopy
TO No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor <3 cm in greatest dimension, surrounded by lung or visceral pleura, no bronchoscopic
evidence of invasion more proximal than the lobar bronchus (not in the main bronchus);
superficial spreading of tumor in the central airways (confined to the bronchial wall)
Tla Tumor <2 cm in the greatest dimension
T1b Tumor >2 cm but <3 cm in the greatest dimension
T2 Tumor >3 cm but <7 cm or tumor with any of the following:
Invades visceral pleura
Involves the main bronchus >2 cm distal to the carina
Associated with atelectasis/obstructive pneumonitis extending to hilar region but not involving
the entire lung
T2a Tumor >3 ¢cm but <5 c¢m in the greatest dimension
T2b Tumor >5 cm but <7 cm in the greatest dimension
T3 Tumor >7 cm or one that directly invades any of the following: chest wall (including superior
sulcus tumors), diaphragm, phrenic nerve, mediastinal pleura, or parietal pericardium;
Or tumor in the main bronchus <2 cm distal to the carina but without involvement of the
carina
Or associated atelectasis/obstructive pneumonitis of the entire lung or separate tumor
nodule(s) in the same lobe
T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels,

trachea, recurrent laryngeal nerve, esophagus, vertebral body, or carina

Or separate tumor nodule(s) in a different ipsilateral lobe

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

NO No regional node metastasis

N1 Metastasis in ipsilateralperibronchial and/or ipsilateralhilar lymph nodes and intrapulmonary
nodes, including involvement by direct extension

N2 Metastasis in the ipsilateralmediastinal and/or subcarinal lymph node(s)

N3 Metastasis in the contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene,

or supraclavicular lymph nodes

Distant metastasis (M)

Mx Distant metastasis cannot be assessed

Mo No distant metastasis

M1 Distant metastasis

Mla Separate tumor nodule(s) in a contralateral lobe; tumor with pleural nodules or malignant pleural

(or pericardial) effusion

Milb Distant metastasis

Stage T N M

1A Tla NO MO
T1b NO MO

IB T2a NO MO

A Tla N1 MO
T1b N1 MO
T2a N1 MO
T2b NO MO

1B T2b N1 MO
T3 NO MO

(continued)
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Table 2.6 (continued)

Stage T N M
IIA T1 N2 MO
T2 N2 MO
T3 N2 MO
T3 N1 MO
T4 NO MO
T4 N1 MO
1B T4 N2 MO
T1 N3 MO
T2 N3 MO
T3 N3 MO
T4 N3 MO
v Any T Any N Mlaor 1b

Studies have reported the presence of occult brain metas-
tasis in about 3 % of patients with NSCLC and a normal neu-
rologic exam [78—81]. The incidence is higher with a positive
neurologic exam, presence of N2 disease, and adenocarci-
noma histology [79-81]. While magnetic resonance imaging
(MRI) is more sensitive than CT scan for the detection of
brain metastases, a survival benefit has not been established
for brain MRI over CT scan [82, 83]. Accordingly, the
NCCN makes a category 2A recommendation for brain MRI
in all cases of clinical stage II and higher NSCLC and a cat-
egory 2B recommendation for patients with clinical stage IB
NSCLC [77]. The ACCP recommends brain MRI, or CT
scan if MRI is not available, in patients with clinical stage III
or IV NSCLC, even if the patient has a negative clinical
evaluation [70].

2.3.2.2 Pathologic Staging
Despite advances in imaging technology, pathologic confir-
mation of mediastinal lymphadenopathy for all patients with
greater than clinical TINO NSCLC is recommended [70,
77]. Cervical mediastinoscopy has played a key role in inva-
sive mediastinal staging for decades, with a sensitivity of
nearly 90 % and a specificity of 100 % [84]. Mediastinoscopy
is a low-risk procedure that can be performed on an outpa-
tient basis [85]. In experienced hands, the procedure has a
morbidity of less than 2.5 % and mortality below 0.5 % [86].
However, the emergence of minimally invasive endo-
scopic techniques and instrumentation has challenged the
routine use of cervical mediastinoscopy. Both endobronchial
ultrasound (EBUS) and endoscopic ultrasound (EUS) allow
fine-needle aspiration (FNA) of nodal tissue using real-time
ultrasound guidance and a 21- or 22-gauge needle. Applying
a combination of EBUS and EUS, most N1, N2, and N3
mediastinal lymph nodes can be sampled. EUS allows visu-
alization and biopsy of stations 2R, 2L, 4R, 4L, 7, 8, and 9,
while EBUS can access stations 2R, 2L, 4R, 4L, 7, 10, and
11. The diameter of the EBUS probe is too large to fit beyond

the lobar airways, precluding deeper intrapulmonary lymph
node biopsies. Although EBUS and EUS can be performed
under conscious sedation or laryngeal mask airway, using a
general anesthetic has the distinct advantage of minimizing
the patient’s cough reflex and eliminates the risk of laryngo-
spasm. However, the endotracheal tube tends to center the
EBUS probe, making the necessary airway sidewall contact
more difficult, and can preclude biopsy of the highest para-
tracheal nodes. A size 8.0 endotracheal tube is required to
accommodate most EBUS probes; the balloon should be
inflated just distal to the vocal cords to allow the greatest
distance of trachea for nodal evaluation. All FNA specimens
should be judged for cellular adequacy intraoperatively.

Multiple reports have demonstrated a high diagnostic
accuracy and an acceptable safety profile for EBUS when
performed by an experienced endoscopic ultrasonographer
[87-89]. In a study examining 153 patients with potentially
resectable NSCLC who underwent EBUS followed by medi-
astinoscopy, the two modalities had an agreement rate of
91 % and both had a specificity and positive predictive values
of 100 % [90]. Likewise, there was no difference in sensitiv-
ity or negative predictive value and both EBUS and medias-
tinoscopy had a diagnostic accuracy of 93 %.

Unlike EBUS, EUS is rarely used alone to stage the medi-
astinum due to its negative predictive value of only 70-75 %.
In addition, EUS has demonstrated variable sensitivity based
on nodal station and the lymph node size [91, 92]. However,
despite these limitations, EUS should be considered if imag-
ing is suggestive of metastatic disease at station 8 or 9, as
neither EBUS nor mediastinoscopy can access these sites.

Using EBUS, EUS, and mediastinoscopy in combination
has been shown to have superior performance compared to
any singular modality [93]. In a multicenter, randomized
controlled trial (n=241), patients with potentially resectable
NSCLC were randomized to either (1) mediastinoscopy, or
(2) EBUS and EUS then mediastinoscopy, if EBUS and EUS
were negative. If mediastinal staging did not reveal evidence
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of pathologic nodal involvement, patients went on to lobec-
tomy and mediastinal lymph node dissection. The primary
end point was sensitivity for detecting N2 or N3 disease. The
authors found that using a combination of EBUS, EUS, and
mediastinoscopy, they were able to improve sensitivity from
79% to 94% (p=0.04) and decrease the number of futile
thoracotomies over mediastinoscopy alone from 18 % to 7 %
(p=0.02). Based on these data, the ACCP has recommended
that, in patients with suspected N2 or N3 disease, a needle
technique (EBUS, EUS, or both) is the best initial test [70].
However, in cases where the clinical suspicion of mediasti-
nal lymph node involvement remains high after a negative
needle biopsy, surgical staging should be performed.

2.3.3 Patient Selection

Every patient being considered for lung resection must be
risk stratified prior to surgery with a complete and individu-
alized work up. Proper risk stratification is not only neces-
sary for the patient to provide informed consent, but it helps
the surgeon decide between recommending surgery and

other non-operative therapies, such as stereotactic body
radiotherapy. Multiple thoracic societies have published
evidence-based guidelines to aid clinicians in the appropriate
preoperative evaluation [63, 94].

Although the term “minimally invasive” lung resection
has had many meanings over the years, the Cancer and
Leukemia Group B (CALGB) definition of that which
“requires no rib spreading, less than an 8 cm utility incision,
individual vessel and bronchus dissection, and standard node
dissection or sampling” is most commonly accepted [95].
This can be performed using standard VATS instrumentation
or robot-assisted thoracic surgery. The use of a minimally
invasive approach for lung resections has been shown to
result in less pain, reduced complications, shorter hospital
length of stay, and earlier return to function compared to tho-
racotomy [96-99]. The reduced tissue trauma caused with a
minimally invasive approach may facilitate operability in a
select group of marginal patients that are predicted to strug-
gle with recovery from a thoracotomy [64—68]. Despite this,
every patient must demonstrate adequate cardiopulmonary
fitness and reserve to be considered for pulmonary resection,
irrespective of surgical approach used.
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2.3.3.1 Operability: Assessment
of Cardiopulmonary Fitness

The preoperative assessment of cardiopulmonary fitness
prior to lung surgery is beyond the scope of this chapter and
is described in Chap. “Frequency of MIS Thoracic Surgery
in Developed Countries”. The ACCP has developed func-
tional algorithms based on the best available evidence for
the physiologic evaluation of patients being considered for
lung resection [63]. These algorithms (Fig. 2.3) incorporate
history, physical, electrocardiogram, and calculation of a
Thoracic Revised Cardiac Risk Index (ThRCRI) score to

ThRCRI>2

Or any cardiac
condition requiring
medications

Or a newly suspected
cardiac condition

Cardiology consultation
with non-invasive cardiac
testing and treatment per
AHA/ACC guidelines

determine if a patient needs a formal cardiology consulta-
tion and treatment per the AHA/ACC guidelines [100]. If
the patient is deemed to have a low cardiac risk profile, they
proceed to pulmonary function testing, which determines
their need for cardiopulmonary exercise testing (CPET)
and stair climbing for overall risk stratification (Fig. 2.4). If
the patient is deemed high risk from a cardiac perspective,
they proceed directly to CPET to determine if they are low
(<1 % risk of mortality), intermediate (1-10 % risk of mor-
tality), or high risk (>10 % risk of mortality) for anatomic
pulmonary resection [63].

Postpone surgery for
at least 6 weeks and
re-evaluate

Need for CABG or PCI

Continue with
ongoing cardiac care

Proceed with PFTs
and CPET

Institute any needed
medical interventions

Or inability to climb 2
flights of stairs

Fig.2.3 American College of Chest Physicians Algorithm for Cardiac
Evaluation Prior to Anatomic Pulmonary Resection (Figure adapted
from [63] with permission; H&P history and physical exam, ECG elec-
trocardiogram, ThRCRI Thoracic revised cardiac risk index, AHA

Proceed to PFTs

American Heart Association, ACC American College of Cardiology,
CABG coronary artery bypass grafting, PCI percutaneous coronary
intervention, PFTs pulmonary function testing, CPET cardiopulmonary
exercise testing)
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2.3.3.2 Resectability: Tumor Characteristics

The list of absolute contraindications to performing minimally
invasive lung resections continues to shorten as surgeons gain
more experience with complex thoracoscopic procedures.
Whereas prior thoracic surgery, endobronchial lesions, and
induction therapy were once considered contraindications to
thoracoscopic lobectomy, many surgeons no longer consider
this to be the case. With the exception of very large tumors
(>7 cm) that cannot be removed without rib spreading, supe-
rior sulcus tumors, most T4 lesions, and the inability to achieve
and tolerate single lung ventilation, nearly any pulmonary
resection is able to be performed in a minimally invasive fash-
ion by surgeons with the proper experience.

Most surgeons agree that tumor size >7 cm is a contrain-
dication to a VATS lobectomy [95]. Although it may be tech-
nically possible to perform a minimally invasive hilar
dissection in patients with tumors >7 cm, proceeding to a
rib-spreading thoracotomy to extract the specimen certainly
negates some of the benefit provided by a VATS dissection.
Pleural adhesive disease so severe that it requires thoracot-
omy for pneumolysis is rarely encountered. In most cases,
the magnification and 30° angulation provided by a thoraco-
scope allows lysis of adhesions to be performed at least as
well as via thoracotomy. Adhesions can be divided with a
combination of blunt, sharply and electrocautery dissection.
A variety of energy devices are available that may facilitate
pneumolysis, while minimizing parenchymal injury. Redo
VATS procedures after thoracotomy are often feasible, there-
fore prior surgery and pleural adhesions generally should not
be considered a contraindication to attempting a minimally
invasive approach.

Likewise, the lack of an identifiable interlobar fissure can
also present a technical challenge, but should not be consid-
ered a contraindication to attempting a VATS resection.
When performing an upper or middle lobectomy, the best
approach is individual ligation of the venous, arterial, and
bronchial branches from an anterior approach, followed by
creation of the fissure by stapling the parenchyma just above
the ongoing pulmonary artery. During a VATS right middle
lobectomy, the major fissure may have to be opened with a
stapler anteriorly prior to dividing the arterial branches to
achieve the proper staple angle. When performing a lower
lobectomy in patients with fused fissures, the artery must be
identified anteriorly in the hilum and the major fissure
divided above the basilar and superior segmental branches
first. This will allow safe arterial dissection and ligation,
which will expose the lower lobe bronchus.

The presence of benign or malignant hilar lymphadenop-
athy can complicate minimally invasive vascular dissec-
tions. Bulky or calcified hilar lymph nodes, such as seen
with histoplasmosis, can make pulmonary vascular dissec-
tion more difficult. The surgeon must assess their ability to
safely isolate the necessary structures and convert to

thoracotomy when appropriate in such situations. The role
for VATS in patients with N2 disease remains controversial.
Traditionally, it was believed to be most appropriate to con-
vert to thoracotomy upon identification of occult N2 disease
due to concerns over the ability to perform a complete
lymphadenectomy. However, it remains uncertain that com-
plete lymphadenectomy provides short or long-term benefit
over systematic thoracic nodal sampling [101, 102]. In addi-
tion, mounting evidence suggests that nodal dissections
equivalent to open can be performed with both VATS and
robotic assistance [103—105]. Wantanabe et al. reported
similar outcomes in patients with NSCLC and occult N2
disease, regardless if VATS or open lung resection was
performed [106].

Induction therapy was once considered a relative contra-
indication to VATS anatomic resection due to the increased
vascular fragility and associated fibrosis, which limits hilar
mobility. However, thoracoscopic lobectomy has been shown
to be both safe and effective in this setting, when performed
by experienced minimally invasive thoracic surgeons [107].
Advanced thoracoscopic techniques, such as VATS lobec-
tomy with chest wall resection and VATS sleeve resections
have also been described [108]. These procedures should
only be attempted after achieving mastery of standard VATS
anatomic resections. Proponents of VATS lobectomy with
chest wall resection cite the ability to perform a minimally
invasive hilar dissection and divide intercostal musculature
with high-resolution cameras and magnification, minimizing
the size of the required counter-incision for rib division and
specimen removal [108]. This does not apply to superior sul-
cus tumors or those invading the vertebral bodies, where the
fixed tumor limits visualization of the apex of the chest or
spine. As a general rule, resection of T4 tumors should not be
attempted with VATS, with the possible exception of patients
with minimal mediastinal invasion that can be dissected tho-
racoscopicallyen bloc with the specimen. Although small
case series of thoracoscopic sleeve resections have been
reported, this procedure should only be attempted by experi-
enced minimally invasive surgeons after achieving mastery
of standard VATS pulmonary resections [109, 110].

To consider a patient with NSCLC for anatomic resec-
tion, the surgeon should believe that an RO resection can
be achieved and, with rare exception, patients must have
no evidence of distant disease. In addition, standard medi-
cal contraindications, such as severe coagulopathy or
recent myocardial infarction may act as absolute contrain-
dications to a VATS lung resection. Finally, most surgeons
agree that an FEV, or DLCO <30 % predicted is a contra-
indication to lobectomy [95]. However, emerging evi-
dence suggests that FEV, and DLCO may not correlate as
well with outcome following VATS pulmonary resection
as with pulmonary resection via thoracotomy [64—-68].
Almost all studies establishing relationships between
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pulmonary function testing and postoperative complica-
tions were with patients who underwent thoracotomy.
Since then, numerous single and multi-institutional meta-
analyses have established lower rates of postoperative
complications and shorter hospital length of stay with
VATS lobectomy compared to open lobectomy [96-99].
In a Society of Thoracic Surgeons (STS) database analy-
sis of 12,970 lobectomies, including 4531 VATS lobecto-
mies, the rate of increase in pulmonary complications
with decreasing FEV,; was higher in open than VATS
lobectomy [65]. The authors suggest that using a VATS
technique may allow certain patients to tolerate an opera-
tion that otherwise would be denied surgery based on their
pulmonary function. Another study compared postopera-
tive complications in patients with a PPO FEV, <40 %
who underwent VATS (n=47) or open (n=23) lobectomy,
finding a lower rate of pneumonia (4.3% vs. 21.7 %;
p=0.04) and shorter intensive care unit stay (2 vs. 4 days;
p=0.05) [66]. A similar study of patients with a PPO
FEV, <40% reported an improved S5-year survival in
patients who underwent VATS Ilobectomy or open

High cardiac risk
[Figure 1]

segmentectomy vs. those who received open lobectomy
(42 % vs. 18 %, respectively; p=0.02) [67]. As an increas-
ing number of surgeons embrace minimally invasive pul-
monary resections, the traditional pulmonary function test
parameters relied upon to predict postoperative outcomes
may begin to shift.

Although a minimally invasive approach may increase
operability in certain cases [64—68], it is unlikely to increase
resectability. However, with growing experience, increas-
ingly complex pulmonary resections can be performed safely
in a minimally invasive fashion. Initially, non-obese patients
with <3 cm peripheral lesions, clinical NO or N1 disease,
complete fissures, and no induction therapy should be
attempted thoracoscopically. As experience grows, the spec-
trum of patients that can be approached with a minimally
invasive intent widens considerably. Early in a surgeon’s
experience, conversion from VATS to open should not be
consideredto be a failure on the surgeon’s part, but instead as
a marker of good judgment. When conversion occurs, insight
is often gained that can be applied in similar situations in the
future [111].

V0max<10 ml/kg/min

PPO FEV,% or
PPO DLCO% <30%

Positive low-risk or

VOomax 10-20 ml/kg/min Intermediate
or 35-75% Risk

negative cardiac
evaluation [Figure 1]

PPO FEV,% or
PPO DLCO% <60%

PPO FEV, % and both >30%

PPO DLC%

PPO FEV,% and
PPO DLC0% >60%

Fig. 2.4 American College of Chest Physicians Algorithm for
Assessing Cardiopulmonary Fitness Prior to Anatomic Pulmonary
Resection (Figure adapted from [63] with permission. PPO FEV,, pre-
dicted postoperative forced expiratory volume in 1 s; PPO DLCO pre-

SCT<22 m or
SWT<400 m
Stair climb or
Shuttle walk

VO0smax >20 ml/kg/min

or >75%
SCT>22mor
SWT > 400 m

dicted postoperative diffusion lung capacity of carbon monoxide, CPET
cardiopulmonary exercise testing, SCT stair climb test, SWT shuttle
walk test, VO2max maximal oxygen consumption)
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24  Type and Conduction

of the Anaesthesia

Yi Feng and Juan Zhu

2.4.1 Introduction

General anesthesia with endotracheal intubation is the first
choice of anesthesia for video-assisted thoracoscopic sur-
gery. Double-lumen endotracheal intubation is the most
commonly used method for isolated lung ventilation. The
bronchial blocker is an inflatable device that can be passed
through a single-lumen endotracheal tube to selectively
occlude the right or left main bronchus. Proper anesthesia
management can reduce the severity of acute lung injury to
some extent. The acknowledgement of common practices
and risks associated with anesthesia would help surgeons
determine the optimal timing of the surgery, prepare patients
for surgeries. Some common considerations in perioperative
anesthesia management are outlined below. Postoperative
pain is the main independent factor affecting postoperative
rehabilitation. Many factors can lead to chronic pain. Hence,
individualized and multimodal analgesia is recommended.

2.4.2 General Considerations of Anesthesia

General anesthesia with endotracheal intubation is the first
choice of anesthesia for video-assisted thoracoscopic pneu-
monectomy. Although video-assisted thoracoscopic sur-
gery (VATS) greatly decreases surgical trauma as compared
to open chest surgery, it has no effect on certain pathophys-
iological changes, such as ipsilateral lung collapse, one-
lung ventilation (OLV) and postoperative pain due to injury
of the intercostal nerve(s) during trocar placement, espe-
cially in patients with pulmonary diseases, ischemic heart
diseases and pulmonary hypertension. In such patients,
OLV might further aggravate their condition, and mini-
mally invasive thoracoscopic surgery may not lower the

risks associated with intraoperative anesthesia. The inci-
dence of acute lung injury (ALI) is higher with pneumonec-
tomy than with other operations. The main reasons for this
include OLYV, lung collapse, surgical trauma, preoperative
pulmonary dysfunction, large amount of fluid infusion and
allogeneic blood transfusion. Proper management can
reduce the severity of ALI to some extent. The acknowl-
edgement of common practices and risks associated with
anesthesia would help surgeons determine the optimal tim-
ing of the surgery, prepare patients for surgeries. Some
common considerations in perioperative anesthesia man-
agement are outlined below.

2.4.3 Pre-anesthesia Assessment
and Preparation

Surgeons must carefully evaluate residual lung function
before pneumonectomy (see details in chapter “Physiologic
Evaluation of Candidates for Lung Cancer Resection”). A
Anesthesiologists tend to be more concerned about difficul-
ties in anesthesia management, such as difficult airway and
cardiopulmonary decompensation. However, damage to the
recurrent laryngeal nerve, phrenic nerve, sympathetic chain
or superior vena cava and airway compromise by the metas-
sis of the tumor can all greatly hinder anesthesia manage-
ment and increase the incidence of intraoperative
complications.

Active cardiac diseases such as unstable coronary syn-
drome (unstable angina or severe angina), recent myocardial
infarction, decompensated heart failure, arrhythmia and
severe valve diseases are risk factors for perioperative car-
diovascular events. In patients with these diseases, surgery,
except for life-saving surgeries, should be postponed.

Double-lumen endotracheal intubation is the most com-
monly used method for isolated lung ventilation.
Anesthesiologists must carefully reevaluate patients with
risk factors, such as restricted mouth opening, neck move-
ment, sleep apnea syndrome and morbid obesity, and prepare
measures to overcome difficult airway maneuvers.
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2.4.4 Patient Positioning and Superficial
Organ Protection

Thoracic surgeries generally require the patient to be in the
lateral position (Fig. 2.5), as this position tends to provide
the best view. In the case of operations performed with the
patient in the lateral position, special attention should be
paid to the protection of the skin, peripheral nerves and
superficial tissue.

Thoracic surgery relies on OLV to achieve collapse of the
lung on the operative side and expose the operative field.
Upon lung collapse, the ventilation/perfusion ratio is
changed, which can result in compression atelectasis and
absorptive atelectasis of the collapsed lung. Accurate tra-
cheal intubation and satisfactory pulmonary isolation are
essential to reduce the incidence of ALI and hypoxemia.

OLV is commonly achieved using either a double-lumen
endobronchial tube or a single-lumen endotracheal tube with
a bronchial blocker. The double-lumen bronchial tube is
widely used, easy to place and enables the selective ventila-
tion of the left or right lung, because of which it can protect
the non-operative lung from infarctions or bleeding in the
operated lung (Fig. 2.6). It is important to choose the right
type of tube for each patient.

Double lung auscultation is a basic method to determine
whether a double-lumen endotracheal tube has been correctly

placed, but the gold standard for determining proper catheter
position is fiberoptic bronchoscopy. A fiberoptic broncho-
scope is inserted into the double-lumen endobronchial tube
to visualize the carina and bronchial cuff edge (usually blue).
Figure 2.7 shows the best location of a left double-lumen
endobronchial tube. The placement of the right double-
lumen tube is more difficult due to the opening of the right
main bronchus Fiberoptic bronchoscopy can be used to
determine the position of a right double-lumen tube in rela-
tion to the trachea/bronchus (Fig. 2.8).

The bronchial blocker (Fig. 2.9) is an inflatable device
that can be passed through a single-lumen endotracheal tube
to selectively occlude the right or left main bronchus.
Numerous types of bronchial blockers are available. These
tubes must be positioned under fiberoptic bronchoscopic
guidance (Figs. 2.10 and 11).

The relatively large lumen of double-lumen tubes facili-
tates rapid lung collapse. A suction tube can then be placed
for easy suction, and continuous positive pressure ventilation
can be applicated to the collapsed lung. The most obvious
advantage of a bronchial blocker is in patients with difficult
airways. The internal diameter of double-lumen tubes is
wider than that of single-lumen tubes; the placement of the
former is therefore more difficult and may cause tracheal
mucosal damage. An alternative is to isolate the surgical
lung with a single-lumen tube and a bronchial blocker.

Fig.2.5 Patient positioning during thoracic surgery. To avoid brachial
plexus injury, shoulder abduction must not exceed 90°. Pads are placed
(1) around the forearm to protect the brachial plexus, (2) over the exter-
nal genitalia (in males) to fix their position, (3) between the legs to

reduce pressure sores of the legs and (4) in the axillary region on the
operative side to improve exposure and avoid pressure injury of the
upper limb resting on the operation table
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Fig.2.6 Double-lumen tubes
(a), transfer joint and suction
tubes (b). In figure (a), the
upper tube is a left double-
lumen tube, and the lower tube
is a right double-lumen tube

Fig. 2.7 Fiberoptic bronchoscopic view of a correctly placed left

double-lumen tube

Fig.2.8 Fiberoptic
bronchoscopic views of a
correctly placed right double-
lumen endobronchial tube
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Fig.2.9 Bronchial blocker

Fig.2.11 Correct positioning of a bronchial blocker in the left main
bronchus

Fig.2.10 Correct positioning of a bronchial blocker in the right main
bronchus
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2.4.5 Intraoperative Hypoxia

Although the incidence of intraoperative hypoxia has consid-
erably reduced, regardless of the selected posture, thoracic
surgery continues to pose a risk of intraoperative hypoxia.
The application of pure oxygen is thought to prevent and
relieve hypoxia during OLV, and maximize the ventilation/
perfusion ratio, which in turn can improve peripheral tissue
oxygenation. However, the inhalation of high oxygen con-
centrations can increase the incidence of absorptive atelecta-
sis, while the use of very low oxygen concentrations will
lead to ALL It is recommended that during two-lung ventila-
tion, the fraction of inspired oxygen be set at approximately
50%. During OLYV, this value should be increased to 80 %,
and if hypoxemia occurs (Sa0O, <90 %), the oxygen concen-
tration should be increased to 100 %. Too high a tidal volume
or pressure may cause lung injury during mechanical ventila-
tion, so in recent years, protective lung ventilation (PLV) has
gradually replaced conventional OLV. PLV includes the
application of low tidal volumes (4—6 ml/kg), an inspiratory
plateau pressure maintained at 20-25 cm H,0, a peak pres-
sure of <35 cm H,0O and positive end-expiratory pressure
(PEEP) of 5-10 cm H,O. PEEP should be adjusted according
to the respiratory and circulatory changes during anesthesia,
and permissive hypercapnia (PaCO, <65 mmHg) is
acceptable.

Hypoxic pulmonary vasoconstriction (HPV) is a para-
doxical, physiological phenomenon in which the pulmonary
arteries constrict in the presence of hypoxia (low oxygen
levels) without hypercapnia (high carbon dioxide levels),
redirecting blood flow to the alveoli that have higher oxygen
content. After OLV, the intrapulmonary shunt rate begins to
increase, and HPV is initiated and peaks after 30—60 min.
HPV can improve oxygen saturation during OLV. The
majority of general anesthetics in current use have little
effect on HPV, except for high concentrations of inhaled
anesthetics.

If the above measures do not improve hypoxemia, the fol-
lowing steps can be taken: continuous positive airway pres-
sure (CPAP; 5-10 cm H,0) to the operated lung; intermittent
ventilation of the operated lung (which is the most effective
method); and pulmonary arterial blockage or ligation to rap-
idly alter the ventilation/perfusion ratio and thus improve the
oxygenation status.

2.4.6 Intraoperative Hypothermia

Although pleural exposure is considerably less during thora-
coscopic surgery than during open chest surgery, intraopera-
tive hypothermia is a common event in both surgeries. This
is because the aspirator continues to lower the temperature
inside the thorax, and the cool air in the operating room is

introduced into the thorax (21-24 °C). If insulation measures
are not taken, video-assisted thoracoscopic surgery is likely
to result in low body temperature (core temperature <36 °C).
Other factors that affect body temperature include fluid infu-
sion, skin disinfection, evaporation form the body surface,
loss of the ability to adjust body temperature in the anes-
thetic state (the temperature regulation center is inhibited)
and reduced metabolic heating (by approximately 20-30 %).
Low body temperature slows down metabolism of the anes-
thetic drug, delays recovery from anesthesia and can cause
blood coagulation dysfunction, tissue hypoxia, wound infec-
tion, increased cardiac load, chills and other complications
after surgery, which seriously affect patients’ prognosis and
outcomes. Therefore, maintenance of body temperature is a
crucial part of anesthesia management. Methods to stabilize
body temperature include infusion of warm fluids, the use of
heating materials (e.g., — warming blankets to cover the
body, heat radiation, circulating-water warming blankets
placed under the body), and airway warming and
humidification.

2.4.7 Postoperative Pain

Early rehabilitation exercise is key to the recovery of pulmo-
nary function after video-assisted thoracoscopic pneumo-
nectomy. Postoperative pain is the main independent factor
affecting postoperative rehabilitation. Multiple factors con-
tribute to postoperative pain in patients who have undergone
thoracoscopic surgery, including surgical trauma, inflamma-
tion, intercostal nerve compression and stimulation of the
pleura by the chest tube. All of these factors can lead to
chronic pain. Hence, individualized and multimodal analge-
sia is recommended.

2.4.7.1 Multimodal Analgesia

Multimodal pain management is the combination of differ-
ent analgesic techniques, different classes of analgesics and
different sites of analgesic administration to achieve additive
analgesia without increasing, or even reducing, analgesic-
related side effects. The combined application of nerve block
(or infiltration of the surgical incision with a local anesthetic)
and non-steroidal anti-inflammatory drugs can reduce opioid
dosage and adverse events, such as nausea, vomiting, dizzi-
ness and constipation.

Commonly used analgesic techniques include nerve block
analgesia, intravenous patient-controlled analgesia (PCA)
and oral analgesia. Commonly used analgesics include nar-
cotics (opioids such as tramadol), non-steroidal anti-
inflammatory drugs (paracetamol), local anesthetics,
compound preparations (oxycodone and acetaminophen)
and different combinations of these drugs. Commonly used
nerve block analgesia techniques include paravertebral nerve
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block, intercostal nerve block and peripheral nerve block
(local infiltration).

Paravertebral analgesia is the best alternative to thoracic
epidural analgesia. It can be administered as a single injec-
tion or a continuous infusion. When combined with intrave-
nous PCA, paravertebral analgesia provides excellent pain
relief after thoracoscopic surgery. Paravertebral block is usu-
ally performed by anesthesiologists, and can be done before
or after the surgery.

Interpleural block is a type of intercostal nerve block,
achieved by the injection of local anesthetics into the sub-
pleural tissue. Intercostal nerve block and interpleural block
are simple techniques, and are usually performed by
surgeons. Thoracic epidural analgesia is more suitable for
patients in whom conversion to open chest surgery is likely
and for patients undergoing bilateral lung surgery.

2.4.7.2 Treatment of Analgesic-Related Side Effects

Nerve block is a safe technique provided that careful aspiration
is performed, so that injection of the anesthetic into the vessels
and the resultant toxic reaction can be avoided. The most com-
mon side effects of opioids are dizziness, nausea and vomiting.
A fatal side effect of opioids is respiratory depression.
Appropriate rehydration (positive fluid balance of not more
than 20 ml/kg on the first day after operation), treatment of
hypotension and the administration of prophylactic antiemetics
such as 5-HT3 receptor antagonists can effectively prevent
nausea and vomiting. Combination with non-opioids can
reduce the dosage and, therefore, the side effects of opioids.

2.4.7.3 Treatment of Referred Shoulder Pain
Effective treatments include ketorolac, acetaminophen,
phrenic nerve block and interscalene brachial plexus block.
Although shoulder discomfort after thoracoscopic surgery is
not as severe as that after conventional thoracotomy, local
anesthetic infiltration of the fat pad around the diaphragm is
still recommended. Local infiltration is easy to perform and
unlike interscalene brachial plexus block, does not lead to
shoulder disability. The combination of the above technique
with ketorolac or acetaminophen will minimize shoulder dis-
comfort without affecting shoulder function. If severe shoul-
der discomfort persists after phrenic nerve block, interscalene
brachial plexus block can be considered.

2.4.7.4 Prevention of Chronic Pain

Although thoracoscopic surgery is a minimally invasive tech-
nique, the incidence of chronic pain after this procedure can
be as high as 40 %. However, by analyzing the outcomes of
single-center studies, we found that although the incidence of
chronic pain after thoracoscopic surgery was high, the pain
intensity was greatly reduced. Thus far, there is no certain
way to prevent chronic pain after thoracoscopic surgery.
A small, single-center study has shown that using smaller

surgical tube, using smaller trocar nd monitoring intercostal
nerve function may be beneficial. More studies are required
to determine the optimal method to reduce the incidence and
severity of chronic pain after thoracoscopic surgery.
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3.1 Localization Techniques to Facilitate
Surgical Resection of Small

Indeterminate Lung Nodules

K. Robert Shen and Xizhao Sui

3.1.1 Technical Points

Localization techniques are very helpful for guiding resec-
tion of small indeterminate lung nodules, particularly if min-
imally invasive surgical techniques such as video-assisted
thoracic surgery (VATS) or robotic-assisted thoracic surgery
(RATYS) are utilized. Various techniques have been adopted,
but there is no consensus about the best technique to localize
small nodules in the lung. In this section, two different local-
ization techniques are reviewed:

e Microcoil localization is a CT-guided localization tech-
nique performed prior to VATS. The “Trailing method”
for microcoil localization is to deploy the microcoil with
the proximal part coiling beyond the parietal pleura while
the distal part of the microcoil is anchored in the lung
parenchyma.

¢ Radio nucleotide-guided localization is a technique where
a small amount of radio nucleotide is injected adjacent to
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the lung nodule of interest using a trans-thoracic CT-
guidance technique. Intraoperatively a specially-designed
thoracoscopic radio probe is used along with a Navigator
GPS™ Control Unit capable of detecting and quantifying
gamma photons from gamma-emitting isotopes to local-
ize the indeterminate small lung nodule.

of 7 cm and a 21-gauge Chiba needle. Before puncturing, the
desired length of the guide-wire was prepared with the whole
length of the loading cannula connecting with the Chiba
needle.

3.1.2.2 Technique of Placing the Microcoil
1. Position the patient in an appropriate body position.
Perform a guiding CT focusing on the lesion. Select the

3.1.2 Microcoil Localization

3.1.2.1 Equipment
Embolization Microcoil (Cook incorporated, Bloomington,
IN 47404, USA) with a wire diameter of 0.18" and a length

best needle route to avoid large vessels and important
structures and the best site for microcoil placement.

. Mark the skin entry spot. Sterile and drape the field on the

patient’s skin. Administer local anesthetic at the marked
spot.
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3.1.2.3 “Trailing Method" for Microcoil 3. Hold the guide-wire in place and withdraw the needle
Deployment slowly. When the needle has been withdrawn beyond the
1. Insert the Chiba needle to the planned site. Measure the marked location on the guide-wire, withdraw the needle
distance between needle tip and outside the parietal pleura and guide-wire simultaneously. At this point, the
(Fig. 3.1). Mark the premeasured distance on the prepared microcoil has been fully deployed with the proximal part
guide-wire. coiling beyond the parietal pleura and the distal part
2. Insert the guide-wire into the needle and push it to the anchoring in the lung parenchyma (Fig. 3.2).
marked location. At this point the distal part of the microcoil 4. Recheck a CT to confirm the position of microcoil and to
has been deployed and coiled in the lung parenchyma. identify any complications.

Fig.3.2 The microcoil deployed by “tailing method”

Fig.3.1 Measure the distance between needle tip and outside the pari-
etal pleura
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3.1.2.4 Operative Procedure 3. Fluoroscopy: For cases with unsuccessful palpation, fluo-

1. Visual examination: explore for the proximal end of the roscopy should be utilized to find the microcoil.
microcoil beyond the visceral pleura (Fig. 3.3). 4. Resection: for cases with successful localization, VATS

2. Palpation: If the marker has not been found, palpation wedge resection or segmentectomy using endoscopic sta-
should be conducted for the implanted microcoil or plers can be performed

lesions bypassing the main operating port.

Tips

For Patients with CT-guided microcoil localization, a
time duration of 1-3 days between localization procedure
and surgery seems to be safe. However, for patients with
surgery not on the same day, a chest X-ray is recom-
mended on surgical day to confirm the position of the
microcoil and to identify the Late-onset pneumothorax.

Fig.3.3 Trailing part of microcoil on pleural surface
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3.1.3 Radionucleotide-Guided Localization Daniel  Probe™ (RMD Instruments, Watertown,
Massachusetts, USA) (Fig. 3.4)

3.1.3.1 Equipment Navigator GPS™ Control Unit (RMD Instruments,

20-guage coaxial needle and 22-guage spinal needle
0.1 ml Technetium Tc-99MAA (macro-aggregated albumin)
(0.3 mCi)

Daniel Probe

30 degree
probe

Fig.3.4 Daniel™ radioprobe

Watertown, Massachusetts, USA) (Fig. 3.5)

Navigator GPS Control Unit

Fig.3.5 Navigator GPS™ control unit
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3.1.3.2 Technique of Placing Radionucleotide

On the morning of planned surgery, patient undergoes lim-
ited chest CT scan (GE Lightspeed 16 (GE Healthcare,
Waukesha, Wisconsin, USA) without intravenous contrast
to confirm lung nodule location. The operating surgeon and
the interventional radiologist mutually decide on the exact
lung site and the best approach angle for radionucleotide
placement. The ideal location for placement of the radionu-
cleotide is on the deep side of the nodule relative to the pleu-
ral surface. This ensures that if the area of maximum

Fig.3.6 Placement of
radiotracer

K.R.Shen et al.

radiation is resected, the nodule will be between the area of
maximum radiation and the pleural surface. After confirma-
tion, a 20-guage coaxial needle is positioned in the chest
wall just proximal to the pleural cavity. A 22-guage spinal
needle is then advanced through the coaxial needle into or
adjacent to the lung nodule under CT fluroscopy. Once
properly positioned, 0.3 mCi of Technetium Tc-99MAA is
then injected (Fig. 3.6). An immediate post-injection scinti-
gram is obtained to confirm intraparenchymal position of
the radionucleotide (Fig. 3.7).

Radiotracer Placement

Fig.3.7 Nuclear medicine scintigram to verify intraparenchymal
placement of radionucleotide

Scintigram to Verify
Intraparenchymal Placement

22-Jan-2009
09:37:50

Se: 122Jan-2009
Im: 1 09:43:08

ANT:THORAX:TC-MAA:0.3 HR
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3.1.3.3 Operative Procedure

The patient is brought to the operating room once correct
radionucleotide placement has been confirmed in radiology.
General anesthesia with single-lung ventilation is then
induced. Once VATS ports have been placed, a 19-cm-long
sterile Daniel™ radioprobe with a 30° angled head and 6 mm
shaft is used to localize the area of lung with the maximum
radioactive signal. Three thoracoscopic ports are used: one
for a 10 mm 30-degree thoracoscope, one for an endoscopic
grasper, and one of the gamma probe and endoscopic stapler
used sequentially. Once the area of lung with the maximum
radioactive signal is identified, that area of lung is grasped
and elevated with the endoscopic grasper, and the radioprobe
is used to confirm the lesion’s location from multiple angles.
The radioprobe is reintroduced as often as necessary during
the resection of the lung wedge to assure that the lung tissue
being removed contains the maximum radioactive signal. On
the wedge containing the lung nodule has been removed, the
radioprobe is used to confirm absence or minimal radioactive
signal in the remaining lung.

3.2 Results and Discussion

Xizhao Sui and K. Robert Shen

3.2.1 Preoperative Localization

The increased use of chest computed tomography (CT) in
lung cancer screening programs and for various clinical
applications has led to identification of significant numbers
of indeterminate lung nodules. Improved CT technology
allows diagnosis of not only more nodules, but also increas-
ingly smaller nodules. Thoracic surgeons are now being
called on to evaluate these lesions for the possibility of
malignancy, often in the setting of high-risk patients with
significant smoking histories. Although short-term follow-
up imaging may often suggest either benignity or malig-
nancy, caution should be exercised in accepting a benign
diagnosis without tissue confirmation. Additionally, given
evidence that tumor size directly impacts survival even
within subgroups of stage IA tumors, it makes intuitive sense
to attempt to treat potential cancers as early as possible.

We and others have found that small lung nodules, par-
ticularly subcentimeter nodules, cannot be reliably biopsied
percutaneously [1]. Often, the most expedient and direct path
to definitive management of a suspicious indeterminate small
pulmonary nodule is to proceed with surgical excisional
biopsy. Thoracoscopic surgery carries less morbidity than
diagnostic procedures performed through thoracotomy, but
is limited by the frequent inability to see or palpate (digitally
or instrumentally) small subpleural lesions. To overcome this

limitation, several different thoracoscopic nodule localiza-
tion techniques have been developed and have been reported
to improve the ease and accuracy of thoracoscopic biopsy.
These include the use of visual markers, such as methylene
blue and hook wires, fluoroscopic localization using various
radiopaque markers, radiotracer localization techniques, and
more recently, thoracic endosonography. All of these tech-
niques have their own advantages and disadvantages, as well
as significant learning curves. To date, there is no consensus
on the “best” localization technique.

3.2.1.1 Preoperative Technique

Most preoperative localization techniques utilize some form
of image guidance, most commonly, CT scanning. Various
liquid materials have been used for preoperative localization
such as lipiodol [2], methylene blue [3] and barium [4].
However, the success rates of injected dyes may be affected
by the density of coloration of the target area and rapid diffu-
sion of these liquids. The contrast method necessitates intra-
operative fluoroscopy. One disadvantage of techniques using
liquid injectable localizing agents is that unintentional injec-
tion of liquid materials into the systemic or pulmonary circu-
lation can cause potentially fatal complications like
anaphylactoid reactions or embolisms.

Preoperative localization using hook wires is a common
technique and yields reasonable technical success rates [5—7].
However, a relatively higher failure rate due to the dislodg-
ment of the wire has also been reported [8]. Problem of per-
cutaneous hook wire localization besides the dislodgment is
the relatively high morbidity rate resulting from wire rigidity
such as wire migration. Problematic complications include
pneumothorax, pulmonary hematoma, hemoptysis, and air
embolism. In a study included 417 patients, 49 % presented
with pneumothorax, of which 4.6 % required pumping treat-
ment, 10.3 % presented with hemoptysis and hematoma was
10.3 % while 0.24 % presented with air embolism [6]. One
potential limitation of hook wire localization is that the time
between hook wire localization and thoracoscopy needs to be
minimized in order to reduce the chance of wire
dislodgement.

3.2.1.2 Microcoil Localization

Microcoil is a platinum coil designed for embolization of
vessel supply in vascular intervention surgery, and have been
identified as a useful localizer for preoperatively localization
[9, 10]. Microcoil localization may make up for some defi-
ciencies of other techniques. Compared with hook wires,
microcoils are not rigid and clinically proven material that
can safely be sustained in the human body, so it is not neces-
sary to perform surgery immediately after the localization.
Compared with liquid materials, complications caused by
intravascular injection and solvent diffusion effects on
microcoil localization are not relevant. To be deployed by
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“tailing method” introduced in the previous section, the
microcoil can be detected by visual inspection, palpation,
and fluoroscopy during VATS exploration.

We reviewed the data of 98 nodules in our institution and
microcoil dislocation were identified on VATS exploration in
three patients (3.1 %), resulting a successful localization rate
of 96.9% [11]. The risk factor of microcoil dislocation
needed for further study. We suggested a sufficient depth of
the implanted microcoil should be ensured and the depth is
recommended to be between 1 and 2.5 cm from pleural sur-
face. The types of complications in microcoil localization
are similar with hook wire localization, of which pneumo-
thorax usually occurred in lesions adjacent to the pleura or
repeated puncture in multiple lesions, while hematoma was

more common in lesions with deep location and longer trav-
eling distance of needle. The severity of complications may
be less using microcoil compared with hook wire. It is
believed that the structural characteristics of the microcoil
might help in reducing the severity of complications. The
thrombogenic coating of synthetic nylon fibers on the sur-
face of the microcoil may promote blood coagulation of the
surrounding lung tissues, block the needle pathway, and
decrease the severity of pneumothorax and bleeding caused
by the puncture needle damaging the lung tissues, which has
been proven in animal experiments [12].

In summary, CT-guided microcoil localization by “trail-
ing method” prior to thoracoscopic resection is a feasible,
safe, and effective method for localization of small nodules.
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3.2.1.3 Radionucleotide Localization

At our institution, CT-guided radionucleotide injection
followed by intraoperative thoracoscopic radioprobe
localization is the preferred technique for localizing small
lung nodules that we anticipate preoperatively will be dif-
ficult to visualize or palpate. Since we began using this
technique in October of 2008, we have performed 174
cases (Fig. 3.8). There has been only one technical failure
where we were not able to use the radionucleotide place-
ment technique to identify the lung nodule, so our techni-
cal success rate is 99.4 %. Two patients (1.1%) have
developed a pneumothorax after radionucleotide place-
ment that necessitate placement of a small pigtail drain
prior to surgery. In 65 % of cases, the nodules were solid
lesions and in 35 % the nodules were ground glass lesions.
The median size of the lung nodule has been 9 mm (range
3, 23 mm). Median depth of the nodule from the chest
wall 59 mm (range 5-124 mm). 15.5% of the nodules
were palpable. The indication for surgery in the 174 cases
was: rule out lung cancer in 43.5 %, rule out lung metasta-
sis in 39.7 %, lung cancer versus lung metastases in
14.1 %, other in 2.6 %. On final pathology, lung cancer
was the diagnosis in 46.2 %, benign etiology in 15.4 %,
and metastatic disease in 38.5 %.
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Fig.3.8 Mayo Clinic experience with radionucleotide localization cases
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Patients found to have primary lung cancers with ade-
quate lung reserve underwent definitive lobectomy or seg-
mentectomy and nodal staging.

One of the advantages of the radionucleotide localization
technique is that it allows marking of lesions anywhere in the
lung up to 12 cm deep from the chest wall or 5 cm deep from the
pleural surface. The technique does not require intraoperative
fluoroscopy, does not require a skilled ultrasonographer in the
operating room, and does not require an exotic or expensive
radionucleotide. Technetium 99 MAA (Tc99-MAA) is the most
widely utilized radionucleotide in nuclear medicine and is widely
available. The radioisotope dose required for this technique
(0.3 mCi) is only one third the dose of the same isotope used in
breast lymphoscintigraphy (1 mCi) and much less than that used
for nuclear lung scans (4-5 mCi) and bone scans (10-20 mCi).
The half-life of the Tc99 is 8 h, which allows the radionucleotide
to be stable once itis placed in the lung for up to 12 h. Furthermore,
the radionucleotide emits a gamma particle and does not present
any radiation safety hazard to the personnel in the operating
room or pathology room. We believe we have overcome the
problem of radionucleotide diffusion with the Tc99 MAA solu-
tion. Binding the Tc99 to a macro aggregate albumin molecule
(MAA) prevents the radionucleotide from dissipating rapidly
into the lymphatic system or surrounding parenchyma.



44

K.R.Shen et al.

3.3 Management of Multiple Pulmonary

Nodules
Kezhong Chen and Jun Wang

The frequency of recorded multiple pulmonary nodules,
especially multifocal ground glass opacities (GGO), has
steadily increased in recent years due to improved resolution
of CT imaging and the widespread use of positron emission
tomography (PET). The main evidence-based guidelines for
additional nodules and multiple primary lung cancers
(MPLC) are those outlined in the third edition of ‘Guidelines
of Diagnosis and Management of Lung Cancer’ by the
American College of Chest Physicians (ACCP) and the
guidelines addressed by European Society for Medical
Oncology (ESMO) [13]. However, even with these guide-
lines, there is a lack of high level evidence-based studies;
therefore treatment and survival of lung cancer patients is
controversial. Moreover, many clinicians are more likely to
follow the standard TNM staging guidelines in the core com-
ponents of the AJCC staging system, in which patients with
additional tumor nodules in the same lobe would be staged
as T3; an ipsilateral tumor in a separate lobe would be con-
sidered as T4 and M1a if contralateral [14]. However, this
could lead to patients with multifocal in situ tumors, who
may benefit from surgical resection, are misdiagnosed in
higher TNM stages and are offered inappropriate therapies.

Therefore, the appropriate treatment strategies targeted
toward patients with multiple pulmonary nodules of these
subtypes have been a particular concern to clinicians. This
article reviews the clinical behavior of multiple nodules with
different CT characteristics and discusses the treatment strat-
egy aimed for patients with each of these categories of mul-
tiple pulmonary nodules. It is our belief that since multifocal
GGOs and multiple solid lung cancers are different in biol-
ogy, surgical resection should be performed discriminately
to suitable patients.

3.3.1 Multifocal Pure GGOs or Predominantly

Non-solid Tumors

Most multifocal GGOs typically turn out to be adenocarci-
noma in situ (AIS), minimally invasive adenocarcinoma
(MIA), or lepidic predominant adenocarcinoma (LPA), which
are considered multiple and distinct primary disease clones
with few metastatic capabilities. The clinical feature of these
multifocal GGOs suggests a difference from multiple solid
tumors as reported in previous reports. Some studies have
shown that these multifocal GGOs have a tendency to occur
in patients who are nonsmokers, or Asian women who bear
epidermal growth factor receptor (EGFR) mutations [15].
Several studies addressing these increasingly common
patients have reported excellent prognosis. Kim [16] evalu-
ated the clinical characteristics and long-term outcome of 23
patients with multiple pure ground-glass opacities, of whom
no death occurred during the 40.3 months’ follow-up period.
Only one patient developed a new lesion and none of the
GGOs that not resected changed in size or feature. Mun [17]
reported thoracoscopic resection for 27 patients with pure
GGOs or predominately nonsolid lesions. No deaths but new
GGOs developed in seven patients at 46 months’ postopera-
tive observation period. In Shimada’s retrospective study
[18], 24 patients had multiple GGO-dominant lesions. No
recurrence happened and the 5-year OS were 95.8 %. In our
database, all patients with multifocal pure GGOs or predom-
inantly non-solid tumors survived 5 years without recur-
rence, arate that was similar with previous studies (Table 3.1).
These growing data demonstrated an approximate 100 %
overall survival (OS) and a very low recurrence rate after
resection of multifocal lung cancers. The Fleischner Society
[19] recommend limited video-assisted thoracoscopic surgi-
cal wedge or segmental resections should be considered in
these patients for whom surgery is indicated. This recommen-
dation is supported by the following evidence: (i) limited
resection has shown good outcomes for single GGO lesions

Table 3.1 Long-term survival of different radiographical multiple pulmonary nodules after surgery

Author Date Number CT findings 3-year OS (%) 5-year OS (%)
Kim [16] 2010 23 MG 100 100
Shimada [18] 2015 67 MG / 95.8
DT / 68
Castiglioni [21] 2015 87 DT / 93.8
YuY [24] 2013 97 DT+MS 83.1 69.6
Fabian [23] 2011 67 MS 64 53
Our institution (K Chen) 2015 96 MG 100 100
DT 88.9 66.7
MS 75.2 50.7

MG Multifocal pure ground glass lesions or predominantly non-solid tumors, DT A dominant adenocarcinoma with multiple ground glass lesions,

MS Multiple solid tumors
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(22 cm) and low chance for nodal and systemic metastases;
and (ii), a certain percentage of patients with untreated nod-
ules which become more invasive or develop new lesions,
which will require additional resections. Therefore, treating
the lesion at the initial operation with a sub-lobar resection in
order to preserve lung tissue for future local therapy is an
ideal strategy. Besides, since a secondary surgery in a previ-
ously operated region is likely to be more complicated, all
accessible ipsilateral lesions should ideally be resected at the
same time, unless they are located too deep to be resected by
wedge. Contralateral pure, small GGOs can be left in place
and followed for growth over time based on the relatively
slow rate of progression of non-resected GGOs [15].

3.3.2 A Dominant Invasive Lesion
with Multiple Ground Glass Lesions

Due to the increasing proportion of these multifocal GGOs,
we have been experiencing a more common situation in
which patients present with a predominant solid lesion con-
taining an invasive focus, along with multiple synchronous,
scattered pure GGOs [20]. These scattered lesions do not
behave like metastatic lesions, but rather like multiple sites
of premalignant (AIS) or very early malignant (MIA)
lesions. This presentation must not be considered as stage
1V disease.

Castiglioni et al. [21] compared patients who have a soli-
tary lesion with patients that have a dominant lesion with addi-
tional nodules. The results showed no statistically significant
differences in 5-year disease-free survival (82.3 vs. 83.8 %,
p=0.254) and overall survival (86.7 vs. 93.8%, p=0.096)
between the two groups. This demonstrated that patients
with lepidic growth pattern adenocarcinoma presenting as a
dominant lesion with associated secondary nodules behave
similarly to patients with a solitary adenocarcinoma. Similar
results were presented in the study by Gu et al. [20], which
showed that patients who underwent resection of the dominant
invasive adenocarcinoma and wedge resection of accessible
GGOs had a favorable survival at 2.6 years mean follow-up
time. Shimada et al. [22] analyzed 43 synchronous multiple
lung cancers patients with the main cancer showing solid-dom-
inant lesion and showed that the 5-year OS was 68 %, which
was similar to our data. We collected a total of 35 patients with
a dominant invasive lesion with multiple nodules, the Kaplan-
Meier curves showed the 5-year OS was 66.7 %.

According to the available data, resection of the dominant
invasive lesion in the presence of other multifocal GGOs is

an appropriate disease management strategy. The decision
whether a lobectomy or sub-lobar resection of the dominant
invasive lesion should be performed is based on tumor size
and location.

3.3.3 Multiple Solid Tumors

Multiple solid tumors are tumors that are predominantly
solid on CT scan, upon which our current official staging
system is based. With the technological advancements of
imaging technology, improved treatment of lung cancer and
the deeper disease understanding by clinicians, data from
older studies that suggested that multiple solid tumors repre-
sent <5 % of all non-small cell lung cancers (NSCLCs) are
likely to be an underestimation of the true incidence of the
condition [22]. The diagnosis of multiple solid tumors is on
the basis of criteria proposed by Martini et al. and modified
by ACCP in 2003. These tumors are presumed to represent
squamous cell carcinomas or invasive adenocarcinomas,
with substantial potential for lymph node metastasis and dis-
tant metastasis. Thus, patients believed to have multiple solid
tumors should undergo a careful clinical and radiographic
assessment for distant and mediastinal node metastases.

The outcomes of synchronous multiple primary lung can-
cer (SMPLC) reported in the last 25 years were of much dif-
ference. The average 5-year survival of patients who undergo
resection was only about 25 % (range: 12-52 %), and that of
patients with stage I disease was about 40 %, which appeared
better than the natural outcome of untreated lung cancer
[13], thus demonstrated the inclusion of surgery in the treat-
ment of SMPLC. Fabian et al. [24] suggested that using their
preoperative assessment and surgical strategies, the overall
5-year survival of SMPLC was 53 %, which was much better
than published 5-year survival for SMPLC. In view of the
strict inclusion and exclusion criteria, their report may reflect
the true expected outcomes for patients undergoing resection
of SMPLC who are N2 negative. Similarly, of the 37 patients
with SMPLC in our study, we found that their overall 5-year
survival was 50.2 %.

Therefore, accurate evaluation is essential to identify
multiple solid tumors patients and to avoid inappropriately
referring them to oncologists for chemotherapy or targeted
therapy. It is reasonable to proceed with a resection of each
lesion if there is no N2 nodal disease. Lobectomy of the main
lesion is suitable, while a sub-lobar resection of one or both
lesions may be necessary, depending on the patient’s pulmo-
nary reserve.
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3.3.4 Treatment Strategy

Based on the different characteristics of multiple pulmonary
nodules, surgical procedures should be performed discrimi-
nately to suitable patients. Our basic treatment strategy for syn-
chronous multiple pulmonary nodules were as follows (Fig. 3.9):

1. The site and size of the nodule, radiographical character-
istics and estimated post-operative respiratory function 3.
should be initially ascertained.

2. If tumors were ipsilateral, single-stage operation should
be performed. Wedge resection or segmentectomy was
preferred when the nodules were all pure GGOs or GGO-
dominant tumors <2 cm. In cases with multiple sub-solid
nodules with a dominant solid lesion, radical resection of
the dominant nodule along with limited resection to the
other scattered lesions was the common procedure.
Limited resection for the dominant lesion was performed
only if it was <2 cm. In instances where there were two or
more solid nodules, lobectomy was recommended for the
main lesion. The decision to perform bilobectomy, pneu-

One-stage operation

monectomy, or sub-lobar resection for the other lesions
was determined by the location of the tumor and pulmo-
nary function. Sub-lobar resection may be more appropri-
ate for nodules <2 cm in order to avoid the high
perioperative risk of pneumonectomy. Besides, all acces-
sible ipsilateral lesions should be resected at the same
time, unless for deeply embedded GGOs that cannot be
resected by wedge

When tumors were contralateral, two-stage surgical treat-
ment was commonly recommended. For some young
patients with good pulmonary function, one-stage surgi-
cal treatment was also a choice. Generally, resect the
more invasive tumor which may mainly impact the sur-
vival. However, given the prerequisite of pulmonary func-
tion for bilateral surgery, in cases where the patient was
unable to tolerate one-lung ventilation following primary
surgery, tumor resection which would have minimal
impact on pulmonary function was considered. However,
if contralateral lesions were all small pure GGOs, a wait-
and-see approach was undertaken wherein they were left
in place and monitored for growth and invasion.

Wedge or segmentectomy (<2cm
Pure GGOs or g d y (< )

—>| GGO-dominant
tumors

Resect all the accessible ipsilateral
lesions simultaneously.

Ipsilateral nodules

Dominant lesion-lobectomy
A dominant tumor (common)
with multiple GGOs

Other lesions—limited resection

Main lesion—lobectomy

N Two or more Solid - S

dominant tumors Other lesions—sub-lobar resection

Confirmed or

suspected MPLC performance

Evaluate pulmonary function;
—> | ensure tumor size and CT

or bilobectomy (pneumonectomy)

Resect the main tumor first

(common)
Two-stage operation
— (common) Resect the small tumor first
(considered unable to tolerate one-|
lung ventilation)

Bilateral nodules

—>

Fig.3.9 Treatment strategy
of patients with different
categories of multiple primary
lung cancers

Young, good pulmonary function

> | One-stage operation S
(rare) Small, pure GGOs in contralateral
chest(leave in place and follow up)
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3.4 Wedge Resection Techniques
Xizhao Sui and Hui Zhao
3.4.1 Technical Points

The wedge resection is a basic and common used tech-
nique in video-assisted thoracoscopic surgery. Endoscopic
stapler is an indispensable instrument that facilitate VATS
wedge resection. Wedge resection margin distance is
associated with locoregional recurrence, and a sufficient
margin distance is considered as no less than 2 cm or
tumor diameter. In this section, some important technical
points for stapled wedge resection will be introduced:

* How to evaluate the feasibility of stapled wedge resection
for peripheral nodule.

e How to confirm a
intraoperatively.

sufficient resection margin

Fig.3.10 Anatomical
classification for stapled
wedge resection.

(a) Peripheral sharp edge.

(b) Peripheral obtuse surface.
(c¢) Basel surface. (d) Central
surface

3.4.2 Anatomical Landmarks

According to the anatomy of lungs and the nodule location,
the feasibility of stapled wedge resection for peripheral nod-
ule can be classified into four types: (Fig. 3.10).

¢ Peripheral sharp edge: nodules located near the sharp
edge of the lung, such as the oblique fissure and the hori-
zontal fissure, the anterior border and the inferior border
of the lung. Nodules in these positions can be easily
removed by stapled wedge resection.

e Peripheral obtuse surface: nodules located at the periph-
eral surface of the lung, equal to costal surface, but not
near the border of the lung. Nodules in these positions can
be removed by stapled wedge resection, but sufficient
resection margin should be noted.

e Basel surface: nodules located at the basel surface of the
lung, but not near the inferior border of the lung. Stapled
wedge resection for nodules in these area is technically
difficult, extended range of healthy lung tissue may be
removed by stapled wedge resection, and sufficient resec-
tion margin should be noted.

e Central surface: nodules located at the medial surface or
near the posterior border of the lung. Stapled wedge resec-
tion may be not feasible or facing technically difficulty of
sufficient resection margin for nodules in these area.
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3.4.3 Operating Procedure

1. Locate the nodule by visual inspection, palpation, or by
the marker (see the previous section). Evaluate the feasi-
bility of wedge resection, determine the removed range
and the margin distance.

2. Grasp the involved lung by a long oval forceps along the
planned cutting line under thoracoscopic guidance
(Fig. 3.11).

3. Place the endoscopic stapler beyond the forceps, confirm
the resection margin is sufficient (Fig. 3.12).

4. Finish the wedge resection by endoscopic stapler (Fig. 3.13).
Generally speaking, the distance from the cutting margin to

Fig.3.11 Grasp the involved lung using the long oval forceps.1. The
nodule

Fig.3.12 Place the endoscopic stapler along the forceps

the forceps is about 1 cm. So the distance from the nodule to
the forceps is essential for the sufficient margin.

. For nodules located deeply in the lung parenchyma, pre-

operative CT-guided microcoil localization will be help-
ful to mark a sufficient margin distance for stapled limited
resection (Fig. 3.14).

Tips
A forceps is very helpful for determine the margin dis-
tance of wedge resection before endoscopic stapling.

Fig.3.13 Hold the forceps and remove the endoscopic stapler

Fig. 3.14 Confirm the margin distance under fluoroscopic guidance
before stapled resection. The microcoil is placed at the bottom of the
nodule
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4.1 The Rationale for Minimally Invasive

Lobectomy

Thomas A. D’ Amico

4.1.1 Introduction

The surgical approach in the management of lung cancer
continues to evolve and improve. Conventional surgical
approaches remain viable options for some patients with
resectable lung cancer. However, minimally invasive proce-
dures have increasingly gained acceptance as a standard
surgical modality for early-stage lung cancer, with increas-
ing application to more advanced disease, as a means of
minimizing operative morbidity without sacrificing onco-
logic efficacy.
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4.1.2 Definition

Minimally invasive procedures, using operative telescopes
and video technology, are referred to synonymously as tho-
racoscopic procedures or video-assisted thoracic surgery
(VATS). For clarity, the terms VATS and thoracoscopic refer
to totally thoracoscopic approaches, where rib spreading is
avoided, and visualization depends on video monitors [1].
The application of thoracoscopic anatomic resections is
increasingly used internationally. In a recent analysis of the
Society of Thoracic Surgeons (STS) General Thoracic
Surgery Database, thoracoscopic lobectomy constituted
45 % of all lobectomies performed [2].

Thoracoscopic lobectomy is defined as the anatomic
resection of an entire lobe of the lung, using a videoscope
and an access incision (<8 cm), without the use of a mechan-
ical retractor and without rib spreading [1]. The anatomic
resection includes individual dissection and stapling of the
involved pulmonary vein, pulmonary artery, and bronchus
and appropriate management of the mediastinal lymph
nodes, as would be performed with thoracotomy. In selected
patients, thoracoscopic anatomic segmentectomy may be
performed, adhering to the same oncologic principles that
guide resection at thoracotomy [3]. Theoretical advantages
to minimally invasive resection include reduced surgical
trauma and inflammation, decreased postoperative pain,
shorter chest tube duration, shorter length of stay, preserved
pulmonary function, and numerous short-term and long-term
outcomes [4-9].

4.1.3 Indications

In general, the indications for thoracoscopic lobectomy are
similar to those for lobectomy using the open approach [1,
10-13]. Thus, the procedure is applied to patients with
known or suspected lung cancer (clinical stage I-II) if the
disease appears amenable to complete resection by
lobectomy. Preoperative staging and patient selection for
thoracoscopic lobectomy should be conducted as for conven-
tional thoracotomy [14]. With increasing focus on operative
planning and experience with the VATS techniques, the indi-
cations for thoracoscopic lobectomy are evolving. Whereas
initially a history of prior surgery, the presence of an endo-
bronchial lesion, or even the administration of induction che-
motherapy were once regarded as contraindications, the
experience that has since been gained, together with improve-

ments in instrumentation and thoracoscopic imaging, have
now changed this situation in most hospitals with experience
in VATS. Recent studies have shown that thoracoscopic
lobectomy in cases of locally advanced lung cancer includ-
ing patients treated with induction chemotherapy can be per-
formed safely and effectively, without an increase in the rate
of complications [15-17]. And although endobronchial
lesions were previously considered a contraindication to
VATS resections, sleeve bronchial resection (Fig. 4.1), sleeve
lobectomy (Fig. 4.2), and pneumonectomy are now com-
monly performed minimally invasively [15, 18].

Tumor size may preclude the option of thoracoscopic
lobectomy in some patients, as some large specimens (tumors
greater than 6-8 cm in diameter) may not be amenable to
removal without rib spreading, possibly negating the benefit
of minimal access surgery. However, no absolute size criteria
have been applied. Although it is controversial, some have
also argued that the thoracoscopic approach may allow
recruitment and resection of some patients considered medi-
cally inoperable, who could not undergo conventional thora-
cotomy [1, 16, 19, 20]. A report by Cattaneo et al.
demonstrated improved tolerance of thoracoscopic lobec-
tomy as compared with thoracotomy lobectomy in patients
older than 70 years of age [21]. Several authors have further
demonstrated that VATS lobectomy is beneficial in reducing
pulmonary complications in patients with poor preoperative
pulmonary function [2, 22]. The minimal physiologic
requirements for resection have not been agreed on; how-
ever, the selection of patients for thoracoscopic lobectomy
must take into account that conversion to thoracotomy may
be necessary. Finally, chest wall involvement would obviate
thoracoscopic resection for most patients, but successful
hybrid thoracoscopic lobectomy with en bloc chest wall
resection has been demonstrated to be safe and feasible [23].

The efficacy of mediastinal lymph node dissection has
been questioned [24]. Several studies have examined the
extent of mediastinal lymph node dissection (MLND) by
VATS versus open lobectomy. In one study by Kondo et al.,
thoracotomy was performed for reassessment of lymph
nodes following MLND using VATS and yielded few addi-
tional lymph nodes (mean = 1.3 lymph nodes, median 0
lymph nodes) [25]. Similarly, Sugi et al. found no difference
between the number of lymph nodes dissected among VATS
(mean = 8.4+1.0) vs. open (mean = 8.2+1.5) group during
lobectomy [26]. More recently, a retrospective review of 770
patients with cNO-pN2 non-small cell lung cancer (VATS =
450, open = 320) by Watanabe et al. examined the total
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Fig. 4.1 Left bronchial sleeve resection for carcinoid (without paren-
chymal resection)

number of lymph nodes, number of lymph node stations,
number of mediastinal nodes and mediastinal stations by
VATS vs. open lobectomy, and found no difference in any of
these categories [27]. Data from the recent American College
of Surgeons Oncology Group Z0030 trial (n=752, VATS =
66, open = 686) has also confirmed the efficacy of MLND
during VATS procedures by demonstrating similar number
of lymph nodes removed and lymph node stations assessed
as compared to thoracotomy [28].

Other studies have compared the efficacy of a lymph node
dissection of a VATS lobectomy with standard thoracotomy
and have demonstrated that the results are similar [29, 30].
Nevertheless, it remains that some surgeons doubt the effi-
cacy of VATS MLND. To date, few studies have disputed the
efficacy of MLND by VATS, with one study by Denlinger
et al. (VATS =79, open = 464) showing a fewer number of
lymph nodes sampled by VATS compared to thoracotomy
(7.4%0.6 versus 8.9+0.2, p=0.03) and fewer number of N2
nodes (2.5+3.0 versus 3.7+3.0, p=0.004) [31]. In a study
from the National Comprehensive Cancer Network database
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Fig.4.2 Left sleeve upper lobectomy for lung cancer

with a more balanced number of VATS versus open proce-
dures (n=388, VATS = 199, open = 189), VATS and thora-
cotomy were found to result in a similar number of
mediastinal lymph nodes resected (median = 4 for both
groups) and N2 nodes resected (median = 3 for both groups)
[32]. The percentage of patients with at least three mediasti-
nal lymph node stations assessed, as recommended by the
current guidelines, was also similar in the VATS and open
group (66 % VATS versus 58 % open, p=0.12).

4.1.4 Results

The safety and efficacy of thoracoscopic lobectomy for
patients with early-stage lung cancer have been established.
Although there are no prospective, randomized series that
compare thoracoscopic lobectomy with conventional
approaches, a sufficient number of series have been pub-
lished, including single-institution and multi-institution
experiences, as well as meta-analyses, to conclude that tho-
racoscopic lobectomy is a reasonable strategy for patients
with clinical stage I lung cancer.
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The Cancer and Leukemia Group B (CALGB) reported
on the results of a prospective, multi-institutional registry
series of 127 patients who underwent thoracoscopic lobec-
tomy [1]. In this series, the mortality was 2.7 %, the operative
time was 130 min, and the median length of stay was 3 days.
Since that first multi-institutional study demonstrated the
safety and feasibility of minimally invasive lobectomy,
numerous subsequent studies have analyzed the potential
advantages of this approach.

4.1.4.1 Postoperative Pain

One of the most well-studied advantages of thoracoscopic
lobectomy is a reduction in postoperative pain [8, 9, 33—
35]. Nomori and colleagues compared a group of age- and
sex-matched patients who underwent thoracoscopic
lobectomy (n=33) or limited anterior thoracotomy
(n=33) [33]. The patients who underwent thoracoscopic
lobectomy experienced less pain between postoperative
day (POD) 1 and POD 7 (p<0.05-0.001) and had lower
analgesic requirements up to POD 7 (p<0.001). Demmy
and colleagues reported on their results in a series of
patients who underwent either thoracoscopic lobectomy
or conventional thoracotomy [19]. In this series, the per-
centage of patients reporting severe pain was 6 % after
thoracoscopic lobectomy and 65 % after thoracotomy.
Moreover, the percentage of patients reporting minimal or
no pain was 63 % after thoracoscopic lobectomy and 6 %
after thoracotomy.

Chronic discomfort is also an important issue in postop-
erative recovery. Although more difficult to measure than
acute pain, chronic pain and shoulder dysfunction have been
studied. Stammberger and colleagues, in addressing long-
term quality of life following VATS, reported that 53 % of
173 patients undergoing VATS had insignificant pain 2 weeks
after the operation [34, 35]. At 6 months, 75 % had no com-
plaints, and only 4 % had mild or moderate discomfort at
2 years.

4.1.4.2 Postoperative Pulmonary Function

Many have theorized that smaller incisions and absence of
rib spreading may improve lung function in the postoperative
period, and several studies have reported pulmonary function
test (PFT) data after thoracoscopic resection. Two studies
examined postoperative arterial oxygen tension (PaO,, after
both VATS and muscle-sparing thoracotomy and found that
VATS patients had better oxygenation during the first post-
operative week [36, 37]. Others have demonstrated improve-
ments in early postoperative forced expiratory volume in 1 s
(FEV)) and forced vital capacity in the first weeks and
months after VATS [8, 19].

4.1.4.3 Systemic Inflammatory Effects

Minimally invasive procedures appear to produce less of a
systemic insult than more conventional, invasive procedures
[7, 8, 38-42]. Many groups have studied inflammatory medi-
ators after VATS and open resection and have found lower
levels of C-reactive protein and interleukins (IL) in those hav-
ing undergone VATS. Yim and colleagues analyzed the cyto-
kine responses in a series of 36 matched patients who
underwent thoracoscopic lobectomy or conventional thora-
cotomy and lobectomy [7]. Analgesic requirements were sig-
nificantly lower in the patients who underwent VATS
lobectomy. In addition, the levels of IL-6 and IL-8 were lower
in the VATS group than in the group that underwent thora-
cotomy. Leaver and coworkers examined immunosuppres-
sion due to systemic effects of surgery and found higher
numbers of CD4 lymphocytes and natural killer cells and less
suppression of lymphocyte oxidation in the VATS group [38].
These studies have shown that VATS lobectomy leads to a
reduced inflammatory response, less postoperative reduction
in immunosuppression, and less impairment of cellular cyto-
toxicity than open lobectomy. These findings could partially
explain why perioperative outcomes of VATS lobectomy are
superior to the perioperative outcomes of open lobectomy.
Whether these trends toward more effective immune function
after VATS resection lead to faster recovery or toward better
long-term oncologic outcomes will be important endpoints of
future studies, but is currently not known.

4.1.4.4 Oncologic Effectiveness

The ultimate acceptance of thoracoscopic lobectomy will be
dependent on its oncologic effectiveness as compared with
conventional lobectomy. To date, only one small prospective,
randomized trial has compared oncologic results of VATS
with open lobectomy [26]. In this study published in 2000,
Sugi and colleagues reported that for 100 patients with stage
IA non-small cell lung cancer undergoing either open (n=52)
or VATS (n=48) lobectomy, there was no difference in 3- and
5-year survival rates. Though this trial is without sufficient
power to assess differences between the operations, several
additional retrospective studies performed are sufficient for
limited analysis. Some analyses have further documented
improved survival when VATS was used [4, 5, 43]. Reasons
for the possible differences are unclear, but it has been postu-
lated that preservation of immune function and less systemic
release of inflammatory cytokines may be contributing factors
[34]. In addition, the benefit of adjuvant treatment for resected
stage IT lung cancer necessitates attempts to maximize planned
chemotherapy doses postoperatively. Thoracoscopic lobec-
tomy, with its lower morbidity rates, allows a high proportion
of patients to receive all intended doses [44, 45].
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4.1.4.5 Cost-Effectiveness

The assessment of cost-effectiveness is controversial because
of the difficulty in identifying and including all costs. Clearly,
VATS can be associated with high costs of disposables and
with longer operative times in inexperienced hands. However,
numerous disposable instruments essential to performing
thoracoscopic lobectomies, such as linear endoscopic sta-
plers, are also employed by many in performing either con-
ventional or limited thoracotomies. Nakajima and colleagues
published a study from Japan demonstrating that hospital
charges were actually lower for the VATS approach [46].
One important variable in the assessment of cost-effectiveness
is length of hospital stay. In most series of thoracoscopic
lobectomy, the median length of stay was only 3 days [1-3,
6, 13, 14]. As surgeon experience increases with thoraco-
scopic lobectomy, the operative times will become compa-
rable to that of conventional approaches. In fact, the mean
operative time in the CALGB multi-institutional study was
only 130 min [1].

A recent study by Swanson et al. used the Premier
Perspective Database to compare hospital costs for VATS
and open lobectomy procedures in the United States [47]. A
total of 3,961 patients underwent either open lobectomy
(n=2,907) or VATS lobectomy (n=1,054). Hospital costs
took into account costs associated with the operation, length
of stay, and with adverse events. Hospital costs were found
to be significantly higher for open versus VATS lobectomy,
though costs associated with VATS lobectomy were influ-
enced by surgeon experience, whereas this was not the case
with open lobectomy.

4.1.4.6 Overall Complications

The observation that thoracoscopic lobectomy may have a
lower complication profile has been supported in multiple
studies analyzing outcomes of series including patients
undergoing thoracoscopic lobectomy and patients undergo-
ing open lobectomy. In one study, 122 patients undergoing
thoracoscopic lobectomy and 122 patients undergoing thora-
cotomy were compared [48]. Overall, the incidence of post-
operative complications was lower in the thoracoscopic
group (17.2% versus 27.9%, p=0.046); however, these
patients were matched for age and sex only, and there was no
significant difference in the incidence of any of the specific
complications reported. Whitson and colleagues analyzed
the outcomes of 147 (unmatched) patients who underwent
lobectomy, including 88 by thoracotomy and 59 by thoracos-
copy. Thoracoscopic lobectomy was associated with a lower
incidence of pneumonia but with no difference in other com-
plications, including blood loss, atrial fibrillation, or number
of ventilator days.

Using a prospective database, the outcomes of patients
who underwent lobectomy at Duke from 1999 to 2009 were
analyzed with respect to postoperative complications [49].
Propensity-matched groups were analyzed, based on preop-
erative variables and stage. Of the 1,079 patients in the study,
697 underwent thoracoscopic lobectomy and 382 underwent
lobectomy by thoracotomy. In the overall analysis, thoraco-
scopic lobectomy was associated with a lower incidence of
prolonged air leak (p=0.0004), atrial fibrillation (p=0.01),
atelectasis (p=0.0001), transfusion (p=0.0001), pneumonia
(p=0.001), sepsis (p=0.008), renal failure (p=0.003), and
death (p=0.003). In the propensity-matched analysis based
on preoperative variables comparing 284 patients in each
group, 196 patients (69 %) who underwent thoracoscopic
lobectomy had no complications, versus 144 patients (51 %)
who underwent thoracotomy (p=0.0001). In addition,
thoracoscopic lobectomy was associated with fewer pro-
longed air leaks (13 % versus 19 %; p=0.05), a lower inci-
dence of atrial fibrillation (13 % versus 21 %; p=0.01), less
atelectasis (5% versus 12 %; p=0.006), fewer transfusions
(4% versus 13%; p=0.002), less pneumonia (5% versus
10%; p=0.05), less renal failure (1.4 % versus 5 %; p=0.02),
shorter chest tube duration (median 3 versus 4 days;
p<0.0001) and shorter length of hospital stay (median 4 vs
5 days; p<0.0001) [3].

Similar results were obtained when the STS database
was analyzed by Paul and colleagues [6]. All patients under-
going lobectomy as the primary procedure via thoracoscopy
or thoracotomy were identified in the STS database from
2002 to 2007. After exclusions, 6,323 patients were identi-
fied: 5,042 underwent thoracotomy, 1,281 underwent
VATS. A propensity analysis was performed, incorporating
preoperative variables, and the incidence of postoperative
complications was compared. Matching based on propen-
sity scores produced 1,281 patients in each group for analy-
sis of postoperative outcomes. After VATS lobectomy, 945
patients (73.8 %) had no complications, compared to 847
patients (65.3%) that had lobectomy via thoracotomy
(p<0.0001). Compared to open lobectomy, VATS lobec-
tomy was associated with a lower incidence of arrhythmias
[n=93 (7.3 %) versus = 147 (11.5 %); p=0.0004], re-intuba-
tion [n=18 (1.4 %) versus n=40 (3.1 %); p=0.0046], and
blood transfusion [n=31 (2.4%) versus n=60 (4.7 %);
p=0.0028], as well as a shorter length of stay (4.0 versus
6.0 days; p<0.0001) and chest tube duration (3.0 versus
4.0 days; p<0.0001). There was no difference in operative
mortality between the two groups [4].

Finally, two important meta-analyses have been done to
assess the advantages of the thoracoscopic approach. In the
first, analyzing the outcomes of 21 studies comparing VATS
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and open approaches, Yan and colleagues demonstrated that
there were no significant difference in locoregional recur-
rence, but that VATS lobectomy was associated with a
reduced systemic recurrence rate (p=0.03) and improved
5-year mortality rate (p=0.04) [4]. Cao and colleagues per-
formed a similar analysis, focusing on studies that included
propensity matching [5]. In this meta-analysis, VATS was
associated with a lower risk of perioperative morbidity
(p=0.0004), confirming the single and multiple institution
series in the literature [6, 16].

4.1.5 Summary

Minimally invasive approaches to lung cancer treatment
have been demonstrated to be safe and effective for patients

with early-stage lung cancer. Thoracoscopic lobectomy is
designed to achieve the same oncologic result as conven-
tional lobectomy: complete hilar dissection and individual
vessel control. The recognized advantages of thoracoscopic
anatomic resection include less short-term postoperative
pain, shorter hospital stay, and preserved pulmonary func-
tion, better compliance with adjuvant chemotherapy, and
fewer complications. As techniques evolve, thoracoscopic
strategies are increasingly applied to locally advanced lung
cancer as well. Although there are no sufficiently powered
prospective randomized studies comparing the thoracoscopic
approach with conventional thoracotomy, there are no data
from published series to suggest any difference in oncologic
efficacy.
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4.2 Right UpperLobe

Fan Yang and Jun Wang

4.2.1 Technical Points

The right upper lobectomy is a difficult endoscopic procedure
in all VATS lobectomies. Right upper lobe has many arterial
branches, especially some thin branches, so the bleeding risk
is relatively high during dissection. Besides, the operative
field is large, so the scope has to switch from the anterior to
the posterior mediastinum and from the apex to the dia-
phragm. In addition, the following difficulties may be faced:

e The horizontal fissure is frequently fused and sometimes
crossed by posterior venous branches from the superior
vein. In that situation, it’s hard to show the branches of
pulmonary artery through the fissure, so the order of
events is the superior vein, the truncus anterior, the bron-
chus, the ascending artery, and finally the fissure.

e The ascending artery may have anatomic anomalies with
more than one branches. If the ascending artery is too thin
to use staple, it could be divided by Hem-o-lok, titanium
clip or LigaSure.

e Lymph nodes are frequently present at the space between
upper bronchus and truncus anterior, especially some cal-
cified lymph nodes which can lead to troublesome hemor-
rhage during dissection.

e Sometimes it is not easy to identify the interlobar plane
between the right upper lobe and the middle lobe.
Dissection of the horizontal fissure is difficult.

Two different approaches can be used: (1) a classic ante-
rior approach in which the truncus arteriosus and the supe-
rior pulmonary vein are controlled first and (2) a posterior
approach in which the bronchus is divided first. If necessary,
these two approaches can be combined.

4.2.2 Anatomical Landmarks

e Bronchus: In some patients, it may be advisable to divide

the bronchus first from the posterior of the hilum which is
called posterior approach. Especially for patients whose
major fissure is fused. The posterior ascending artery can
be exposed well after cutting off the right upper bronchus.
Paying more attention on the lymph nodes between upper
bronchus and truncus anterior is needed.

Arteries: The upper lobe arterial include two main
branches: the truncus anterior, which originates from the
hilum and gives the apical and anterior segmental arteries,
and the posterior ascending artery, which supplies the
posterior segment. The truncus anterior can be divided
separately or as a stem. It is very important to check that
one does not mix up this stem with the main pulmonary
artery. The posterior segmental branch arises from the
posterior aspect of the pulmonary artery. In most patients,
this artery is single but it can vary from zero to three
branches. The artery is sometimes covered by the poste-
rior branch of the superior pulmonary vein, which adds
difficulty to the dissection of the artery.

Veins: The superior pulmonary vein is the most anterior
element. It is sometimes close to the truncus anterior of
the hilum. It is sometimes close to the truncus anterior,
making its dissection difficult. The position of the middle
lobe vein must be verified before any division of the three
segmental veins, which can be done separately or, more
often, as a stem (Fig. 4.3).
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Truncus anterior

Fig.4.3 Anatomical landmarks. (a) Upper lobe bronchus (anterior view). (b) Upper lobe arteries (right lateral view). (¢) Relationships between
arteries and veins of the right upper lobe (anterior view). (d) Relationships between arteries and veins of the right upper lobe (right lateral view)
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4.2.3 Operating Procedure

1.

Incisions: Incision 1 is about 1.5 cm in the seventh inter-
costal space in the midaxillary line. Incision 2 is about
4 cm in the fourth intercostal space in the anterior axillary
line. And incision 3 is about 1.5 cm in the seventh inter-
costal space in the infrascapular line.

. The three lobes of right lung are pushed to the apex using

oval forceps. The pulmonary ligament is exposed and dis-
sected till to the inferior pulmonary veinus by hook. The
group 9 lymph nodes are divided at the same time (Fig. 4.4).

. The right lower lobe is stretched forward, and the poste-

rior mediastinal pleura is fully exposed. The pleura is
divided till to the inferior board of arch of azygos vein.
The bronchial arteries both superior and inferior to the
right main bronchus are cut off at the same time (Fig. 4.5).

. The group 7 lymph nodes can be dissected either at this

step or after finishing the lobectomy.

. The right upper lobe is pulled backward. The mediastinal

pleura is incised posterior to the phrenic nerve, down to
the superior pulmonary vein, and the superior pulmonary
vein is dissected by an electric hook (Fig. 4.6).

Tips

It is not recommended to cut off the superior pulmo-
nary vein now since this may lead to venous
congestion.

. The right upper lobe is pulled to the posterior chest wall

and the truncus anterior which above the superior pulmo-
nary vein is divided by an electric hook. The truncus ante-
rior and the main pulmonary artery should be recognized
clearly, especially the crossing angle between the two
arteries. Then the truncus anterior is cut off by stapler
through the operate hole (Fig. 4.7).

. The right upper lobe is retracted to the apex of lungs, and

the posterior part of the major fissure is divided. The
ascending branches to the upper lobe are dissected and
cut off by stapler (Fig. 4.8).

8.

10.

11.

Tips

When the fissure is incomplete or inflammatory, this
step can be tedious. Opening the fissure may lead to
troublesome minor pulmonary tears and oozing.

The superior pulmonary vein is thoroughly divided
using a right angle clamp, and cut off by endo-stapler
(Fig. 4.9).

Retract the right upper lobe to the apex of lungs, and
divide the minor fissure using “tunnel” method. The
tunnel is just through the plane upon the main pulmo-
nary artery, from the hilar to the posterior part of the
minor fissure. The minor fissure is divided by stapler
through the tunnel (Fig. 4.10).

The upper lobe bronchus is dissected using a combina-
tion of electric hook and blunt dissection. The surround-
ing soft tissue and lymph nodes around are divided by
endo-peanut and oval forceps. The bronchus is cut off by
the stapler. The right upper lobe resection is finished by
now (Fig. 4.11)

The resected right upper lobe is put into a specimen bag
and taken out of the thoracic cavity.
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Fig.4.5 (a) Open the posterior mediastinal pleura. / Azygos vein. 2 Right main bronchus. 3 Right upper lobe. (b) Dissect and cut off the bron-
chial arteries. / Bronchial artery. 2 Right main bronchus
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Fig. 4.6 (a) Open the anterior mediastinal pleura between superior rior pulmonary vein. (d) Dissect between the superior pulmonary vein
pulmonary vein and phrenic nerve. / Phrenic nerve. 2 Superior pulmo-  and middle lobe vein. / Superior pulmonary vein. 2 Middle lobe vein. 3
nary vein. (b) Dissect the superior pulmonary vein. (¢) Dissect the supe- ~ Main pulmonary artery
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Fig. 4.7 (a) Dissect the truncus anterior. / The truncus anterior. 2 Arch of azygos vein. (b) Dissect the truncus anterior with curved forceps.
(c) Cut off the truncus anterior with stapler. (d) The truncus anterior after cut off. / The truncus anterior. 2 Arch of azygos vein
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Fig. 4.8 (a) Retract the right upper lobe to the apex of lungs, and  bronchus. (¢) The ascending branches to the upper lobe are dissected.
expose the posterior part of the major fissure. / RUL. 2 RLL (b) Divide  (d) The ascending branches are cut off by stapler
the posterior part of the major fissure. / Ascending branches. 2 RUL

Fig.4.9 (a) Divide the superior pulmonary vein by a right angle clamp. (b) Cut off the superior pulmonary vein by endo-stapler
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Vaukas JF

Fig.4.10 (a) Divide the minor fissure using “tunnel” method by a right angled clamps. (b) The minor fissure is divided by stapler through the
tunnel
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Fig.4.11 (a) The upper lobe bronchus is dissected by electric hook. (b) The upper lobe bronchus is dissected by an endo-peanut. / Upper lobe
bronchus. 2 Main pulmonary artery. (¢) The lymph nodes are dissected by oval forceps. (d) The upper lobe bronchus is cut off by stapler
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4.3 Right Middle Lobe

Fan Yang and Jun Wang

4.3.1 Technical Points

The right middle lobe is as small as one-fifth to the total vol-
ume of the right lung. It is anatomically parallel to the
lingular segment of the left upper lobe. The whole lobe is
located in the anterior part of the lung, so that lobectomy
could be done by only dissecting the front pulmonary hilum.
Tumor located in this lobe is relatively rare, and the proce-
dure of right middle lobectomy is therefore unfamiliar to
many surgeons.

1.

2.

In some cases, the horizontal fissure is so well differentiated
that the right middle artery can be exposed by splitting the
fissure tissue. Then a sequence of vein — artery — bronchus
(or artery — vein — bronchus) should be followed to ligate
the main structures, and the dissection of the horizontal fis-
sure itself comes at last. If the right middle artery cannot be
exposed to a sufficient length, then the bronchus should be
ligated before further exposing of the artery (Fig. 4.12).

In cases which the horizontal fissure is poorly differenti-
ated, and the right middle artery is difficult to expose, the
bronchus is usually ligated so that the right middle artery
could be seen. So the procedure should follow the altered
sequence of vein — bronchus — artery — fissure. Sometimes
it is acceptable to ligate the artery and fissure simultane-
ously (Fig. 4.13).

Fig.4.12 Well differentiated fissure: (a) Before dissection. (b) After dissection of the horizontal fissure. (¢) Ligation of the middle lobe artery.
(d) Exposing the bronchus
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4.3.1.1 Anatomical Landmarks (Fig. 4.14)

Bronchus: the right middle lobar bronchus originates from
the right intermediate bronchus and separates into two
branches called medial and lateral segment bronchus. The
back segment bronchus is located opposite to the middle
lobe, and the basal segment bronchus initiates at about 1 cm
inferior to the back segment. Due to the anatomic uniqueness
of the right middle lobe bronchus, the cutting edge should
not be too close to the initiating part, in order not to cause
obstruction in the intermediate bronchus. The bronchus
should be ligated after the lower lobe is confirmed
inflatable.

Artery: The right middle lobe artery originates from the
remote aspect of the pulmonary artery, after or before the

arising of the ascending artery. The right middle lobe artery
and the ascending artery should be distinguished before liga-
tion. The right middle lobe artery is usually divided into two
branches, while sometimes they fuse into one thicker stem.
Confusion between right middle lobe artery, ascending artery
and back segment artery could be made when the fissure is
poor differentiated.

Vein: The vein of right middle lobe and right upper lobe
usually converge before finally inject into the left atrium.
The right lower lobe vein is relatively distant from the right
middle lobe. It is critical to dissect the intermediate tissue
between middle and upper lobe vein.

Fig.4.13 Poor differentiated fissure: (a) Ligation of the bronchus. (b) Exposing the artery
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4.3.1.2 Operating Procedure

Position and Incision

The patient is in left lateral decubitus. Incision 1 is about
1.5 cm in the eighth intercostal space in the midaxillary line.
Incision 2 is about 4 cm in the fifth intercostal space in the
anterior axillary line. And incision 3 is about 1.5 cm in the
eighth intercostal space in the infrascapular line.

4.3.2 Procedure

1. The right lower lobeare pushed to the apex using oval
forceps through the assistant incision. The pulmonary
ligament is dissected to the level of inferior pulmonary
vein. And the group 9 lymph nodes should be
dissected.

2. The right middle lobe is stretched forward, and the pos-
terior mediastinal pleura is fully exposed. The bronchial
arteries both superior and inferior to the right main bron-
chus are cut off at the same time. Hem-o-lock can be
used to ligate thick bronchial arteries. The pleura is fur-
ther divided up to the inferior board of arch of azygos
vein. The group 7 lymph nodes can be dissected either at
this step or after finishing the lobectomy. A gauze ball
can be left in the subcarinal space if necessary to stop
bleeding.

3. The lung is pulled backward using oval forceps through
the assistant incision and the anterior pulmonary hilum
is exposed. A coagulator is used to dissect the mediasti-
nal pleura in the interspace between pulmonary vein and
phrenic nerve.

4. Dissection into the oblique fissure from the inferior side
will reveal a group of lymph nodes that has a rather
steady location between the right middle bronchus, right
middle artery and basal segment artery of lower lobe.
The artery and bronchus can be seen only after the

10.

node’s dissection. The lymph node often appears heavy
adhesion to the vascular sheath, thus the sheath should
be divided. The lateral segment artery and the inferior
side of the right middle lobe bronchus can be revealed
after the lymph node is dissected. A staple with white
cartridge is used to ligate the lateral artery (Fig. 4.14).
Right middle lobe lateral segment artery is exposed and
ligated with a staple with white cartridge through the
anterior incision.

The lung is pulled to the posterior side with oval forceps
through the assistant incision, and the surrounding medi-
astinal pleura is divided. The superior edge of the middle
lobe vein is revealed by separating the interspace
between the upper and middle lobe vein. The revealing
part can be lengthened by dividing the vascular sheath.
Lift the right middle lobe with oval forceps through the
assistant incision to expose the inferior edge of the mid-
dle lobe vein. An angled clamp is used to clear a path
through the tissue posterior to the vein. A staple with
white cartridge is used to ligate the vessel (Fig. 4.15).
Lift the right middle lobe to the posterior side of thoracic
cavity through the assistant incision. A path posterior to
the middle lobe bronchus is cleared with angled clamp.
A staple with green cartridge is used to ligate the
bronchus.

Push the right middle lobe to the superior direction with
oval forceps through the assistant incision, medial seg-
ment artery is exposed. The artery sheath is divided to
acquire sufficient length of middle lobe artery. An angled
clamp is used to clear the path though the posterior tis-
sue of the artery, and a staple with white cartridge is
used to ligate the medial segment artery.

A staple with blue cartridge is used to ligate the horizon-
tal fissure through the anterior incision.

An aseptic glove is used as a container of the dissected
lung, and is pulled out though the anterior incision.
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Fig.4.14 Anatomical landmarks of right middle lobe: (a) Middle lobe bronchus (anterior view). (b) Middle lobe bronchus (right lateral view).
(c) Middle lobe arteries (right lateral view). (d) Relationships between arteries and veins of the right middle lobe (right lateral view)
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basilar a.

basilar a.

Fig.4.15 Ligation of the vein: (a) An angled clamp is used to clear a path through the tissue posterior to the vein. (b) Ligation with a staple
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44 Right Lower Lobe

James Huang and Tiejun Zhao

4.4.1 Technical Point

A right lower lobectomy is a slightly more complex proce-
dure than a left lower lobectomy owing to the presence of the
right middle lobe. Positive identification and exclusion of the

hilar structures to the middle lobe is necessary in order to
complete the lower lobectomy. Our usual practice entails
division of the hilar structures in the following order: pulmo-
nary vein, pulmonary artery, and bronchus. We routinely use
a double-lumen endotracheal tube for lung isolation. Epidural
catheters, arterial lines, and foleycatheters may be utilized at
the surgeon’s discretion as needed.
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4.4.2 Anatomical Landmarks

Figure 4.16

middle lobe bronchus
middle lobe bronchus
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Fig.4.16 Anatomical landmarks of right lower lobe (a) Lower lobe bronchus (anterior view). (b) Lower lobe bronchus (right lateral view).
(c) Lower lobe arteries (right lateral view). (d) Relationships between arteries and veins of the right lower lobe (right lateral view)
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4.4.3 Operating Procedure

4.4.3.1 Patient Positioning and Placement
of Incisions

Proper patient positioning is critical to a successful opera-
tion. The patient is positioned in the lateral decubitus posi-
tion, flexing the table in order to assist in spreading of the
intercostal spaces. We use three incisions: one anteriorly, one
posteriorly, and one inferiorly. A camera port is placed in the
eighth intercostal space in the posterior axillary line, fol-
lowed by an assistant’s port posteriorly in the tenth intercos-
tal space, roughly where the edge of the lung meets the

:
N
for

diaphragm, for retraction, and then a 4 cm access incision for
the surgeon in the anterior axillary line in fourth intercostal
space. A disposable wound protector is extremely helpful for
retraction of the wound edges at the access incision
(Fig. 4.17). The operating surgeon stands anteriorly, and the
assistant stands posteriorly. A second assistant is helpful in
driving the camera if available, and frees the assistant to use
both hands. Begin by exploring the pleural space to rule out
evidence of metastatic disease, such as pleural metastases or
pleural effusion. Perform a wedge resection of the lesion for
frozen section for diagnosis if necessary.

Fig.4.17 (a) Three incisions: 1 anterior, 1 posterior, and 1 inferior. (b) Wound protector for retraction of wound edges



74 T.A.D’Amico et al.

4.4.3.2 Confirmation of Diagnosis via Wedge
Resection or Biopsy for Frozen Section, if
Needed (Fig. 4.18)

ah

Fig.4.18 (a) Wedge resection. (b) Frozen section demonstrated adenocarcinoma
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4.4.3.3 Exploration of Pleural Space and Incision
of the Hilar Pleura

Divide the inferior pulmonary ligament up to the inferior
pulmonary vein and dissect the level 9 lymph nodes. Retract
the lung laterally in order to put the ligament on tension.
Incise the ligament sharply taking care to ensure good
hemostasis from the ligament as this can be occasionally be
a source of delayed and meddlesome bleeding. Extend the
hilar pleural incision posteriorly up to the level of the azygos
vein. Anteriorly, the hilar pleura should be incised up to the

level of the superior pulmonary vein to ensure clear identifi-
cation of the borders of the inferior pulmonary vein and the
superior pulmonary vein (Fig. 4.19).

Tips

* The level 9 lymph nodes are adjacent to the inferior
pulmonary vein. Be cognizant that once these nodes
are reached during the dissection of the ligament,
the pulmonary vein is in close proximity.

o

' ik
division of the pulmonary ligament ™%

Fig.4.19 (a) Retract the lung laterally to put the ligament on tension. (b) Incise the inferior pulmonary ligament sharply. (¢) Extend the hilar
pleural incision posteriorly up to the level of the azygos vein. (d) Remove the level 9 lymph nodes
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4.4.3.4 Sub Carinal Lymph Node Dissection

Retract the lung anteriorly to expose the subcarinal space.
Dissect the level 7 lymph node packet en-bloc, off and away
from the right main stem bronchus, pericardium, inferior
pulmonary vein, esophagus, carina and left main stem bron-
chus. A ring clamp can be used to spread and expose the
subcarinal space to facilitate the node dissection. Removal of

Cleaking the lymph

B the

Fig.4.20 (a) Exposing the subcarinal space to facilitate the node dis-
section. (b) Boundaries of the station 7 lymph nodes, including the right
main stem bronchus, pericardium, esophagus, inferior pulmonary vein,

the subcarinal lymph node packet can facilitate the subse-
quent dissection of the inferior pulmonary vein, as well as
the dissection of the bronchus. Alternatively, performing the
subcarinal lymph node dissection after the division of the
inferior pulmonary vein may allow for easier exposure of the
subcarinal space (Fig. 4.20).

Subcaririé[ljmbh nodes *
T

%
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carina and left main stem bronchus. (¢) Performing the subcarinal
lymph node dissection after the division of the inferior pulmonary vein.
(d) Dissecting the level 7 lymph node packet en-bloc
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4.4.3.5 Dissection of the Inferior Puilmonary Vein

The assistant retracts the lobe laterally placing the vein in a
vertical orientation to facilitate dissection. Dissection can be
performed with a variety of techniques, including use of scis-
sor dissection, a hook cautery, use of a right angle clamp and
electrocautery, or harmonic scalpel or other energy devices.
A combination of gentle blunt and sharp dissection will per-
mit safe isolation of the vein. A clamp can be passed around
the vein from anterior to posterior, and isolating the vein
with a vessel loop, or a monofilament tie can assist in retrac-
tion of the vein for subsequent passage of the stapler. Use of
a stapler with an angled tip can also facilitate easy passage of
the stapler. In general, passage of the anvil through the space
behind the vein is safer given its lower profile, and avoids

passage of the larger bulk of the staple cartridge through a
tight space. The stapler is passed from the anterior access
incision, but could also be passed from the posterior incision.
It is important for the assistant to provide optimal retraction
of the lung to orient the vein such that it facilitates passage of
the stapler with ease (Fig. 4.21).

Tips

e Encircling the vein with a vessel loop or ligature
can permit additional gentle retraction on the vein
to facilitate easy and safe passage of the stapler.

Fig.4.21 (a) Dissecting the space between the vein and lower bronchus. (b) Encircling the vein with a ligature. (¢) Passage of the stapler anvil

behind the vein. (d) The stump of the vein, after division
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4.4.3.6 Dissection of the Fissure

The lower lobe is retracted posteriorly and the middle lobe
anteriorly to expose the major fissure between the middle
and lower lobes. Division of the fissure greatly facilitates the
subsequent hilar dissection. The interlobar pulmonary artery
is identified and bluntly separated away from the overlying
lung parenchyma of the fissure. Removal of the interlobar
lymph nodes lying between the lower lobe bronchus and the
middle lobe bronchus facilitates identification of the under-
lying pulmonary artery. The surface of the artery is carefully
mobilized away from the overlying fissure, permitting the
passage of a stapler to divide the overlying parenchyma of
the fissure. The origin of the middle lobe artery should be
clearly identified so as to begin the division of the fissure and
development of the subsequent tunnel in the proper location.
As the fissure is divided, care must be taken to positively

identify the origins of the superior segmental artery to the
lower lobe as well the posterior ascending artery to the upper
lobe as a tunnel is created between the fissure and the artery.
Care must be taken to avoid injury to these arterial branches
during this dissection. The stapler must past between these
two arterial branches to correctly complete the fissure
(Fig. 4.22).

Tips

The thinnest part of the fissure is usually found cen-
trally where the middle lobe meets the lower lobe.
Beginning the dissection at this point can expedite the
identification of the interlobar pulmonary artery and
the subsequent division of the fissure.

: N . .';I‘f :
petforming, the blunt dissection or.:ﬁhe gap

between the inferior lobar Bron_chus and

Pulmanary by scissar.

Fig.4.22 (a) Initiating dissection of the fissure at its thinnest point. (b) Creating the tunnel. (¢) Division of the fissure using a stapler. (d) Exposure

of the branches of the pulmonary artery after division of the fissure
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4.4.3.7 Dissection of the Pulmonary Artery

Once the fissure has been completed, dissection of the
remaining artery and bronchus is straightforward. The
interlobarpulmonary artery is carefully mobilized away
from the underlying bronchus. A clamp is passed around
the artery to encircle it, taking care to pass the tip proximal
to the origin of the superior segmental artery and distal to
the posterior ascending artery. As with the vein, encircling
the artery with a vessel loop or suture can facilitate retrac-
tion of the artery for safer passage of the stapler. The stapler
is passed from the anterior access incision, with the lower
profile anvil passing between the artery and the bronchus. It
is ideal to divide the interlobar pulmonary artery proximal

to the origin of the superior segmental branch, however in
some cases one may find themselves dividing the basilar
artery separately from the superior segmental artery if
needed (Fig. 4.23).

Tips

* During stapling, it is important to avoid any tension
on the stapler, to avoid tearing the artery.

e Care should be taken to avoid thermal trauma from
cautery when dissecting near the artery. Scissors
may be used safely as well.

Fig.4.23 (a) Isolation of the basilar artery. (b) After division of the basilar artery. (¢) Isolation of the superior segmental artery. (d) Division of
the superior segmental artery
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4.4.3.8 Division of the Bronchus

After division of the artery, the surface of the bronchus is
cleared of overlying lymphatic soft tissue, removing or
sweeping any peribronchial lymph nodes or soft tissue to
reveal the clean surface of the bronchus. Proper retraction of
the lower lobe by the assistant can orient the bronchus such
that the stapler will be passed around the origin of the RLL
bronchus, proximal to the take-off of the superior segmental
bronchus. Case must also be taken to ensure that the stapler
does not compromise or narrow the origin of the middle lobe
bronchus. Momentarily ventilating the right lung after clo-
sure of the stapler, but prior to firing of the stapler can ensure
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that the middle lobe inflates, and that there is no compromise
to the middle lobe bronchus. If necessary, the basilar bron-
chus can be stapled and divided separately from the superior
segmental bronchus (Fig. 4.24).

Tips

Proper retraction of the lower lobe by the assistant
should orient the bronchus such that the stapler can be
passed around the origin of the RLL bronchus, proxi-
mal to the origin of the superior segmental bronchus

Fig. 4.24 (a) Identification of the branches of the bronchus. (b) Division of the bronchus. (¢) Confirmation of ventilation to the middle lobe.

(d) The stumps of the divided bronchus, artery and vein are shown
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4.4.3.9 Completion of Mediastinal Lymph Node
Dissection

The pleura overlying the right paratracheal space is incised
from the azygos vein up towards the inlet, parallel to the
superior vena cava to expose the 4R and 2R stations.
Mobilization of the azygos vein away from the hilum facili-
tates the dissection of the lymph nodes at the tracheobron-
chial angle. Alternatively, the dissection can be performed
from under the azygos vein, with proper retraction of the
superior vena cava to provide good exposure to the paratra-
cheal space. Although division of the azygos vein can

facilitate the lymph node dissection, it is not usually neces-
sary. The station 2R, 4R lymph nodes are dissected en-bloc,
to clear all lymph node bearing tissue from the superior vena
cava, the right main pulmonary artery, the trachea and the
pericardium. Care should be taken to avoid injury to the
phrenic nerve and the vagus nerve. Clips or energy devices
should be used to seal lymphatics and help prevent the pos-
sibility of prolonged lymphatic drainage or chyle leak. One
may also to choose to perform this lymph node dissection at
the beginning of the procedure prior to the hilar dissection
(Fig. 4.25).

Fig.4.25

The station 2R, 4R lymph nodes are dissected en-bloc
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4.4.3.10 Closure

The pleural space is irrigated, and the bronchial stump can
be tested for air leaks if desired. The chest cavity is thor-
oughly inspected for hemostasis, paying particular attention
to the inferior pulmonary ligament, the divided hilar struc-
tures, and the lymphadenectomy beds of the subcarinal and
paratracheal spaces. Intercostal nerve blocks can be placed

by injecting long-acting local anesthetic in each of the
intercostal spaces subpleurally adjacent to the intercostal
neurovascular bundles. The lung is re-expanded. We use one
28 French chest tube introduced through the camera port
incision. The incisions are closed with absorbable suture
(Fig. 4.26).

Fig.4.26 (a) Intercostal nerve blocks. (b) Placement of a 28 Frchest tube
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4.5 Left UpperLobe
Zuli Zhou and Jun Wang
4.5.1 Technical Points

The left upper lobectomy is the most difficult endoscopic
procedure. The following difficulties and key points may be
noticed:

e Itis more advisable to dissect the fused fissure and expose
the pulmonary arteries first, though the fissure is fre-
quently fused. Fissure should be divided into the vaginae
vasorum of pulmonary vessels, and a “tunnel” is set up
from anterior hilum to the arteries exposed or from the
exposed arteries to the posterior hilum before the fissure
is split by endostapler.

e If the fissure is fused, an alternative order of dissection
could be: the left superior vein, the upper bronchus, the
truncus anterior and the arteries to posterior and lingular
segment. Then the dissection of fissure is the last step.

e There may be up to seven to nine branches of pulmonary
arteries, some of which may be so tiny that the division
must be careful, and the devices of energy such as
LigaSure® are preferable for the dissection of vessels
with short diameters.

4.,5.2 Anatomical Landmarks

* Bronchus: The left upper lobar bronchus is between
upper pulmonary vein and the left main pulmonary artery.
The division of the left upper pulmonary vein gives access
to the lobar bronchus then the pulmonary arteries. Lymph
nodes between the upper lobe bronchus and the branches
of arteries of left upper lobe (LUL) would make the dis-
section of arteries difficult.

e Arteries: The LUL arterial supply arises from three main
vessels: the truncus anterior, which is the first branch
originates from the main truncus, is the strongest one in
all branches supplying LUL; the lingular and posterior
segmental arteries, which originate within the fissure and
supply the lingular and posterior segments separately.

Usually they have one to three branches and should be
divided separately. The truncus anterior supplies the api-
cal/apicoposterior and anterior segments, which com-
monly is divided as a stem.

e Veins: The left superior pulmonary vein is the most ante-
rior element just like right superior pulmonary vein.
Sometimes the vein is wide and the inferior vein must be
verified before any division of the three segmental veins,
which can be done separately or, more often, as a stem.
Sometimes it is so wide that the branches to the common
upper lobe (V1+2+V3) and lingular segment (V4+S5)
have to be dissected separately. There may be lymph
nodes between the superior pulmonary vein and truncus
main or left upper bronchus, making its dissection very
difficult even dangerous, especially with calcified lymph
nodes existing (Fig. 4.27).

4.5.3 Operating Procedure

3.1 The two lobes of left lung are pushed to the apex using
oval forceps. The pulmonary ligament is exposed and dis-
sected till to the inferior pulmonary vein using electric
hook. The group 9 lymph nodes are resected at the same
time (Fig. 4.28).

3.2 The left lower lobe is stretched forward, and the posterior
mediastinal pleura is fully exposed. The pleura is divided
until to the inferior board of arch of aorta. The bronchial
arteries both superior and inferior to the right main bron-
chus are cut off at the same time. Divide the vaginae vaso-
rum of left pulmonary arterial trunk and expose the
posterior aspect of pulmonary arterial trunk (Fig. 4.29).

3.3 The left upper lobe is pulled backward. The mediastinal
pleura is incised posterior to the phrenic nerve, down to
the superior pulmonary vein, and the superior pulmonary
vein is dissected by an electric hook. The upper lobe is
pushed downward using oval forceps, and then the trun-
cus anterior is divided (Fig. 4.30).

3.4 The left lower lobe is stretched downward, using electric
hook to divide the fissure until the pulmonary arteries are
exposed. Using hook to divide the branches of arteries
inside the vaginae vasorum. Make an artificial “tunnel”
from the gap between which the exposed posterior arter-
ies of LLL and superior segmental artery of LLL, to the



84

T.A.D’Amico et al.

posterior hilum, and then the posterior portion of fused
fissure is stapled by an endostapler (Fig. 4.31).

3.5 Divide the anterior portion of the fissure between the lin-
gular and basal segment. Then another “tunnel” is made
from anterior hilum (a gap between the superior and infe-
rior veins) to the arteries exposed in the step 4. Then the
anterior part of the fissure is split by endostapler
(Fig. 4.32).

3.6 Using Long Kelly forceps to go through the gap between
the lingular artery and the upper lobe bronchus, thus to
make sure the endostapler can pass through the gap. Cut
off the lingular artery by endostapler. Divide and cut off
the branches supplying the posterior segment by endosta-
pler or LigaSure® using the same technique (Fig. 4.33).

3.7 To draw a silk suture through the gap between the left
superior pulmonary vein and the upper lobe bronchus by
a right angle forceps, and cut off the pulmonary vein by
endostapler through the auxiliary port (Fig. 4.34).

3.8 Divide the upper lobe bronchus. Then draw a silk suture
through the space between the bronchus and the trunk of
left pulmonary artery by a right angle forceps. Pulling the
upper lobe bronchus forward, and then staple the bron-
chus by endostapler (Fig. 4.35).

3.9 Pulling the LUL upward carefully, and use endostapler to
cut off the truncus anterior and all of its branches. The last
step is to extract the resected lobe by a sterile glove
(Fig. 4.36).
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Fig. 4.27 Anatomical landmarks of left upper lobe: (a) Upper lobe  (anterior view). (d) Relationships between arteries and veins of the
bronchus (anterior view). (b) Upper lobe arteries (left lateral view).  right lower lobe (left lateral view)
(¢) Relationships between arteries and veins of the right lower lobe
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Fig.4.28 Dissecting the pulmonary ligament, and resecting the group
9 lymph nodes

Fig.4.29 (a) Dissecting the lymph nodes on the pulmonary arterial trunk. (b) Dividing the vagina vasorum of left pulmonary arterial trunk
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Fig.4.30 Dividing the truncus anterior artery

descending aorta

Fig.4.31 (a) Dividing the fissure until the pulmonary arteries are exposed. (b) Making an artificial “tunnel”. (¢) Stapling the posterior portion of
fused fissure
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Fig.4.33 (a) The well exposed pulmonary arteries. (b) Dividing the posterior ascending arteries. (¢) Cutting off the posterior ascending arteries
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Fig.4.34 (a) Dividing the superior pulmonary vein. (b) Cut ting off the pulmonary vein

Fig.4.35 (a) Dividing the upper lobe bronchus. (b) Cutting off the bronchus
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Fig.4.36 (a) Dissecting the truncus anterior. (b) Cutting off the truncus anterior artery. (¢) View of the arterial stumps. (d) Extracting the resected
lobe by a sterile glove
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4.6 Left Lower Lobe

Zuli Zhou and Jun Wang

4.6.1 Technical Points

e It is preferable to divide the fissure and identify the arter-
ies first. When the fissure is almost completely fused, to
dissect the inferior pulmonary vein first and to expose the
lower lobe bronchus and arterial branches may be a ratio-
nal alternative.

e If the dissection of subcarinal lymph nodes is necessary, it
is advisable to perform the lymphadenectomy before the
bronchus is dissected, for the absence of LLL makes the
exposure of the subcarinal region difficult, especially for
the left approach.

4.6.2 Anatomical Landmarks

¢ Bronchus: The left lower lobe (LLL) bronchus is situated
under the arterial branches. The division of the pulmonary
arteries or the inferior vein can both give access to the
lobar bronchus.

e Arteries: The basal trunk and the superior segmental
artery supply the LLL. Commonly they can be divided as
a stem, but sometimes there are lymph nodes between
above two branches, or the lingular artery locates too
close to the basal trunk, thus advisably they are divided
separately.

e Veins: The left inferior pulmonary vein is the most infe-
rior element. Sometimes the superior and inferior con-
verge outside the pericardium, so the inferior vein must be
verified before the dissection (Fig. 4.37).

4.6.3 Operating Procedure

1. The two lobes of left lung are pushed to the apex. The
pulmonary ligament is exposed and dissected till to the
inferior pulmonary vein using electric hook. Divided the
group 9 lymph nodes at the same time (Fig. 4.38).

2. The LLL is stretched forward, and the posterior mediasti-
nal pleura is fully exposed. The bronchial arteries both
superior and inferior to the left main bronchus are cut off
(Fig. 4.39).

. The LLL is pulled upward. The mediastinal pleura ante-

rior to the inferior pulmonary vein is incised by an elec-
tric hook till the superior aspect of the vein is fully
exposed (Fig. 4.40).

. The LLL is stretched downward; using electric hook to

divide the fissure until the pulmonary arteries are visible.
Divide the vaginae vasorum of the basal trunk and supe-
rior segmental arteries are fully exposed (Fig. 4.41).

. Anartificial interlobar “tunnel” is set up from the exposed

superior segmental artery to the posterior hilum, and then
the posterior part of fused fissure is opened by an endosta-
pler through the main manipulative port (Fig. 4.42).

. Divide the anterior portion of the fissure using the hook or

LigaSure® first. Then another “tunnel” is made from
anterior hilum to anterior aspect of basal trunk by a right
angle forceps. Then the anterior portion of the fissure is
fully split by endostapler (Fig. 4.43).

. Using Kelly forceps to divide and enlarge the space

between the basal trunk and superior segmental artery
and the lower lobe bronchus. Staple the basal trunk and
superior segmental artery separately or together depend-
ing on the patient’s anatomy (Fig. 4.44).

. Pull the LLL toward the apex and staple the inferior pul-

monary vein by endostapler (Fig. 4.45).

Tips
The group 7 lymph nodes can be dissected at this step
if lymphadenectomy is necessary.

. Divide the lower lobe bronchus by hook and “Peanut”.

Pulling the LLL forward, and be sure that the LUL can be
reinflated before stapling the bronchus (Fig. 4.46).
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Fig. 4.37 Anatomical landmarks of left lower lobe: (a) Lower lobe  (anterior view). (d) Relationships between arteries and veins of the
bronchus (left lateral view). (b) Lower lobe arteries (left lateral view).  right lower lobe (left lateral view)
(c) Relationships between arteries and veins of the right lower lobe
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Fig.4.38 Dissecting the pulmonary ligament, and resecting the group ~ Fig.4.39 Dissecting the posterior mediastinal pleura
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Fig.4.40 (a) Dividing the anterior mediastinal pleura. (b) Anterior hilum between superior and inferior vein
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Fig.4.42 (a) An artificial interlobar “tunnel” is set up. (b) Stapling the posterior portion of fused fissure
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Fig.4.43 Dividing the anterior portion of the fissure
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Fig.4.44 (a, b) The well exposed pulmonary arteries. (¢, d) Cutting off the basal trunk and superior segmental artery separately or together

inferior vpulmonary vei

Fig.4.45 Cut ting off the pulmonary vein
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Fig.4.46 Cut ting off the lower lobe bronchus
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4.7 Results and Discussion

Pamela Samson and Traves Crabtree

One of the biggest changes to date in general thoracic sur-
gery has been the movement from open pulmonary resection
to minimally invasive techniques. For many thoracic sur-
geons, this shift occurred in the early 2000s to video assisted
thoracoscopic surgery (VATS). This discussion of minimally
invasive approaches to lobectomy will include the transition
to VATS, short and long term outcomes of a VATS approach
to lobectomy, and early experiences with robotic-assisted
lobectomies and uniportal VATS.

4.7.1 Transition to VATS

Early adopters of VATS lobectomy were optimistic that a
minimally invasive approach would lead to a shorter length
of stay, decreased short-and long-term postoperative pain,
decreased morbidity such as pneumonia and arrhythmias,
and an increased readiness for adjuvant therapy if indicated.
However, there was also concern regarding the possibility of
increased intraoperative complications, given the adoption of
a new technique that few were familiar with, and the ability
to control bleeding quickly and effectively. Such transitions
from an open to VATS practice has been described in the
literature. In one such series, Seder and colleagues described
the 5 year period where the percentage of VATS lobectomies
increased from 16% to 49 % over a 5-year period (2003—
2008), while open lobectomy decreased from 81 % to 42 %
during the same-time [50]. During this time, there was no
increase in intra- or postoperative complications from the
VATS approach, and a decrease in the length of inpatient stay
was documented even from the ‘early’ adoption phase. Safe
transitions to thoracoscopic practice have also been described
in teaching programs where VATS was introduced to faculty
and residents simultaneously [51]. Although the proportion
of pulmonary resections that are performed using a VATS
approach has increased steadily since the early 2000s, the
majority of surgeons in the United States (approximately
60 %) continue to practice using an open approach [2].

4.7.2 ShortTerm Outcomes

Of immediate concern to many surgeons is the ability to per-
form a VATS lobectomy safely and effectively. In a review of
over 11,500 clinical Stage I non-small cell lung cancer
(NSCLC patients) receiving either open or VATS lobecto-
mies or segmentectomies recorded in the Society of Thoracic
Surgeons database from 2001 to 2010 demonstrated that tho-
racotomy patients were significantly more likely to experi-

ence pulmonary complications (including pneumonia,
reintubation, and acute respiratory distress syndrome), atrial
arrhythmias, and require blood transfusions [52]. In this
analysis, there was no difference in thirty-day mortality
(1.8 % for thoracotomy versus 1.3 % for VATS). In a study
sponsored by the Alliance for Clinical Trials in Oncology
(specifically, CALGB 31001), participants undergoing VATS
lobectomy for stage I or I NSCLC were propensity matched
on the basis of patient and tumor characteristics to individu-
als receiving open lobectomy [53]. In this analysis, VATS
demonstrated a significantly decreased median length of stay
(4 days versus 6 days), decreased proportion of patients with
prolonged length of stay (defined as greater than 14 days,
6.3 % versus 8.6 %), decreased length of chest tube duration
(3 days versus 4 days), decreased rate of any surgical compli-
cation (14.9 % versus 25.1 %), and an increased rate of dis-
charge to home (93.7 % versus 90.3 %). These findings have
also been confirmed in other large series in Europe [54]. In
reviews among older NSCLC patients (70 or greater), similar
improvements in postoperative complications and length of
stay were again confirmed, along with improved in-hospital
mortality [21]. Recent cost-effectiveness analyses have also
demonstrated that VATS lobectomy is associated with lower
90 day costs when compared to thoracotomy, and that this
improvement was largely associated with the decreased rate
of prolonged length of stay [55].

Of concern to many surgeons transitioning to a VATS
based practice is the conversion rate, and the factors that lead
to conversion. In our experience at Washington University in
St. Louis, we have noted a decrease in the VATS lobectomy
conversion rate over time — from 28 % in 2004-2006 to 11 %
in 2010-2012 [56]. The overall conversion rate for all VATS
lobectomies was 7 %. The reasons for conversion included
vascular causes/bleeding in 25 %, anatomical reasons includ-
ing adhesions or tumor size in 64 %, and 8 % for difficult
lymph node dissection (bulky or calcified nodes). This spec-
trum of complications leading to conversion is also com-
monly referred to as the ‘VALT® classification
system — vascular, anatomic, lymph node, or technical rea-
sons. While postoperative complications were more common
in the converted group than those experienced in the VATS
group, there was no significant difference in the complication
rate with the thoracotomy group. Of note, 23 % of our con-
version cases were classified as emergent. Truly catastrophic
complications during VATS lobectomy are rare — one series
documents an approximately 1 % rate of such complications
over 10 years, including pulmonary artery or pulmonary vein
transection requiring reanastomosis, unplanned bilobecto-
mies or pneumonectomies, and membranous airway injuries
[57]. In that particular review of complications, there were
no intraoperative deaths. A key and necessary measure to
preventing mortality in these scenarios is being cognizant of
the injury types that can occur with VATS staplers and energy
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devices, recognizing when adequate visualization is not
obtained, and considering conversion to thoracotomy earlier
rather than later, especially early in the learning curve.

4.7.3 LongTerm Outcomes

Of interest to surgeons performing lobectomies is whether or
not VATS offers equivalent oncologic outcomes to thoracot-
omy. Recent reviews have issued warnings that the rate of
lymph node dissection and sampling may be inferior to that
obtained during open lobectomy [31, 58]. A Danish study
had documented a decreased incidence of both N1 and N2
upstaging in VATS lobectomy patients when compared to
those that had received a thoracotomy [59]. In a metaanalysis
of early stage NSCLC patients receiving either VATS or open
lobectomy from 1990 to 2011, no significant difference in the
rate of lymph node dissection or lymph node sampling was
detected [60]. Furthermore, this metaanalysis also described
a decreased rate of both systemic and locoregional recurrence
in the VATS groups. In propensity matched groups based on
patient and tumor characteristics, no significant difference in
3- or 5-year overall survival between VATS and open lobec-
tomies was detected [61]. At this time, it is generally held that
VATS lobectomy offers equivalent long-term oncologic out-
comes at open resection, with improved short term outcomes.
Of note, care should be taken to perform appropriate medias-
tinal lymph node dissections when performing a VATS lobec-
tomy, particularly level 5/6 and 7 nodes for left-sided lesions
and level 7 nodes for upper lobe resections [31].

4.7.4 Robotic Assisted Lobectomy

Select surgeons and centers have adopted a robotic-assisted
approach to lobectomies. At this time, the use of robotic-
assisted lobectomy versus a traditional VATS approach is a
matter of surgeon preference and resources. In the largest
review to date, almost 2,500 robotic assisted lobectomies
were compared to approximately 40,000 VATS lobectomies
in the Nationwide Inpatient Sample database [62]. In this
series, when adjusting for other covariates, robotic-assisted
lobectomies were associated with an increased risk of intra-
operative/iatrogenic bleeding and a significantly increased
cost per case. Other large database reviews have docu-
mented no difference in adverse events with robotic-assisted
lobectomies, but have similarly found higher average hospi-
tal costs [63]. Of clinical concern, especially for surgeons
new to robotic surgery, is the increased length of operative
time that has been documented for robotic lobectomies [66,
64]. For those who do practice robotic-assisted lobectomies,
it does appear that the long term overall 5-year survival is
similar to that of VATS lobectomies [65].

4.7.5 Uniportal VATS

The newest minimally invasive approach to lobectomy is the
‘uniportal’ VATS approach. An early review of uniportal
cases have shown no difference in postoperative pain or anal-
gesia use, but also no difference in postoperative complica-
tions [66]. Other institutions have described their short-term
experience with uniportal VATS lobectomies, and have
described no difference in postoperative outcomes, thereby
suggesting the relative safety of this procedure [67, 68]. At
this time however, many series are too small to discern any
benefit of uniportal VATS to a traditional ‘multiport’
approach, and the follow up is not long enough at this time to
demonstrate oncologic equivalency. As one recent editorial
stated: “raising the standards of clinical care is paramount to
promoting the use of standard multiportal VATS surgery
rather than trying to modify this recently achieved tech-
nique”, recognizing that a majority of surgeons in the United
States and Europe are still performing open pulmonary
resections [69]. At the same time, we recognize that surgical
ingenuity and refinement is what creates new pathways of
improved care for our patients.
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5.1 Rationale for Minimally Invasive

Segmentectomy
Robert J. McKenna Jr.

This chapter will describe the indications for segmentectomy,
a comparison of morbidity/mortality for segmentectomy and
lobectomy, and discuss the issue of open versus minimally
invasive operations. Segmentectomy is a true anatomic oper-
ation that should include lymphadenectomy in cancer cases.
It is not a non-anatomic wedge resection.

5.1.1 Rationale for Segmentectomy, Rather

Than Lobectomy

* QGoals for lung operations are to remove all disease, save as
much lung tissue as possible, and not compromise survival.

e The definitive proof is a randomized, prospective study.
That is underway, but not completed.

* Retrospective studies suggest that segmentectomy for
proper indications is not a compromise operation.

5.1.2 Indications

e The performance of segmentectomies has significantly
increased over the years. Currently, 30 % of my anatomic
resections are segmentectomies. The procedures are usu-
ally performed in patients with pulmonary function good
enough for the patients to undergo a lobectomy.

e Indications are listed in Table 5.1. The disease process
must be anatomically located so that segmentectomy will
provide good, clear anatomic margins. To accomplish
that, an adjacent segment may be resected in some cases
(more than one lower lobe basilar segment).

e The size of the tumor affects the choice of segmentec-
tomy versus lobectomy. (Table 5.2) Tumors >3 cm are
generally better treated with a lobectomy [1].

e In cancer cases, positive nodes would be an indication for
conversion to a lobectomy.

5.1.3 Comparison of Segmentectomy
and Lobectomy

e Shuchert (Table 5.3) reported comparable morbidity and
mortality for Lobectomy and Segmentectomy [1].

* We compared our experience with left upper lobectomy
versus left upper lobe tri-segmentectomy to evaluate the
complication rates and the survival [3].

e Table 5.4 shows that the mortality rates and the length of
stay were the same [3].

e Table 5.5 shows that the incidence of air leak is the same
for tri-segmectomy and upper lobectomy is the same [3].

e Complication rates are slightly higher for tri-
segmentectomy, but they were minor and, despite that, the
length of stay was 1 day shorter for tri-segmentectomy
(Table 5.5) [3].

e Survival is the most important measure of a cancer opera-
tion. Okada (Fig. 5.1) compares the survival for different
sized tumors and different operative procedures [2].

We compared the long term survival of 73 patients who
underwent VATS trisegmentectomy versus 266 patients who

underwent VATS lobectomy [3] (Fig. 5.2).

5.1.4 Comparison of Open and Minimally
Invasive (VATS) Segmentectomy

e Leshnower compared the Emory experience with tho-
racotomy versus VATS for segmentectomy. Video-
assisted thoracoscopic surgery segmentectomy is a safe
procedure which has fewer complications and a reduced
hospital stay when compared with an open segmentec-
tomy. This approach may be the ideal oncologic proce-
dure for patients with small lung cancers (<2 cm) and
(or) limited cardiopulmonary reserve and significant
comorbidities [4].

e Video Assisted Thoracic Surgery (VATS) is on the
increase in the management of benign and malignant
processes. Large experiences have convinced the sur-
gical community not only of the safety and possibili-
ties of VATS surgery in early lung cancer, but of the
benefits when compared to open surgery in terms of
postoperative pain, length of recovery, return to activi-
ties, immune response to surgery and oncological
results [5-8].

e In elderly patients, VATS segmentectomy can be safely
performed among elderly patients with early stage
NSCLC and is associated with equivalent postoperative
and long-term oncologic outcomes [9].

5.1.5 Conclusions

* Anatomic segmentectomy is being performed with
increasing frequency. In selected cases, segmentectomy
appears to provide the same survival rates as a lobectomy,
with the same morbidity and mortality and with greater
preservation of pulmonary function. Compared to open
procedures, a VATS segmentectomy can be performed
without compromising the operation and with providing
patients with all the benefits of a minimally invasive pro-
cedure. VATS segmentectomy should be in the armamen-
tarium of a thoracic surgeon.
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Table 5.1 Indications for segmentectomy

Adenocarcinoma in situ

Carcinoid

<2 c¢m tumor

Pulmonary met

Localized bronchiectasis

Tb

Perfect location in lung

Table 5.2 Five year survival for different size tumors in lobectomy, segmentectomy and wedge resection (Okada)

Procedure <20 mm 21-30 mm >30 mm
Lobectomy 92.40 % 87.40 % 81.30%
Segmentectomy 96.70 % 84.60 % 62.90 %
Wedge 85.70 % 39.40 % 0%
Table 5.3 Experience with segmentectomy and lobectomy at University of Pittsburgh (Schuchert)
VATS segmentectomy vs. VATS lobectomy
VATS segmentectomy VATS lobectomy Significance
(n=109) (n=127) (p value)
Operative time (min) 125 219 0.001
Estimated blood loss (ml) 100 150 0.08
Length of stay (days) 5 6 0.18
Morbidity (%) 20.2 15.7 0.4
Mortality (%) 0 0 1
Recurrence (%) 15.6 15 1
Survival (%) 87.9 90.6 0.67

Table 5.4 The mortality, conversion to thoracotomy, complication rate, and med LOS (median length of stay) for segmentectomy and lobectomy

(Soukiasian, McKenna)

Factor Segment Lobectomy
Mortality 1% 1%
Convert 1% 1%
Complications 34 % 15%

Med LOS 4 days 5 days

Table 5.5 The rates of air leak, AF (atrial fibrillation), UTI (urinary tract infection), and readmission rate for segmentectomy and lobectomy

(Soukiasian, McKenna)

Complication Segmentectomy (%) Lobectomy (%)
Air leak 7 6

AF 8 2

UTI 5 0.10

Readmit 3 0.60
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duce endostapling device/thermo ablative/vascular
fusion devices is critical.

— During the course of the hilar bronchovascular dissec-
tion, the thoracic surgeon should maintain flexible strat-
egy for addressing the order of vascular and bronchial
ligation and division rather than persisting with a fixed
order of handling these bronchovascular structures.

2. Anatomic landmarks for posterior segmentectomy (Fig. 5.3)

— Begin dissection in the fissure at the thinnest aspect of
the pleura covering the interlobar pulmonary artery to
minimize possible lung parenchymal injury leading to
bleeding and postoperative air leak.

— Extend the dissection over the pulmonary artery to
completely divide the oblique fissure, thus separating
the posterior segment of the upper lobe from the supe-
rior segment of the lower lobe.

— Careful blunt sucker dissection about the base of the
posterior segment pulmonary parenchyma will expose
the trunk of the posterior segmental artery.

— The bronchus to the posterior segment will be anterior
and beneath the posterior segmental artery.

— The posterior segmental vein will be noted anterior and
slightly inferior to the posterior segmental bronchus.

3. Operative procedure for Posterior Segmentectomy

— A “Bi-Port” VATS approach is preferred by our team.
The patient is placed in a lateral decubitus position with
the ipsilateral arm held high and touching the patient’s
cheek. Right sided resections accomplished with use of
selective ventilation with double lumen tube. The
“Bi-Port” approach combines a 3—4 cm primary opera-
tive access site in the mid axillary line through the fifth
or sixth intercostal space depending on the lobar loca-
tion of the pulmonary pathology. Upper lobe lesions
are accordingly approached through a fifth intercostal
space site. Lower lobe and middle lobe lesions are
approached using a sixth intercostal access site. A
5 mm intercostal access site is established two to three
interspaces below the primary operative intercostal
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access site in the posterior axillary line for the video-
scope and subsequent tube thoracostomy tube drain-
age. We favor this “Bi-Port” approach to the “Uniport”
approach due to our preference of videoscopic visual-
ization from a more oblique point of view, reduction in
instrument crowding during dissection, and our aver-
sion to establishing a tube thoracostomy drainage of
the chest through the operative incision (Fig. 5.4).
After inspection of the pulmonary hilum for important
adenopathy and to accomplish nodal staging, attention
is directed to the interlobar fissure. The thinnest area of
the fissure is chosen to begin dissection within the fis-
sure. Complete fissures are rarely noted. The most
consistent location for obvious parenchymal separa-
tion and direct pulmonary arterial trunk visualization
in the fissure is in its mid hilar location.

Right lung anatomy usually has this parenchymal sep-
aration will most commonly be just beyond the take of
the middle lobe pulmonary artery and before the take
offs of the posterior segmental artery of the upper lobe
and the superior segmental artery of the lower lobe.
When fissure is totally fused/incomplete oblique
fissure could be divided via endoscopic stapler. The
parenchymal division is carried superiorly to com-
pletely expose the interlobar artery and thus com-
pletely separate the lung parenchyma of the upper and
lower lobes in this oblique interlobarfissure plane.
Once the interlobar pulmonary artrery is exposed, fur-
ther blunt dissection is carried out along the upper
aspect of the artery on the upper lobe side of the fissure
to expose the posterior segmental arterial trunk. It is
not uncommon to encounter lymph nodes about the
base of the posterior segmental artery — also associated
with the deeper posterior segmental bronchus. Blunt
and sharp dissection will be required to free the tissue
about posterior segmental arterial trunk (Fig. 5.5a—c).
It is common the posterior segmental vein runs over
the posterior segmental artery, which makes it difficult
to dissect the posterior segmental artery freely. So

divide the horizontal fissure and expose the posterior
segmental vein, then ligate and divide the vein before
cutting off the artery is usually needed (Fig. 5.6a—c).
The endostapler with a vascular staple load or the liga-
sure vessel fusion device is introduced through the
“Biport” access incision, brought around the posterior
segmental arterial trunk to ligate and divide the vessel
(Fig. 5.7a-d).

Blunt and sharp dissection with scissors and harmonic
scalpel is then performed about the posterior segmen-
tal bronchus. Clearance of associated lymph nodes is
commonly required.

The endostapler with longer length bronchial staples is
introduced through the access incision and placed
about the posterior segmental bronchus which is then
ligated and divided (Fig. 5.8a—d).

The posterior segmental parenchyma is then elevated
to anticipate the line of parenchymal resection along
the base of the transected bronchovascular pedicle.
The use of a non-crushing “Masher” forceps
(PillingWeck, USA) applied across the proposed line
of resection assists in proper alignment of the stapler
across the tissue and segmental pedicle. Assessment of
parenchymal thickness and “compression” of the
parenchyma at the proposed staple line is also facili-
tated with the Masher forceps. The endostapler is then
introduced through the access incision and applied
across the pulmonary parenchyma (Fig. 5.9a).

The masher is then reapplied across the proposed line
of parenchymal resection to further insure the com-
plete resection of the base of the posterior segment
along with the lung parenchyma. Once passed this
bronchovascular base of the posterior segment, the
endostapler resection proceeds with care to insure a
proper parenchymal margin of resection of the lung
lesion (Fig. 5.9b—d).

The specimen is retrieved in a protective bag and
inspected on the operative field. Adequate surgical
margins are assured (Fig. 5.10).
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Apical bronchus

Posterior bronchus

Anterior bronchus

Fig. 5.3 Anatomic landmarks of right upper lobe posterior segment.
(a) Posterior bronchus (right lateral view). (b) Posterior artery (right
lateral view). (c) Relationships between arteries and veins of the poste-
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Ascending posterior a.

Fig.5.5 (a) Dividing the incomplete oblique fissure. (b) Lymph nodes about the base of the posterior segmental artery (¢) Exposing the posterior
segmental artery
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Fig.5.6 Dividing and ligating the posterior segmental vein



5 Segmentectomy m

|-

Fig.5.7 Dividing and ligating the posterior segmental artery
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Fig.5.8 Dividing and ligating the posterior segmental bronchus
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Fig.5.9 The endostapler is introduced through the access incision and applied across the pulmonary parenchyma

Fig.5.10 Inspecting the specimen on the operative field
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5.3  VATS Resection of the Right Lower
Lobe Superior Segment

Juan A. Munoz and Hiran C. Fernando

5.3.1 Technical Point

The technique for a VATS resection of the right lower lobe
superior segment is described in this chapter. The patient is
in a lateral decubitus position, with the bed flexed at the hips.
The surgeon will stand in front of the patient and one assis-
tant will stand posterior to the patient. A monitor is placed at
the head of the bed on either side, for the surgeon and assis-
tant respectively. We use the same 4-port technique for ana-
tomical resections of the lung as previously described by
McKenna [18] (Fig. 5.11). These are as follows:

Fig.5.11 Standard port placement. (a) Anterior incision. (b) Camera
incision. (¢) Access incision. (d) Posterior incision

. A 1 cm incision is made as far anteriorly and inferiorly as

possible (usually the sixth intercostal space in the mid-
clavicular line).

. A 1 cm incision is made in the eighth intercostal space in

the mid-axillary line for the cameral port. Generally we
use a 10 mm, 30-degree camera.

. A 4 cm access incision is made starting at the anterior

border of the latissimus dorsi muscle and extends anteri-
orly. The incision is made one interspace below the supe-
rior pulmonary vein. We use a soft tissue retractor
(Alexis®, Applied Medical, Rancho Santa Margarita, CA
92688), which is especially useful in obese patients to
help with visualization and placement of instruments.

. A 1 cm incision is made posterior and inferior to the tip of

the scapula.
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5.3.2 Instrumentation

We do not use standard open instruments, as these will be dif-
ficult to open and close through the 1 cm port incisions with
the hinge-point usually close to the chest wall. We prefer
VATS scissors, right angles, and lung graspers such as those
produced by Thoramet® (Rutherford, NJ, 07070, USA) or

Scanlan International Inc.® (Saint Paul, Minnesota, 55107,
USA) (Fig. 5.12). The exception to this will be the use of stan-
dard ring forceps (to grab and retract the lung), peanut dissec-
tors, and electrocautery (with an extended insulated flat tip).
We will occasionally use a harmonic scalpel, especially when
adhesions are present, or in obese or tall patients where reach
may be an issue with standard electrocautery.

Fig.5.12 (a) Thoramet VATS instruments. (b) Landreneau masher grasping forceps (Pilling Surgical®, Horsham, PA, 19044, USA)
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5.3.3 Operative Steps

Anatomical landmarks are shown in Fig. 5.13 to be better

understanding the procedures.

1. The inferior pulmonary ligament is taken down using
electrocautery or harmonic scalpel dissection (Fig. 5.14).
Level 8 and 9 lymph nodes are removed as this is done.
The inferior pulmonary vein and its superior segmental
branch are identified (Fig. 5.15).

2. The dissection then continues superiorly, opening the
mediastinal pleura above the inferior pulmonary vein.
This allows identification and removal of the subcarinal
lymph nodes. The right main bronchus is then identified.
As the lung is retracted forward, peanut dissection on
the bronchus is performed to expose the bifurcation
between the bronchus intermedius and right upper lobe
bronchi. The level 11 node at this bifurcation can be
removed.

3. The arterial dissection and division is then performed. If
the fissure is complete this will be easily identified and
dissected at this point. If the fissure is incomplete
(Fig. 5.16), attention is turned anteriorly to the fissure
between the middle lobe and lower lobe bronchus. The
lower pulmonary artery is usually easily identified in this
area. Once the artery is identified dissection along the

anterior aspect of the artery is performed from an inferior
to superior direction, so exposing the arterial branches to
the middle lobe and the lower lobes. The superior
segmental artery is then encircled and divided using a
vascular load endostapler (Fig. 5.17). Our preference is to
use the curve-tip staple loads for vascular structures. The
superior segmental artery is usually more easily divided
from the anterior incision.

. The superior segmental branch of the inferior pulmonary

vein is then divided in a similar fashion to the artery. This
is usually divided from the anterior incision (Fig. 5.18).

. The superior segmental bronchus is usually easily

exposed at this point. This is then encircled and divided.
Our preference is to use the curve-tip purple-load stapler
(Fig. 5.19).

. A standard (non-curved-tip) stapler is then used to sepa-

rate the superior segment from the basilar segments
(Fig. 5.20). Upwards traction on the divided superior seg-
mental stump will facilitate this (Fig. 5.21).

. The specimen is placed into an endo-bag and removed

from the access incision.

. Usually one chest-tube is used. We do not use an epidural

catheter. An intercostal block and extrapleural catheter
(with continuous lidocaine infusion) are used for post-
operative analgesia [19].
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Fig.5.14 Division of the right inferior pulmonary ligament (IPL)
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Fig. 5.16 Incomplete fissure (F) has been developed with stapler
exposing PA

Fig.5.17 Superior segmental artery (arrow). (a) Dissection and (b) Ligation with curve-tip vascular stapler



5 Segmentectomy 119

Fig.5.18 Division of the superior segmental vein (SSV) branch of the
inferior pulmonary vein (IPV)

Fig.5.20 Lung clamp is applied to delineate staple line for division of ~ Fig. 5.21 Stapling and resection of the right lower lobe superior
superior segment from basilar segments segment
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5.4 Left Upper Lobe:Trisegments

Simon R. Turner and Brian E. Louie

5.4.1 Technical Tips

VATS left upper lobe trisegmentectomy, also known lingula-
sparing left upper lobectomy, is a potentially challenging tho-
racoscopic procedure. It requires a thorough understanding of
the relational anatomy, particularly the juxtaposition of the
anterior and apicoposterior segments of the pulmonary artery,
the bronchus of the upper lobe proper and the pulmonary veins
[20-27]. Although we describe our preferred VATS approach,
we use the same approach when conducting a robotic triseg-
mentectomy. The following key points should be kept in mind:

e The left upper lobe has more direct branches originating
off the main pulmonary artery than any other lobe, which
creates more potential for injury during dissection of
these vessels.

e The surgeon must be prepared to approach the relevant
arterial anatomy from a variety of different ports and
potentially with several methods to secure the vessels
including clips, energy sealing and endo-stapling.

e The upper lobe bronchus can be approached from poste-
rior after division of the apicoposterior artery branches or
from anterior after division of the upper lobe vein branches

» Identification of the most proximal lingular branch of the
pulmonary artery is required before parenchymal division
to avoid division of an aberrant lingular artery arising
proximally and running deep to the pulmonary vein.

5.4.2 Anatomical Landmarks (Fig. 5.22a-d)

Veins: The left superior pulmonary vein is the most
anterior structure in the left hilum, lying just inferior to
the first upper lobe arterial branches and just anterior to
the left upper lobe bronchus. The first division of this vein
is into the apical branch, superiorly, which drains the
anterior and apicoposterior segments, and the lingular
branch, inferiorly.

Arteries: The anterior trunks of the left pulmonary
artery can generally be found at, or just superior to, the
upper border of the left superior pulmonary vein. These
branches may be short, wide and multiple. The upper
division of the lobe is also supplied by a variable num-
ber of apicoposterior branches. These are most easily
identified by a posterior approach to the hilum at the
level of the fissure. When identified, these are preferen-
tially divided first to improve access to the truncal
branch, which can be divided from the either a posterior
or anterior approach.

The lingular arteries, which are preserved during triseg-
mentectomy, are most often found distally and superfi-
cially within the anterior aspect of the fissure. However,
an important anatomic variant to be aware of is a proximal
origin of the lingular artery, arising near the anterior
branches and running deep to the superior pulmonary
vein. This anomalous branch is at risk for injury during
dissection of the vein or may be inappropriately divided,
eliminating the possibility of sparing the lingula.
Thorough review of the pre-operative CT scan can help to
avoid such complications.

Bronchus: The left upper lobe bronchus is largely sur-
rounded by vascular structures. The superior pulmonary
vein overlies the bronchus, while the anterior and apico-
posterior arterial branches are adjacent to the superior
and posterior surfaces of the bronchus, respectively.
These structures, with the possible exception of the api-
coposterior arterial branches, must be divided prior to
fully dissecting the branches of the bronchus. The first
major division of the upper lobe bronchus is into the
upper division superiorly and the lingular division
inferiorly.
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Fig.5.22 Anatomical landmarks for left upper lober trisegments
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5.4.3 Operating Procedure

1. The patient positioned in right lateral decubitus with the bed

flexed to ensure the hip is level with the chest wall. Ports are
placed as follows: (A) 10 mm in the seventh intercostal
space, posterior axillary line; (B) 5 or 10 mm in the line of
the scapular tip, at the level of the dome of diaphragm,
which approximates the ninth interspace, for the 5 or
10 mm, 30° camera; (C) 10 mm placed inferior and slightly
posterior to the scapula, lining up one rib space below the
tip of the superior segment; and, (D) 10 mm in the posterior
axillary line in the fourth intercostal space, directed at the
superior pulmonary vein (Fig. 5.23). It is not necessary to
create a large working incision, as the entire procedure can
usually be conducted through these small ports. The speci-
men is extracted by enlarging port B to 5 cm.

. The lower lobe is pushed to the apex of the thoracic cavity
with ring forceps and held via port D. The inferior pulmo-
nary ligament is divided using the L hook to the inferior
base of the hilum and the station 9 lymph node packet
removed (Fig. 5.24).

. The lower lobe is then retracted anteriorly to expose the
pleural reflection and aorta. The pleura is then divided
from the inferior vein to the top of the pulmonary hilum
with the L hook to expose the main bronchus, pulmonary
artery and vagus nerve (Figs. 5.25 and 5.26).

. Using cotton tipped dissectors and the L hook, the tissue
between the superior aspect of the inferior vein and the
inferior aspect of the main bronchus is opened to expose
station 7. Commonly, a bronchial artery can be identified
as station 7 is exposed (Fig. 5.27). All lymph nodes in the
area are then removed and the area packed with hemo-
static, absorbable gauze.

Tips

When performing mediastinoscopy at the same stage
of a planned lung resection, leave hemostatic, absorb-
able gauze in the location of the nodes that were biop-
sied, especially 4L and 7. At the time of subsequent
thoracoscopic mediastinal lymph node dissection, this
will serve as a landmark to ensure you have identified
the correct location of these nodal stations.

. Station 4L can be accessed just superior to the edge of the
bronchus and the posterior aspect of the pulmonary artery.
If a mediastinoscopy is performed pre-operatively with
biopsy of station 4L, this remaining node dissection is
greatly facilitated (Fig. 5.28).

Tips

Performing mediastinal lymph node sampling at the
beginning of the operation allows time for pathologic
analysis and facilitates dissection of vascular structures.

R.J. McKenna Jr. et al.

6. The lung is then retracted posteriorly and inferiorly to

expose the aortopulmonary window. The vagus is visual-
ized passing vertically over the arch of the aorta, provid-
ing the posterior landmark for the recurrent laryngeal
nerve, which must be avoided. Similarly, the phrenic
nerve is identified anteriorly. Dissecting between these
structures stations 5 and 6 nodal stations are exposed and
removed (Fig. 5.29).

Removing these lymph nodes at this point completes the
mediastinal staging and also facilitates later exposure of
the anterior arterial branches.

. Retracting the upper lobe anteriorly and away from the

hilum, the posterior aspect of pulmonary artery is identi-
fied. Gentle blunt dissection and careful use of the L hook
will expose the main artery and its apicoposterior and
superior segmental branches (Fig. 5.30). At times, a small
portion of the fissure may require division to access these
vessels.

. The apicoposterior branches to the upper lobe are then

divided. Care is taken to identify and preserve the supe-
rior segmental artery of the lower lobe, which arises in
close proximity to the posterior upper lobe branches
(Fig. 5.31).

. After division of the arterial branches, the next steps

depend on the completeness of the fissure and/or ability to
identify the interlobar pulmonary artery:

A. If the fissure is complete, it is opened with the L
hook, though recently, we have found bipolar energy
shears to be helpful here. The dissection is carried
onward until the lingular branches are identified and
confirmed by gentle forward traction on the lingular
segment.

B. If the fissure is partially complete but the pulmonary
artery is visible, the pleura will be opened atop of the
artery. Once in the correct plane, the artery will be
pushed away from the lung creating a tunnel toward
the superior aspect of the fissure (Fig. 5.32). The fis-
sure can then be completed with a stapler to expose
the interlobar artery and the origin of the most proxi-
mal lingular branch (Fig. 5.33).

C. If the fissure is incomplete and the interlobar artery
not visible, the anterior hilar dissection is begun by
dividing the pleural reflection from the inferior vein
to the area of the superior hilar dissection. The supe-
rior pulmonary vein is visualized and defined
through a combination of gentle blunt dissection
with the suction and sharp dissection with cautery to
expose the borders of the vein and its division into
the apical branches superiorly and the lingular
branches inferiorly. Removal of the lymph nodes
between the superior and inferior veins anteriorly
often opens up the space needed to identify the inter-
lobar pulmonary artery and the distal lingular branch.
From this space, completion of the fissure can be
performed if necessary to identify these branches.
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10. Gentle traction on the lingula helps to delineate the lingu-
lar vein(s) clearly to preserve them (Fig. 5.34). The vascu-
lar stapler then divides the apical vein branch(es), further
exposing the anterior arterial branches and the bronchus.

11. The lymph node overlying the origin of the anterior arte-
rial branches from the main pulmonary artery is identi-
fied. Removal this node facilitates subsequent dissection
of the anterior arteries (Fig. 5.35).

Tips

Removal of lymph nodes found at the branch points of
arteries and bronchi helps to facilitate dissection and
allows for intra-operative pathologic analysis. Positive
nodes warrant completion lobectomy in patients who
will tolerate it.

12. Dissection of the truncus anterior is potentially the most
hazardous step of the operation. This branch or some-
times branches may often be short, wide and multiple,
and injury can be fatal. Also beware an aberrant lingular
artery with an origin in this location and running deep to
the vein. Injury to this artery can also be difficult to con-
trol and inadvertent division mandates an upper lobec-
tomy. Because the branch is often intimately associated
with the apical bronchus, it is viewed from anteriorly
and then posteriorly. Where access is easiest, gentle dis-
section with a right angle clamp or Harkin 1 is performed
to delineate each branch. Division with a vascular sta-
pler can be accomplished via port A or port C (Fig. 5.36).

Tips

The utmost care must be taken when dissecting the
anterior arterial branches. Pre-operative review of the
CT scan will help to identify normal and variant anat-
omy [21]. A thin layer of surgical lubricant along the
stapler anvil and cartridge prevents excess staples from
falling into the chest.

13. At this point, the bronchus is evaluated again anteriorly
and posteriorly and will be the most superior structure
remaining in the hilum. With the lung retracted anteriorly,
the tissue on the bronchus can be gently pushed distal
with a cotton-tipped dissector. This will expose the carina
between the upper and lingular bronchus (Fig. 5.37).
Alternatively, retracting the lung again posteriorly will
identify the bronchus just past the divided superior vein.
Gentle blunt dissection sweeping the tissue onto the
bronchus will identify the segmental carina. Placing out-
ward traction on the upper lobe helps to lengthen the
bronchus and makes dissection easier. Segmental nodes
are found at the division of the bronchus into the apical
and lingular bronchi. These nodes are removed and also
sent for intra-operative pathology.
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14. The apical bronchus is encircled with a clamp or the
jaws of the stapler and closed. The lingula is then inflated
gently. This delineates the parenchymal division between
the apical segments and the lingula (Fig. 5.38). The api-
cal bronchus can then be safely divided with the stapler.

15. The entire upper lobe is then oriented in its normal ana-
tomic position. The stapler is advanced from port C and
the line between inflated and deflated lung is followed
(Fig. 5.39). Lifting the distal end of the divided bron-
chus via port D can help to navigate the lung into the
jaws of the stapler while avoiding the remaining intact
hilar structures and ensuring the segmental bronchus is
included in the specimen [22].

Tips

To clearly mark the intersegmental plane on the lung
parenchyma, ask the anesthesiologist to inflate the lung
after the upper division bronchus is divided. This will
guide the parenchymal stapling quickly and accurately.

16. Once completely separated, the specimen is placed into
a retrieval bag. An extraction port is created from the
camera port anteriorly along the ninth rib, which has a
wide interspace, which we feel causes less pain.

17. Finally a thorough check for hemostasis is performed,
including all staple lines, nodal stations and incisions.
The chest is irrigated with warm water and the lung is
partially inflated to check for air leaks, especially at the
bronchial staple line. A single straight chest tube is
placed via port A and directed along the lateral chest
wall to the apex. Intercostal blocks are placed using
long acting local anesthetic. The lung is fully re-inflated
under thoracoscopic vision and incisions closed.

5.4.4 Conclusion

Although technically challenging, VATS trisegmentectomy
is an important tool for thoracic surgeons to have in their
arsenal. As the trend towards earlier detection of smaller
lung tumors and the push to operate on patients with mar-
ginal pulmonary reserve continues, there will be a continued
need for this, and other parenchyma-preserving procedures,
to be performed. With a thorough knowledge of the relevant
anatomy and the steps outlined above, VATS trisegementec-
tomy can be performed safely, efficiently and in an oncologi-
cally effective manner.
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Fig. 5.25 Division of the posterior hilar pleura (black arrow) to expose
the pulmonary artery. The inferior pulmonary vein is visible (white arrow)

Fig.5.23 Positioning and port placement

Fig. 5.26 The pulmonary artery (black arrow) is visible posteriorly
once the pleura is completely divided

Fig.5.24 Division of the inferior pulmonary ligament (white arrow),
exposing station 9 nodes (black arrow)

Fig.5.27 Exposure of station 7 with visualization of a bronchial artery
(black arrow) and hemostatic gauze (white arrow) placed previously
during mediastinoscopy
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Fig.5.28 Exposure of station 4L (circle) with visualization of hemo-

static gauze placed previously during mediastinoscopy Fig.5.31 After division of an apicoposterior branch, a lingular branch

(black arrow), superior segment branch (white arrow) and an additional
apicoposterior branch (arrowhead) are visible

Fig.5.29 Exposure of the AP window to expose stations 5 (white cir-
cle) and 6 black (circle). The phrenic nerve is preserved (white arrow)

Fig. 5.32 Creation of a tunnel over the interlobar pulmonary artery
(black arrow) in order to divide an incomplete fissure

Fig. 5.30 Partial division of the fissure may be necessary to expose the
apicoposterior (white arrows) lingular (black arrow) and superior segment
(arrowhead) branches of the pulmonary artery, visualized posteriorly
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Fig. 5.35 Posterior view of the truncus anterior artery (black arrow)
with nodes removed

Fig.5.34 Superior (black arrows) and inferior/lingular (white arrow)
divisions of the superior pulmonary vein

Fig. 5.37 With the lung retracted anteriorly, the superior division
(white arrow) of the upper lobe bronchus is dissected out
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Fig. 5.38 Bronchial division with inflated lingula (black arrow) and
collapsed apical segments (white arrow). In this case a wedge resection
has been previously performed to confirm the diagnosis of malignancy

Fig. 5.39 Parenchymal division to resect the apical segments (white
arrow), preserving the lingula (black arrow)
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5.5 Left Upper Lobe:Lingular Segment

Jennifer L. Wilson and Michael S. Kent

5.5.1 Technical Points

VATS lingulectomy (segments 53 and 54) is usually a
straightforward segmentectomy, however one should be
mindful of aberrant anatomy as with any pulmonary resec-
tion. The lingula is approached in an anterior to posterior
direction. The posterior fissure does not need to be dissected
therefore minimizing risk of air leak postoperatively.

Formal lymphadenectomy or sampling should be per-
formed with any cancer operation. During this procedure it is
our routine to sample mediastinal stations 5, 6, and 7 as well
as hilar nodes. Node sampling will not be described in this
chapter.
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Fig.5.40 3D reconstruction of anatomic landmarks

R.J. McKenna Jr. et al.

5.5.2 Anatomic Landmarks (Fig. 5.40)

e Bronchus: The lingular bronchus is the inferior-most

branch of the upper lobe bronchus. It is often helpful to
clamp the lingular bronchus and inflate the lung prior to
dividing it to confirm inflation and therefore preservation
of the upper division bronchus. This maneuver also helps
the surgeon identify the parenchymal transection plane
between the upper division and the lingula.

Artery: The lingular artery may be single or multiple. It is
encountered first when dissecting in an anterior-posterior
direction in the fissure. A second artery may be present
arising from the truncus.

Vein: The lingular vein is the most inferior branch of the
superior pulmonary vein which commonly branches into
the apicoposterior, anterior and lingular veins. However, if
more than 3 branches are present, one may divide the vein
last to ensure correct identification of the lingular vein.

apicoposterior a.
\ : 3
\\\ ¥
\ \\Y posterior ascending a.
X
'.

anterior a.

lingular branch~"~

’ / superior segmental a.
lingular a.
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5.5.3 Operating Procedure

. Port placement:

e Five millimeter camera port sixth intercostal space
mid axillary line

e Twelve millimeter utility port fourth intercostal space
anterior axillary line

e Ten millimeter seventh intercostal space anterior axil-
lary line

e Ten millimeter sixth intercostal space posterior axil-
lary line

. First, the lingular artery is identified in the fissure

(Fig. 5.41). A combination of electrocautery and sharp

dissection facilitates entry into the avascular plane over-

lying the artery. There may be 1 or 2 lingular artery

branches. The artery is then isolated and divided using a

vascular stapler (2.5 mm staple height) with care to avoid

any tension on the artery with the stapler.

. The lingular bronchus is then identified and isolated in

the anterior hilum (Fig. 5.42). Removal of the hilar lymph

nodes that surround the bronchus facilitates staging and

isolation of the bronchus. Once the lingular bronchus is

isolated, it is clamped using the endoscopic stapler

(3.5 mm staple height) and the lung is ventilated to

confirm preservation of the upper division bronchus.

Lingular arteries
d

=
v "",//

Fig.5.41 The anterior fissure is dissected exposing the lingular artery

Once proper identification of the lingular bronchus is
confirmed, the bronchus is divided (Fig. 5.43).

. Retracting the lung posteriorly and dissecting anterior

hilar attachments exposes the lingular vein which is the
lower-most tributary of the superior pulmonary vein
(Fig. 5.44). The lingular vein is isolated and divided using
a vascularendoscopic stapler (2.5 mm staple height).

. The parenchyma is then divided between the upper divi-

sion and lingula using multiple endoscopic staplefirings
(3.5 mm staple height). It can be helpful grasp the divided
specimen side of the lingular bronchus while advancing
the parenchyma onto the stapler. Also, it is wise to con-
firm preservation of the upper division structures by
visualizing them anteriorly prior to firing the stapler
(Fig. 5.45). The parenchyma can subsequently be divided
safely (Fig. 5.46).

. The specimen is removed using a laparoscopic extraction

bag through the utility incision.

Tips
Do not divide the anterior fissure without identifying
the lingular artery first.

Fig.5.42 The lingular bronchus is identified and isolated
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Fig. 5.43 The lingular bronchus is divided using an endoleader

(Modified foley catheter used as endo-leader)

JDivided lingular
¥ bronchus i

are preserved

Dividedilingular
bronchus

Divided Ilngular.{__é—p " 7
vein ) .

Fig.5.45 Incisions for a left lower lobe superior segmentectomy
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Fig.5.44 Identification of the lingular vein as the inferior-most branch
of the superior pulmonary vein

Fig.5.46 Tunnel from fissure to posterior mediastinum



5 Segmentectomy

131

5.6 LeftLower Lobe Superior
Segmentectomy

Robert J. McKenna Jr.

5.6.1 Technical Points

Resection of the Superior Segment of the Left Lower
lobe can be approached from anteriorly or posteriorly. Key
issues include defining the anatomy and determining the
separation between the superior segment and the basilar
segments:

e With an anterior approach, the order of events is complete
the posterior aspect of the fissure, transect the segmental
artery, segmental bronchus, segmental vein, and finally
the fissure to separate the basilar segments.

e For the anterior approach, if the fissure is nearly com-
plete, to complete the fissure between the superior seg-
ment and the posterior segment of the left upper lobe
clearly define the artery to the superior segment so that
the procedure can proceed easily.

e With a posterior approach, the order of events is staple the
vein, transect the segmental bronchus, segmental artery,
segmental vein, and finally the fissure to separate the
superior segment.

e For the posterior approach, resection of the subcarinal
nodes helps to identify the pulmonary artery and the vein
from posteriorly.

5.6.2 Anatomical Landmarks for Artery, Vein,

and Bronchus of the Superior Segment
(Fig. 5.47a-d)

e Artery: The lower lobe, superior segmental artery is

most anterior of the three structures. It is the first artery
from the left pulmonary artery to supply the lower lobe.
The next arterial branch usually goes to the lingula, and
finally, the last two branches go to the basilar
segments.

Bronchus: The superior segmental bronchus runs parallel
to the artery. It is located posteriorly and often minimally
superiorly to the artery. Lymph nodes are normally
between arteries and bronchi at the origin of a bronchus,
such as the superior segmental bronchus.

Veins: The vein from the superior segment is posterior to
the artery of the superior segment and inferior to the
bronchus. It angles obliquely from the bronchus and
does not course parallel to the bronchus. It is usually
small.



132 R.J. McKenna Jr. et al.

. posterior ascending a.
lingular a. _ €

superior a.

superior v.

Fig. 5.47 Anatomical landmarks. (a) Superior segmental bronchus  (left lateral view). (d) Relationships between arteries and veins of
(left lateral view). (b) Superior segmental artery (left lateral view).  the trisegments (posterior view)
(¢) Relationships between arteries and veins of superior segment
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5.6.3 Operating Procedure upon the location of the tumor and the actual margin of
the superior segment. Look for a segmental fissure
because occasionally, there is a fissure that defines the
superior segment. Otherwise, from incision 2, pass the
stapler. The anvil should be placed just above the artery

to the lower lobe. Feel for the tumor to make sure there

1. Incisions: The standard incisions for a superior segmentec-
tomy are seen in Fig. 5.48. Incision 1 is in about the eighth
intercostal space in the posterior axillary line. Incision 2 is

as far inferiorly and medially as possible. It is usually one
space below the breast crease. Incision 3 is directly up
from the superior pulmonary vein. It extends about 3 cm
from the anterior border of the latissimus muscle.

The fissure between the posterior segment of the left upper
lobe and the superior segment of the left lower lobe is
opened so the artery for the superior segment is fully
exposed. If the fissure is quite complete, the pleura over the
artery is divided with cautery or energy to expose the artery
from just proximal to the origin of the basilar arteries to the
superior extent of the fissure. If the fissure is more incom-
plete, dissection on the artery creates a tunnel to facilitate
completing the fissure. The stapler passes through incision
2; and the anvil of the stapler is placed in the tunnel so the
stapler can be fired to complete the fissure.

Alternatively, if the fissure in quite incomplete, the entire
fissure can be opened with staples to minimize the air leak
created by completing the fissure with electrocautery or
energy. Completing the entire fissure with staples provides
excellent exposure for the artery. This is accomplished by
exposing the artery anteriorly. First, a stapler begins com-
pletion of the fissure between the lingula and the lower
lobe. The tissue in the fissure is then lifted to expose the
lower lobe bronchus which travels perpendicularly to the
veins and is just posterior to the veins (Fig. 5.49).
Metzenbaum scissors dissect on the surface of the artery to
create a tunnel. The anvil of the stapler in placed in the tun-
nel and is fired several times to complete the fissure. When
the dissection has progressed to expose the superior seg-
mental artery, exposure of the rest of the artery is improved
if separate ring forceps lift up and pull anteriorly the poste-
rior segment of the upper lobe and the superior segment of
the lower lobe. Thus, continued dissection of the surface of
the artery extends the tunnel to the descending aorta so the
stapler can finalize completion of the fissure.

The right angle clamp mobilizes the artery to the supe-
rior segment (Fig. 5.50). Through incision 2, the stapler
passes to transect the artery.

Just posterior to the artery is the superior segmental bron-
chus. Lymph nodes between the artery and the bronchus
hide the bronchus. Remove the nodes for oncologic rea-
sons and for exposure of the bronchus. The right angle
mobilizes the bronchus so the stapler can pass through
incision 2 to transect the bronchus. The superior segmen-
tal vein runs obliquely and inferiorly from the bronchus to
the inferior pulmonary vein. The vein is small so it can be
clipped, stapled or transected with energy (Fig. 5.51a—d).
Finally, staples separate the superior segment from the
basilar segments. The placement of the staples depend

is an adequate margin. If the tumor is too close to the
staple margin, then pull basilar segmental lung paren-

chyma through the stapler to get a wider margin.

Tips

* To find the separation between the superior segment
and the basilar segments, have the anesthesiologist
ventilate the lung while the stapler compresses the
superior segmental bronchus. Do not over-ventilate;
just enough to confirm that the correct bronchus is
compressed and to define the border of the superior
segment and the basilar segments.

* Alternately, when the superior segmental bronchus
is compressed, inflate air into only the superior seg-
ment through a needle into the bronchus distal to
the compression so that only the superior segment
is expanded. That avoids over-expansion of the left
lung and having to decompress it with suction.

Fig.5.48 Incisions for a left lower lobe superior segmentectomy
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Fig.5.49 Tunnel from fissure to posterior mediastinum

Fig.5.50 Mobilized artery to the superior segment

superior seg. bronchus

Fig.5.51 Mobilizing superior segmental bronchus and vein. (a, b) Superior segmental bronchus just posterior to the artery. (¢) Superior segmental
vein. (d) Transecting the vein with energy
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5.7 LeftLower Lobe: Basal Segments

Alper Toker and Erkan Kaba

Although many have discussed oncologic perspectives and
refinements in the field of thoracoscopic segmentectomy,
few offer technical advice in their experiences. In addition,
most experiences are limited to easily excised segments,
such as the lingular, superior, and basilar segments. In the
resection of such segments, it is easy to simultaneously sta-
ple the lung from both the hilum of the lobe and the periph-
ery by using staplers without dissecting the parenchyma
along the intersegmental veins. However, this technique
could not be considered as an oncological procedure because
separate segmental hilus and intralobar lymph node dissec-
tions are not performed. Also, this technique cannot be
employed for the excision of other segments. By assessing
the intersegmental veins, the thoracoscopic removal of other
segments may be possible.

One of the most important parts of the VATS segmentec-
tomy operation is the anatomic localization of the lesion. The
surgeon should decide the anatomic availability of the lesion
for a segmental resection. Pathologists should examine
lymph nodes obtained from the hilum and mediastinum dur-
ing an extended segmentectomy operation. In the presence
of any lymph node positivity, the operation should be modi-
fied [32, 33].

5.7.1 Technical Advice

The left lower lobe basilar segmentectomy operation is one
of the easiest endoscopic segmentectomy procedures. Most
often it is called a common basal segmentectomy operation.
There are three segments in the lower lobe basilar segment
(§7-8, 9, and 10) and segmentectomy operation on each of
them separately is difficult. The operative field is very small
and complex. This area is like the network of vessels and
bronchus (Fig. 5.52). Extensive experience in surgical tech-
niques and endoscopy are required to perform segmentec-
tomy operations separately on the segments of the basilar
segment [34, 35]. The authors will describe mainly the com-
mon basal segmentectomy operation, and the other segmen-
tectomy operations of the lower lobe basilar segments rarely
performed.

* The fissure may be fused in left lower lobe common basal
segmentectomy operation. At least, the lingular segment
fuses with some parts of the anteromedial basal segment.

e Pulmonary arterial anatomy may show variations.
Generally, this occurs at the level of the division of the
common basal artery.

e First of all, the arterial distribution must be understood.
Owing to their intersegmental positions, the identification
of detailed anatomy of the venous structures in the lower
lobe is difficult. The venous anatomy should be carefully
described and understood during the surgery as any surgi-
cal misinterpretations may cause lethal or highly morbid
complications. Venous anomalies are more common on
the left side. The vein of the superior segment of the lower
lobe should be preserved during the common basal seg-
mentectomy operation.

* The union of the superior segment vein with the common
basal segment vein may be distally located, which may
cause a complete division of the lower lobe vein during a
common basal segmentectomy operation. Obligatory
lobectomy should be performed.

e The superior segment vein is just behind the common
basal segmental bronchus. Dissection of the common
basal segment bronchus maybe difficult. Division of the
common basal segmental vein before the bronchus may
provide better exposure of the superior segmental vein
and the common basal segmental bronchus.

e Lymph nodes are often found at the level of the common
basal segmental bronchus during an operation performed
for bronchiectasis. Thus, this condition can cause burden-
some hemorrhage during dissection.
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Fig.5.52 The operative field is very small and complex. This area is like a network of vessels and bronchi. In reconstructed images specific
vessels and bronchus to the mass can be seen
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5.7.2 Anatomical Landmarks

Bronchus: The basal segment bronchus continues approxi-
mately 1.5 cm as after giving off the superior segmental
bronchus (Fig. 5.53). Division of bronchus (B) is not the
same as that of the right lower lobe. Instead of the anterio-
basal and mediobasal segments of the right lower lobe, there
is anteromedial basal segment (B7- 8) in the left lower lobe.
B7 may be an independent bronchus in only 4 % of speci-
mens. The bronchus then divides into two branches named an
anteromedial basal segmental bronchus and a common stem
bronchus. Then, the latter gives off the lateral basal (B9) and
posterior basal (B10) segments. Often, B7-8, B9, and B10 do
not arise at the same level. Often there is a common trunk
named B9-10 for B9 and B10. These three segment bronchi
are remarkably constant in shape, but B9 is often smaller. B9
may be considered a subsegmental bronchus rather than an
independent bronchus, and it may be absent in 8 % of speci-
mens. At CT, it may not be demonstrated.

L
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Pulmonary artery: Arterial anatomy is variable in num-
ber and topography. This theory may explain the possibility
of several normal vascular shadows around B8, B9, and B10
on chest CT. On CT, these segmental arteries lie in a half-
ring laterally around B7-8, and in a half-ring posteriorly
around B9, 10 (Fig. 5.54). Separation of basilar segment
arteries (A) shows variability. After the origin of lingular
vessels, the common basal trunk mostly divides into two.
The more anteriorly situated branch supplies the anterome-
dial basal segment, and the posterior branch feeds both the
lateral basal and posterior basal segments. Single or multiple
vessels arise from the common basal stem or more frequently
from the posterior basal branch, to supply the subsuperior
segmental region (Fig. 5.55).

Pulmonary veins: The veins (V) of the lower lobe give
rise to the inferior pulmonary vein with two main tributaries,
V6 draining the superior segment and the common basal
vein draining the basal segments. The basal segmental veins
lie mostly central to the bronchi, V7-8 and V9 are behind B8
and B9, respectively, and V10 is anterior to B10 (Fig. 5.56).

_ superior seg. bronchus

-,

basal seg. bronchus

Fig.5.53 After giving off the superior segmental branch, the basal segment continues for an average distance of 1.5 cm as a single trunk
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segmental artel

Fig.5.54 On CT, segmental pulmonary arteries lie in a half-ring later-
ally around B7-8, and in a half-ring posteriorly around B9, 10.
Knowledge of anatomy prior to the operation eases the dissection

. posterior ascending a.
lingulara. s

superior a.

Two subsuperior segmental a-:erue‘

Fig.5.55 Branches to the subsuperior segmental region are often found arising as single or multiple vessels from the common basal stem or
more frequently from the posterior basal branch
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Fig.5.56 The basal segmental veins lie mostly central to the bronchi: V7-8 and V9 are behind B8 and B9, respectively, and V10 is anterior to B10
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5.7.3 Operating Procedure

We operate on patients via the two ports technique. The cam-
era is placed at the seventh intercostal space at the midaxil-
lary line, and the anterior port is placed at the fissure line on
the chest wall after confirmation from the inside of the chest
with a camera. A mini soft tissue retractor is placed.

1. The lower lobe is pushed postero-inferiorly and the upper
lobe is pushed towards apex by grasping the lingula using
oval forceps from the anterior port. The lingual and the
lower lobe are separated from each other by cautery or
energy devices. The pulmonary ligament is exposed and
dissected up to the inferior pulmonary vein using cautery by
retracting the lower lobe towards apex (Fig. 5.57). Group 7,
8 and 9 lymph nodes are resected at the same time. The
posterior mediastinal pleura is fully exposed by pulling the
lower lobe anteriorly and superiorly and the pleura is
divided up to the inferior border of main bronchus.

2. The left upper lobe is stretched towards the apex, and the
lymph nodes located at the interlobar fissure are resected
and sent for frozen section analyses. After removing the
stage 11 lymph nodes, the interlobar pulmonary artery is
exposed (Fig. 5.58a—c). The lingular, superior and com-
mon basal segmental arteries are identified. A lymph node
is always present between the common basal and superior
segmental arteries. This node should be dissected carefully
and analyzed via frozen section. During the dissection of
the common basal segmental artery, it is extremely impor-
tant to verify that the surgeon is dissecting superior to the
level of bifurcation or trifurcation of the common basal
trunk. Otherwise, an injury may result. A vascular stapler
is used to divide the common basal trunk (Fig. 5.59).

3. The lymph nodes are dissected off the common segmental
bronchus and then sent for pathological evaluation.
Common basal segmental bronchus is dissected free from
the superior segmental vein and stapled (Fig. 5.60).

4. The vein is dissected free with a peanut or an aspiration
cannula. It is extremely important to visualize and pre-
serve the superior segmental vein, which is located just
under the common basal segmental bronchus (Fig. 5.61).
When the common basal segmental and superior segmen-
tal veins are dissected, a vascular stapler is used to divide
the common basal segmental vein.

5. The surgeon then dissects or staples the parenchyma

tected. The intersegmental vein is taken as a guide in the
dissection of the parenchyma by using an electrocautery
and staplers. The inflation and the deflation of the lung
may help the visualization of the intersegmental plane.
This maneuver is also useful to ensure the dissection
along the anatomical plane [36, 37].

. The detection of the intersegmental plane is variable

depending on the surgeon’s preferences. After complete
dissection of the segmental bronchus, the affected lobe is
transiently inflated (Fig. 5.62). The distal part of this
bronchus is tied which keeps the air inside the segment,
and the proximal bronchus is left open after being divided
by scissor or knife. Thus, the segments supposed to be
preserved are collapsed. The intersegmental plane is indi-
cated by the line between the inflated lung and the col-
lapsed lung. Another possible strategy is just the opposite.
After stapling the bronchus, the distal side is cut, the tar-
geted segment is deflated, and the remnant lobe is inflated.
The bronchus is stapled using an endostapler while the
whole lung is deflated, and the distal side of the resected
bronchus is inflated with 0.5 L of O2 via a butterfly nee-
dle. Also, 3D images are used to identify the lesion and its
relation to the vessels and the bronchus.

. At the end of the operation, the surgeon should visualize

the superior segmental vein, the common basal bronchus,
and the common basal artery stump (Fig. 5.63).

along the intersegmental plane. The CT images may help
to define both the venous branches which would be
divided, and the intersegmental veins that have to be pro-

Fig.5.57 The pulmonary ligament is exposed and dissected up to the
inferior pulmonary vein using cautery by retracting the lower lobe
towards the apex. The division of the inferior pulmonary ligament may
also be performed bluntly with a suction cannula and/or energy devices
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Fig.5.58 (a) The left upper lobe
is stretched towards the apex.
After removing the stage 11
lymph nodes, the interlobar
pulmonary artery is exposed.

(b) The sheath of the artery is
opened with scissors or an energy
device. The inferior part of the
vessel is retracted with an
endo-peanut and the dissection
can be performed with a peanut or
suction cannula. (¢) A vessel loop
is generally used before stapling
the pulmonary artery
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Commeon basal segmental bronchus stump

Fig.5.61 It is extremely important to visualize and preserve the supe-
rior segmental vein, which is located just under the common basal seg-
mental bronchus. Before and after the completion of the procedure, the
surgeon should visualize this vessel

Fig.5.59 A vascular stapler is used to divide the common basal trunk.
The authors use both sides of the stapler (either anvil or cartridge side)
while placing the stapler, depending on the location and the size of the
area under the vessel

Fig.5.62 After the isolation and division of the segmental bronchus,
the affected lobe is temporarily inflated. The superior segment is
expanded while the common basal segments are atelectatic

Fig. 5.60 The common basal segmental bronchus is dissected free
from the superior segmental vein and stapled. This part of the operation
is most accident-prone part of the procedure
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Separate Segmentectomy of the Common Basal
Segments

Surgeons’ experience on segmentectomy of S7-8
1. For the resection of S7-8 or anteromedial basal segment,

A7-8 should be prepared (Fig. 5.64) and divided. This
artery maybe visualized after completing the fissure

P27 i Y h . .
;- p— - __.‘i—""- 4 : | between lingular and anteromedial basal segments. Under
common basal ental bfonchus stump Legad F . . . .
- B o W the artery, B7-8 can be visualized. Again, the superior
i ) part of this anteromedial basal segmental bronchus and
the vein of the superior segment are present, requiring a

careful dissection.

2. There is not a unique vein to be dissected. By retracting
the segment from the divided distal bronchus, interseg-
mental veins are localized. The rest of the intersegmental

. . L plane is stapled.
Fig.5.63 At the end of the operation, the surgeon should visualize the 3 Th . £ thi ion is th
superior segmental vein, the superior segmental artery, the superior seg- : ¢ most important part ot this operation 1s the preserva-

mental bronchus, the common basal segment bronchus, and the com- tion of the remnant lobar vein.
mon basal segment artery stumps

' common basal s

Surgeons’experience on segmentectomy of the S10:

1. This segment is generally resected with S6, either en-bloc
or separately due to a suspicion of marginal positivity.

2. After the resection of S6, A10 is divided (Fig. 5.65). Right
under this artery, there is B10. It is also divided by sta-
pling (Fig. 5.66). By pulling the distal side of the resected
bronchus, the vein of this segment may be found. This
vein can be divided with hem-o-lok (Teleflex Medical,
Research Triangle Park, NC) clips.

5.7.4 Conclusions

Recently published studies demonstrated that the outcomes
of segmentectomies for small-sized stage I lung cancers
were similar to those of lobectomies, even in non-
compromised patients [38, 39].
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Fig. 5.64 For the resection of S7-8 or anteromedial basal segments,

AT7-8 should be prepared. This artery can be visualized after completing  Fig.5.66 After the division of the posterior basal segmental bronchus
the fissure between the lingular and anteromedial basal segments. In the  with a stapler, the vein draining this segment can be seen. The authors
dissection towards the parencyhma of the common basal segments use vascular staplers for the division of the subsegmental bronchus of
artery, B7-8 can be visualized the lower lobe common basal segments

Fig.5.65 After the resection of the superior segment of the left lower lobe, the artery to segment 10 is identified by dissecting the artery more dis-
tally. The posterior basal segmental artery is dissected free. After the division of artery 10, the brochus of the posterior basal segment will be seen
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5.8 Results and Discussion
Mark F. Berry
5.8.1 Introduction

Being able to perform a minimally invasive segmentectomy
is a very valuable skill to have in the armamentarium of a
thoracic surgeon. Although an anatomic surgical lobectomy
is the recommended treatment for patients diagnosed with
early stage non-small cell lung cancer (NSCLC), a lesser
resection via segmentectomy may be an appropriate treat-
ment choice for some specific clinical situations of patients
with small clinical stage IA NSCLC tumors or increased risk
of morbidity after lobectomy. Minimally invasive resection
via video-assisted thoracoscopic surgery (VATS) has well
documented short-term benefits of reduced peri-operative
morbidity over thoracotomy without compromise of onco-
logic outcomes for lobectomy for NSCLC, and these
short-term benefits have also been observed when segmen-
tectomy is performed.

5.8.2 Segmentectomy Oncologic Outcomes

A randomized trial by the Lung Cancer Study Group estab-
lished that a sublobar resection of clinical stage IA NSCLC
was associated with an increased chance of recurrence com-
pared to lobectomy, and guidelines therefore recommend
lobectomy as treatment for patients diagnosed with early
stage non-small cell lung cancer (NSCLC) [40, 41]. However,
resection via lobectomy may not be necessary to optimize
survival for all patients presenting with NSCLC, most nota-
bly subsets of patients with Stage IA tumors [42—45]. Several
single-institution and multi-institution studies have sug-
gested that sublobar resection may have similar survival ben-
efits to lobectomy for patients with smaller tumors and older
patients [46-53].

Comparison with Lobectomy for Small Tumors

The Lung Cancer Study Group randomized trial that compared
lobectomy with more limited resection for TINO NSCLC
involved 276 patients who had surgery between 1982 and 1988
and demonstrated that limited resection was associated with
nearly double rates of local recurrence and trends toward worse
disease-specific and overall survival [41]. However, both diag-
nostic and staging modalities have clearly changed since this
randomized trial was performed. The increased use of radio-
logic studies in general and particularly screening with com-
puterized tomography (CT) scans are likely leading to the
identification of a higher proportion of tumors with smaller
sizes than what was typically seen in the 1980s.

Prognosis for T1 tumors is related to tumor size, with sur-
vival appearing to be significantly better in patients whose
tumors are less than 2 cm [54-58]. Less extensive resection
than lobectomy has been hypothesized as being adequate
treatment for smaller tumors, and a prospective, randomized,
multi-institutional phase III trial (Cancer and Lymphoma
Group B [CALGB] 140503) that compares survival after
lobectomy and intentional sublobar resection for peripheral
tumors less than or equal to 2 cm in size is currently being
conducted [59]. Another prospective, randomized, multi-
institutional study is being conducted in Japan (the Japan
Clinical Oncology Group 0802/West Japan Oncology Group
4607L trial) and intends to compare the prognosis and post-
operative pulmonary function between patients with NSCLC
2 cm or less in diameter who are undergoing either lobec-
tomy or segmentectomy [60]. The results of these trials will
likely provide Level 1 evidence to guide clinical practice in
the future, but the results are probably not going to be avail-
able for several years.

However, several retrospective studies have found no sig-
nificant differences in survival between patients treated with
a sublobar resection versus an anatomic lobectomy for stage
IA NSCLC tumors [46—48]. The findings from several of the
larger studies are summarized in Table 5.6. Although all are
retrospective, similar findings that sublobar resection may
not compromise survival compared to lobectomy in appro-
priately selected patients have been demonstrated by single-
institution, multicenter, and population database analyses.
Although a higher level of evidence will not become avail-
able until after the completion of the prospective randomized
trials described above, the available evidence does support
that surgeons can consider segmentectomy for patients with
clinical stage IA tumors that do not require lobectomy to
achieve resection with adequate margin, particularly when
tumors are less than 2 cm in size.

Advantages of Segmentectomy Over Wedge
Resection

Despite the findings across the studies described above that
sublobar resection may be an adequate oncologic therapy for
patients with early-stage NSCLC, surgeons must consider
several issues when considering sublobar resection for clini-
cal stage I NSCLC. First and foremost, sublobar resection is
only appropriate for patients who are technically amenable
to sublobar resection with achievement of adequate margins.
In addition, some degree of lymph node harvest is manda-
tory, as several studies have demonstrated the importance of
lymph node evaluation at the time of sublobar resection [46,
61]. It is also very important to note that the randomized
CALGB 14053 trial restricted to tumors less than or equal to
2 cm requires pathologic lymph node assessment prior to
treatment randomization [58]. Being able to pathologically
assess margins and confirm complete resection as well as
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Table 5.6 Series of oncologic outcomes comparing segmentectomy/sublobar resection and lobectomy

Patient population

Outcome comparison

Landreneau et al. [49]

Single institution study of propensity matched
patients who underwent anatomic segmentectomy
(n=312) or lobectomy (n=312) for clinical stage I
lung cancer, with mean tumor size of 2.2 cm

No differences in 5 year freedom from recurrence
(70% vs 71 %, p=0.47) or 5 year survival (54 % vs
60 %, p=0.26) between segmentectomy and
lobectomy

Wisnivesky et al. [58]

SEER-Medicare database study of patients who
underwent sublobar resection (n=196) or lobectomy
(n=969) for stage I lung cancer with tumors <2 cm

Patients undergoing limited resection did not have an
increased risk of all cause mortality or lung
cancer-specific death compared to patients who had
lobectomy in multivariable analysis

Altorki et al. [42]

Patients in the International Early Lung Cancer
Action Program who underwent lobectomy (n=294)
or sublobar resection (n=>53) for clinical stage I lung
cancer with tumors <3 cm

10-year Kaplan—Meier for 53 patients treated by
sublobar resection compared with 294 patients
treated by lobectomy was 85 % (95 % confidence
interval, 80-91) versus 86 % (confidence interval,
75-96) (p=0.86)

Okada et al. [56]

Single institution review of 1,272 patients who
underwent complete resection of non-small cell lung
cancer

5-year cancer-specific survival for pathologic stage I
disease with tumors <2 cm was 92.4 % after
lobectomy, 96.7 % after segmentectomy, and 85.7 %
after wedge resection

Wolf et al. [61]

Single institution study of patients who underwent
sublobar resection (n=154) or lobectomy (n==84) for
stage I lung cancer with tumors <2 cm

Lobectomy was associated with improved overall
survival and recurrence free survival overall, but
advantage did not persist when sublobar resection

included lymph node sampling

SEER Surveillance, Epidemiology, and End Results, OS overall survival, RFS recurrence free survival

pathologically confirm nodal status is a primary advantage of
sublobar resection over a non-surgical ablative technique
such as stereotactic radiotherapy.

For these reasons, segmentectomy if technically feasible
should be strongly favored over wedge resection if consider-
ing sublobar therapy for NSCLC. One potential reason that
anatomic resection with lobectomy was observed to have bet-
ter locoregional control in the original randomized trial may
have been due to resection of unsuspected intralobar tumor
spread, which could be therapeutic in itself or also help direct
adjuvant treatment, especially considering that in one study
23 % of patients with clinical IA NSCLC were found to have
pathologic lymph node involvement or intrapulmonary metas-
tases [62]. Wedge resection in one trial was associated with a
smaller parenchymal margin, and a lower yield of lymph
nodes and rate of nodal upstaging when compared with seg-
mentectomy [63]. A potential advantage of segmental resec-
tion over wedge resection is that anatomic dissection of
segmental bronchial and vascular structures is likely to lead to
more retrieval of interlobar, lobar, segmental, and subsegmen-
tal lymph nodes than a wedge resection. While it is possible
that lymph node resection may be therapeutic, this lymph
node removal more importantly provides pathologic nodal
staging data, whether to select patients who should have a
more formal anatomic lobectomy at the time of surgery, or to
help guide appropriate postoperative therapy.

Other Situations Where Segmenectomy

Is Indicated

A segmentectomy may be an appropriate alternative to
lobectomy in other clinical scenarios, beyond those
described above where oncologic outcomes may be equiva-
lent. Probably most importantly, segmentectomy may be
the optimal resection extent in patients who have impaired
pulmonary function. In some cases, a patient’s pulmonary
function may preclude their ability to tolerate the removal
of an entire lobe and a less extensive resection may be all
that is feasible. Segmentectomy is associated with signifi-
cant preservation of pulmonary function compared with
lobectomy and may be the best resection option that bal-
ances the risk and benefits of anatomic resection in patients
with poor lung function [64—66]. In addition, other studies
have suggested that the survival benefit of lobectomy over
sublobar resection diminishes with age or with co-morbid
conditions, likely secondary to the higher perioperative
mortality in these patients as well as the competing risk of
mortality from other comorbidities [47, 67]. Segmentectomy
if technically feasible may be a good resection option in
these higher risk patients. Finally, other situations where a
less extensive resection than lobectomy may be appropriate
include when multiple lesions are present and utilizing a
lobectomy to achieve resection of all lesions is not physio-
logically feasible.
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Table 5.7 Results from series of minimally invasive segmentectomy

Study years Use of VATS approach VATS mortality VATS morbidity
Atkins et al. [70] 2000-2006 62 % (48 of 77 patients) | 0% (2.6 % overall) Atrial arrhythmia 15 %
Pulmonary 10 %
Air leak 10%
Leshnower et al. [76] 2002-2009 37% (15 of 41 patients) | 0% (4.8 % overall) None reported
Schuchert et al. [69] 2002-2010 60 % (468 of 785 Not specifically reported Not specifically reported.
patients) (1.1% overall) Overall morbidity was:

Atrial arrhythmia 6.5 %
Respiratory failure 5.5 %

Pneumonia 4.5 %
Air leak 3.8 %

5.8.3 Use of Minimally Invasive Approach

Pulmonary segmentectomies can be performed safely with
acceptable morbidity and mortality [68]. Thirty-day mortal-
ity, overall morbidity, and major morbidity rates have been
reported as 1.1-2.6 %, 35 %, and 9 %, respectively [69, 70].
Several series have reported the performance of all common
segmentectomies (superior segmentectomy, basilar segmen-
tectomy, lingulectomy, and lingular-sparing left upper lobec-
tomy) as well as individual segmental resections of the right
upper and right middle lobes. Complications most often
reported after segmentectomy include atrial arrhythmia, pul-
monary complications, and prolonged air leak.

A minimally invasive approach should be considered if
segmentectomy for early-stage NSCLC is planned [68].
Multiple reports have shown that, compared to thoracotomy,
minimally invasive lobectomy for NSCLC via video-assisted
thoracoscopic surgery (VATS) reduces peri-operative mor-
bidity without compromising oncologic outcomes [71-75].
Performing segmentectomy via VATS has also been shown
to have less short-term morbidity than thoracotomy [68].
VATS segmentectomy is safe with fewer complications and a
reduced hospital stay than an open procedure, and can be
used for all potential segmental resections [69, 70, 76].
Conversion to thoracotomy due to inadequate exposure, hilar

fibrosis, or bleeding has been reported to occur in 0-6.4 % of
attempted VATS segementectomies [69, 70]. Table 5.7 shows
the VATS segmentectomy experience reported by several
centers [67, 70, 76]. The peri-operative mortality in these
published studies have all been very low (Table 5.7).

5.8.4 Conclusions

Lobectomy is currently the recommended resection for
early-stage lung cancer, though evidence is increasing that
a lesser resection may be adequate oncologic treatment for
small stage IA NSCLC tumors. Considering that prospec-
tive trials evaluating the role of sublobar resection are cur-
rently being conducted but have not yet provided level 1
evidence supporting sublobar resection, surgeons should
generally be cautious when utilizing a sublobar resection
for clinical stage IA NSCLC, but the therapy may be appro-
priate in select patients, particularly those with significant
comorbidities or poor lung function. Segmentectomy is
likely the ideal sublobar treatment, as it likely leads to bet-
ter lymph node assessment and wider margins than a non-
anatomic wedge resection. Minimally invasive resection
via VATS has been shown to be feasible with very low peri-
operative mortality.
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In 1947, Price Thomas performed the first sleeve lobectomy for
a patient diagnosed as pulmonary carcinoid of right main stem
bronchus. And the first successful right upper lobe sleeve
lobectomy was performed by Allison, and this was the first
time to perform sleeve lobectomy for patient with lung cancer.

The sleeve lobectomy for lung cancer used to be thought of
as a compromised operation, because some patients could not
permit pneumonectomy for a low pulmonary function. Many
studies have conformed that sleeve lobectomy could reduce the
postoperative risks and loss of pulmonary function. With the
development of surgical technique, sleeve lobectomy should be
considered firstly for centrally located lesions of non-small cell
lung cancer. The sleeve lobectomy consists of the resection of
lobe with tumor and circumferential segment of the adjacent
main stem bronchus, and then anastomosis of the proximal and
distal bronchial resection edges, with or without resection of
pulmonary parenchyma and vascular structures. It is a paren-
chyma-sparing surgical strategy of resection, and widely
adopted with the double aim of ensuring the completeness of
tumor resection and preserving lung function.

When the tumor involved the main or lobar bronchus, the
sleeve lobectomy could be considered as a treatment plan.
Non-small cell lung cancer is the most common indications
for sleeve lobectomy when dealing with tumors which
involved bronchus. Sleeve lobectomy can be performed in
any lobe, but the right upper lobe sleeve lobectomy is the
most common surgery. There are two explanations for this
situation: the first is that the long bronchus intermedius
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surgery, it is very important to protect of the aorta and left
recurrent nerve during this operation. When the pulmonary
artery is involved, the vascular sleeve resection should be
performed.

The common types of sleeve lobectomy including: (a)
Tumor involving the right upper lobe orifice with or without
hilar lymph node metastasis requiring bronchial sleeve resec-
tion of the right upper lobe; (b) Tumor involving the left
upper lobe orifice with or without hilar lymph node metasta-
sis requiring bronchial sleeve resection of the left upper lobe;
(c) Tumor involving the left lower lobe orifice with or without

Y.Lietal.

hilar lymph node metastasis requiring bronchial sleeve
resection of the left lower lobe; (d) Peripherally located
tumor in the right upper lobe or left upper lobe with hilar
lymph node metastasis; (e) Involvement pulmonary artery or
vein with one of the situations mentioned above which needs
partial or circumferential vascular resection and reconstruc-
tion. Involvement of the pleura, superior vena cava, atria, or
transverse aortic arch is the contraindication of sleeve lobec-
tomy. RO resection for sleeve lobectomy is important for low
incidence of local recurrence (Figs. 6.1 and 6.2).

Fig.6.1 Illustration of the most common types of sleeve resections
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Fig.6.2 (a) Illustration of sleeve lobectomy by VATS (simple interrupted suturing of the posterior bronchial wall). (b) Illustration of sleeve lobec-
tomy by VATS (simple continuous suturing of the membranous portion of the bronchial membrane)
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6.1.2 Overview of VATS Sleeve Lobectomy

Video-assisted thoracoscopic surgery (VATS) lobectomy has
been proven as a minimally invasive, safe, and feasible surgi-
cal approach for early-stage non-small cell lung cancer.
However, the VATS have been usually thought not suitable
for patients requiring sleeve resection for the operation dif-
ficulty. In 2002, Santambrogio and colleagues performed the
first VATS sleeve lobectomy of left lower lobe for a 15-year-
old female patients with low-grade mucoepidermoid carci-
noma. In 2008, Mahtabifard and colleagues first reported a
series study of VATS sleeve lobectomy.

In recent years, VATS sleeve lobectomy developed for
lung cancer in selected patients is proven technically feasible
and safe. The distinguishing feature of VATS sleeve lobec-
tomy is bronchial anastomosis after the resection of the lobe
with tumor, However, VATS sleeve lobectomy should be per-
formed in comparatively experienced centers.

6.1.2.1 Preoperative Examinations

The most important preoperative examinations for potential
candidates of sleeve lobectomy is flexible bronchoscopy,
because the flexible bronchoscopy could demonstrate the
endobronchial tumor extension and define the boundary of the
sleeve resection. Meanwhile, the biopsies could be performed
during the bronchoscopy examination to confirmed malignant
tumor. Radiographic examinations should be also performed
in potential patients to evaluate the situation of the tumor and
the mediastinal lymph nodes. The preoperative staging exami-
nations should be taken in all candidate patients to exclude
local advanced lesions or distant metastasis (e.g. chest CT,
brain magnetic resonance imaging, abdominal ultrasound or
CT scan, bone scintigraphy, or PET-CT). We should ensure the
pulmonary function testing could tolerate a pneumonectomy.

6.1.2.2 Anesthesia and Airway Management

The sleeve lobectomy surgery was performed under general
anesthesia. The proximity of the tumor to the carina should
be taken into consideration for the choice of endotracheal
tube. The most common way of airway management is the
using of double-lumen endotracheal tube to conform the
single-lung ventilation. When the bronchial anastomosis is
performed close to the carina, high-frequency positive pres-
sure ventilation or jet ventilation should be taken into consid-
eration. Intraoperative bronchoscopy performed by the
anesthetist is helpful to inspect the anastomosis so that the
surgeon could rectify the suture in time.

6.1.2.3 Surgical Technique

At the beginning of the operation, the exploration of the
lesions by VATS should performed to conform the feasibility
of the sleeve resection. Extensive nodal or bronchial wall
involvement should be excluded. The proximal of the pulmo-
nary artery and vein should be controlled firstly during the
sleeve lobectomy. And then, division of the lobar artery and
vein, and the mediastinal lymph nodes were dissected. As a
routine for oncological surgery, the right side VATS sleeve
lobectomy should include lymph node stations 2R, 2L, 4R,
4L,7,8,9, 10L, 10R, 11, 12; and 4L, 5, 6, 7, 8, 9, 10R, 10L,
11, 12 for the left side. The resection of involved bronchus
and removal of the lobe was followed the main stem bron-
chus was divided first, and then the bronchus intermedius
was divided using endoscopic scissors.

The anastomosis of the bronchus should be performed
with tension-free reconstruction. Frozen sections of the inci-
sal margins must be confirmed negative before suture. If the
tumor invades the pulmonary artery, resection and recon-
struction of the pulmonary artery should also be performed.
As reported in literatures, the patients who received sleeve
lobectomy by VATS had less operation time, less chest tube
time, less hospitalization time and less postoperative pain.

6.2  Right Upper Sleeve Lobectomy
by Complete Video-Assisted Thoracic

Surgery

Yun Li, Xun Wang, and Jun Wang

6.2.1 Abstract

The sleeve lobectomy with bronchial or pulmonary vascular
reconstruction was once one of the relatively contraindica-
tion in VATS. The surgical technical advances and the experi-
ence gained make it possible to perform the sleeve lobectomy
by VATS in some experienced centers. The bronchial anasto-
mosis is the core technology of VATS sleeve lobectomy. The
bronchial anastomosis was performed by simple continuous
suturing for the membranous portions of the bronchus and by
simple interrupted suturing for the cartilaginous portions of
the bronchus, respectively. The bronchial anastomosis began
with the suturing of the posterior wall and a knot was tied to
minimize anastomotic tension between the proximal and
distal bronchial stumps. The right upper lobe is the most
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common location for sleeve lobectomy. If the patients meet
the inclusion criteria of sleeve lobectomy, they may gain
from all the advantages of minimally invasive techniques.

6.2.2 Anesthesia and Preoperative
Preparation

6.2.2.1 Anesthesia and Airway Management

Surgery was performed under general anesthesia with single
lung ventilation. The patient should be intubated with a left
double-lumen endotracheal tube during the surgery. High-
frequency positive pressure ventilation was used whenever
bronchial anastomosis is performed close to the carina.

Fig. 6.3 Schematic diagram for patient position and incision location
for right upper sleeve lobectomy of VATS: camera port at the seventh
intercostal space, median axillary line; utility incision at the fourth
intercostal space, anterior axillary line; additional operative port at the
seventh intercostal space, ubscapularis line

6.2.2.2 Patient Position

The patient should be set in the lateral position with arm
hanging down. Surgeon stood at the abdominal side of the
patient.

6.2.2.3 Trocar Position

After single lung ventilation, three trocars were inserted. The
observation port was located in the seventh inter-costal space
in right median axillary line. The incision made at the level
of the fourth inter-costal space in the anterior axillary line
was the main operation port. The additional operative port
was in the level of the seventh inter-costal space in the
subscapularis line (Fig. 6.3).
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6.2.3 Surgical Procedures The lung was retracted laterally and anteriorly and the poste-
rior mediastinal pleura were incised up to the azygos vein level,

6.2.3.1 Mobilization and Dissection meanwhile the bronchial artery was dissected carefully (Fig. 6.4).
of the Mediastinal Pleura And then we pulled the parenchyma into the posterior

Once the thoracoscopy has been placed in the thoracic cav- thoracic cavity by the ring forceps which placed from the
ity, the thoracic exploration should be performed to con- auxiliary operation port.

formed the sleeve lobectomy could be done with RO The anterior mediastinum pleura was dissected by elec-
resection. At first, the right lower lobe was pulled in a cepha-  trotome between the pulmonary vein and the phrenic nerve.
lad direction by the ring forceps and then the inferior pulmo- The azygos vein could be preserved if the tumor or the meta-
nary ligament was divided. static lymph nodes did not affect the operation (Fig. 6.5).

Fig. 6.4 Schematic diagram for sleeve lobectomy of the right upper Fig. 6.5 Schematic diagram for sleeve lobectomy of the right upper
lobe: the posterior mediastinal pleura was incised up to the azygos vein  |ope: the mediastinal pleura between the pulmonary vein and the
level phrenic nerve were incised
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6.2.3.2 Lobectomy of the Right Upper Lobe

We exposed the right superior pulmonary vein and divided
them by the staplers. A ring forceps was placed holding the
right upper lobe for a cephalad traction, electrocautery was
used to dissect the border between the horizontal fissure and
the oblique fissure (Fig. 6.6).

Then the mid-segment of the pulmonary artery adven-
titia was dissected in the incised fissure. We build an arti-
ficial tunnel in the lung fissure and then the minor fissure
was divided by the staplers through the seventh inter-cos-
tal space of the right mid-axillary line. And then, the pos-
terior ascending branch arising from the superior

segmental artery of the right lower lobe was dissected by
the using of 4-0 sutures. The apico-anterior artery and the

posterior oblique fissure were divided by the staplers
(Figs. 6.7, 6.8, and 6.9).

The surrounding connective tissue of the right main bron-
chus and the intermedius bronchi was removed. Stations 2, 4,
7,8,9, 10 and 11 lymph nodes were dissected before dissec-
tion of bronchus. It is beneficial for the anastomosis without
tension. The specimen was packed into a surgical glove and
then extracted through the fourth inter-costal space incision
in the anterior axillary line. Then the right main stem bron-
chus and the bronchus intermedius were divided using scis-
sors and a scalpel. Frozen sections of the margin of the right
main bronchus and the bronchus intermedius were negative
of tumor infiltration as confirmed pathologically during sur-
gery (Fig. 6.7, 6.8, 6.9, 6.10, 6.11, and 6.12).

Fig.6.7 The minor fissure was divided by the staplers

Fig.6.8 Dissection of the posterior ascending branch artery

Fig.6.9 Dissection of the apico-anterior artery
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Fig.6.10 Dissection of surrounding connective tissue of the right main ~ Fig. 6.12 The right main stem bronchus was divided by using the
bronchus scissors

Fig. 6.11 The right bronchus intermedius was divided by using
scissors
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6.2.3.3 Anastomosis of the Bronchus Ends

The end-to-end bronchial anastomosis was then performed.
When we deal with the membranous portions of the bron-
chus, the simple continuous suturing should be used. And for
the cartilaginous portions of the bronchus, the simple inter-
rupted suturing was recommended (Fig. 6.13).

The first step was to suture the posterior wall of bronchus,
the simple interrupted suturing with 3-0 absorbable sutures
was used in the process of the anastomosis, and a knot was tied
to minimize the tension of the anastomotic bronchus (Fig. 6.14).

Then we should anastomose the membranous portion of
the bronchus and the simple continuous 4-0 non-absorbable

Fig.6.13 Bronchial stump of the right middle segmental bronchus and
right main bronchus

Fig. 6.14 Posterior bronchial wall, with anastomosis of simple inter-
rupted 3-0 absorbable sutures

sutures were used for this process. The anastomosis was
from the deepest portion of the posterior bronchial wall to
mid-point of the anterior bronchial wall, which was tagged
without making a knot (Fig. 6.15).

The simple interrupted suturing with 3-0 absorbable
sutures was used when dealing with the remaining bronchus.
The suturing began from the tension line to the mid-point of
the anterior bronchial wall, where it converged with the con-
tinuous suture line. The anastomosis was finished when the
knot was tied between the last simple interrupted suture and
the continuous suture (Fig. 6.16).

Fig.6.15 Simple continuous 4-0 nonabsorbable suturing of the mem-
branous portion of the bronchial membrane

Fig. 6.16 Simple interrupted 3-0 absorbable suturing of the anterior
bronchial wall
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6.2.4 Postoperative Care

The sleeve resection of the bronchus disrupts the normal
mucociliary clearance and the mucosal barrier which lead to
secretion retention in the bronchus. Adequate coughing and
sufficient pain control should be considered for patients who
underwent the sleeve lobectomy, these measures could mini-
mize these morbidities. When the inadequate sputum clear-
ance takes place, bed-side bronchoscopy is recommended,
but the bronchoscopy should be operated carefully to avoid
potential trauma of the anastomosis.

6.3 Left Lower Sleeve Lobectomy

Yanguo Liu and Jun Wang

6.3.1 Summary of Basic Operation

Procedures

After entry into the chest, complete exploration is carried out.
Incise the inferior pulmonary ligament, followed by the medias-
tinal pleural around the hilum pulmonis, then dissect and divide
the bronchial arteries. Dissect the fissure in a regular lobectomy
manner, mobilize the branches of left lower lobe artery in the
fissure and divide them with the endo-cutter-stapler. Completely
dissect the subcarinal lymph nodes, then mobilize the left main
bronchus and the origin of the left upper lobe bronchus. Divide
the left main bronchus and the upper lobe bronchus separately
0.5-cm to the bifurcation and the left lower lobectomy is com-
pleted. The specimen is removed in protective specimen bag.
Finally the end-to-end anastomosis of the two bronchial stumps
is performed with 3-0 absorbable suture.

6.3.2 Technical Points

6.3.2.1 Incision Placement Points
The placement of the incision is crucial for a thoracoscopic
sleeve procedure.

The operating port is placed in the left anterior axillary
line in the fifth intercostal space. This access makes it possi-
ble for the direction of needle holder to be parallel with the
hilum pulmonis. And it is right facing the anastomosis, which
is very convenient and consistent with suture fashion of the
open procedure. The placed sutures can be pulled out via the
assisting port prior to tying, so it has no influence on the fol-
lowing procedures.

6.3.2.2 Anastomosis Points

We used both running and interrupted suture techniques for
the membranous and cartilaginous portions of the bronchus,
respectively.

The suturing starts from the posterior wall. Initially an
interrupted suture is placed in the deepest part (the most dif-
ficult part of anastomosis). Appose both stumps of the bron-
chi with the suture then tie.

A running suture is placed from cartilaginous-
membranous junction, along the membranous portion of the
bronchus, and then pull out the end of the suture without
tying.

Continue with suture of the cartilaginous portion in inter-
rupted manner, till cartilaginous-membranous junction and
join with the running suture. A knot was formed between the
last simple interrupted suture and the membranous continu-
ous suture.

The left lower sleeve lobectomy is technically difficult
because of the presence of the pulmonary artery.

Buttress of the anastomosis is not essential.

6.3.3 Operation Procedure

1. The lung is retracted cranially using the ring forceps
introduced from the assisting port, and divide the inferior
pulmonary ligament by blunt dissection combined with
electrocoagulation. Then the lung is retracted forward,
and divide the mediastinal pleural posterior of the hilum
pulmonis (Figs. 6.17, 6.18, and 6.19)

2. The lung is retracted backward and the mediastinal pleura
anterior of the hilum pulmonis is divided with an electro-
coagulation. Then the left inferior pulmonary vein is iden-
tified and mobilized (Figs. 6.20 and 6.21).

3. Introduce the ring forceps from the assisting port to retract
the left lower lobe downward, dissect the oblique fissure
with the electrocoagulation, and reveal the branches of
the left inferior pulmonary artery (Figs. 6.22 and 6.23).

4. Introduce the long curved clamp via the operating port to
mobilize the dorsal artery. Then the linear endo-cutter-
stapler to divide the dorsal artery, follow the same proce-
dure to dissect and divide the basilar artery (Figs. 6.24,
6.25, 6.26, and 6.27).

5. Retract the lower lobe cranially, introduce the linear-
cutter-stapler and divide the inferior pulmonary vein
(Figs. 6.28 and 6.29).

6. Dissect the subcarinal lymph nodes: Firstly mobilize the
subcarinal lymph nodes along the esophagus and divide
the supplying arteries at the same time. Then the nodes
are dissected starting from the inferior pulmonary vein,
moving forward from behind the pericardium, and all the
way up to below the carinal (Figs. 6.30 and 6.31).

7. Reveal the bifurcation of the left main bronchus in the
fissure. Mobilize the bronchus by blunt dissection, and
the tumor is seen to originate from the opening of the left
lower lobe bronchus and invade the bifurcation. Dissect
the left main bronchus and the origin of the left upper lobe
bronchus, and then transect the main bronchus and the
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upper lobe bronchus 0.5-cm to the bifurcation respec-
tively. The left lower lobectomy is completed (Figs. 6.32,
6.33, 6.34, 6.35, 6.36, and 6.37).

. End-to-end anastomosis of the left upper lobe bronchus
and the left main bronchus is constructed. The suture starts
from the posterior wall and initially an interrupted suture
is placed in the deepest part. Appose both stumps of the
bronchi with the suture, then tie and cut the suture. A run-
ning suture is placed from this stitch along the membranous

Fig.6.17 Retract the lung cranially

portion of the bronchus to cartilaginous-membranous junc-
tion, and then pull out the end of the suture without tying.
Again starting from the initial suture interrupted sutures are
placed forward on the remaining bronchial edge till carti-
laginous-membranous junction and join with the running
suture. Knot is formed with the last interrupted suture and
the running suture. And then the circumferential anastomo-
sis of the bronchi is completed (Figs. 6.38, 6.39, 6.40, 6.41,
6.42,6.43, 6.44, 6.45, 6.46, 6.47, 6.48, 6.49, and 6.50).

Fig.6.18 Divide the inferior pulmonary ligament

Fig.6.20 Divide the pleura anterior of the hilum pulmonis
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Fig.6.21 Dissect the plane between the superior and inferior pulmo- ~ Fig.6.24 Dissect the lower lobe dorsal artery
nary veins

Fig.6.22 Dissect the oblique fissure with electrocoagulation Fig.6.25 Divide the dorsal segment artery with stapler

Fig.6.23 Divide and expose the inferior pulmonary artery Fig.6.26 Dissect the basilar segment artery
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Fig.6.27 Divide the basilar segment artery with stapler

Fig.6.28 Retract the lower lobe cranially Fig.6.30 Dissect the posterior side of the subcarinal lymph nodes

Fig.6.29 Divide the inferior pulmonary vein with stapler Fig.6.31 Dissect the anterior side of the subcarinal lymph nodes
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Fig.6.32 Reveal the bifurcation of the left main bronchus in the fissure E'? 6.35 Transect the left upper bronchus 0.5 cm distal to the
ifurcation

Fig. 6.33 Encircle the left upper bronchus using the right-angled Fig. 6.36 Transect the left main bronchus 0.5 c¢cm proximal to the
clamp bifurcation

Fig. 6.34 Retract the upper bronchus with silk suture. (a) Left upper  Fig.6.37 Remove the left lower lobe. (a) Left pulmonary artery, (b)
bronchus, (b) pulmonary artery, (c) left lower bronchus, (d) stump of the stump of the left upper bronchus, (¢) the stump of the left main
left lower artery bronchus
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Fig.6.38 The first suture of the posterior wall: the needle is pulled in  bronchial stump. Appose the two branchial stumps and tie. (a) Left
at the midpoint of the posterior wall of the left main bronchial stump, upper lobe bronchus, (b) left main bronchus
and pulled out at the midpoint of the posterior wall of the left upper lobe



166 Y. Lietal.

Fig.6.39 The second suture of the cartilaginous portion of the posterior wall in interrupted manner
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Fig.6.40 The third suture of the cartilaginous portion of the posterior wall in interrupted manner
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Fig.6.41 Continue to suture the posterior wall in interrupted manner / left upper lobe bronchus, 2 left main bronchus
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Fig.6.42 Suture the membranous portion with nonabsorbable 3—-0 polypropylene in the running manner. Start from the last stitch of the inter-
rupted suture of the posterior wall at the membranous-cartilaginous junction. Knot the first stitch of the running suture outside the bronchus

Fig.6.43 Cut one end of the suture after tying and continue to suture in the running manner with the remaining end
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Fig.6.44 Suture the membranous portion of the posterior wall in running manner. After the last stitch, tension the suture
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Fig.6.44 (continued)

Fig.6.45 Start an interrupted suture with absorbable suture 2-mm apart from the last stitch of the running suture and tie the suture
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Fig.6.47 Suture the remaining cartilaginous portion of the anterior wall with absorbable suture in interrupted manner
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Fig.6.48 The completed anastomosis

Fig.6.50 The specimen

Fig.6.49 The anastomosis is checked for air leak under water
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6.4 Left Upper Sleeve Lobectomy  Anastomosis of the bronchus when doing left upper
sleeve lobectomy is somewhat easier than left lower

Yanguo Liu and Jun Wang sleeve lobectomy.
e When doing anastomosis, it is necessary to pay attention
to the precise adjust of the upper and lower ends of bron-
6.4.1 Summary of Basic Operation chus to avoid bronchus distortion, and to ensure the qual-

Procedures

The process of left upper lobectomy is same as common
VATS lobectomy. Carefully exploration first is essential to
eliminate occult metastasis and confirm the feasibility of the
surgery. The mediastinal pleura surrounding the hilar should
be dissected first, and station 7, 8, 9, 10 lymph nodes are dis-
sected at the same time. Then free superior pulmonary vein,
open the inter-lobar fissure, and dissect the branches of the
superior pulmonary artery. Tiny branches can be cut off by
Ligasure instead of an endo-stapler. After the vein, fissure
and artery are all dissected, then comes to the mobilization
of the bronchus. Left main bronchus at 5 mm proximal to the
superior border of left upper bronchus, and the left lower
bronchus at 5 mm distal to the inferior border of left upper
bronchus are cut off. The incisal margin should be sent to the
pathologist for frozen section to eliminate tumor residual
before the anastomosis is carried out. Both running and
interrupted suture can be used when doing the anastomosis.

6.4.2 Technical Points

e The most difficult point of left upper lobe resection is
handling with the apical-anterior branch of the pulmonary
artery. Careless operation may cause disastrous bleeding
by tearing the artery.

e Central type of lung cancer which needs sleeve lobec-
tomy is usually with heavy adhesion around the bronchus.
So special attention should be paid when doing the dis-
section of the posterior wall of the left main bronchus in
case of pulmonary artery injury.

e If the apical-anterior branch of the pulmonary artery is cut
off after the bronchus cut off, attention should be paid
after cutting off the bronchus. As the artery branch is easy
to be torn.

ity of the anastomosis.

Embedding of the anastomosis part is necessary. But tress
of the anastomosis is not essential.

6.4.3 Operation Procedures

1. The lung is retracted cranially using the ring forceps
introduced from the assisting port, and divide the inferior
pulmonary ligament by blunt dissection combined with
electrocoagulation (Fig. 6.51). Then the lung is retracted
forward, and divide the mediastinal pleural posterior of
the hilum pulmonis (Fig. 6.52).

2. The lung is retracted backward and the mediastinal pleura
anterior of the hilum pulmonis is divided with an electro-
coagulation. The superior pulmonary vein is dissected
then (Fig. 6.53).

3. The inter-lobar fissure is dissected and the lingular branch
of pulmonary artery is mobilized. The tiny the lingular
branch can be cut off with a Ligasure instead of an endo-
stapler. Then free posterior ascending artery is freed, and
cut off with an endo-stapler (Fig. 6.54).

4. The superior pulmonary vein is mobilized, and cut off
with an endo-stapler (Fig. 6.55).

5. A rubber band is used to circle the pulmonary artery stem,
and the blood vessel is retracted lateral posteriorly to
expose the left main bronchus (Fig. 6.56).

6. Left main bronchus at 5 mm proximal to the superior bor-
der of left upper bronchus, and the left lower bronchus at
5 mm distal to the inferior border of left upper bronchus
are cut off (Fig. 6.57).

7. The apical-anterior branch of the pulmonary artery is
mobilized and cut off by an endo-stapler (Fig. 6.58).

8. An interrupted suture is used for the anastomosis
(Figs. 6.59, 6.60, 6.61, and 6.62).

9. Station 5 and 6 lymph nodes are dissected at last
(Fig. 6.63).
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Fig.6.53 Divide the pleura anterior of the hilum pulmonis, and dissect the superior pulmonary vein
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Fig.6.54 (a) Dissect the inter-lobar fissure with an electrocoagulate hook. (b) The lingular branch artery is tiny. (¢) Ligate the tiny artery with a
silk suture. (d) Cut off the artery with a Ligasure device. (e) posterior ascending artery
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Fig.6.55 (a) Mobilize the superior pulmonary vein (b) cut off with an endo-stapler

Fig.6.56 A Rubber band is used to retract blood vessel
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Fig.6.58 Mobilize and cut off the apical-anterior branch
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Fig.6.59 (a) The bronchus stumps before anastomosis. (b, ¢) The first suture of the posterior wall of the bronchus
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Fig.6.60 (a-d) The second suture of the posterior wall of the bronchus
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Fig.6.62 Overview of the stumps of the blood vessels and anastomotic
bronchus
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Fig.6.63 Station 5 and 6 lymph nodes
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7.1 General Considerations on VATS

Pneumonectomy for Lung Cancer
Ying Tai Chen and Fengwei Li

In 1933 Graham and Singer successfully performed the first
pneumonectomy for a patient with lung cancer who survived
for 33 years after the operation. Since then, pneumonectomy
has gradually become one of the important thoracic surgical
procedures. In recent years, 20-25 % of thoracic surgical proce-
dures performed for lung cancer were pneumonectomy.
However, as more and more lung cancer was detected in early
stage and thoracic surgical skills improved, the proportion of
pneumonectomy had been declining year by year. There were
studies suggesting that pneumonectomy proportion was linked
to postoperative complications and mortality (the complications
rate was 11-49 %, and the mortality rate was 2.9—-12 %), but this
surgical procedure didn’t reduce the long-term survival rate of
lung cancer. However, for patients with cancer indications,
pneumonectomy is irreplaceable. With the constant develop-
ment of thoracoscopic technology and instrument, pneumonec-
tomy has been operated by video-assisted thoracoscope, which
can reduce the surgical trauma while achieve the same thera-
peutic effect as compared with traditional procedures. Although
video-assisted thoracoscopic pneumonectomy is rather diffi-
cult, as long as the operator is able to expertly processed pulmo-
nary vessels and bronchi under thoracoscope, and properly
handles the intraoperative severe tissue adhesion, special ana-
tomical variation, and excessive bleeding, video-assisted thora-
coscopic pneumonectomy is still worthy of promotion.

7.1.1 Operation Indication

Pneumonectomy has a greater influence on the circulation
and respiratory function, so we need strictly comply with the
operation indication, which can mainly be considered from
the following two aspects:
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7.1.1.1 Scope of Lesion

1. The tumor locates in lobar bronchus and infiltrates to the
plane of adjacent lobar bronchus.

2. The tumor is limited within the lobe and metastasis
lymph node encroaches to adjacent lobar bronchus
wall.

3. The tumor is located in hilus of lung and we can’t dissect
fissurae interlobaris.

4. Peripheral lung cancer has infiltrated to the whole
lung.

7.1.1.2 Cardio-pulmonary Function

Routine examinations include pulmonary function test,
blood gas analysis before and after exercise, and
pulmonary perfusion imaging for patients prepared to
receive pneumonectomy. The results are used to
comprehensively evaluate the pulmonary function. It is
generally believed that pulmonary function should sat-
isfy the following conditions: forced expiratory volume
in 1 s (FEV1) is greater than 2.0 L and forced expiratory
volume in 1 s/forced vital capacity (FEV1/VC) is greater
than 50 %. Pulmonary perfusion imaging should be used
to predict postoperative residual pulmonary function,
and the predicted value of FEV1 needs to be greater than
0.8 L. In addition, blocking the pulmonary artery trunk
can determine the tolerance of pneumonectomy in the
condition of one lung ventilation. If the fluctuation of
systolic pressure is within 2.9 kPa and the heart rate
change is within 20 times per minute after blocking
the pulmonary artery trunk, patients should generally
tolerate pneumonectomy. Meanwhile, it should be kept
in mind that satisfactory cardiac function is also a
major contributing factor to a safe and successful
pneumonectomy.

7.1.2 The Preoperative Preparation

The preoperative preparation is almost similar to an ordinary
thoracic surgery, but some aspects need special attention.

7.1.2.1 Chest CT Examination

Chest CT is very important for the safety assessment of video-
assisted thoracoscopic pneumonectomy: First, the chest CT
scan can help us understand the mediastinum, especially detect
if there are calcifications in hilar lymph node. Generally, calci-
fied lymph nodes indicate that pneumonectomy surgery is very
troublesome because the possibility of intraoperative bleeding
increases and the possibility of thoracotomy is higher. Second,
chest-enhanced CT could help us understand the relationship
between the tumor and the surrounding vessels, particularly the
anatomical variation of the vessels. Thus chest CT is a very
important method to evaluate the safety of pneumonectomy.

7.1.2.2 Preoperative Preparation for Elderly
Patients

The hilar lymph nodes of elderly patients are susceptible to
hyperplastic changes, therefore, surgeons should pay higher
attention to their preoperative chest scan and enhanced CT
examination results, and evaluate the risk of pneumonectomy
sufficiently. Furthermore, elderly patients usually have many
underlying diseases such as hypertension, diabetes, coronary
heart disease, and thromboembolic diseases. These health
conditions increase the incidence of postoperative complica-
tions in various systems of the body. Consequently, preopera-
tive UCG and lower limb vascular ultrasound examinations
are essential. At the same time, surgeons should actively con-
trol the patients’ basic diseases, and render them rational
training and guidance. Only in this way could them achieve
the best cardiopulmonary function and psychological state.
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7.1.3 Surgical Instrument
Thoracoscopic surgical instruments are listed in Table 7.1

Table 7.1 Thoracoscopic surgical instruments

Surgical unit
Thoracoscope

Illuminant

Image acquisition system
Image display system

Ordinary thoracoscopic surgical instruments
Drive pipe

Electrocoagulation

Endoscopic separation pliers and scissor
Endoscopic acutenaculum

Knot pusher

Oval forceps

Extended tangential clamp

Extended long curved forceps

Video-assisted thoracoscopic pneumonectomy special surgical
instruments

Thoracoscopic suction

Thoracoscopic long curved tangential vessel forceps
Thoracoscopic side curved vessel forceps
Thoracoscopic lymph node forceps

Long acutenaculum (Z-type,S-type)

Mechanical suture instruments

Endoscopic section and suture instruments

Multi-fire clipapplier

Hem-o-lock

Operation Energy platform (LigaSure. ultrasound scalpe)

7.1.4 Key Points of Operation

Thoracoscopic pneumonectomy intraoperative consider-
ations are basically the same as the video-assisted thoracic
lobectomy. The key points that require special attention are:

7.1.4.1 Dissection of Pulmonary Artery

Dissection of pulmonary artery is an important step in the
process of thoracoscopic pneumonectomy. Most patients
who need pneumonectomy are central-type lung cancers
which may be accompanied by enlarged lymph nodes. This
makes handling the pulmonary artery very difficult. Flexible
approaches should be chosen by surgeons according to spe-
cific situations. For example, when the tumor invades the
root of pulmonary artery, the first branch of the pulmonary
artery should be manipulated first in order to reveal a longer
pulmonary artery trunk for use, or the pulmonary artery
trunk should be manipulated inside the pericardium.

7.1.4.2 Manipulation of Auto SutureTA Stapler
Due to the disturbance of the descending aorta in the rear of
the left bronchus, incision angle through the front operation
incision using common Endo GIA Universal Straight or
Endo GIA Universal Roticulator may be restricted, resulting
in long bronchial stump. Using Auto Suture DST Series
TA3048S can avoid the descending aorta, ensuring the bron-
chial stump fit.

7.1.5 Postoperative Management

Thoracoscopic pneumonectomy postoperative management
is basically the same as the video-assisted thoracic lobec-
tomy. The following aspects need special attention:

7.1.5.1 Management of the Residual Cavity

After Pneumonectomy

Some details that require special attention before closing the
chest in pneumonectomy are: local hemostasis, bronchial
stump, pericardium, thoracic duct, esophagus and azygos
vein lesions. There is more pleural effusion in the first 2 days
after pneumonectomy involving mediastinal lymph node dis-
section. Postpneumonectomy space drainage tube is usually
clamped to avoid mediastinal shift and released intermit-
tently to drain excessive effusion to monitor chest bleeding.
The tube should be removed 24—48 h after the operation.
Postpneumonectomy patients often appear arrhythmia and
hypertension after changing position. It may be due to that
the mediastinal shift changes the function of the contralateral
lung and heart blood backflow. Post pneumonectomy space
gas should be drained as soon as possible to restore the
mediastina back to the middle position.
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7.1.5.2 Close Monitoring of Vital Signs

After pneumonectomy, cardiopulmonary functional reserve is
reduced significantly, and complications such as cardiac insuf-
ficiency and respiratory failure are likely to occur. Therefore
vital signs must be monitored closely, such as heart rhythm,
heart rate, blood pressure, blood oxygen saturation, and body
temperature changes, to estimate the circulation and respiratory
function. To prevent cardiac preload increase, the transfusion
speed should be controlled strictly. The infusion speed should
be controlled by an infusion pump with a speed less than
120 ml per hour. The body fluid must be balanced by accurately
recording 24-h intake and output. Means such as continuous
low flow oxygen, ultrasonic atomization inhalation, intrave-
nous phlegm drugs and antibiotics, and chest physical therapy
should be taken to guarantee the respiratory function.

7.1.6 Postoperative Complications
and Treatment

After pneumonectomy, only one side of the lung tissue is
functional, so the respiratory function and functional reserve
are reduced significantly. At the same time, the cardiac load
increases, so complications such as cardiac insufficiency and
respiratory failure are likely to occur. Although the types of
postoperative complications after pneumonectomy and pul-
monary lobectomy are basically the same, the probability of
occurrence and mortality in pneumonectomy are signifi-
cantly higher than that in lobectomy.

7.1.6.1 Arrhythmia

After pneumonectomy, the mediastinal lost the support of
one side of the lung tissue. The physical changes need a
period of time to adapt, thus postoperative arrhythmia (pre-
mature beat, flutter, atrial fibrillation, etc.) is one of the most
common complications. Once occurred, the factors that

cause arrhythmia should be found out timely, including a
clear history of heart disease, improper infusion volume and
infusion speed, body temperature, and other possible factors
such as infection. Corresponding treatment must be given in
time to avoid decompensated heart function.

7.1.6.2 Pulmonary Infection

Postoperative patients have only one side of the lungs for respi-
ratory and circulatory functions. The respiratory reserve func-
tion is reduced significantly. Once pulmonary infection appears,
the patients are prone to respiratory failure and even mortality.
Therefore the patients’ chest signs should be monitored closely
after pneumonectomy. The patients should take chest imaging
examination regularly to detect possible lung infection and
atelectasis in time. The following are the special considerations
in the process of treatment: (1) the use of efficient and broad-
spectrum antibiotics, and the prolonged use of antibiotics;(2)
assisting the patients to cough and expectorate, using ultrasonic
atomization inhalation, expectorant drug use, sputum suction
and tracheostomy fiberoptic bronchoscopy if necessary;(3)
other therapies such as auxiliary breathing machine as soon as
possible if a significant respiratory failure occurs.

7.1.6.3 Bronchial Pleural Fistula

Bronchial pleural fistula is a rare but serious complication
after pneumonectomy. Its final diagnosis depends on the
results of fiber bronchoscopy. If the curative effect is poor, it
needs continuous drainage and subsequent surgical repair.
Reasonable prevention measures include: (1) dissect bron-
chial anatomy appropriately and avoid excessive free proxi-
mal tracheal mucous membrane in order to prevent the
residual blood supply insufficiency;(2) check stump leak
strictly, and reinforce the bronchial stump by embedding
blood rich autologous tissue if necessary;(3) strengthen peri-
operative nutrition support and apply sensitive antibiotics to
control possible local infection.
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7.2  Right Pneumonectomy
Guanchao Jiang, Teng Mu, and Jun Wang

Technical Points

— Management of the pulmonary artery. Management
of the pulmonary artery plays a pivotal role in thoraco-
scopic total pneumonectomy. Patients who underwent
a thoracoscopic pneumonectomy always have a central
pulmonary carcinoma and para-arterial swollen lymph
nodes, which makes the management of the pulmonary
artery more difficult. In these cases, it is advisable to
make flexible choice depending on the special

intraoperative circumstance. If the tumor is close to the
root of pulmonary artery, the division of pulmonary
artery will be facilitated by dissection of the intraperi-
cardial part of it and the ready dissection of the truncus
anterior, which will make the available main arterial
trunk longer.

Key to the use of stump closer. As the interference of the
descending aorta posterior to the left main bronchus lim-
its the use of usual or even flexible endostapler, which
will result in redundantbronchial stump, it is advisable to
use a stump closer with a green cartridge to keep away
from the interference of the descending aorta and ensure
a proper bronchial stump.
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1. Patient Position and incision choice

Patient Position: left lateral position with a cushion
under the shoulder

Camera port: an 1.5-cm icision in eighth intercostal
space in right mid-axillary line

Working port:a 4-cm icision in fourth intercostal space
in right anteior axillary line

Additional port: an 1.5 icision in eighth intercostal
space in right scapular line (Fig. 7.1).

2. Operation procedure

Retract right lower lobe to the patient’s apex with a
sponge forceps introduced through the additional port,
and divide the pulmonary ligament.

Stretch lung forward, incise the mediastinal pleural
posterior to the hilum up to the inferior azygos arch,
dissect and then divide the branchial arteries superior
and inferior bronchus.

Pull the lobes forward and lift the mediastinal pleura
on the surface of esophagus using a sponge forceps

Fig.7.1 Patient position and incision choice

introduced through the additional port. Fist, dissect the
esophageal aspect of subcarinal lymph nodes, and
divide the minor vessels supplying to the lymph nodes,
until the exposure of the lateral aspect of left main
bronchus. Then, lift the subcarinal lymph nodes. The
dissection and then complete excision of them are
achieved by a combination of diathermy and blunt dis-
section, from the inferior pulmonary vein, anteriorly to
posterior pericardium, downward to inferior mian
bronchus (Fig. 7.2).

Traction on the lobes backward using sponge forceps
introduced through the additional port facilliates the
exposion of anterior hillum. Open the mediastinal
pleura before hillum between pulmonary veins and the
phrenic nerve using a diathermy hook, and free the
space between the right inferior pulmonary vein and
the middle lobe vein.

Open all the mediastinal pleura around the hillum
using a cautery.

Fig. 7.2 Lift the subcarinal lymph nodes using sponge forceps intro-
duced through the additional port
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— Dissect and then divide the right upper love vein and — Dissect and then staple the right inferior pulmonary
middle lobe veinrespectively using a 30-mm endosta- vein using a 30-mm endostapler with a white
pler with a white cartridge introduced from the work- cartridge introduced through the working port
ing port. (Fig. 7.3) (Fig. 7.4).

Fig.7.3 Retract the right upper lobe\vein using a 7# suture. The stump ~ Fig. 7.4 Introduction of a 30-mm endostapler with a white cartridge
is middle lobe vein through the working port
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— Dissect the right main pulmonary artery, pass the space

around it using a long curved forceps introduced
through the working port, and then tract it using a #7
suture. Then staple the right main pulmonary artery
using a 30-mm endostapler with a white cartridge
introduced through the additional port (Fig. 7.5).

— Free the right main bronchus, pass the space around it

using a long curved forceps introduced through the
working port, and tract it using a #7 suture. Then finish

Fig. 7.5 Introduction of a 30-mm endostapler with a white cartridge
through the additional port

gs— s
R s -

Fig. 7.6 Close the right main bronchus using a 45-mm endostapler
with a green cartridge

right pneumonectomy by stapling the right main bron-
chus using a 45-mm endostapler with a green cartridge
introduced through the working port (Fig. 7.6).

Put the specimen into sterile gloves introduced into the
thoracic cavity.

Open the upper mediastinal pleura, lift the upper medi-
astinal lymph nodes and the surrounding tissues, and
then dissect and completely excise them with a comi-
bination of blunt and sharp dissection (Fig. 7.7).

Fig.7.7 Lift the upper mediastinal lymph nodes and the surrounding
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7.3

Left Pneumonectomy

Guanchao Jiang, Teng Mu, and Jun Wang

1. Patient Position and incision choice

Patient Position: right lateral position with a cushion
under the shoulder

Camera port: an 1.5-cm icision in eighth intercostal
space in left mid-axillary line

Working port: a 4-cm icision in fourth intercostal
space in left anteior axillary line

Additional port: an 1.5 icision in eighth intercostal
space in left scapular line (Fig. 7.8)

2. Operation procedure

Retract lung to the patient’s apex and divide the pul-
monary ligament using a electric hook.

Fig.7.8 Patient position and incision choice

Stretch lung forward and incise the mediastinal pleural
posterior to the hilum sufficiently. Dissect and then
divide the branchial arteries along superior or inferior
bronchus. Open the sheet of left main pulmonary
artery trunk and dissect its posterior aspect.

Pull the left lower lobe backward, incise the mediasti-
nal pleura anterior hillum and dissect the inferior and
supperior pulmonary vein

Open the external sheet of the left main pulmonary
artery trunk and dissect the left mian pulmonary
artery.

Pass the space behind the pulmonary vein using a tan-
gential clamp, round a #7 suture for axillary traction,
and staple the superior pulmonary vein using a 30-mm
endostapler with a white cartridge introduced through
the additional port (Fig. 7.9).

Fig.7.9 Expand the space behind the superior pulmonary vein
properly
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Pull the left upper lobe posteriorly, dissect the space
between left main bronchus and left main pulmonary
artery trunk, and clear the lymph nodes supperior left
mian bronchus.

Expose the left main pulmonary artery trunk, pass the
space around it using a tangential clamp introduced
through the working port, and round a #7 suture for
axillary traction. Then staple the left main pulmonary
artery trunk using a 30-mm endostapler with a white
cartridge introduced through the working port
(Fig. 7.10).

Retract the left lower lobe upward, and pass the space
around the left inferior pulmonary vein using a suction
device introduced through the working sport. Staple
the inferior pulmonary vein using a 30-mm endosta-
pler with a white cartridge introduced through the
working port (Fig. 7.11).

Clearance of the subcarinal lymp nodes. Pull the left
lower lobe upward using a sponge forceps introduced
through the additional port. Fist, dissect the esopha-
geal aspect of the subcarinal lymph nodes until the
exposure of the lateral aspectof the right main bronchus

Fig.7.10 Introduction of a 30-mm endostapler with a white cartridge
through the working port to cut off the left main pulmonary artery trunk

and note the division of the minor vessels supplying to
the subcarinal lymph nodes. Then, lift the subcarinal
lymph nodes and the dissection and clearance of them
are achieved by a combination of diathermy and blunt
dissection, from the inferior pulmonary vein, anterior
to posterior pericardium, and upward to inferior carina
(Fig. 7.12).

Pull the Iung backward using a spong forceps
introdudced through the additonal port. Free the left
main bronchus, pass the space behind it using a right
angle forceps introduced through the working port,
and tract it using a #7 suture. Then close and staple the
left main bronchus using a 45-mm endostapler with a
green cartridge introduced through the working port
(Fig. 7.13).

Put the specimen into sterile gloves introduced into the
thoracic cavity, and retrieve it through the woring port
(Fig. 7.14).

Check the stump of left main brochus. Ask the anes-
thetist to reexpand the lung after the infusion of the
thoracic cavity with sterile normal saline and check the
stump of left main brochus.

Fig.7.11 Introduction of a 30-mm endostapler with a white cartridge
through the working port to cut off the inferior pulmonary vein
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Fig.7.12 Dissection of the esophageal aspect of the subcarinal lymph Fig.7.14
nodes t

Placement of the specimen into the sterile gloves

Fig.7.13 Passage of the ednostapler chopping block through the space
behind the left main bronchus
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8.1 Rationale for Robotic Lung Resection
The traditional approach for performing anatomic lung
resections has been via posterolateral thoracotomy. This
incision allows generous exposure and access to pulmonary
hilum at a cost of significant post-operative pain and morbid-
ity. With the rapid improvement in video technology in the
1980s and development of more sophisticated endoscopic
staplers, there has be a shift toward a minimally invasive
approach to lung resections.

Minimally invasive video assisted thoracic surgery
(VATS) lobectomy became established in the 1990s and has
gained popularity amongst thoracic surgeons worldwide.
The evidence of benefit of this technique over a standard tho-
racotomy is growing. Areas where VATS lobectomy per-
forms better include postoperative pain, shorter chest tube
duration, reduced hospital stay, lower complications and bet-
ter compliance with adjuvant chemotherapy [1-6].

Despite these benefits, adoption was initially slow. One
possible concern was over the oncological efficacy of the
procedure for early stage lung cancer. These fears have been
allayed by more recent evidence showing similar long-term
survival in patients having minimally invasive lobectomy for
lung cancer [7, 8]. The other major hurdle to overcome is
technical difficulties associated with the procedure. Standard
endoscopic instruments have only four degrees of freedom
resulting in significantly reduced dexterity. Combine this
with the operator having to reverse their hand motions, the
so-called fulcrum effect, the loss of binocular vision with the
standard thoracoscope, and the result is a relatively long
learning curve for surgeons unfamiliar with VATS techniques
[9, 10].

The development and implementation of telerobotic
surgical systems has been driven in part by a desire to
address the technical limitations of conventional mini-
mally invasive technology. In thoracic surgery, the da
Vinci™ (Intuitive Surgical, Sunnyvale, CA) remains the
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only complete surgical system in widespread use world-
wide. The latest generation, the da Vinci Xi system, is cur-
rently in use at our institution and has several advantages
over conventional thoracoscopy:

1. The da Vinci™ visual system provides high definition, ste-
reoscopic binocular vision allowing for depth perception,
a big improvement over traditional VATS imaging on a
two dimensional display monitor. In addition, the image
can be magnified up to ten times to give unrivalled degrees
of detail during dissection and mobilization of hilar struc-
tures. The console design with the image display above the
surgeon’s hands helps enhance the intuitive nature of the
system. The other advantage over conventional VATS is
the stable nature of the camera that is under direct control
by the operating surgeon. This also liberates the tableside
assistant to assist with other functions.

2. The da Vinci™ Endowrist instruments restore the

degrees of freedom lost with conventional VATS instru-
ments. With seven degrees of freedom the robotic
instruments recreates the dexterity associated with the
human hand. The robotic arm allows three degrees of
movement, insertion, external pitch and external yaw.
The endowrist allows four more degrees of movement
inside the chest cavity, wrist pitch, wrist yaw, rotation
and grasp. Together this greatly enhances the surgeon’s
ability to manipulate the mediastinal and hilar
structures.

. In addition to greater dexterity, the da Vinci™ system has

downscaling capability allowing transduction of the sur-
geon’s movements to finer, precise movements at the
instruments tips. This with the tremor filter results in an
exceptional level of precision in manipulation of the
instruments.
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8.1.1 Components of the System

The da Vinci™ Surgical System has three main components;
the patient cart, surgeon console and the vision cart (Fig. 8.1).
The patient cart comprises the bedside console with the four
surgical manipulator arms. In the latest Xi model, the endo-
scope can be attached to any of the four arms leaving three
arms for instruments. All four arms including the endoscope
are controlled from the surgeon console. This comprises the
3D image viewer, the master hand controls, and the foot-
switch panel to control electrocautery and allow switching
between surgical arms and endoscope control. The endo-
scope has 30° angulation and a dual camera providing a bin-
ocular view of the surgical field to the surgeon console
allowing 3D perception.

The vision cart contains a touchscreen monitor to provide
a view of the operative field to the bedside assistants and OR
staff. An electrosurgical unit is integrated into the vision cart
providing monopolar and bipolar energy to the various da
Vinci™ Xi instruments mounted to the patient cart. The cau-
tery is activated via the surgeon console.

The robotic instruments and endoscope are interchange-
able on the patient cart arms and are inserted into the patient
through 8 mm trocars. There are a variety of instrument
options available for pulmonary resection. Typically, at least
three instruments are used for anatomic lung resection: a for-
ceps (Cadiere, Fenestrated Bipolar or Prograsp), an energy
dissection device (Maryland bipolar, monopolar spatula,
hook cautery) and a retractor (Tip up fenestrated grasper,
Thoracic grasper).

e
b |

Fig.8.1 Da Vinci Xi surgical system (a) Surgical cart; (b) Surgeon’s console
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8.1.2 Patient Selection and Indications

Selection criteria for robotic lung resection follow the same
principles as for conventional VATS or open procedure. As
with any surgical procedure, there is no substitute for sound
judgment. There are no absolute contraindications for robotic
lung resection per se. However, particularly during one’s
early experience with the technique there are several poten-
tial relative contraindications:

 Inability to maintain lung isolation
e Adherent hilar nodal disease (either inflammatory or
neoplastic)

e Large, central lesions

¢ Need for sleeve (bronchial or vascular) resection

e Locally advanced tumors invading the chest wall or
mediastinum

Pleural adhesions have been cited as a relative contraindi-
cation for a VATS approach. This is less so for robotic sur-
gery as the visualization and the extra dexterity offered
makes extensive adhesiolysis technically easier.
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8.2  Surgical Technique for Robotic
Pulmonary Lobectomy
8.2.1 Preparation of the Robotic System

Properly trained technical and nursing staff can set up the
robotic system (cart, surgeon’s console, visual system) con-
currently as the patient is being brought into the room and
placed under anesthesia. Typically, the components of the
system remain in dedicated rooms to minimize setup time.
When using the Si system the arms are positioned on the
ipsilateral side as the planned resection. This is less critical
with the Xi system because of the enhanced targeting feature
and ability of the arms to rotate up to 270°, and theoretically
the cart may be positioned in virtually anywhere with respect
to the operating table.

8.2.2 Anesthetic Consideration and Patient
Positioning

The most common anesthetic approach involves general
anesthesia with endotracheal intubation and lung isolation,
but variations include low tidal volume ventilation with or
without CO2 insufflation or intravenous anesthesia with
spontaneous ventilation. Standard intraoperative monitoring
includes EKG, arterial line for blood pressure monitoring
and urinary catheter. We do not routinely place a thoracic
epidural for robotic lung resections, instead utilizing multi-
level intercostal nerve blocks, peripheral patient-controlled
analgesia and liberal used of non-steroidal anti-inflammatory
mediations.

The patient is positioned in the lateral decubitus position
as for a posterolateral thoracotomy or any conventional
VATS procedure. Adequate flexion of the operating table is
essential, particularly in female patients, to maintain the
scapula and iliac crest on the same horizontal plane. This
maneuver also aids in opening the intercostal spaces reduc-
ing pressure on the intercostal nerve from the trocars. Prior

to prepping and draping the patient, the sites for port inser-
tion are carefully planned.

If one is employing the second (S) or third (Si) generation
system, an important maneuver is to move the operating
table away from the anesthesia area and to angle the foot of
the operating table away from the surgical cart. The smaller
the angle of approach of the cart with respect to the longitu-
dinal axis of the patient, the more the table should be rotated.
For example, if one wishes to bring the arms over the patient’s
head, the table should be angled 90° from the original table
position. Care must be taken to insure that sufficient length
of the circuit tubing is available during this positioning, and
the anesthesia team must be comfortable that there is ade-
quate access to the patient’s airway once docking of the
robotic system has taken place.

8.2.3 PortPlacement

The same port strategy may be employed no matter which
lung resection is planned. The first port is for introduction
of the endoscope and positioned in the eighth intercostal
space, posterior axillary line. It is prudent once the incision
is made to digitally confirm successful entry into the chest.
If CO2 insufflation is to be utilized, it may be initiated at
8—10 mmHg. Following initial exploration the remaining
ports are placed in the following locations: One accessory
port is placed typically in the ninth intercostal space just
posterior to a vertical line from the scapula tip; a second
posterior port that is useful for retraction of the lung, par-
ticularly during the posterior dissection, is placed superi-
orly and posterior to the ninth interspace port; the final port
is placed in the fifth intercostal space in the mid-axillary
line. This may be enlarged at any point in the procedure to
3—4 cm for a utility incision (Fig. 8.2). When using one of
the older systems (S, Si), an important principle of port
placement is to insure that each are spaced roughly 8 cm
(one handbreath) apart in order to avoid extracorporeal
instrument arm collisions.
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Fig.8.2 Port strategy for four-arm robotic lobectomy
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8.2.4 Docking the Robot Patient Cart

Once the incisions have been made the patient cart is ready
to be docked.

S or Si Systems The instrument arms should be placed in a
neutral position with the camera arm in the center and the
instrument arms on either side. For four-arm procedures two
instrument arms are positioned on the side of the camera arm
corresponding to the side of the planned resection. The cart is
then advanced from the posterior aspect of the patient with the
center column and camera arm in line with the desired field of
dissection. For most pulmonary resections a 45-degree angle
relative to the long axis of the patient is sufficient. During the
docking process it is imperative to position the cart and space
the arms to avoid external instrument collisions and insure
adequate range of motion of the instruments.

Once the surgical cart is in its final position relative to the
patient the camera arm is secured first, and the remainder of
the ports are placed under direct vision from the robotic tho-
racoscope. If the anterior port is a utility incision, the port is
placed in the middle of the incision to allow for passage of
additional non-robotic instruments. It is useful to test the
range of motion of each instrument to verify there are no
major conflicts (Fig. 8.3).

Xi System Two recent innovations in the da Vinci™ Xi sys-
tem have lead to substantial simplification of the docking

process. First, the instrument arms have been placed on a
rotating boom that can rotate 270-degrees. During docking
laser cross hairs from the center of the boom allow the cir-
culating nurse to quickly position the boom over the cam-
era port. The cart may be positioned so the cross hairs are
anywhere within 5 cm of the camera port. The port is
attached to the instrument arm and the endoscope inserted.
Once inserted the camera projects its own crosshairs that
may be used for targeting the desired anatomic region. In
the case of pulmonary resection the pulmonary hilum is
centered on the endoscope view. The targeting button on
the scope is then depressed, and the boom will rotate the
arms automatically so that the other instrument arms are
optimally positioned to maximize the range of motion of
each arm and minimize internal and external arm conflicts.
Second, the connection mechanism between the arm and
port has been modified to allow quicker and easier connec-
tions. Third, a new patient clearance button on each arm
allows maximum spacing between the arms externally
while maintaining the internal range of motion of the
instruments. At this point, the remaining ports are docked
and instruments inserted (Fig. 8.4).

Once the instruments are introduced and visible on the
endoscope view, the surgeon moves to the console and
the tableside assistant stands at the utility incision to pro-
vided assistance with retraction and suction as required.
The assistant will also be required to pass and fire the
staplers for division of the hilar structures and fissures as
required.
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Fig.8.3 Docking for da Vinci Si procedure

Fig.8.4 Docking for da Vinci Xi procedure

8.2.5 Instrumentation

S or Si System A forceps is most commonly controlled by
one hand for grasping tissue. Several choices are available,
including the Cadiere, Prograsp or Fenestrated Bipolar. The
authors favor the Fenestrated Bipolar because of the option
to apply bipolar cautery to small vessels when necessary. In
the surgeon’s dominant hand there is typically a dissecting
instrument (monopolar spatula, Maryland bipolar, monopo-
lar hook). The authors prefer the monopolar cautery as it is
blunt and can be used safely to sweep tissue as well as divide
tissue with good hemostasis. The fourth arm has either a
retraction instrument or suction.

Xi System Similar instruments are utilized for the Xi System.
Of note, the Cadiere forceps is not available on the Xi sys-
tem. A Tip up Fenestrated Grasper is an excellent, broad-
based instrument for lung retraction. This is employed
through the most superior posterior port and allows for
excellent retraction of the lung.
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8.2.6 Posterior Hilar Dissection

In all cases of anatomic pulmonary resection it is the authors’
preference to begin with posterior hilar dissection. The lower
lobe is retracted superiorly, and the inferior pulmonary liga-
ment is divided with electrocautery. The inferior ligament
and periesophageal nodes are removed. The lung is then
retracted anteriorly, and the posterior pleural is divided at its
interface with the lung parenchyma all the way up to the
superior hilum. The hilar lymph nodes are individually
removed. In the right chest this includes the interlobar

Fig.8.5 Subcarinal (level 7) node dissection from the right side

“sump” nodes between the right upper lobe and the bronchus
intermedius. A subcarinal lymph node dissection is per-
formed (Fig. 8.5). It is critical, particularly on the left side, to
have the tableside assistant provide aid in exposing the sub-
carinal space, either through lung retraction or by compress-
ing the inferior vein (left) or pericardium (right).

When performing lower lobectomy, during the posterior
hilar dissection it is advantageous to sweep the posterior tis-
sue distally particularly in the areas between the hilar struc-
tures and to remove the regional nodes. This will greatly
facilitate subsequent isolation and division.
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8.2.7 Right Upper Lobectomy

The initial posterior hilar dissection is performed with
resection of the posterior hilar and subcarinal lymph
nodes. Removal or partial dissection of the sump nodes
with identification of the right upper lobe bronchus greatly
enhances division of the bronchus either upfront or during
the anterior portion of the dissection (Fig. 8.6). It is our
practice to perform an anterior-to-posterior approach
without dissection in the fissure. The superior hilar ves-
sels are placed on tension by retracting the upper lobe lat-
erally, and the pleura is incised above and below the
superior vein to expose its entire extent from the takeoff
of the middle lobe vein inferiorly to the course of the trun-
cus arteriosus superiorly. Hilar nodes in these two areas
should be removed both for oncologic and practice pur-
poses. The middle lobe vein and the ongoing pulmonary
artery should be identified and preserved (Fig. 8.7). Once
isolated, the upper lobe vein is divided with an endovas-
cular stapler introduced through the posterior inferior port
exposing the basilar pulmonary artery and the truncus
arteriosus. Of note all division of the hilar structures may
be done by passage of the staplers from the posterior port.
Division of the pleural reflection is continued superiorly
around the hilum until the right upper lobe bronchus is
reached.

The hilar node adjacent to the truncus arteriosus is mobi-
lized sufficiently to allow for isolation and division of the
vessel. At this juncture the peribronchial lymph nodes and
any remaining sump nodes that have not been previously
excised should be removed completely. This maneuver will
result in complete mobilization of the upper lobe bronchus
and will clearly delineate the location of the posterior ascend-
ing artery branch. These two remaining structures may then
be divided in whichever order is practically easiest. On occa-
sion where the posterior ascending branch arises more proxi-
mal on the main pulmonary artery, it is necessary to divide
this branch first (Fig. 8.8). The bronchus can be divided with
a 3.5-4.8 mm stapler or cut sharply and sewn closed with a
3-0 or 4-0 absorbable suture. We perform a “fissureless”
technique whereby the horizontal fissure is completely last
with multiple fires of the endovascular stapler.

It is most convenient to perform the right paratracheal
lymph node dissection following removing of the lobectomy
specimen as it obviates retraction of the lung for exposure.
All tissue from the trachea to the superior vena cava the azy-
gos vein to the thoracic inlet and down to the level of the
pericardial reflection is removed (Fig. 8.9). On completion,
intercostal blocks with 0.5 % Marcaine are performed, a sin-
gle 28Fr chest tube is placed posteriorly and apically. The
lung is re-inflated under direct vision and the wounds are
closed in a standard fashion.

Fig.8.6 Exposure of right upper lobe bronchus

Fig.8.7 Isolation of the right superior pulmonary vein



8 Robotic Lung Resection

207

Fig. 8.8 Exposure of the right upper lobe posterior ascending pulmo-
nary artery

Fig.8.9 Right paratracheal lymph node dissection

8.2.8 Lower Lobectomy

The steps for completing a lower lobectomy on either the
right or left sides are nearly identical.

Following the posterior hilar dissection, if the major fis-
sure is entirely or substantially complete, it is advantageous
to divide the pleura over the basilar artery in order to facili-
tate completion of the fissure anteriorly. Usually, there are
level 11 interlobar lymph nodes present overlying the basilar
artery. Excising these nodes will expose the artery readily.
On the right side these lymph nodes occupy the space
between the basilar artery, the lower and middle bronchi and
the middle lobe artery. Removing them entirely delineates
the anatomic relationships completely (Fig. 8.10). The ante-
rior fissure can then be divided either with cautery or
endovascular stapler. On the left side it is critical to remove
the interlobar lymph nodes residing in the secondary carina
between the upper and lower lobe bronchi. This again allows
for completion of the fissure anteriorly and it prevents inad-
vertent division of the entire left mainstem bronchus.

After division of the anterior portion of the major fissure
the plane between the basilar artery and lower lobe bronchus
is developed through careful blunt dissection. The authors
prefer a gentle sweeping motion alternately using the spatula
and the bipolar forceps. With the magnified and binocular
vision of the robotic visual system, one can easily separate
the plane between the two completely. On the right side it
may be a little more difficult than on the left. The posterior
portion of the fissure may be divided in a manner similar to
the anterior portion, either with electrocautery or by stapling.
Alternatively, the posterior fissure may be divided last fol-
lowing the hilar structures.

At this point, all the hilar structures should be ready to
divide with the endoscopic staplers. For a lower lobectomy
they can all be stapled through the anterior incision. The
lung is retracted superiorly, and the tableside assistant
removes the instrument arm from the anterior incision.
Use of articulating staplers can facilitate passage and divi-
sion. The inferior vein is divided first (Fig. 8.11) followed
by the bronchus, and the basilar artery is often divided last.
Once the hilar structures are sequentially divided any
remaining posterior oblique fissure is completed with the
endoscopic stapler to complete the lobectomy. The speci-
men is placed in a polypropylene sac and brought out
through a utility incision. The paratracheal or aortopulmo-
nary node dissection is performed.
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Fig.8.11 Division of the left inferior pulmonary vein

8.2.9 Middle Lobectomy

The initial steps for a middle lobectomy are identical to that
for a lower lobectomy. Following the posterior hilar dissec-
tion, the anterior portion of the major fissure is explored and
the mediastinal pleural overlying the basilar pulmonary
artery is divided to allow identification and excision of the
interlobar lymph nodes, exposing the basilar pulmonary
artery and the takeoff of the middle lobe bronchus. The
remaining portion of the fissure anteriorly may be divided
with a stapler or with electrocautery if the fissure is com-
plete. The mediastinal pleura overlying the middle lobe vein
is divided to isolate the vessel from the remainder of the
superior vein. It is then divided with a vascular stapler load
introduced through the posterior access incision (Fig. 8.12).
The middle lobe bronchus is then easily encircled by remov-
ing the peribronchial nodes. It may be divided by stapling
either through the posterior or anterior incisions. A curved
stapler tip is useful for this endeavor. The remaining middle
lobe artery branches should be clearly identified, isolated
and divided. Most commonly there are two artery branches,
and it is important to divide the more anterior branch prior to
division of the fissure in order to avoid injury (Fig. 8.13).
The horizontal fissure is stapled last usually by passing the
stapler through the anterior incision.
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Fig.8.13 Exposure of the middle lobe arteries

8.2.10 Left Upper Lobectomy

The initial posterior hilar dissection is performed with resec-
tion of the posterior hilar and subcarinal lymph nodes. The
lung is then retracted laterally in order to place the superior
hilar structures on tension. The mediastinal pleura over the
superior pulmonary vein is incised from the interlobar area
inferiorly to the superior hilum near the aortic arch. The infe-
rior portion of the vein can be mobilized away from the bron-
chus using blunt dissection, and the superior extent of the
vein is separated carefully from the pulmonary artery. The
superior vein can then be isolated and divided (Fig. 8.14).
There are usually hilar nodes between the upper lobe bron-
chus and first pulmonary artery branches that should be mobi-
lized away or removed in order to allow the anterior and
apical branches to be isolated and stapled (Fig. 8.15). As with
right upper lobectomy, the hilar structures may be divided
with introduction of the stapler through the posterior incision.
The peribronchial and interlobar lymph nodes between the
upper and lower lobe bronchi are removed entirely to allow
mobilization and division of the upper lobe bronchus.

On division of the bronchus lateral and posterior retrac-
tion of the upper lobe will expose the pulmonary artery and
the upper lobe branches as viewed from the anterior aspect of
the hilum (Fig. 8.16). Each upper lobe branch is mobilized
under direct vision and divided sequentially to the lingular
artery. The precise sequence in which the vessels are taken
can vary depending on their relationship to each other giving
the best exposure for stapling. Depending on the clinical sit-
uation or simply surgeon preference the posterior arterial
branches may be isolated and divided prior to dissection of
the anterior vessels and bronchus. Typically once all of the
hilar structures have been divided the major fissure can be
completed with multiple fires of the endovascular stapler.
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Fig.8.14 Mobilization of the left superior pulmonary vein

Fig.8.15 Division of the left anterior/apical pulmonary artery branches

Fig.8.16 Division of the left upper lobe bronchus

8.3  Results and Discussion

Robotic lung resection has been practiced by thoracic sur-
geons for more than a decade with increasingly frequency
throughout the world. The first published series appeared in
2002 from Melfi et al. [11]. This heterogenous group of
robotic thoracoscopic procedures included five lobectomies
and demonstrated the feasibility of using the da Vinci™ sys-
tem in thoracic surgery with no operative mishaps and appro-
priate functioning of the robotic arms for the procedure.

Following this landmark report, numerous reports of
experience using the robotic system for lung resection fol-
lowed including our own experience from Memorial Sloan
Kettering Cancer Center New York [12]. Our series consisted
of 34 patients having robotic assisted, minimally invasive
lobectomy with four conversions to thoracotomy (12 %). All
types of lobectomy were performed showing the versatility
of the robotic system. No perioperative deaths were observed
and a 26 % morbidity rate, comparable to techniques of open
and VATS lobectomy. Chest tube duration (3 days) and
length of hospital stay (4.5 days) were comparable to stan-
dard techniques. All patients underwent an RO resection and
had a median of four lymph node stations dissected. Our
results have been replicated by numerous institutions around
the world in the subsequent years [13—17]. These studies
report perioperative mortality rates from 0 % to 3 %, morbid-
ity rates from 10 % to 26 %, conversion rates of 0—12 % and
median length of stay of 2—6 days.

With such reproducible perioperative results, the proce-
dure has gained in popularity in recent years. A recent report
reviewing the State Inpatient Databases, in the US, showed
robotic lobectomy accounted for 0.2 % of total lobectomies
in 2008 rising to 3.4 % in 2010. This still remains a small
proportion of all patients having lobectomy but represents a
rapid growth in the case volume [18]. This same study dem-
onstrated most recent results from many institutions across
eight states showing that robotic technique was equivalent or
superior to open lobectomy as assessed by mortality, length
of stay, routine discharge and complication rate.

Limitations of the technique that are often cited include
costs associated with this new technology and lack of long
term oncologic data for early stage lung cancer patients hav-
ing this novel technique. We have attempted to address these
issues through analysis of our own experience.

A cost comparison from our own center has been con-
ducted comparing costs of robotic lobectomy to conventional
VATS lobectomy and open thoracotomy [19]. The difference
in total average costs was calculated for each group. Within
the minimally invasive group, robotic lobectomy was associ-
ated with increased cost compared to conventional VATS
lobectomy but the average cost of robotic lobectomy was
substantially less than thoracotomy, primarily because of a
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decreased length of stay. With any new technology, the
expectation is that as the volume of use goes up, the initial
capital costs and disposable costs will reduce as the volume
of sales of the robotic system increases nationally and
internationally.

The second concern about the procedure is over the onco-
logic safety of robotic lobectomy. Two recent studies should
put these concerns to rest. Firstly, long term oncologic data
has been reported from a multi-institutional retrospective
review of patients undergoing robotic lobectomy [20]. Three
hundred twenty-five patients from 3 separate centers includ-
ing 123 consecutive patients from our own center were stud-
ied. The majority of cases were subtypes of adenocarcinoma
(73%) and had clinical stage I disease (95.4%). Overall
5 year survival for pathological stages IA, IB and II were
91 %, 88 % and 49 % respectively. These stage-specific sur-
vivals are consistent both with the largest recent series of
VATS lobectomies and the data used for the seventh edition
of the lung cancer staging system, derived largely from cases
of conventional open surgery [21-23].

Anecdotally, surgeons with experience of both tech-
niques of robotic lobectomy and conventional VATS lobec-
tomy often remark on the ease of performing a complete
lymphadenectomy with the robotic technique. This should
translate to better staging and therefore appropriate admin-
istration of adjuvant therapies when indicated. A recent
multi institutional, retrospective study of robotic lobec-
tomy and segmentectomy used the prevalence of pathologic
nodal upstaging as a surrogate measure for the complete-
ness of nodal evaluation [24]. The authors conclude the rate
of robotic pathologic nodal upstaging for clinically stage I
NSCLC appears to be superior to the VATS approach and
similar to the open approach. Overall and disease free sur-
vival rates are comparable to open and VATS technique,
albeit with a rather short median follow-up of 12.3 months
[24].

Together these studies provide objective evidence of the
oncologic equivalence of robotic lobectomy to open surgery
and evidence of possible superior staging through better
lymph node resection and therefore more accurate staging
with this technique. As the previous published series mature
with time, more robust long term oncologic data with become
available.

8.3.1 Summary

Reported experience in the literature shows robotic pulmo-
nary lobectomy to be a safe, reproducible technique. It
provides an alternative to conventional VATS lobectomy
with a technique that is more intuitive. Randomized trials
comparing the technique to standard open approach and con-
ventional VATS surgery are not available and are unlikely

ever to be conducted. Papers from institutions across the
world report equivalent perioperative outcomes. Long onco-
logic efficacy has also been demonstrated with evidence of
superior nodal dissection and therefore accurate staging in
lung cancer patients.

This intuitive technique should remove the technical bar-
riers that prevent some surgeons from adopting a minimally
invasive approach. Fears over excessive costs have been
allayed compared to standard thoracotomy. It is anticipated
that as the technology becomes more widely adopted, associ-
ated costs should fall promoting yet wider adoption across
the thoracic surgical community.
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9.1 Intraoperative Staging of Lung
Cancer:The Sentinel Lymph Node
Biopsy in the Intraoperative Staging

of Non-small Cell Lung Cancer

Hui Zhao and Jian Zhou

9.1.1 Preface

In the staging of non-small cell lung cancer, the status of the
drainage lymph nodes is of great concern. Radiological
examinations such as computed tomography (CT) or fluoro-
2-deoxy- d -glucose (FDG)-positron emission tomography
(PET) scanning can aid in the preoperative staging of non-
small cell lung cancer. But several meta-analyses has reported
low sensitivities and specificities in the assessment of medias-
tinal lymph node status, which ranged from 50 to 65 %, and
from 65 to 85 %, respectively [1]. PET and PET-CT are supe-
rior to CT in the preoperative nodal staging, which has been
proved by a large number of studies and meta-analyses [1-6].
PET and PET-CT can provide comparable high sensitivities,
and negative predictive values to mediastinoscopy. However,
due to lack of pathological proof, the positive predictive value
and the specificity pf FDG PET scan is lower than mediasti-
noscopy [1]. Cervical mediastinoscopy, endobronchial ultra-
sound-guided transbronchial needle aspiration (EBUS-TBNA)
and esophagoscopy (EUS-FNA) are useful preoperative stag-
ing tools. They can provide reliable sensitivity and specificity
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[1]. But these preoperative staging examinations are per-
formed in patients with enlarged lymph nodes and a high sus-
picion of N2-N3 disease [7], and they cannot reach all the
stations of pulmonary drainage lymph nodes.

Intraoperative lymph node dissection is the most accurate
way to determine the pathologic status of lymph node, and is
considered as gold standard for the other method to evaluate
the pathologic status of lymph node in resectable NSCLC
cases.

As the number of the early stage lung cancer increases,
more and more sublobar resection, including wedge resec-
tion and segmentectomy are performed. And selected lymph
node sampling are proved to have a comparable prognosis
with complete lymph node dissection in early stage NSCLC
patients [8]. Reducing the extent of the lymphadenectomy
procedure has been indicated for patients without metastasis
to lymph nodes [9-12]. Thus, the point is how to reduce the
extent of lymphadenectomy procedure while dissect all the
possible metastatic lymph nodes. On the other hand, due to
the micrometastasis of NSCLC tumor cells [13], the current
pathology evaluation techniques may cause downstaging and
undertreatment of the NSCLC patient. A more focused
pathologic or molecular staging technique is needed to direct
a more focused research for the metastatic disease. The sen-
tinel lymph node identification technique may help in reduc-
ing excessive lymphadenectomy procedures and providing
more focused pathologic studying,

9.1.2 The History of Sentinel Lymph Node
Biopsy

The first sentinel lymph node biopsy was introduced by
Cabanas in 1977 in penile cancer [14]. However, the method
was found to be unreliable. Because the false negative rate
was unacceptably high and too difficult to implement [15].
But in some superficial malignancies such as melanoma and
breast cancer, the sentinel lymph node biopsy was well
adopted [16, 17]. And used sometimes as standard proce-
dures in the surgeries of these malignancies [18, 19].

In resectable NSCLC surgeries, mediastinal lymph node
dissection (MLND) was considered as a standard procedure
since Naruke and colleagues created a lymph node map and
reported the significance of MLND [20]. And the first senti-
nel lymph node biopsy was performed by Little and col-
leagues [21] in 1999, and since then there has been an
expanding body of literature.

9.1.3 The Definition and Indication of SLN
Biopsy in NSCLC Surgery

The theory of sentinel lymph node is based on the hypothesis
that the sentinel node is the first station of nodal drainage,

and it can represent the status of the further stations of lymph
node. So, the sentinel lymph node biopsy is defined as the
first lymph node or group of lymph nodes encountered in
lymphatic drainage from the primary tumor [14]. During
sentinel lymph node biopsy, one or several tracers is injected
near the primary tumor. And the path of lymphatic drainage
is mapped using different techniques depending on the char-
acteristics of the tracers. Intraoperative mapping permits
selective biopsy of the intrapulmonary, hilar or the mediasti-
nal lymph node. The biopsied specimen is then evaluated
using frozen section, touch imprint cytology analysis tech-
nique [22] or more accurate techniques such as immunohis-
tochemistry (IHC) and reverse transcription-polymerase
chain reaction to identify micro metastasis [23, 24].

The aim of SLN biopsy is to help the pathologic node-
negative patients to avoid unnecessary lymphadenectomy
without leaving out metastatic lymph nodes, and to reduce
the lymphadenectomy complications. So the SLN biopsy
should be performed in clinically TINOMO patients. The
enlarged lymph node indicates increased possibility of
metastasis and on the other hand, may block the lymphatic
drainage, which may lead to false negative results of the SLN
imaging. So the mediastinal lymph node dissection should
be performed routinely in radiologically N1 and N2 patients,
who might benefit from the thoroughly dissected drainage
lymph nodes.

9.1.4 The Tracers Used in SLN Mapping

The first application of sentinel node detection of SLN in
non-small cell lung cancer was conducted by Little and col-
leagues [21] in 1999 using isosulfan blue. The tracer resulted
in less than 50 % identification rate. And the primary draw-
back was the frequently encountered black anthracosis nodes
in lung. Since then, a variety of tracers have been reported,
including radioactive tracer, fluorescence tracers, magnetic
materials, CT contrast agents, and carbon nano-particles.
The detection rates and sensitivity of SLN mapping varies
between different tracers. A meta-analysis in 2013 shows the
pooled detection rate was 80.6 % [76.8—-84 %] and pooled
sensitivity was 87 % [83-90 %] [25].

9.1.5 Dye

The clinical trial conducted by Little et al. [21] in 1999 was
the first application on SLN mapping. In this trial, the group
prospectively injected isosulfan blue in 36 patients. Sentinel
lymph nodes was identified in 47 % of the patients. The
unsatisfying results was caused by original black color of the
anthracotic pulmonary lymph nodes and the steep learning
curve. Sugi and colleagues [26] and Rzyman and colleagues
[27] also reported trials using blue dye staining method for
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SLN identification and showed inadequate identification rate
of SLN.

9.1.6 Radioactive Tracers

9.1.6.1 Intraoperative Injection

The Technetium 99m (Tc 99m) was first used in breast can-
cer, and the accuracy was reported to exceed 90 % [28, 29].
Liptay et al. reported the first study of Tc 99m sulfur colloid
in NSCLC SLN biopsy [30]. They included 148 consecutive
patients who underwent completely resected non-small cell
lung cancer. Colloid suspension was injected into tumor and
outer margins of the tumor and a standard dissection was
performed to anatomic resection of the tumor. A hand held
gama-counter was used to read the radiation intensity. They
observed successful migration of radioisotope through lym-
phatics in 120 of 148 patients (81 %), and sentinel lymph
nodes was identified in 104 of 120 patients. The identifica-
tion rate was 70 %, and is much higher than blue dye. In the
study, they used immunohistochemistry and serial sectioning
and detected eight cases of micrometastatic disease. And
they found 25 of 104 patients (24 %) with N2 mediastinal
nodes as sentinel nodes. But in the following multicenter
phases II trial [31], Cancer and Leukemia Group B 140203
(CALGB140203), the identification rate of SLN was only
61.5 % (24 of the 39 patients). Twenty of 24 patients (83.3 %)
was found to be true negative (no other nodes were positive
if SLN was found to be negative). The overall true negative
rate was 20 of 39 patients (51.2%). The group contributed
the lower identification rate to a difficult learning curve.
Rzyman et al. [32] reported sentinel node identification rate
of 74 % afterwards.

9.1.6.2 Preoperative Injection

Due to restrictions of handling radioactive substances in
Japan, Japanese surgeons performed several preoperative
injection of radioactive tracers. Nomori and colleagues [33]
performed the largest serials based on Tc 99m tin colloid, a
larger particle which can last longer in lymph nodes. SLNs
were identified in 40 (87 %) of 46 patients, and no false nega-
tive SLNs were detected in 14 patients with N1 or N2
disease.

Kim and colleagues [34, 35] also developed a mannose
receptor-binding agent called Tc99m neomannosyl human
serum albumin (Tc99m MSA). They performed both preop-
eratively and intraoperatively. The SLN identification rate
was high in both groups: 95.8 in preoperative group and
97.1% in intraoperative group, with no significant differ-
ence. They also proved that intraoperative injection is time-
saving and less expensive.

Preoperative injection may have some logistical bene-
fits: (1) Avoid intraoperative handling of radioactive sub-

stances, (2) Better identification rate in some trials, which
is also proved by a meta-analysis study [25]. On the other
hand, it has the risk of pneumothorax, hemopneumothorax,
metastasis along the needle tract, and may take longer time
in total.

The radioactive tracers may have the following short-
comings: (1) Shine-through effect, which is the tumor and
background radioactivity aerosolization phenomenon,
may cause low identification rate in hilum or interlobar
SLNs. (2) The endobronchial migration of radioactivity
may lower the identification rate. (3) Difficult learning
curve. (4) Handling of radioactive substance may face
restrictions and cause potential damage to both patients
and surgeons.

9.1.7 Near Infrared Fluorescent Tracers

Near infrared light can penetrate around 1 cm of solid tissue
and can be visualize. Using the real-time visible and NIR
images, it is possible to simultaneously display the color and
NIR images or overlay the two images. Thus we can get an
image which can show the exact location of the fluorescent
lymph nodes while the color of the mediastinum is not
changed. And NIR imaging can avoid the disadvantage of
shine-through effect and the government regulations on the
radioactive materials. Currently, there are commercial avail-
able NIR cameras for both open and thoracic surgery. Several
groups have studied on these non-radioactive tracers and
there have been promising results.

Soltecz et al. [36] reported the use of NIR fluorescing
quantum dots in pigs. They used a camera system that can
merge visible image and the near infrared fluorescence. This
technique was found to be reliable in identifying the SLNs
in pigs. They also proved lymphatics and nodes could be
seen through 1 cm of solid tissue and 5 cm of lung
parenchyma.

Yamashita and colleagues applied the NIR guided SLN
biopsy in thoracoscopic lobectomy and segmentectomy, and
reported the SLN identification rate of 80.7% They also
described some technical difficulties such as steep learning
curve and factors that impeded detection of signal such as
adhesions to pleura, incomplete fissure, and deep nodes.
Gilmore et al. [37] utilized NIR and FLARE system in con-
ducting the clinical phase I trial in 38 patients. They per-
formed an dose-efficacy study, which starts from 3.8 pg of
peritumorally injected ICG up to 2,500 pg. Concentrations
of dye 1,000 pg or greater were associated with an excellent
89 % SLN identification without adverse reactions, whereas
doses of less than 600 pg were associated with poor 25 %
identification. They also reported 27 % patients with “skip
metastasis” directly to N2 nodal stations. A phase II trial is to
be anticipated in the future.
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9.1.8 (T Contrast Agents

In 2004, Suga and colleagues [38] reported a method of pre-
operative CT-guided injection of iopamidol in to peritumoral
lung tissue. They reported successfully SLN identification in
all nine patients without any complications. Takizawa and
colleagues [39] also reported a method of inserting an ultra-
thin bronchoscope into the target bronchus with the guidance
of virtual bronchoscopic navigation system. Then the CT
image was acquired at 0.5 and 5 min after injection of 2 or
3 mL of iopamidol through a microcatheter. The SLN identi-
fication rate was 92.3% (12 of 13 patients). Although the
number of patients studied was small, the SLN identification
rate was high.

9.1.9 Combined Tracers/Mutimodal Imaging
in SLN Identification

In order to improve the identification rate of SLNs, some
researchers tried to combine different tracers or used a tracer
that contain combined features of different tracers.

Schmidt et al. [40] attempted to inject blue dye and
Tc99m. They reported SLN identification rate of 81 % in 31
patients, which is comparable to Liptay’s study. But in
another study conducted by Tiffet et al. [41], they had less
success with this combination method, with only 54 % of
identification rate in 24 patients. The unsatisfying result may
be caused by rushed biopsy of SLN.

Jinzi et al. [42] reported a dual-modality nano liposo-
mal agent (CF800), which can be used as computed
tomography contrast and near-infrared fluorescence agent.
They performed the application of this agent for preopera-
tive CT three-dimensional surgical planning (>200
Hounsfield units enhancement) and NIR fluorescence
guided resection (>5-fold tumor to background ration).
This study showed a promising future of this multimodal
agent.

9.1.10 Other Tracers

There are also some reports of using positron emission
tomography agent (18F-flourodeoxyglycose, FDG) or mag-
netite in identification of SLN.

9.1.10.1 Positron Emission Tomography/CT
Lymphoscintigraphy

Nwogu et al. reported SLN mapping using
BE-flourodeoxyglycose (FDG) peritumoral injections in ten
patients [13]. They found three of the ten patients had FDG-
positive nodes containing micrometastasis, although these
were not SLNs. The group proposed using PET/CT and FDG
injections for “ultrastaging” rather than SLN mapping. Eo
et al. [43] also reported use of gallium tracer in 34 patients
with an identification of 100%. Although promising, the
application was limited by the expense and the small number
of the studies.

9.1.10.2 Magnetite

Nakagawa and colleagues [44] reported a method using
ferumoxide, a colloidal superparamagnetic iron oxide of
nonstoichiometric magnetite, as a tracer. They injected
5 mL of the magnetite in to paratumoral lung tissues intra-
operatively. Lung resection and lymph nodes biopsy were
performed 15 min late. The resected lymph nodes were
examined ex vivo. After the initial study, they developed a
more sensitive and sterilizable magnetometer for in vivo
examination [45]. The in vivo SLN detection rate was
80 %.

9.1.11 Conclusions

In cases of melanoma and breast cancer, SLN biopsy tech-
niques has been proven to be useful and effective, and have
become standard procedures. In NSCLC surgery, the study
of the present tracers has progressed. The identification rate
was less than 90 % with blue dyes or Tc 99m, complicated
by the anthracosis-obscuring dye visualization or shine-
through effect. New technologies using different agents
such as near infrared fluorescent tracers, CT-contrast
agents, multi-modal agent et al. are promising but need
additional trials the evaluate the use of various injection
strategies.

In future, the SLN biopsy technology may have the poten-
tial to reduce the excessive lymphadenectomy. On the other
hand, it may also help in identification of the isolated tumor
cells (single tumor cells of < =0.2 mm in diameter) or micro-
metastasis (0.2—2 mm in diameter). Future studies are needed
to find more ideal tracers and application strategies.
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9.2 Mediastinal Lymph Node Dissection
Qun Wang
9.2.1 Technical Points

* Discriminate adjacent structures of regional lymph nodes,
and make en-bloc resection of lymph nodes and surround-
ing fat tissue.

e Grasp tissue gently, and avoid grasping lymph nodes
directly which may crush lymph nodes.

9.2.2 Anatomical Landmarks [46]

#1: Low Cervical, Supraclavicular, and Sternal Notch Nodes,
from lower margin of cricoid cartilage to clavicles and the
upperborder of the manubrium.

#2: Upper Paratracheal Nodes, 2R: upper border: apex of the
right lung and pleural space, lower border: intersection of
caudal margin of innominate vein withthe trachea. 2L:
upper border: apex of the left lung and pleural space,
lower border: superior border of the aortic arch.

#3: prevascular and retrotracheal Nodes, 3a: Upper border:
apex of chest, lower border: level of carina, anterior border:
posterior aspect of sternum, posterior border: anterior bor-
der of superior vena cava (right) and left carotid artery, 3p:
Upper border: apex of chest, lower border: level of carina.

#4: lower paratracheal Nodes, 4R: upper border: intersection
of caudal margin of innominate vein with the trachea,
lower border: lower border of azygos vein, 4L: upper bor-
der: upper margin of the aortic arch, lower border: upper
rim of the left main pulmonary artery.

#5: subaortic nodes, subaortic lymph nodes lateral to the lig-
mentum arteriosum, upper border: the lower border of the
aortic arch, lower border: upper rim of the left main pul-
monary artery.

#06: paraaortic nodes, lymph nodes anterior and lateral to the
ascending aorta and aortic arch, upper border: a line tan-
gential to the upper border of the aortic arch, lower bor-
der: the lower border of the aortic arch.
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#7: subcarinal nodes, upper border: the carina of the trachea,
lower border: the upper border of the lower lobe bronchus
on theleft; the lower border of the bronchusintermedius
on the right.

#8: paraesophageal nodes: nodes lying adjacent to the wall
of the esophagus and to the right or left of the midline,
excluding subcarinal nodes, upper border: the upper
border of the lower lobe bronchus on the left; the lower
border of the bronchus intermedius on the right, lower
border: the diaphragm.

#9: pulmonary ligament nodes: nodes lying within the pul-
monary ligament, upper border: the inferior pulmonary
vein, lower border: the diaphragm.

9.2.3 Operating Procedure

9.2.3.1 Dissection of Right Upper Mediastinal
Lymph Node

The azygos vein is exposed by retracting the right upper lobe
inferiorly (For non right upper lobe resection). The mediasti-
nal pleural caudal to the azygos vein arch is grasped and
incised. The lymph nodes and the mediastinal fat pad are
divided along the posterior border of the vena cava, the ante-
rior border of the trachea, the lower border of the azygos vein
and the surface of the pericardium (Fig. 9.1).

The right upper lobe is retracted caudally. The mediastinal
pleural cephalad to the azygos vein can be grasped for better
exposure. The pleural over the joint of the azygos vein and the
vena cava is incised by ultrasonic scalpel or hook electrocau-
tery, opened in parallel with the vena cava to the innominate
artery, along the lower border of the inominate artery, anteri-
orly to the vagus nerve and above the azygos vein (Fig. 9.2).

The aygos vein arch is retracted caudally to elevate the
lymph nodes to the superior mediastinum and to push to the
trachea. An ultrasonic scalpel can be used to divide the fat tissue
behind the vena cava to the lower border of subclavicular artery.
After that, the lymph nodes can be pushed to the appex of the
thorax and then be dissected off the surface of pericardium and
the front border of the trachea to the subclavicular artery. The en
bloc tissue is then dissected along the lower border of the sub-
clavicular artery when it is retracted caudally (Fig. 9.3).

Tips

A small vein draining from the upper mediastinal fat
pad into the superior vena cava is encountered fre-
quently. Some lymph ducts may be present on the sur-
face of the pericarium infront of the trachea. Dissetion
should be performed tenderly and carefully. Ligation is
useful to prevent postoperative lymph leakage.
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Fig.9.1 Dissection of right upper
mediastinal lymph node. / Azygos
vein arch. 2 Trachea. 3
Pericardium. 4 Superior vena cava.
5 Stump of trucus anterior

1
2
3
4
5
6
7

Fig. 9.3 After dissection of right upper mediastinal lymph node. /
Vagus nerve. 2 Superior vena cava. 3 innominate artery. 4 Trachea. 5
Azygos vein arch. 6 Pericardium. 7 Stump of right upper lobe
bronchus

Fig.9.2 Dissection of right upper mediastinal lymph node. / Superior
vena cava. 2 Vagus nerve. 3 Azygos vein arch
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9.2.3.2 Dissection of Right Subcarinal Lymph
Nodes

The right lung is retracted anteriorly, and the mediastinal
pleural is exposed and then opened from the level of bron-
chus intermedius to the carina. The subcarinal lymph node
packet is divided along the right and left bronchi and the sur-
face of the pericardium. The packet can then be dissected by
ultrasound scalpel en bloc (Fig. 9.4a, b).

Tips
A bronchial artery can be seen in front of the left main
bronchus. It must be identified and controlled carefully.

Fig.9.4 (a) Dissection of right subcarinal lymph nodes. 7 Vagus nerve.
2 Esophagus. 3 Left main bronchus. 4 Right main bronchus. 5
Pericardium. (b) After dissection of right subcarinal lymph nodes. /
Esophagus. 2 Left main bronchus. 3 Right main bronchus. 4 Pericardium

9.2.3.3 Dissection of the Right Lower Mediastinal
Lymph Nodes

The inferior pulmonary ligament should be divided to the

level of the inferior pulmonary vein. The fat pad and the

lymph nodes on the surface of the esophagus should be

removed from the esophageal hiatus to the level of the infe-

rior pulmonary vein (Fig. 9.5).

Fig. 9.5 Dissection of the right lower mediastinal lymph nodes /
Azygos vein. 2 Esophagus. 3 Inferior vena cava. 4 Diaphragm
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9.2.3.4 Dissection of the Left Upper Mediastinal
Lymph Node

The left upper lobe is retracted caudally to expose the supe-
rior mediastinum (for non upper lobe resection). Open the
mediastinal pleural on the surface of the phrenic nerve and
the vagus nerve. The lymph nodes with the fat pad posterior
to the phrenic nerve, anterior to the vagus nerve, on the sur-
face of the aortic arch, arterial ligament and the left pulmo-
nary trunk are dissected (Fig. 9.6).

The phrenic nerve is retracted and the nodes with fat pad
anterior to the ascending aorta are dissected (Fig. 9.7).

Fig.9.6 Dissection of the left upper mediastinal lymph node. / Phrenic
nerve. 2 Vagus nerve. 3 Pulmonary trunk

Fig.9.7 Dissection of the left upper mediastinal lymph node. / Vagus
nerve. 2 Phrenic nerve

The left vagus nerve and the left recurrent laryngeal nerve
are divided and exposed. The left laryngeal nerve is divided
to the aortic arch. The pulmonary trunk is then pushed to the
ventral side and the descending aorta and the esophagus to
the back side. The lymph nodes and the fat tissue posterior to
the pulmonary trunk, anterior to the esophagus, caudal to the
aortic arch and on the surface of the distal part of the trachea
are dissected (Fig. 9.8a, b).

Tips

Care must be taken not to injure to the left phrenic
nerve, the left vagus nerve and the left recurrent laryn-
geal nerve. Thermal injury should be prevented to the
nerves when the dynamical systems are used in the
dissection.

Fig. 9.8 (a) Dissection of the left paratracheal lymph node. 7 Left
vagus nerve. 2 Left recurrent larygeal nerve. 3 Esophagus. 4 Trachea. 5
Pulmonary trunk. (b) After dissection of the left paratracheal lymph
node. / Left vagus nerve. 2 Left recurrent larygeal nerve. 3 Esophagus.
4 Trachea. 5 Pulmonary trunk
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9.2.3.5 Dissection of the Left Subcarinal Lymph
Node

The lung is retracted anteriorly to open the mediastinal pleu-
ral from the inferior pulmonary vein to the carina and paral-
lel to the aorta. Expose both left and right bronchus divide
the subcarinal lymph nodes along the lower border of the
both bronchi to the carina and an ultrasonic scalpel can be
used to dissect the lymph nodes en bloc from the surface of
the pericardium (Fig. 9.9a, b).

Tips
Tratrealarteries are present in front of the carina.
Careful handling is needed to prevent bleeding.

Fig. 9.9 (a) Dissection of left subcarinal lymph nodes. / Right main
bronchus. 2 Left main bronchus 3 Pericardium. (b) After dissection of
left subcarinal lymph nodes. / Esophagus. 2 Right main bronchus. 3
Right lung. 4 Pericardium. 5 Left main bronchus

9.2.3.6 Dissection of the Left Lower Mediastinal
Lymph Node

The procedure is similar with dissection of the right lower

mediastinal lymph node (Fig. 9.10).

Fig. 9.10 Dissection of the left lower mediastinal lymph node. 7
Descending aorta. 2 Esophagus. 3 Inferior pulmonary vein. 4
Pericardium
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10.1 Minimally Invasive Approaches
to Chest Wall Resection and Superior

Sulcus Tumors

Benjamin Wei and Robert Cerfolio

10.1.1 Introduction

The resection of chest wall tumors, including superior sul-
cus tumors, has traditionally been performed via an open
approach given the extent of structures to be removed.
Recently, more advanced experience with minimally inva-
sive techniques (both VATS and robotic) have allowed tho-
racic surgeons to perform these operations through smaller
incisions and avoid the trauma to the overlying major mus-
cles of the chest wall. One of the earliest reports of VATS-
assisted chest wall resection by Widmann et al. described
performance of wedge resection of lung with VATS fol-
lowed by en bloc removal of ribs 3 and 4 along with the
wedge of lung, which was accomplished without the use of
rib spreading [1]. More recently, Hennon et al. reported a
series of 17 patients who underwent VATS chest wall resec-
tion, which comprised 36 % of overall chest wall resections
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done at their institution from 2007 to 2013 [2]. The utiliza-
tion of minimally invasive techniques for chest wall resec-
tion has become a more common phenomenon, as surgeons
explore the ways in which it may benefit patients in terms of
postoperative pain and morbidity. The phrase “minimally
invasive chest wall resection” (MICWR) is a bit misleading,
as any chest wall resection by definition requires the resec-
tion of the same amount of bone and intercostal muscle as in
an “open” operation; however the method by which this is
accomplished can take advantage of some of the same tools
and techniques by which VATS surgery is performed, and
hence we will use the term since it reduces the morbidity of
cutting muscle.

10.1.2 Indications

Any patient who is undergoing chest wall resection is a
candidate to have part, most, or all of the operation per-
formed with minimally invasive techniques. The advantage
and feasibility of these techniques are probably more sig-
nificant for fairly small (<5 cm) tumors that are located in a
position where video-assisted rib resection WITHOUT
chest wall reconstruction will be feasible. Patients with
high tumors (superior sulcus tumors, tumors involving the
first and/or second ribs) may be difficult to approach with
this method, as removing the ribs that high and dealing
with the thoracic inlet structures is more challenging.
Patients with large tumors require a larger chest wall resec-
tion just to remove the tumor, and thus also we feel benefit
less from a minimally invasive approach. Patients for whom
defects will definitely require chest wall reconstruction,
such as those directly contiguous with the sternum or verte-
bral bodies, or near the tip of the scapula, may also derive
less of a benefit from MICWR, as exposing the area for the
reconstruction tends to involve making a larger skin inci-
sion and dividing chest wall muscles such as the serratus
and latissimus.

Even with the above caveats in mind, many patients
requiring chest wall resection will benefit from an initial
minimally-invasive approach during the planning phase of
the surgery. Placing a thoracoscope first allows the sur-
geon to rule out pleural metastasis, define the extent of the
chest wall invasion, and create a targeted skin incision
accordingly.

Patients that require parenchymal resection (including
anatomic resections) in addition to chest wall resection are
also candidates for MICWR. VATS wedge resection with
endoscopic cutting staplers prior to resection of the chest
wall can be straightforward, and is the procedure of choice if
a negative margin can be obtained for tumors originating
from the chest wall and invading the lung. In cases of lung
cancer with chest wall invasion, experienced practitioners

may choose to perform anatomic lung resection, which may
be advantageous from an oncologic standpoint. Division of
pulmonary vessels can be done either after the chest wall is
separated from the remainder of the lobe with a wedge resec-
tion through normal lung, or with more difficulty, with the
lobe still attached to the chest wall.

10.1.3 Workup

CT scan of the chest is the minimum testing needed. For
young patients with an isolated chest wall lesion with no
suggestion of lung involvement (ex. chondroma), this may
be all that is required. However, patients with suspected lung
cancer and patients with a history of cancer or in whom
metastasis as the cause for the chest wall lesion is suspected,
should also receive integrated whole-body PET-CT scan and
possibly brain imaging to determine the extent of disease. If
sites of disease other than the chest wall/adjacent lung are
located on PET-CT scan, these should be investigated, as
elective chest wall resection may not be indicated if these
areas prove to be malignant. If parenchymal resection is
anticipated, pulmonary function testing is recommended
also. Suspected involvement of the subclavian vessels and/or
brachial plexus/vertebral body may justify the use of IV con-
trast and/or MRI, respectively.

10.1.4 Operative Technique

Bronchoscopy is performed if otherwise indicated. The use
of a double lumen endotracheal tube is recommended. After
positioning of the patient in lateral decubitus, a thoraco-
scope is inserted to make sure that no pleural metastases
exist. The extent of the resection is identified by using a
finder needle and the skin marked accordingly. If no paren-
chyma needs to be resected, a limited utility incision over
the area can then be made. The length of the incision
depends on the size of the area of chest wall to be resected
and how much of the operation is planned to be performed
with thoracoscopic as opposed to open techniques. Division
of intercostal muscles and ribs can be performed either with
VATS instruments via an additional counter incision located
away from the area to be resected, or by approaching the
chest wall directly via the utility incision with standard,
open instruments. Rib division with VATS techniques can
involve the use of endoscopic bone shears (Sofamor Danek),
high-speed drill burrs (Midas Rex), Gigli saw, or endoscopic
rongeurs (Kerrison) [3]. Chest wall reconstruction, if
desired, can be performed either with standard open tech-
niques with retraction of the skin incision to permit ade-
quate exposure or alternatively, delivering mesh
intracorporeally and using endoscopic devices such as
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Carter-Thomason ClosureSure (Cooper Surgical; Trumbull,
CT) or Pro Tack fixation device (Covidien Ltd; Dublin,
Ireland) for a VATS technique. Pre-punching the holes in the
mesh prior to delivery or delivering the mesh with sutures
already placed at the outer edges can help facilitate thoraco-
scopic reconstruction.

If lung parenchyma requires resection, however, this should
generally precede resection of the chest wall as the lobe if still
attached to the chest wall will become hard to manipulate once
the chest wall is separated from the remainder of the thorax. If
a wedge resection is feasible, this can be done first with stan-
dard VATS technique with an endoscopic stapling device. If
this non-anatomic resection is all that is desired, the chest wall
resection can then proceed as described above from that point
on. If a lobectomy is preferred, this can be done either with or
without the preceding wedge resection to separate the lung
from the chest wall; however in the latter case, the movement
of the lobe may be more limited. The hilar structures are iden-
tified, isolated, and divided thoracoscopically through stan-
dard port incisions. The chest wall resection is then performed,
and the specimen removed through the incision overlying it,
thus avoiding rib spreading.

10.1.5 Robotics

The use of robotic techniques to help perform MICWR
has been described previously [4]. The keys remain care-
ful clinical staging with CT scan, integrated PET/CT
scan, EBUS, EUS and/or mediastinoscopy prior to resec-
tion to ensure the mediastinal lymph nodes are benign. If
resection is indicated based on the patient’s presentation
and risks then we prefer the port placement as we have
previously published using all four arms of the Davinci
Si robot [5] (Fig. 10.1).

The pleural space is entered over the top of the seventh rib
with a 5-mm port in the midaxillary line, or as anteriorly as
possible, and guided by a 5-mm scope. A 5-mm VATS cam-
era is used to ensure entry into the pleural space, and warmed
carbon dioxide is insufflated to drive the diaphragm inferi-
orly. This incision will eventually be enlarged to allow a
12-mm port, and it will serve as robotic arm 1 (for right-
sided operations). A paravertebral block is performed poste-
riorly with a local anesthetic and a 21-gauge needle. The
needle is used to help select the ideal location for the second
incision, the most posterior incision. The location chosen is
two ribs below the major fissure and as far posterior in the
chest as possible, just anterior to the spinal processes of the
vertebral body. A small 5-mm incision is made, and a 5-mm
reusable metal da Vinci trocar is placed. This will be the
position for robotic arm 3. The next few incisions are care-
fully planned and marked on the skin before they are made.

Ten centimeters anterior to the most posterior incision and
along the same rib (most commonly rib 8), a third incision is
planned. It is an incision for an 8-mm port, and its trocar is
an 8-mm metal reusable da Vinci trocar that will be docked
with robotic arm 2. A fourth incision is marked on the skin
and again planned but not made 9 cm anterior to this port,
along the same rib. This will eventually be used for the
robotic camera. A 12-mm plastic disposable port is used for
the 12-mm camera, and if the 8-mm camera is used, an 8-mm
metal reusable trocar is placed. Before these 2 incisions are
made, a small 21-gauge needle is used to identify the most
anteriorly inferior aspect of the chest that is just above the
diaphragmatic fibers. This incision will have a 15-mm port
and serve as the access port. A plastic disposable trocar is
used. No robotic arms are attached to the trocar that is placed
in this incision. This incision is carefully planned. It is made
just above the diaphragm, as anterior and inferior as possible
and, importantly, to be in between the ports used for robotic
arm | and the camera. Once these incisions have been care-
fully planned and their locations have been confirmed, they
are made and the appropriate trocars are placed. Finally, the
initial 5-mm anterior port that was made first and used to
introduce the VATS camera to identify the internal land-
marks is then dilated to a 12-mm double-cannulated port for
robotic arm 1. The robot is driven over the patient’s shoulder
on a 15° angle and attached to the four ports. In general, only
three robotic instruments were used for all these operations:
the Cadiere grasper, a 5-mm thoracic grasper (used exclu-
sively through the most posterior port that is attached to
robotic arm 3, which serves as a retractor of the lung), and
bipolar forceps.

For rib resection, we have used the Sofamor Danek rib-
cutting device. The remainder of our technique is similar to
that described above for VATS chest wall resection.

Haowd ol pebent

Fig.10.1 Port placement for robotic-assisted chest wall resection with
lobectomy
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10.1.6 Discussion

Developing new methods to achieve the same (or better)
result that limit the amount of surgical trauma created has
been the basis of many developments in minimally invasive
surgery. Similarly, ways to achieve chest wall resection with
or without associated lung resection have evolved as thora-
coscopic and robotic techniques have become refined over
the years. We previously described the use of muscle-limiting
incisions that spare the extrathoracic (trapezius, rhomboid,
serratus anterior) muscles during chest wall resection [6].
Although the operation described in that setting still required
a thoracotomy, the application of minimally invasive tech-
niques may permit chest wall resection without rib spreading
and its attendant disadvantages such as fractured ribs left in
situ, acute pain, and long-term neuralgia [7]. Berry et al.
demonstrated that such resections can be done with a 100 %
RO resection rate and low likelihood of conversion, while
Demmy et al. showed that VATS chest wall resection was
associated with a decreased ICU stay (2 vs 6 days, p=0.028),
hospital stay (7 vs 13 days, p=0.002), and 90-day major
morbidity/mortality (53.3% vs 87.5%,p=0.036) compared
to chest wall resection via thoracotomy despite being per-
formed on older patients that were more likely to be or have
been smokers [2, 8]. One of the final advantages of a MICWR
is that often time by leaving the overlying chest wall muscles
intact the need for a prosthetic can be eliminated. The risk of
the lung billowing out of the incision has to be considered if
prosthetic not used. If a prosthetic is desired it can be easily
sewn to the pleura inside the chest, as opposed to the ribs.

10.1.7 Conclusion

Although not yet extensively studied, the use of minimally
invasive methods for assistance during chest wall resection
with or without lung resection is technically feasible, associ-
ated with an acceptable safety profile in experienced hands,
and may translate to decreased postoperative morbidity and
pain compared to resection via rib-spreading thoracotomy.

10.2 Minimally Invasive Approach to
Superior Sulcus Tumors and Tumors
Involving the Chest Wall or Spine

Erin A. Gillaspie and Shanda H. Blackmon

10.2.1 Preface

As thoracoscopic equipment has evolved and thoracic sur-
geons have become more adept and comfortable with the

technology, more and more complex cases may now be
completed with a minimally invasive approach. We describe
herein our approach to Pancoast tumors and how to manage
the lobectomy, chest wall invasion or nerve root
involvement.

10.2.2 Key Words

Pancoast, minimally-invasive, chest wall invasion, nerve
root, lung cancer, VATS lobectomy, minimally invasive lung
surgery

10.2.3 Introduction

A minimally invasive approach to superior sulcus tumors
and tumors involving chest wall is now established prac-
tice with advances in thoracoscopic equipment, improved
imaging technology and increased surgeon experience.
Three-dimensional models in particular have enhanced
pre-operative planning have enabled surgeons to rehearse
procedures, select and test instrumentation and divide
task responsibilities while anticipating potential obstacles
prior to the patient even entering the operative theater. A
thoracoscopic approach to superior sulcus tumors pro-
vides excellent visualization throughout the procedure,
and helps to reduce postoperative pain and enhance recov-
ery as it requires no rib spreading or division of the latis-
simus or serratus.

We discuss herein our minimally invasive and hybrid
approach to superior sulcus tumors, tumors with chest wall
involvement or nerve root involvement.

10.2.4 Pre-operative Considerations

10.2.4.1 Time Out

A briefing is performed prior to bringing the patient to the
room to confirm desired equipment and planned proce-
dure. The patient is brought to the room and a critical
pause is performed to confirm patient, procedure, position,
administration of appropriate antibiotics and DVT
prophylaxis.

10.2.4.2 Anesthesia

General endotracheal anesthesia with a double-lumen endo-
tracheal tube is performed. Tube position is confirmed bron-
choscopically and tube is secured into place.

10.2.4.3 Tubes and Lines
Foley catheter is placed. Arterial line and additional venous
access is obtained.
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10.2.5 Positioning 10.2.6 Pre-operative Antibiotics

The patient is placed in the lateral decubitus position with Routine prophylactic antibiotics are used.
the affected side up. An axillary roll is positioned under the
patient to protect the brachial plexus. The arms are placedon  10.2.6.1 DVT Prophylaxis
either an arm board or in front of the patient. The bed is Every patient wears bilateral sequential compression devices
flexed to open the rib spaces. Hip and leg straps are secured. that are placed upon arrival to the operating room, before the
A warmer should be placed on the patient to maintain warmth  induction of anesthesia. Additionally, patients are adminis-
during the surgery (Fig. 10.2). tered 5,000 units of subcutaneous heparin.

Patient is prepped and draped in sterile fashion.

10.2.6.2 Instruments
Standard VATS lobectomy instruments (Scanlan International
Mayo Selection VATS Set)

Ve
Q{ L ‘LJ Kerrison bone cutter

\

\

Fig. 10.2 Patient is positioned in right or left lateral decubitus posi-
tion. Bed is flexed, pressure points are padded and patient is secured
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10.2.7 Anatomic Considerations

A Pancoast or superior sulcus tumor is defined as a lung
cancer arising in the apex of the chest, involving structures
of the apical chest wall. Involvement of the chest only at the
level of the second rib or below does not meet criteria for
involvement of the apex. Chest wall involvement may be
limited to invasion of the parietal pleura or may extend
deeper into periosteum or bone in the ribs, vertebral bodies,
subclavian vessels or nerve roots of the brachial plexus or
stellate ganglion. Pre-operative imaging studies should be
performed to delineate anatomy and involvement of tumor
into any vital structures [9]. MRI with contrast allows
enhanced evaluation of vascular and nerve structures when
there is concern of invasion. Three-dimensional printing has
become an outstanding adjunctive pre-operative planning
tool. Please see further information about 3-D printing later
in this chapter (Fig. 10.3).

| TP
L‘J Fatd ~

)

Fig. 10.3 Thoracoscopic view of the chest with the lung and apical
Pancoast tumor removed. Ribs are numbered for reference. At the apex,
the subclavian vein (sub v), subclavian artery (sub a), and brachial
plexus with roots can be visualized. Inferiorly the hilum of the lung
with the right main PA (RPA) and bronchus are appreciated. To the right
is the superior vena cava (SVC) and ascending aortal. To the left is the
esophagus (eso) and spine. The azygous vein (Az V) runs up along the
spine then crosses superiorly to the hilum of the lung
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10.2.8 Operative Approach to Superior Sulcus
Tumor

10.2.8.1 Port Placement

A thoracoscopic port is placed in the seventh to eighth
intercostal space in the posterior axillar line. A second
port is placed in the anterior axillary line, seventh to
eighth intercostal space under direct visualization. The
lung and chest wall are inspected for candidacy of lobec-
tomy. A utility incision measuring approximately 3—4 cm
is placed in the fourth to fifth intercostal space anterior
axillary line under direct visualization. Dissection to the
chest wall should spare the serratus muscle, gently sepa-
rating fibers and then disconnecting underlying intercos-
tal muscles from the superior aspect of the fifth rib. An
Alexis wound protector is used in this incision. If needed,
an additional port may be placed just posteriorly to the tip
of the scapula (Fig. 10.4).

For Pancoast tumors with chest wall involvement, the
lobectomy may be approached as the initial portion of the
procedure or the chest wall may be approached first,
depending on the region of chest wall involvement. In
some cases, the tumor will be affixed to the chest wall and
actually assists with hilar exposure, as it retracts the lobe
out of the way.

P
=

/
A

Fig. 10.4 Thoracoscopic port positions for right upper lobectomy.
Mirror image port sites are used for the left
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10.2.8.2 Lobectomy

The anterior mediastinal pleural surface is opened with
Bovie electrocautery, paying careful attention to preserve the
phrenic nerve. There is frequently a station 10 node between
the RUL and RML vein branches. This node should be dis-
sected free and send to pathology to allow for optimal expo-
sure. The upper lobe vein is skeletonized until a curved
clamp can easily pass around the RUL pulmonary vein, spar-
ing the RML vein branches. A curved tip vascular load sta-
pleris used to staple and divide the RUL vein after confirming
separate middle vein (on the right) and lower lobe vein
branches (Fig. 10.5).

Second, the truncus anterior artery is carefully skeleton-
ized. The mediastinal pleura is opened superiorly along the
border of the azygous vein on the right and away from the
aortic arch on the left to facilitate adequate cephalad arterial
exposure. Careful attention must be paid on the left side to
avoid injuring the recurrent laryngeal nerve as it passes
around the ligamentum arteriosum. Once exposed, the RUL
truncus anterior may be divided with vascular load stapler. It
is always important to remember to take the tension or retrac-
tion off any structure being stapled (Fig. 10.6).

The posterior ascending pulmonary artery branch is iden-
tified next and dissected. The artery is sometimes approached
anteriorly prior to the bronchus, and other times taken after
the bronchus, depending on the relative orientation. The
“sump node” (level 11) which resides between the right
upper lobe and the bronchus intermedius should also be
removed to expose the posterior ascending artery for right
upper lobectomy. The fissure may need to be partially divided

to provide optimal visualization of the artery and facilitate
stapling, and dividing (Fig. 10.7).

The posterior ascending artery varies in size and position.
The point of origin is most commonly the interlobar artery,
but it may also arise from the truncus anterior. This branch
typically arises individually, or may share a common trunk
with the right lower lobe arterial branch. The artery should
be skeletonized and divided as a separate structure, and not
taken concomitant with the fissure. Depending on the size, a
stapler, clip or energy device may be employed to seal the
vessel prior to division (Fig. 10.8).

The left upper-lobe pulmonary artery anatomy is the most
variable among lobes. Left upper lobectomy can be chal-
lenging due to variable anatomy with small vessels which
can be easily injured or vary in number and -caliber.
Inadvertent injury or excess traction can rapidly lead to a left
main pulmonary artery tear.

The bronchus to the upper lobe is dissected, carefully
sweeping lymphatic tissue towards the specimen. Avoid
devascularization of adjacent bronchus intermedius and the
right mainstem bronchus as this compromises blood supply
and impairs healing, leading to higher rates of broncho-pleural
fistula formation. The bronchus is encircled, and the stapler is
deployed. Anesthesia is asked to give a couple of small breaths
to the lung to ensure that the lower lobe inflates. The bronchus
is divided with a tissue (Green for Ethicon and Purple for
Covidien) stapling device. The remaining fissure is completed
with a stapling device or energy source when the fissure is
thin. The specimen, if free, should be sent immediately to
pathology for frozen section evaluation of margins (Fig. 10.9).
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Fig.10.5 The superior pulmonary vein is skeletonized and transected. ~ photo) and lower lobe vein should be confirmed. The stapler is carefully
The first intra-operative photo shows blunt Kittner dissection around passed around the vein and it is transected with a vascular load stapling
the pulmonary vein to the right upper lobe. The phrenic vein shown device. We prefer to use a stapler with a tip. Staple line is shown in the
inferiorly has been carefully preserved. Prior to transecting the vein, third photo

presence of a middle lobe vein (shown in the second intra-operative
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Fig.10.7 There are times, access to the pulmonary artery is compro-
mised by an incomplete fissure, and partial division of the horizontal
fissure may facilitate dissection

Fig. 10.8 Skeletonization and division of the posterior ascending
artery. Depending on the size of the artery, a stapler or clip may be
preferred

Fig. 10.6 The vascular load stapling device is gently advanced poste-
riorly to the truncus anterior, the tip is viewed clearly past the structure,
and the artery is stapled and divided. The stapler should be articulated
to pass around the artery perpendicular to the direction the artery is
traveling

Fig. 10.9 The fissure is completed, thereby finishing the lobectomy
portion of the case. The remaining attachments are to the chest wall
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10.2.9 Chest Wall Involvement

The chest wall may be approached as the first step of dissec-
tion or after the hilar work is complete. In some cases, the
tumor size or chest wall involvement may disrupt access to
the hilum of the lung.

Bovie electrocautery and bipolar devices are used to divide
filmy attachments of the upper lobe to the chest wall. As the
mass becomes more adherent to the chest wall, an extrapleu-
ral dissection must be initiated. Dissection should be initiated
with adequate margins along the length of the tumor, prior to
addressing the area of bony involvement. At least 2-3 cm
margins and one rib above and below the involved area are
taken to ensure complete microscopic resection (Fig. 10.10).

At the level of bony involvement, rib resections must be
performed. The Kerrison bone cutter is used to transect ribs
anteriorly and posteriorly. Site of transection should be
selected 2-3 cm lateral to the extent of tumor involvement.
The Kerrison bone cutter (pictured below) transects the bone
in piecemeal fashion. Alternatively, a Diamond-tip Burr with
extension may be used through established port or small
counter port. Attention must be paid to the neurovascular
bundle underlying each rib (Fig. 10.11).

Vessels may be skeletonized and clipped or divided with
bipolar electrocautery. Final soft tissue and muscular attach-
ments are divided with electrocautery, bipolar energy or
Harmonic® (Fig. 10.12).

Bone and soft tissue involved with the tumor should be
taken en bloc.

The tumor with involved chest wall is placed into a bag
and removed through the utility incision. Extending incision
of the intercostal muscle will give additional length to facili-
tate removal of specimen while avoiding rib spreading. Care
must be taken to prevent separation of the bony structures
adherent to the tumor during extraction. An x-ray of the
excised mass and frozen section confirmation or margins is
requested.

Small chest wall defects do not require reconstruction.
Any defect greater than 5 cm (which would cause paradoxical

chest wall motion) or the fifth to sixth ribs near the tip of the
scapula (which could cause scapular entrapment) should be
reconstructed with mesh to maintain chest wall integrity and
prevent hernia of the lung [10].

A polypropylene, Vicryl or ePTFE mesh may be used.
Positive attributes of PTFE include lack of poricity, prevent-
ing fluid from the pleural space from draining into the subcu-
taneous tissues. Newer biomeshes are better in infected
cases, where contamination is a concern. Size of the defect is
measured and the mesh is fashioned into appropriate size and
shape. The mesh should be oversized with several centime-
ters of overlap allowed beyond the borders of the defect. The
mesh may be secured using different methods [10, 11].

A transfascial suture passer may be utilized. For this
method, horizontal mattress sutures with 0-Prolene are placed
in four quadrants of the mesh. The mesh is inserted into the
chest. A small stab incision is created in the skin posteriorly
and a transfascial, suture passer is advanced through the pos-
terior hemithorax, and sutures are individually grasped and
pulled through. Sutures are tied down to affix mesh to the
chest wall. The most difficult edge to access should be sutured
first. The mesh should be placed under gentle tension as the
suture sites are being selected. Additional tacking sutures or a
tacking device should be used to place additional fixation
points circumferentially around the chest wall defect and
mesh. Care should be taken to avoid intercostal nerve and
intercostal artery [12] (Fig. 10.13).

Alternatively, intra-corporeal suturing may be performed.
A 0-Prolene suture on a VATS needle driver is used to place
horizontal mattress sutures through the mesh circumferen-
tially around the defect. Sutures may be tied intra-corporally
or a knot pusher may be used (Fig. 10.14).

Whenever possible, the mesh should be affixed around
the ribs [12]. Simply suturing a patch to soft tissues does not
afford as much chest wall stability and sutures may tear out
during movement. When a large chest wall defect includes
the first rib, which occurs more commonly with Pancoast
tumors, the superior-most aspect of the patch may be sutured
to the fascia [11] (Fig. 10.15).
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Fig. 10.10 Extrapleural dissection is initiated approximately 1-2 cm
circumferentially around the points of chest wall involvement. Pictured
above are the postero-lateral and antero-medial extra-pleural dissec-
tions being initiated

Fig. 10.11 (a) The illustration depicts a thoracoscopic view of the
apex of the chest. The spine is to the left, the tumor at the apex, the
hilum including pulmonary arterial branches and the bronchus are seen
inferiorly. A Kerrison is shown cutting a portion of the rib. (b)The

intra-operative photograph demonstrates a skeletonized rib and a
Kerrison being used to transect the bone in piecemeal fashion just as the
first bit is being taken (superior) and as the final piece of bone is bring
removed (inferior)
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Fig.10.13 Mesh has already been measured and cut to size. A u-stitch
with O-Prolene is placed extra-corporeally into the mesh. The mesh is
inserted into the chest and a suture passer is used to grasp sutures and
pull them through the chest wall

Fig.10.14 Intra-corporeal suture is placed and a knot pusher is used to
cinch down the knot. Sutures are placed circumferentially around the
patch at about 1 cm interval

Fig.10.15 Mesh reconstruction has been completed of an apical chest
wall mass. The mesh overlaps the defect circumferentially. Wherever
possible, the mesh is secured around ribs to achieve optimum stability
of the chest wall and mesh. The illustration depicts the mesh in relation
to the apex and hemithorax
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10.2.10 Nerve Root Involvement: Hybrid

Approach

The lobectomy and anterior chest wall resection are com-
pleted by this point as described in the previous section of
this chapter. Posterior rib attachments and nerve root involve-
ment are accessed posteriorly. Options at this point include
the creation of a posterior accessory incision (hybrid
approach), VATS intrathoracic completion of resection or
trans-axillar approach depending on the location of the tumor
and extent of involvement.

For a posterior-hybrid approach, an incision is created
along the lateral border of the scapula extending from the
base of the neck to the C7-8 vertebral body. Length of inci-
sion will vary depending on the number of posteriorly
attached ribs that require separation from the transverse pro-
cesses. The trapezius, rhomboid and, at times, the levator
scapula must be divided. This approach does not require divi-
sion of the latissimus dorsi or the serratus anterior (Fig. 10.16).

The dorsal scapular artery and nerve are spared by mak-
ing the incision 1.5-2 cm medial to the scapular border. The
scapula is elevated and the inlet is exposed by dividing the
anterior and middle scalene muscle insertions off the first rib.
Meticulous attention should be paid to preserving the bra-
chial plexus and subclavian vessels.

For posterior chest wall involvement, ribs can be disar-
ticulated directly from transverse vertebral processes. A
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periosteal elevator or Cobb elevator is used to create a
space between the head of the rib and the transverse pro-
cess of the vertebral body. The rib is elevated away from
the spine with gentle pressure. The neurovascular bundle
traveling on the underside of the rib should be isolated and
ligated (Fig. 10.17).

If the tumor involves the transverse processes, these may
also be transected en bloc.

Nerve roots are identified and any involvement with the
tumor is noted. Sacrifice of the T1 nerve root is well tolerated
with minimal neuromuscular consequence to the patient. If
tumor involves the T1 nerve root, this may be sharply tran-
sected and ligated. Loss of C8 nerve root leads to devastating
neurologic consequences to a patient with significant intrin-
sic weakness of hand muscles. The C8 nerve root should be
carefully preserved, even when this may mean a positive
microscopic margin. Imaging should forewarn C8 involve-
ment, and thus a positive gross margin at C8 would not be
expected.

This portion of the dissection is carried our posteriorly,
but thoracoscopic view is maintained to provide superior
visualization of neurovascular structures throughout and
avoid collateral injury. Once free, the specimen may be
removed through the posterior access port in bag. A frozen
section confirmation of margins is requested [13].

A mediastinal lymph node dissection is completed in all
cases; sampling nodes from levels 4R, 7,9, 10, 11 and 12—14.

ﬁ
J

Fig.10.16 Port sites and posterior access incision to approach posterior/spinal involvement of the Pancoast tumor
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Fig.10.17 Periosteal or Cobb elevator is used to disarticulate the pos-
terior 2nd rib head from the transverse vertebral process

10.2.11 Closure

Pathologic confirmation of negative bronchial margins is
made at this point.

The bronchial stump is submerged under water and the
lung is hand insufflated with a Valsalva maneuver to a maxi-
mum pressure of 30 mmHg to assess for evidence of stump
leak. In the setting of neo-adjuvant radiotherapy, the bron-
chial stump should be covered with a pericardial fat pad or
tissue flap. A muscle flap should be used if the patient has
received 60 gray or more of radiotherapy.

A straight 32 french chest tube is placed through the
anterior-inferior port. The position is guided thoracoscopi-
cally to the apex of the chest and sutured in place.

Incisions are closed in standard fashion, re-approximating
muscle layers, subcutaneous layers and skin.

10.2.12 Postoperative Considerations

Patients should be ambulatory the morning after surgery and
begin pulmonary rehabilitation.

A neurologic assessment should be performed once
patient is awake after surgery and daily thereafter.

10.2.13 Key Benefits to Vats

Excellent visualization is maintained throughout the case.
There is no need for rib spreading or division of any ribs
other than those removed as a part of the specimen.
Enhanced postoperative mobilization, reduced length of
stay, reduced pain and improved return to activity or adju-
vant therapy are all benefits of VATS Pancoast resection.

10.3 3-D Modeling for Planning Complex
Resections Involving the Chest Wall

K.J. Dickinson and Shanda H. Blackmon

10.3.1 Preface

Chest wall resections can be complex and challenging pro-
cedures, particularly when the tumors are located at the
apex of the chest, near the heart, or when a radical resection
has left a large defect for reconstruction. A good chest wall
reconstruction is important in order to avoid th