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Recent Advances In Surgical Treatment of
Lung Cancer
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Fig. 19-1. Effect of surgical procedures on vital capacity. VATS,
video-assisted thoracoscopic surgery.




TR AR 2 iR R AR

o L TR FEAR 2 b &
_;53;}};3‘%}25 ISR TS Iy S E -
— BET R O R A RS 0 B SRR
_ iz Vf W R G REVCR > B B R
—PEFREIEE Y R B2 B

o L TR FRAYEE ABE
— R U A EER| B A g S i
— IR R SRR ik i




// DI

il _

/ \V/
| = /
WNSR /
) /

S
-
~
=
=
~
E

WJ
&
@)
)
@)
&)
&
@)
—
_I
<
D
i
©
=
D
]
(7))
@)
al
=
q8)
©
-
q8)
)
p)




—
)
o
=
L
<)
O
-
@©
8 |




,
.’7
V4 4\

] ‘—3“3? ]
“T?ff*‘f?é&
L7
Nre ﬁB#:ﬁ_
° B.;j

A
i

2 NS

Bo 3 B

+ 3

oo 3

. Zﬁ‘;ﬁ'&‘flﬂ‘




VATS vs. Thoracotomy?
S 5,;5 f ¥ e + T i (1997-2010)

VATS (n=616) Overall Survival in Stage |

P=0.001
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Lobectomy or less”

Lobectomy — Sublobar resection
1. Wedge resection (#:3]* % i)
2. Segmentectomy (% &7 17 /i)
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Sublobar resection for lung cancer

Lobectomy

Segmentectomy



VATS LUL proper lobectomy

80# 9 14, generalized weakness
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VATS sublobar resection for lung

cancer
¢ $5 ok +7 £ (wedge resection) ¢ & L7 g
(segmentectomy)
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TABLE 1.  5-yr Survival Data for Lobectomy vs. Sublobar Resection for NSCL

No. of Operative Compromised blobz Lymph Node
Study Trial Design Patients Preoperative Staging Stag Approach vs. Intentional 2 Evaluation

Prospective 247 / 100% thoracotomy ent, 33% %o 6S i 0.08

Prospective 2 C g / ¢ E ent, g 90) 0.91

0.2

Retrospecti 20 A
Retrospective CT scan IA and IB 76 z Y, . 00% s i h 70 N/

El-Sherif et al!® Retrospective CT sca 1A and IB / C nt, 59% 67% ar, 74 40 0.0038
Iwasaki et al.s Retrospective CT scan I, 11, TITA

Kilic (8 etrospective 34 T scan, > PE IA and IB otomy, ) e 100%

-omputerized tomography; PET, positron emission tomography; segment, segmentectomy; wedge, wedge resection; lobe, lobectomy; N/R, not recorde

A.lobectomy #I sublobar resection in early cancer:
R i)

B. Segmentectomy F=-wedge resection:
sementectomys i+

J Thorac Oncol 201
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* General anesthesia with muscle paralysis
 Endotracheal intubation with one lung ventilation

> FETREL o R e
— Increased risk of pneumonia
— Impaired cardiac performance

— Barotrauma by ventilator
— Pulmonary atelectasis

— Intubation-related complication




v L S 2 4R
One lung ventilation

Double lumen
endotracheal tube

'v-v*



30 y/o female with IDDM and uremia
Complicated with right empyema
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Non-intubated (Awake) VATS




# 38 ¢ "9 248 (nonintubated
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— Improved myocardial blood flow
— Improved LV function
— Reduced heart rate and arrhythmia

S R

Awake
~ Thoracic Surgery

Improved post-op lung function
e COPD jtris g 172 b b d 14
— Decreased bronchospasm

s



.

il
(o
=

HEXH

3y
=




76L& {4 > L B Eeis  81#% § 4+, COPD

CT/e Dual SYS#CT A 156 NCEUH DOULTOU BRANCH

00153797 Al58 NTUH HW Ex: 3334 Req Num:X980805172
B Se: WANG HE HAN

iR 076Y F GE MEDICAL SYSTEMS SN 1130.00 M 79 80029424

ACCES# @D0971 X3551968 5977 3 8528 DOE : ;3 gi éggg
2009/07/27 SE:2 DFOV 32. Bcu
10:48:40 IM:40

CHEST C- COMNTRAST:
P 200379251

P 142

— —— /1.2mm Shoulder L
CHEST both T — 1000msec ‘ S
ALG:STANDARD 1.0s 08:30:0002M |, , | ,

P219




Awake needlesc:oplc VATS video




Nonintubated Needlescopic Video-Assisted
Thoracic Surgery for Management of Peripheral
Lung Nodules

Yu-Ding Tseng, MD, Ya-Jung Cheng, MD, Ming-Hui Hung, MD, Ke-Cheng Chen, MD,
and Jin-Shing Chen, MD, PhD

Fig 1. Positioning of meedlescopic instruments for excision of a pe-
ripheral lung nodule. (A) The 3-mm thoracescope; (B) the 10-mm

dostapler; and (C) the 3-m ni-endograsper.
FHESIApTET, (A [T e S e gisper Tseng YD, et al. Ann Thorac Surgery 2012




46 patients with peripheral lung
nodules (2008-2011)

Table 4. Diagnoses of the Nodules

No. (%)
Diagnosis (N = 46)

Malignancy 8(17.4)
Lung cancer 3 (6.5)
Metastatic cancer 5(10.9)

Benign 38 (82.6)
Intrapulmonary anthracosis 11 (23.9)
Granulomatous inflammation 6 (13.0)
Hamartoma 5(10.9)
Cryptococcus infection 5(10.9)
Sclerosing hemangioma 5(10.9)
Organizing fibrosis 3 (6.5)
Tuberculoma 2(4.3)
Arteriovenous malformation 1(2.2)




Bllateral nonintubated VATS

58 y/o female, Sjogren’s syndrome

: / Tsai TM, et al. J Thorac Ca



Non-intubated VATS segmentectomy for
high risk patients:
| N g 81 y/o male, COPD, LLL sg. ca

FEV1.0: 1.02L, 44.6%
% FEV1.0: 47.9%

Post-op CXR

hal pathology’
Postoperative stay: 4 day



81 y/o female, RLL adenocarcinoma
FEV1.0: 0.77L, 74.5%; %FEV1.0: 58.8%

No Datet v AT
Post-op stay: 5 days



Non-intubated thoracoscopic
lobectomy: The NTUH
experience

PR



ORIGINAL ARTICLE

Nonintubated Thoracoscopic Lobectomy for Lung Cancer

Jin-Shing Chen, MD, PhD,*1 Ya-Jung Cheng, MD,{ Ming-Hui Hung, MD,? Yu-Ding Tseng, MD,7
Ke-Cheng Chen, MD,{ and Yung-Chie Lee, MD, PhD*

e Study design: Retrospective chart review with
historical control

e Study group (2009/8-2010/6):

— 30 lung cancer patients underwent non-intubated
thoracoscopic lobectomy

« Control group (2008/8-2009/7):

— 30 lung cancer patients with the same selection criteria
underwent intubated thoracoscopic lobectomy using

single-lung ventilation
Ann Surg ZOJJ‘



Anesthetic settings:

e Preparation:

— Thoracic epidural anesthesia: T5/6
level to achieve a sensory block
between T2/T9

— Continuous monitoring: ECG, pulse
oxymetry, respiratory rate, blood
pressure, urine output, body
temperature.

— End-tidal CO2: monitored by a detector
into one nostril

— ABG: periodically
e Sedation:
— Premedication: fentanyl

— Continuous IV infusion with propofol
using a target-controlled infusion (TCI)
method

* No neuromuscular blockades




32 y/o female, adenocarcinoma
Clinical staging: cT1bNO-1MO
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Non-intubated VATS lobectomy

=l

Operation technigque

Anesthesia and settings




Nonintubated VATS: 5 + &2 (2009-
2012)

* A total of 302 patients underwent 303 VATS
—Needlescopic VATS wedge resection: 47 cases
—Conventional VATS wedge resection: 94 cases
—VATS segmentectomy: 20 cases
—VATS lobectomy: 142 cases (including benign and

malignant diseases)

e Conversion to intubated general anesthesia: 14

cases (5%)

 No mortality

R



ORIGINAL ARTICLE

Nonintubated thoracoscopic lung resection: a 3-year experience with
285 cases in a single institution
Ke-Cheng Chen'’, Ya-Jung Cheng’, Ming-Hui Hung’, Yu-Ding Tseng’, Jin-Shing Chen'”

'Division of Thoracic Surgery, Department of Surgery, National Taiwan University Hospital and National Taiwan University College of
Medicine, Taipei, Taiwan; ‘Department of Anesthesiology, National Taiwan University Hospital and National Taiwan University College of

Medicine, Taipei, Taiwan; ‘Department of Surgery, National Taiwan University Hospital Yun-Lin Branch, Yun-Lin County, Taiwan

Table 1. Clinical characteristics of the patients. Table 2. Treatment outcome of nonintubated thoracoscopic

Variable N=285

Age YT 59.2+12.3 [60,19-89]
107 (37.5%) Anesthetic side effects (%)

lung resection.

Variable N=285

Sex (male)
Smoking (%) 75 (26.3%) Vomiting requiring medication (%) 12 (4.2%)
Operation methods Sore throat (%) 6 (2.2%)
Conventional VATS 237 (83.2%) Headache 5 (| _8%)
Needlescopic VATS 48 (16.8%)
Operation procedures
Lobectomy 137 (48.19%)
Wedge resection 132 (46.3%)
Segmentectomy 16 (5.6%)

Operation complications (%)
Air leaks >5 days -1%)
7%)
I.1%)
)

Bleeding

Pneumonia %
Pathological diagnosis Conversion to tracheal intubation (%) %
Lung cancer 159 (55.8%) Lobectomy 10/137
Metastatic cancer 17 (6.0%) Wedge resection 3/132
Benign lung tumor 104 (36.5%)

Pneumothorax 5 (1.8%)

*Mean =* standard deviation (median, range); VATS = video-
assisted thoracoscopic surgery.

4.9
7.3%
2.3%
6.3%

Segmentectomy /16
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Conversion to thoracotomy (%) | (0.4%
Mortality (%) 0 (0%

)
)
)
)
)

J Thorac Dis 2012



Nonintubated VATS lobectomy in geriatric
N SC LC patlentS Ann Thorac Surg 2012, accepted
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e Resectabllity?

— Stage Ill and IV
 Locally advanced lung cancer
* Multiple lung cancers
 Distant metastasis (liver, bone, etc)
* Pleural seeding
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/1 y/lo female
LUL lung ca with liver metastasis

2007/9

Hepatectomy:
metastatic lung cancer
Starting Iressa
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33 y/o female
Solitary bone metastasis




Pleural seeding during VATS

Choices:
1. Close the wound with subsequent systemic therapy
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ORIGINAL ARTICLE

Nonintubated Thoracoscopic Lobectomy for Lung Cancer

Jin-Shing Chen, MD, PhD,*{ Ya-Jung Cheng, MD,i Ming-Hui Hung, MD,{ Yu-Ding Tseng, MD,
Ke-Cheng Chen, MD,T and Yung-Chie Lee, MD, PhD*

Objective: To evaluate the feasibility and safety of thoracoscopic lobectomy
without endotracheal intubation.

Summary Background Data: General anesthesia with single-lung ventila-
tion is considered mandatory for thoracoscopic lobectomy for non-—small cell
lung cancer (NSCLC). Nonintubated thoracoscopic lobectomy has not been
reported previously.

Methods: From August 2009 through June 2010, some 30 consecutive pa-
tients with clinical stage I or I[1 NSCLC were treated by nonintubated thora-
coscopic lobectomy using epidural anesthesia, intrathoracic vagal blockade,
and sedation. To evaluate the feasibility and safety of this novel technique,
they were compared with a control group consisting of 30 consccutive patients
with clinical stage | or II NSCLC who underwent thoracoscopic lobectomy
using intubated general anesthesia from August 2008 through July 2009,
Results: Collapse of the operative lung and inhibition of coughing were sat-
isfactory in the nonintubated patients, induced by spontaneous breathing, and
vagal blockade. Three patients in the nonintubated group required conversion
to intubated-single lung ventilation because of persistent hypoxemia, poor
epidural anesthesia pain control, and bleeding. One patient in each group was
converted to thoracotomy because of bleeding. The 2 groups had comparable
anesthesia durations, surgical durations, blood loss, and numbers of dissected
lymph nodes. Patients who underwent nonintubated surgery had lower rates of
sore throat (6.7% vs 40.0%, P = 0.002) and earlicr resumption of oral intake
(mean, 4.7 hours vs 18.8 hours, P < 0.001). Patients undergoing nonintubated
surgery also had a trend toward better noncomplication rates (90% vs 66.7%,
P = 0.057) and shorter postoperative hospital stays (mean, 5.9 days vs 7.1
days, P = 0.078).

Conclusions: Nonintubated thoracoscopic lobectomy is technically feasible
and is as safe as lobectomy performed with intubation in highly selected
patients. It can be a valid alternative of single-lung-ventilated thoracoscopic
surgery in managing early-stage NSCLC.

(Ann Surg 2011:00:1-6)

for managing early-stage NSCLC. In addition, it is supported by
evidence-based treatment guidelines.'™

Since the introduction of the double-lumen endotracheal tube,
intubated general anesthesia with one-lung ventilation has been
considered mandatory in both open and thoracoscopic surgery.®
However, adverse effects of intubated general anesthesia occur af-
ter the operation and they include intubation-related complications,
ventilator-induced lung injury, impaired cardiac performance, and
postoperative nausea and vomiting.”'” To reduce the adverse ef-
fects of intubated general anesthesia, thoracoscopic surgery with-
out endotracheal intubation has been recently employed for man-
agement of pneumothorax,''™" resection of pulmonary nodules,™
resection of solitary metastases.'> and performing lung volume re-
duction surgery.'® The results achieved for these carly surgeries are
encouraging.

Although the feasibility of thoracoscopic surgery via nonin-
tubated anesthesia was demonstrated in pleural and peripheral lung
diseases, thoracoscopic major pulmonary resection such as lobec-
tomy has rarely been performed via nonintubated anesthesia because
of several concerns, including hypoxemia and hypercapnia induced
by prolonged spontaneous one-lung breathing, uninhibited coughing
induced by manipulation of the bronchial trees, and lung movement
during surgical dissection.” These difficulties interfere with division
of hilar vessels and bronchus during thoracoscopic lobectomy and
cause dangerous complications, which may result in emergency con-
version to tracheal intubation and thoracotomy.

Using combination of epidural anesthesia, intrathoracic vagal
blockade. and appropriate sedation, we found that nonintubated tho-
racoscopic lobectomy is technically feasible although the safety and
efficacy were unclear. In addition, comparison between nonintubated
and intubated thoracoscopic lobectomy has never been performed.
We hypothesized that nonintubated thoracoscopic lobectomy was as-
sociated with a prompt recovery of gastrointestinal function, fewer

Chen JS et al. Ann Surg 201
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Conversion to general anesthesia

e TImIng:
— Severe and dense adhesions
— Poor oxygenation
— Significant mediastinal movement
— Uncontrollable bleeding (Emergent)

e Method:

— Seal the wound with a chest tube to re-expand the
lung

— Rotate the operation table
— Single lumen endo-tube insertion +/- bronchoscopy,
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Easy group Difficult group

N=13 N=7 P Value
Respiration rate, /min 149+ 2.8 17.9+ 3.7 0.096
Mediastinal movement, mm 5.8+ 3.1 125+ 6.6 0.037
Diaphragm movement, mm 15.3+9.4 20.7+6.0 0.187
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Non-Intubated Thoracoscopic Lobectomy
for Lung Cancer:
A Prospective, Randomized trial

ClinicalTrial.gov ID: NCT01533233
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Patients and methods

A total of 100 patients were enrolled between 2010 to
2011
—Non-intubated group: 50 lung cancer patients
underwent non-intubated thoracoscopic lobectomy +
LN dissection

—Intubated group: 50 lung cancer patients with the
same selection criteria underwent single-lung intubated
thoracoscopic lobectomy + LN dissection




Selection criteria for thoracoscopic
lobectomy

e Inclusion criteria;

— Clinical stage | or Il peripheral NSCLC; thoracoscopic
lobectomy is feasible

— Age between 25 to 80 years

— Tumor size <5 cm without evidence of chest wall, diaphragm
or main bronchus involvement

— Predicted FEV1.0 > 60% or FEV1.0 > 1.5L

— Adequate hematological function

* (ANC > 1.5 x 109/L, platelets > 100 x 109/L)
« PT, PTT<1.5X

e Exclusion criteria:

— Failed epidural catheter insertion
— ASA score > 3

— Unfavorable airway or spinal anatomy

- — Pregnantor lacta



Outcome variables

* Primary outcome:
— Safety: Complication rate in each group

e Secondary outcomes:

— Short-term outcome: Postoperative hospital stay,
conversion rate to GA, anesthesia and operating
time, period of ventilator use and chest tube
drainage, blood loss, pain score, time to oral intake,

hoarseness, sore throat, rate of vomiting require
medicine.




Enrollment and randomization

101 patients meet selection
criteria for VATS lobectomy

1 patient excluded for
failed epidural anesthesia

100 patients were
randomized for treatment

A\ 4 A 4

50 patients assigned 50 patients assigned
to Non-intubation group to Intubation group




Table 1. Demographics and Baseline Characteristics

Non-intubated group Intubated group
((Is10)] (n =50) p -value

Age (year) 56.4+12.7 60.8+11.3 0.086
Male (%) 23 (46%) 20 (40.0%) 0.632
Height (cm) 161.2+9.1 157.9+ 6.9 0.067
Weight (kg) 59.5+9.2 59.6 +9.8 0.953
Smoking (%) 8 (16%) 9 (18%) 0.920
Tumor size (cm) 234+£1.2 226+1.3 0.755
FVC (% prediction) 110.4 +15.7 106.4 + 13.3 0.248
FEV1.0 (% prediction) 111.0+19.9 105.8+14.5 0.197
Lobe, % 0.585

RUL 18 (36%) 13 (26%)

RML 3 (6%) 5 (10%)

RLL 12 (24%) 10 (20%)

LUL 12 (24%) 15 (30%)

LLL 5 (10%) 7 (14%)
Cell type (%) 0.231

Adenocarcinoma 45 (90%) 39 (78%)

Squamous cell ca 1 (2%) 4 (8%)

BAC 2 (4%) 5 (10%)

Others (non-lung ca) 2 (4%) 2 (4%)
Lobectomy 47 (94%) 45 (90%) 0.814

(40.5%)




Table 2. Operative And Anesthetic Results

Non-intubated lobectomy Intubated lobectomy (n

(n =350) =50) p -value

Anesthesia induction time (min) 26.0+12.5 32.4+19.9 0.102
Operating time (min) 192.5+39.4 186.9 £48.9 0.589
Global in-operating room time (min) 252.5 £ 46.8 228.5+£50.8 0.052
Conversion to intubation (%) 2 (4%) * NA

Conversion to thoracotomy (%) 0 (0%) 0 (0%) 1.000
Peak ETCO2 (mmHg) 43.3+6.3 39.2+6.0 0.026
Lowest SaO2 (%) 95.7+3.9 97.8+3.8 0.027
Blood loss (ml) 94.5+88.1 110.0 + 145.6 0.621

* Caused by tachypnea (1) and severe mediastinal movement (1)




Table 3. Postoperative Results

Non-intubated lobectomy

Intubated lobectomy

(n =50) (n = 50) p -value
Pathological stage, % 0.579
IA 32 (64%) 28 (56%)
B 8 (16%) 6 (12%)
A 3 (6%) 8 (16%)
1B 0 1 (2%)
A 5 (10%) 5 (10%)
Non-lung cancer 2 (4%) 2 (4%)
Dissected lymph node (no) 13.1+6.1 144 +£6.7 0.384
Hoarseness (%) 0] 5 (10.0%) 0.036
Postoperative pain (VAS)
Day 1 3.3+3.0 29+23 0.590
Day 2 23116 21+14 0.373
Day 3 1.8+1.0 1.7£0.8 0.333
Postoperative chest drainage (d) 26x0.8 3423 0.094
Postoperative hospital stay (d) 55+1.9 6.8+ 3.0 0.032
Complications (%)
3 (6%) 5 (10%) 0.604

Air leaks > 5 days




Summary of non-intubated VATS lobectomy :

Safe with comparable short-term results for early lung
cancer patients as intubated VATS

Complication rates were comparable, only 2 patient (4%)
require conversion to intubation

Comparable anesthetic induction time, operating time,
global OR time, and blood loss

Non-intubated VATS lobectomy:
— Higher peak ETCOZ2, lower lowest SaO2
— A shorter postoperative hospital stay

Comparable p-staging and number of dissected lymph
nodes

Mid-term results (pulmonary function, residual neuralgia)




Table 5. Difference in Anesthesia
methods Between Published data

Pompeo Rocco Katlic Elia
StUdy group NTUH’2011 2004, 2008, 2010 2010** 2010 2005
Epldurgl Epidural Epidural Local
. IV sedation Intercostal
Anesthesia N + + Local + block
IV sedation |V sedation |V sedation
Vagal block
Pleural + + +* + +*
Bullectomy or N N ) ) )
bulloplasty
Wedge
: + + + + -
resection
Med!astlngl . + ) + )
manipulation
Lobectomy -

*Theoretically feasible
**Confined to case report



R £ e A K

o Akt i A X g A R
— B4 7 4F ,Q;B;;ﬁ?z 45 ~ wEERF g A AF ~ R E g
b %
o« R S NE A B R4 Bk
— %] % v : Needlescopic VATS
— g2 7%z g [F] © Lobectomy to segmentectomy
— Mk AR - Non-intubated VATS
* General anesthesia with endotracheal intubation
A3 BE - Gagurd e 2R 3




Double lumen endotracheal tube-

Carlens tube,
Since 1949



Vagal blockade: to inhibit coughing
reflex during hilar manipulation

Chen JS, Ann Surg, 2011

FIGURE 1. Local infiltration of bupivacaine adjacent to the va-

gus nerve (arrow) to produce intrathoracic vagal blockade in
patients with right-sided lung cancer. S indicates superior vena
cava; T, trachea.
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Nonintubated VATS # jiFIw:
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— Pleural biopsy (199?)

— Spontaneous pneumothorax, empyema Awake
(1998) Thoracic Surgery
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— Resection of pulmonary nodules (2004)
— Resection of solitary metastasis (2007)
— Lung volume reduction surgery (2006)
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(2011)
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Nonintubated needlescopic VATS

e Safe and feasible

 100% diagnostic rate, satisfactory scars
and less wound pain

e Easy conversion to standard VATS if
major pulmonary resection is required

* An attractive method for diagnosis of small
peripheral lung nodules.

S



Selection criteria for thoracoscopic
lobectomy

e |Inclusion criteria:
— Stage | or Il peripheral NSCLC
— Tumor size < 6 cm

— Without evidence of chest wall, diaphragm or
main bronchus involvement

e Exclusion criteria:
— ASA score > 3
— Bleeding disorders

— Unfavorable airwai or siinal anatomi



Take home message for non-intubated VATS:

1. Cooperation between surgeons and anesthesiologists
2. Risk/benefit analysis before the operation

Intubated
Lobectomy Nonintubated Lobectomy

Benefits A secured airway Avoid use of ventilator and
muscle relaxants
Quiet operation field Selective intubation and
one-lung ventilation is not
required
Earlier oral intake and
ambulation
Intubation-related Conversion to endotracheal
complications intubation:
Ventilator-associated Nonemergent
complications
Emergent
[ncreased difficulty in
operation

Chen JS, Ann !m
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Neoadjuvant Adjuvant
(FT 9 25 00 ) (4 24 00 %)
Chemotherapy Chemotherapy
Radiotherapy Radiotherapy
l Target therapy Target therapy

Increase resectability Decrease the residual tumor




Randomized Trials of Neoadjuvant
Therapy In A NSCLC

Stage No. of Regimen MS 5-yr SR Hazard
patients (months) (%) P value
Passetal. [lIA 14 Surgery 16 12 0.80
(1992)
13 CT+surgery 29 {0 NS
Roth etal. [lIA 32 Surgery 11 14 0.78
(1994)
28 CT+surgery 64 36 <0.05
Rosell et A K{0) Surgery 8 0 0.75
al. (1994)
29 CT+surgery 26 25 <0.05
Depeirre IB-11IA 119 Surgery 26 NA 0.82
et al.

(2002) 101 CT+surgery 37 NA 0.15
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