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Background: Patients with impaired lung function or chronic obstructive pulmonary disease (COPD) are
considered high-risk for intubated general anesthesia, which may preclude them from surgical treatment of
their lung cancers. We evaluated the feasibility of non-intubated video-assisted thoracoscopic surgery (VATS)
for the surgical management of lung cancer in patients with impaired pulmonary function.
Methods: From August 2009 to June 2015, 28 patients with impaired lung function (preoperative forced
expiratory volume in 1 second <70% of the predicted value) underwent non-intubated VATS using a
combination of thoracic epidural anesthesia or intercostal nerve block, and intra-thoracic vagal block with
target-controlled sedation.
Results: Eighteen patients had primary lung cancers, 4 had metastatic lung cancers, and 6 had nonmalignant lung tumors. In the patients with primary lung cancer, lobectomy was performed in 4,
segmentectomy in 3 and wedge resection in 11, with lymph node sampling adequate for staging. One patient
required conversion to intubated one-lung ventilation because of persistent wheezing and labored breathing.
Five patients developed air leaks more than 5 days postoperatively while subcutaneous emphysema occurred
in 6 patients. Two patients developed acute exacerbations of pre-existing COPD, and new-onset atrial
fibrillation after surgery occurred in 1 patient. The median duration of postoperative chest tube drainage was
3 days while the median hospital stay was 6 days.
Conclusions: Non-intubated VATS resection for pulmonary tumors is technically feasible. It may be
applied as an alternative to intubated general anesthesia in managing lung cancer in selected patients with
impaired pulmonary function.
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Introduction
Lung cancer is a leading cause of death worldwide, as well
as in Taiwan (1,2). With low-dose computed tomography
screening, it is possible to detect lung cancer at an earlier
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stage (3). The best treatment for early-stage non-small cell
lung cancer (NSCLC) is surgery. However, pulmonary
resection of lung cancers in patients with impaired lung
function is risky and controversial (4,5).
In past decades, video-assisted thoracic surgery (VATS)
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has been well demonstrated as an effective and safe surgical
approach for various thoracic diseases and is currently
considered the treatment of choice to shorten the length
of hospital stay (6). VATS lung resections have been
successfully carried out in patients with impaired lung
function (7-9). For VATS, intubated general anesthesia with
one-lung ventilation has widely been regarded mandatory.
Nonetheless, complications after intubated general
anesthesia are not negligible (10-12). Therefore, nonintubated VATS has emerged as an alternative in a variety
of thoracic procedures with encouraging results (13,14).
Non-intubated VATS is enthusiastically used for
lung volume reduction surgery in patients with severe
emphysema (14). It is unknown whether if non-intubated
VATS may be successfully adapted to lung cancer surgery
in patients with pulmonary insufficiency. In this study,
we reviewed our 7-year experience with non-intubated
VATS for lung cancer surgery in patients with impaired
pulmonary function.
Methods
This retrospective study was reviewed and approved by the
Research Ethics Committee of National Taiwan University
Hospital (approval No.: 201505004RINA). All patients
gave their consent to a non-intubated technique after an
explanation of the anesthesia and surgical procedures before
undergoing surgery.
Patients
We began performing non-intubated VATS for the
management of lung tumors since 2009. Therefore, a
prospectively maintained database of all patients undergoing
non-intubated VATS was used to identify patients with
impaired lung function that underwent resections for lung
tumors. Patients considered for non-intubated VATS were
selected by both the attending surgeons and anesthesiologists
after reviewing each patient’s medical records and discussing
the procedures with the patients. In this study, the inclusion
criteria comprised patients with impaired lung function
[defined as a preoperative forced expiratory volume in
one second (FEV 1) below 70% of predicted] (15), with
an American Society of Anesthesiologists physical status
score of 4 or less and a lung tumor less than 6 cm in the
outer half of the lung. Patients with anticipated difficult
airway management, chest wall or spinal deformity,
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bleeding disorders, body mass index (BMI) =30 kg/m 2
or greater, or evidence of pleural adhesions on computed
tomography of the chest were excluded.
Anesthetic setting, induction, and maintenance
The anesthesia management for non-intubated VATS has
been described previously (16). In summary, all patients
were pre-medicated with intravenous fentanyl (50–100 μg)
and glycopyrrolate (0.2 mg) as an antisialagogue. Standard
monitoring included pulse oximetry, electrocardiography,
and arterial blood pressure. A detector placed into one
nostril was used to monitor end-tidal carbon dioxide
continuously and respiratory rate. A bispectral index (BIS)
sensor (BIS Quatro, Aspect Medical System, Norwood,
MA, USA) was applied to the forehead to monitor the depth
of sedation. The patients were induced with intravenous
propofol using a target-controlled infusion method to
maintain their sedation at a Ramsay sedation score of III
(responsive to verbal commands only) or in a BIS range of
40 to 60. Additionally, incremental intravenous injections
of fentanyl (25 μg) were given to maintain a respiration
rate between 12 and 20 breaths/min. During the whole
procedure, the patients were placed in the lateral decubitus
position while spontaneously breathing oxygen through a
ventilation mask, maintaining oxygen saturation greater
than 90%.
Loco-regional anesthesia was achieved through either
a thoracic epidural catheter or intercostal nerve blockade.
Thoracic epidural anesthesia was performed by insertion
of an epidural catheter at the T5/T6 or T6/T7 thoracic
interspace to achieve a sensory block between the T2 and T9
dermatomes. Anesthesia was then maintained by continuous
infusion of 2% lidocaine. Internal intercostal nerve and vagal
blockades were produced under thoracoscopic guidance.
Surgical technique for non-intubated VATS
We used a three-port approach to performing thoracoscopic
surgery (16). Briefly, a 1.5-cm incision for thoracoscopic
instrumentation was first created after local infiltration of
2% lidocaine in the seventh or eighth intercostal space in
the mid-axillary line. Another working port and a utility
port (2–5-cm incision) were made in the sixth intercostal
space in the auscultatory triangle and anteriorly at the
fifth intercostal space, respectively. We used Alexis wound
protectors (Applied Medical, Santa Margarita, CA, USA) to
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cover the incisions and keep them open. The operated lung
collapsed gradually by spontaneous breathing of the patients
after creating an iatrogenic pneumothorax by thoracoscopic
incisions. During the surgery, the collapse of the operated
lung was satisfactory for many types of procedures.
The intercostal and vagal nerves were blocked using
thoracoscopic guidance (16). The third to the eighth
intercostal nerves under the parietal pleura, 2 cm lateral
the sympathetic chain, were blocked using a 25-guage
top-winged infusion needle by infiltration with 0.5%
bupivacaine (1.5 mL in each intercostal space). An
intrathoracic vagal block was produced by infiltration of
0.5% bupivacaine (3 mL) near the vagus nerve at the level
of the aortopulmonary window for left-sided procedures or
at the level of the lower trachea for right-sided procedures.
This vagal block effectively inhibited the cough reflex for
3 hours or longer during thoracoscopic manipulation.
The surgical techniques used for thoracoscopic wedge
resection, segmentectomy, lobectomy, and mediastinal
lymph node dissection are described elsewhere (17-19). For
thoracoscopic lobectomy and segmentectomy, pulmonary
vessels, bronchi, and incomplete fissures were divided
using an endoscopic stapling device. Assisted positive
pressure ventilation via a face mask was applied to check the
definite location of the resected bronchus after temporarily
clamping the targeted bronchus. For thoracoscopic wedge
resection, endoscopic stapling was applied for partial lung
resection, including the tumor. The resected specimen
was removed in an organ retrieval bag through the utility
incision. Use of retractor and spreading and cutting ribs
were avoided in all patients. Staple line reinforcement
device (Endo GIA™ Ultra, Covidien/Medtronic, CA,
USA) was used for prevention of air leakage; otherwise,
4-0 prolene was used to ensure the suture of the pleural
surface of the lung. The collapsed lung was then recruited
through a manually assisted mask ventilation and checked
for air leakage through thoracoscopic observation. After the
operation, a 28-French chest tube was inserted through the
lowest incision.
During wound closure and chest tube insertion, propofol
infusion was discontinued. After the patient was fully awake,
they were asked to breathe deeply and cough to re-expand
the collapsed lung.
Conversion to tracheal intubation
Indications for conversion from non-intubated anesthesia
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to intubated one-lung ventilation included profound
respiratory movement, massive pleural adhesions, refractory
hypoxemia (oxygen saturation on pulse oximetry of less than
85% for more than 5 minutes), severe hypercapnia, unstable
hemodynamic status or uncontrolled bleeding requiring an
emergency thoracotomy. For intubation, the surgical wound
was sealed with a transparent waterproof dressing (Tegaderm
Film, 3M Health Care, Neuss, Germany) after temporary
insertion of a chest tube to re-expand the collapsed lung.
The trachea was then intubated using a single lumen
endotracheal tube under bronchoscopic guidance, followed
by lung separation using an endobronchial blocker.
A change in the patient’s position was not necessary.
Postoperative analgesics and care
Postoperative analgesia was provided either by patientcontrolled analgesia with epidural infusion of 0.1%
bupivacaine and fentanyl (1.25 μg/mL) or with intravenous
morphine (1 mg/mL) for 2–3 days if patients requested. In
addition, oral non-steroidal analgesics and acetaminophen
were also given once patients resumed oral intake 2–4 hours
after surgery. Postoperative pain intensity was evaluated
using a numeric pain intensity scale where 0 represented
no pain and 10 represented intractable pain. Patients
underwent chest radiography the next morning. If no air
leak was present, and drainage was <200 mL in a 24-hour
period, the chest tube was removed. An air leak was defined
as prolonged if it lasted longer than 3 days. All postoperative
complications were recorded.
Data collection and analyses
The clinical data, anesthesia results, operative findings
and outcomes, adverse effects and complications, and
pathology of the nodules were collected from the medical
records. Arterial blood gases were determined before
skin incision (preoperative, baseline), 20 minutes after
lung collapse commenced (intraoperative, spontaneous
breathing during open surgical pneumothorax, OSP), and
after wound closure (postoperative, two-lung ventilation
resumed). Anesthetic complications were defined by
the patients’ complaints or complications caused by the
anesthetic procedures. Operative complications were
complications caused by the operation procedures. The
pain intensity data were collected from the nursing records.
Descriptive statistics were reported as median (range) or
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Table 1 Clinical characteristics of patients with compromised lung
function
Characteristica

mean ± standard deviation for continuous data, and as
number (%) for categorical data.

Value (N=28)

Age, years

70.8 (33.0–87.7)/68.8±12.8

Sex, female

9 (32%)

Height, cm

163.0 (143.6–180.2)/161.9±8.6

Weight, kg

56.6 (42.2–78.2)/57.9±9.0
2

Body mass index, kg/m
History of smoking

22.3 (17.4–26.3)/22.0±2.3
20 (71%)

Preoperative lung function,
of predicted %
FVC

74.5 (52.2–110.6)/76.7±13.8

FEV1

61.8 (19.1–69.9)/57.9±13.1

FEV1/FVC

60.6 (30.2–92.2)/59.4±15.4

Nodule size, mm

20 [7–75]/24.4±16.7
b

Tumor location (lobe)
Right upper

12 (38%)

Right middle

2 (6%)

Right lower

4 (13%)

Left upper

5 (16%)

Left lower

9 (28%)

Comorbidity
Chronic obstructive
pulmonary disease

18 (64%)

Asthma

6 (21%)

Bronchiectasis

3 (11%)

Cardiac diseases

7 (25%)

Hypertension

10 (36%)

Diabetes mellitus

2 (7%)

Extra-thoracic malignancy

8 (29%)

ASA physical status
II

5 (18%)

III

22 (79%)

IV

1 (4%)

a

, continuous data are shown as median (range) or mean ±
standard deviation and categorical data are shown as number (%);
b
, there were 32 tumors found in 28 patients. FVC, forced vital
capacity; FEV 1, forced expiratory volume in 1 second; ASA,
American Society of Anesthesiologists.
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Results
From August 2009 to June 2015, we performed 779 cases
of non-intubated VATS. Of them, 30 patients had FEV1
<70% of predicted. There were 28 patients undergoing
primary lung tumor resections. Table 1 summarizes the
clinical characteristics of the cohort. The median patient
age was 70.8 years, and 9 (32%) were women. The mean
FEV1 of the patients was 57.9% of the predicted value.
The most common causes of impaired lung function were a
history of heavy smoking and comorbid chronic obstructive
pulmonary disease (COPD).
Table 2 provides the operative and anesthesia results.
For loco-regional anesthesia, 18 patients used thoracic
epidural anesthesia and 10 patients used intercostal nerve
blocks. Sub-lobar or lobar pulmonary resection was
performed with mediastinal lymph node dissection only
for patients with primary lung cancer, in accordance with
the pathologic diagnoses of the tumors (Table 3). The
median duration of anesthesia induction was 20 minutes.
The median surgical duration ranged from 76 minutes for
wedge resection only to 180 minutes for lobectomy with
lymphadenectomy (Table 2).
Throughout surgery, the oxygen saturation measured by
pulse oximetry was satisfactory. The mean ratio of arterial
oxygen tension to inspired oxygen fraction (PaO2/FiO2)
during intra-OSP was significantly lower compared with
the pre- and post-OSP PaO2/FiO2 ratio (P<0.001). The
median highest partial pressure of arterial carbon dioxide
during OSP was 57.0 mmHg. Conversion to tracheal
intubation and one-lung ventilation was required in one
patient, an 80-year-old man with a BMI of 26.3 kg/m 2,
because of persistent intraoperative wheezing and labored
breathing. The intubation was performed smoothly in the
lateral position. The patient required ventilator support
postoperatively, and the ventilator was weaned off the next
morning. No patients required conversion to a thoracotomy
or blood component therapy.
Table 4 provides the treatment outcomes. Complications
of anesthesia developed in only 1 patient who had a mild
sore throat and dizziness after awakening. The postoperative
pain intensity scores were very low on the first and second
postoperative days. The median duration of postoperative
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a

Variable

Table 3 Pathological diagnoses
Value (N=28)

Anesthetic induction duration,
minb
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20 [10–45]/20.0±10.3

Diagnosisa

N [%]

Primary lung cancer

18 [56]

Adenocarcinoma

13 [41]

Squamous cell carcinoma

5 [16]

Surgical duration, min
Wedge resection only (n=10)

76 [50–112]/80.5±19.4

Wedge resection +
lymphadenectomy (n=11)

120 [84–155]/119.9±20.4

Segmentectomy +
lymphadenectomy (n=3)

166 [153–175]/164.7±11.1

Lobectomy + lymphadenectomy
(n=4)

180 [119–214]/173.5±39.7

Metastatic lung cancer

Pre-OSP (n=17)

443 [235–600]/428±108

Intra-OSP (n=20)c

233 [119–415]/245±84

Post-OSP (n=19)

406 [179–521]/388±99

Perioperative PaCO2, mmHg
39.1 [34.3–50.9]/40.3±4.9

Intra-OSP (n=20)

57.0 [44.0–114.7]/64.1±19.4

Post-OSP (n=19)d

44.2 [32.2–72.3]/44.5±9.7

Lowest SpO2 during operation, %
e

Lymph nodes dissected, No.
Blood loss, mL

Head and neck

1 [3]

Colon

1 [3]

Kidney

1 [3]

Prostate

1 [3]

Benign lung tumors

Perioperative PaO2/FiO2 ratio

Pre-OSP (n=17)

4 [13]

97.5 [86–100]/96.3±4.3
6.5 [2–27]/10.4±8.8
20 [5–250]/51.7±58.0

Conversion to tracheal intubation

1 (4%)

Conversion to thoracotomy

0 (0%)

Operating methods
Wedge resection only

10 (36%)

Wedge resection +
lymphadenectomy

11 (39%)

Segmentectomy +
lymphadenectomy

3 (11%)

Lobectomy + lymphadenectomy

4 (14%)

a

, continuous data are shown as median [range] or mean ±
standard deviation and categorical data are shown as number (%);
b
, anesthetic induction is defined as the start of giving intravenous
anesthetics or placing an epidural catheter till completion of
anesthetic preparation, including arterial catheterization; c, intraOSP PaO2/FiO2 ratio was significantly lower when compared with
pre-OSP or post-OSP PaO2/FiO2 ratio (P<0.001); d, post-OSP
PaCO2 was significantly lower when compared with pre-OSP or
intra-OSP PaCO2 (P<0.001); e, performed in 16 non-small cell lung
cancer patients. PaO2/FiO2 ratio, ratio of arterial oxygen tension
to inspired oxygen fraction; OSP, open surgical pneumothorax
during non-intubated thoracoscopic surgery; PaCO 2, partial
pressure of arterial carbon dioxide; SpO 2, oxyhemoglobin
saturation by pulse oximetry; EtCO2, end tidal carbon dioxide.
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10 [31]

Intrapulmonary lymph node

1 [3]

Caseating tuberculoma

2 [6]

Hamartoma

1 [3]

Granulomatous inflammation

3 [9]

Organizing fibrosis

3 [9]

a

, resections of 32 lung tumors in 28 patients.

chest tube drainage was 3 days. Of the 28 patients,
19 patients (68%) stayed in the intensive care unit for a
median of 1 night, and the median postoperative hospital
stay was 6 days. Prolonged hospital stays were mostly
caused by persistent air leaks requiring chemical pleurodesis
or low-pressure suction (5 patients, 18%) (Table 5).
No deaths or major complications occurred. Four
patients (14%) were readmitted within 30 days because
of wound dehiscence, pleural effusion, pneumothorax,
or urinary tract infection requiring further treatment.
One patient died from urosepsis complicated with septic
shock one month after surgery, suspect metastatic colon
cancer related. Six months after surgery, 27 of 28 patients
were alive without complications due to non-intubated
thoracoscopic surgery.
Discussion
Our study shows that non-intubated VATS is technically
feasible in selected patients with impaired pulmonary
function undergoing primary lung cancer surgery. It may
be an alternative anesthetic and surgical approach when
managing lung cancer patients who are considered high-risk
for intubated general anesthesia.
More than half of the resected lung tumors (56%) in
atm.amegroups.com
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our study were primary lung cancers. With the increasing
use of low-dose computed tomography screening for
early detection of lung cancers, many more patients
are emerging as candidates for pulmonary resection for
diagnosis or treatment or both (20). Pulmonary resections
have historically been avoided in some patients because of
pulmonary insufficiency. However, recent studies reveal that
marginal pulmonary function should not preclude a surgical
approach in selected patients (21,22).
The advantages of non-intubated VATS can be
straightforward compared with intubated VATS (13). First,
complications related to intubated general anesthesia, such
as airway trauma, residual neuromuscular blockade, and
ventilator-induced lung injury, can be avoided (10-12,23).
Secondly, spontaneous breathing in non-intubated surgery
provides favorable respiratory mechanics and alleviates the
ventilation-perfusion mismatch during one-lung ventilation (24).
Thirdly, avoiding general anesthesia in patients with
COPD is associated with lower incidences of morbidity,
pneumonia, prolonged ventilator dependence, and
unplanned postoperative intubation (25).
Concerns should be considered with the use of nonintubated VATS for patients with impaired pulmonary
function (17). First, prolonged spontaneous breathing
during non-intubated surgery could lead to hypoxia and
hypercapnia. Secondly, conversion to general anesthesia with
intubation could be required occasionally. Thirdly, aspiration
may occur without protection of the endotracheal tube.
Although hypoxemia may develop during non-intubated
VATS, it is mostly transient and can be easily improved with
supplemental oxygen via transnasal high-flow humidified
oxygen (transnasal humidified rapid-insufflation ventilatory

Table 4 Treatment outcomes
Variablea

Value (N=28)

Anesthetic complications
Dizziness

1 (4%)

Sore throat

1 (4%)

Operative complications
Air leak >5 days

5 (18%)

Subcutaneous emphysema

6 (21%)

COPD acute exacerbation

2 (7%)

New onset atrial fibrillation

1 (4%)

Postoperative pain intensity on numerical rating scale
Day 1

1 (0–3)/1.3±0.9

Day 2

1 (0–4)/1.1±1.0

Postoperative chest drainage, d

3 [1–18]/4.0±3.7

Intensive care unit stays, d

1 (0–7)/1.0±1.3

Postoperative hospital stay, d

6 [3–20]/6.6±4.0

Postoperative 30-day re-admission

4 (14%)

Wound dehiscence

1 (4%)

Dyspnea due to pleural effusion

1 (4%)

Dyspnea due to residual pneumothorax

1 (4%)

Urinary tract infection

1 (4%)

Perioperative 30-day death

0 (0%)

Free of anesthetic or operative
complications

14 (50%)

a

, continuous data are shown as median (range) mean ± standard
deviation, and categorical data are shown as number (%).
COPD, chronic obstructive pulmonary disease.

Table 5 Characteristics of the patients with prolonged air leakage after surgery
BMI, kg/m2

FEV1, %

F

22.2

43.6

F

3

54.8

4
5

No.

Age, y

Sex

Procedure

Management

1

68.7

2

Length of drainage, d

48.4

RUL lobectomy + LND

Low-pressure suction

6

21.6

58.2

LLL lobectomy + LND

Chemical pleurodesis

8

M

20.2

19.1

LLL wedge resection

One-way valve chest tube
drainage

10

67.1

M

21.3

28.3

RUL wedge resection + LND

Low-pressure suction

18

33.0

M

19.6

36.1

LUL/LLL wedge resection + LND

Low-pressure suction

9

BMI, body mass index; RUL, right upper lobe; LND, lymphadenectomy; LLL, left lower lobe; LUL, left upper lobe.
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exchange) (26). Hypercapnia was noted in some patients,
especially when the surgery was long. Our experience
showed that hypercapnia was permissive and did not affect
the hemodynamics and surgical procedures (16).
To prevent urgent conversion to tracheal intubation
during non-intubated VATS, mainly caused by uncontrollable
bleeding, a preplanned protocol of airway management should
be kept in mind (17). We suggest that proper patient selection,
accumulated experience by performing minor non-intubated
thoracoscopic procedures, and conversion to intubated general
anesthesia without hesitation are mandatory to decrease
the risk of urgent intubation and complications, especially
at the beginning of the learning curve. In our experience,
patients with vigorous diaphragmatic movement requiring
conversion to tracheal intubation were mostly overweight with
a BMI >26 kg/m2. We suggest that obese patients are not
ideal candidates for non-intubated technique. Without
airway protection with tracheal intubation, patients should
also be carefully selected to prevent pulmonary aspiration by
excluding patients with inadequate fasting, gastroesophageal
reflux disease or hiatal hernia. Anticholinergic agents can be
given prophylactically to decrease amounts of oral and airway
secretions.
In this study, only one 80-year-old male smoker (4%)
with COPD required conversion to tracheal intubation
because of persistent wheezing and labored breathing. Age
was not a determinant factor for non-intubated VATS, but
rather airway hyperactivity and vigorous breathing pattern
that jeopardizing the surgical field were in this case (27).
Smoking is the primary cause of COPD, which comprised
85.7% (24/28) of our study cohort. Airway hyperactivity of
COPD and asthma can present with acute exacerbations and
result in life-threatening complications peri-operatively (28).
Airway instrumentation may lead to bronchoconstriction
and is best avoided in high-risk patients (29). In selected
patients, the non-intubated technique may allow them
to avoid tracheal intubation and further airway irritation.
For patients with airway hyperactivity despite maximized
pretreatment, however, endotracheal intubation may be
unavoidable to deliver inhaled bronchodilators, volatile
anesthetics, or both.
Five patients (18%) developed prolonged air leakage
requiring lengthy pleural drainage or chemical pleurodesis.
All of them had primary lung cancer and emphysema with
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low FEV 1 (Table 5). Prolonged air leakage is the most
prevalent postoperative complication with a reported
occurrence up to 45.2% in patients with emphysema (30).
Non-intubated technique has the theoretical advantage of
preserving natural negative-pressure breathing physiology.
Additionally, avoiding endotracheal intubation reduces
stress to the fragile pulmonary parenchyma frequently
observed in patients with impaired lung function. A similar
finding was reported by a randomized trial from Pompeo
et al., where non-intubated VATS reduces the rate of
prolonged air leakage, compared with an intubated group
(22% vs. 48%, P=0.036) (14).
We defined patients with impaired lung function as
their preoperative FEV1 <70% of the predicted, which is
compliant with the moderate impairment of pulmonary
function or worse according to the American Thoracic
Society guideline (15). There are numerous arbitrary
cuff-offs to define lung function impairment in different
clinical settings (31,32). A conclusive threshold that
has a negative impact on postoperative outcomes is still
debated. However, severity of lung function impairment
is associated with morbidity and patients with lower
FEV1 have more respiratory complaints (33). Their risk
of postoperative morbidity and mortality were expected
as most of our included patients were categorized as
American Society of Anesthesiologists physical status class
III or IV (83%).
Our study was limited by its retrospective design with a
small number of patients and the lack of a control group for
comparison. The short-term safety, efficacy and long-term
oncological effects of this technique compared with intubated
general anesthetic VATS remains unclear. However, the low
intubation conversion rate and acceptable complication rate
indicate that non-intubated pulmonary resections can be
performed in selected patients with impaired lung function.
Further studies should clarify the safety and benefits of this
non-intubated technique, or the risk of suboptimal resection
and recurrence in lung cancer patients.
In summary, our experience showed that non-intubated
VATS is technically feasible. It may be applied as an
alternative to intubated general anesthesia in managing lung
tumors in selected patients with impaired lung function,
after judicious evaluation of the advantages and risks of this
procedure (Table 6).
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Table 6 Advantages and risks of intubated versus non-intubated thoracoscopic surgery
Decision factor

Intubated thoracoscopic surgery

Non-intubated thoracoscopic surgery

Advantages

A secured airway

Avoid use of ventilator and muscle relaxants

Quiet operation field

Avoid intubation and one-lung ventilation

Precise fraction of inspired oxygen

Alleviate the ventilation-perfusion mismatch

Intubation-related complications

Hypoxemia and hypercapnia

Ventilator-associated complications

Conversion to tracheal intubation

Residual neuromuscular blockade

Aspiration pneumonia

Risks

Increased difficulty in operation
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