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Introduction

Lung cancer is  the leading cause of cancer death 
worldwide (1). Among all lung cancer, more than 80% 
are non-small cell lung cancer (NSCLC). Although a 
thoracoscopic lobectomy is considered the best treatment 
for patients with early-stage NSCLC (2), a less invasive 

anatomical segmentectomy is being increasingly re-
evaluated recently, not only in geriatric patients with 
impaired cardiopulmonary reserve who cannot tolerate a 
lobectomy, but also in patients with small peripheral lung 
cancers 2 cm or smaller (3,4).

Intubated general anesthesia with a double-lumen 
endobronchial catheter or an endobronchial blocker 
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is the generally accepted standard to facilitate surgical 
exposure and one-lung ventilation during video-assisted 
thoracic surgery (VATS) (5). However, complications 
after general anesthesia and tracheal intubation are not 
negligible, including intubation-related airway injury, 
residual neuromuscular blockade, postoperative pulmonary 
complications, impaired cardiac performance and nausea 
and vomiting after surgery (6). To overcome the adverse 
effects of intubated general anesthesia, we developed a 
nonintubated thoracoscopic technique and reported that it 
is technically feasible performing nonintubated anatomical 
segmentectomy for management of lung cancer as well 
(7-10). The combination of VATS segmentectomy and 
nonintubated anesthesia can therefore be a less invasive 
treatment option for lung cancer. In this study, we report 
our overall experience with this nonintubated thoracoscopic 
approach for anatomical segmentectomy in patients with 
NSCLC to further determine the safety and short-term 
outcomes of nonintubated thoracoscopic anatomical 
segmentectomy using regional thoracic anesthesia and 
targeted sedation.

Methods

This study was approved by the Research Ethics Committee 
of National Taiwan University Hospital (201509053RINC). 
All patients gave their consent for nonintubated VATS 
and clinical data collection of potential publication before 
surgery.

Patients

We began performing nonintubated VATS for surgical 
management of lung tumors in August 2009. Afterwards, we 
prospectively maintained a database of all patients undergoing 
nonintubated VATS. The nonintubated VATS database was 
then searched retrospectively to identify lung cancer patients 
who underwent VATS anatomical segmentectomy for this 
study. Our thoracic surgical team, comprising surgeons 
and anesthesiologists, selected appropriate patients for 
nonintubated VATS after reviewing their medical records 
and results of physical examinations. The criteria for patients 
undergoing nonintubated thoracoscopic segmentectomy 
included those with clinical stage I NSCLC with tumors 
smaller than 2 cm, and those with impaired cardiopulmonary 
function who were not considered suitable for  a 
lobectomy. Specifically, compromised nonintubated VATS 
segmentectomy included elderly patients with a New York 

Heart Association functional classification of II or higher, or 
patients with a preoperative forced expiratory volume in one 
second less than 70% predicted (10). Additionally, patients 
with an American Society of Anesthesiologists score more 
than 3, a history of bleeding disorder, sleep apnea, previous 
ipsilateral thoracic surgery, evidence of pleural adhesions, 
unfavorable airways or spinal anatomy, or chest wall 
deformity were also excluded.

Anesthetic management of nonintubated VATS

Our anesthesia protocol for nonintubated VATS was 
previously reported (8-11). In summary, premedication 
of fentanyl (50 μg) and glycopyrrolate (0.2 mg) were 
given intravenously. Standard monitoring included 
electrocardiogram, pulse oximetry, arterial blood pressure, 
and respiratory rate. We measured end-tidal carbon dioxide 
(EtCO2) via a nasal detector noninvasively. With full sterile 
preparation, an epidural catheter was inserted into the  
T5–6 thoracic interspace to achieve and maintain a sensory 
block between T2 and T9 dermatomes using 2% lidocaine. 
Patients were sedated with intravenous propofol infusion 
using a target-controlled infusion method, aiming a sedation 
level measured by a bispectral index (BIS) sensor (BIS Quatro, 
Aspect Medical System, Norwood, MA) applied to the forehead 
of each patient to obtain a BIS value between 40 and 60. 
Incremental intravenous injection of fentanyl 25 μg was given 
to obtain a respiration rate between 12 and 20 breaths/min.  
The patients were then placed in the lateral decubitus position.

Regional thoracic anesthesia was achieved by thoracic 
epidural anesthesia between 2009 and 2012. We began to 
adopt internal intercostal nerve block from March 2012 as 
an alternative for thoracic epidural anesthesia because it is 
easier and more time-saving (8,12). For patients undergoing 
intercostal nerve blockade, a thoracoscopic port was initially 
created after local infiltration of 2% lidocaine. Intercostal 
nerve block was then produced under direct thoracoscopic 
vision by infiltration of 0.5% bupivacaine with a 25-gauge 
top-winged infusion needle (1.5 mL for each intercostal 
space) from the third to the eighth intercostal nerve under 
the parietal pleura, 2 cm laterally to the sympathetic chain (8).

During the procedure, patients breathed oxygen through 
a ventilation mask, keeping oxygen saturation above 90%. 
To prevent coughing during thoracoscopic manipulation, an 
intrathoracic vagal block using 0.5% bupivacaine (2–3 mL)  
was produced in all patients, at the level of the lower 
trachea for right-sided procedures and at the level of the 
aortopulmonary window for left-sided procedures. At the 
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end of surgery, the operated lung was manually expanded 
via positive-pressure mask ventilation to check the presence 
of air leaks. After wound closure and chest tube insertion, 
patients were fully awake and were asked to breathe deeply 
and cough to re-expand the collapsed lung further.

Technique of thoracoscopic segmentectomy

All patients underwent a complete anatomical segmentectomy 
with mediastinal lymph node dissection for pathological 
s t ag ing  o f  pr imary  lung  cancer.  Thoracoscop ic 
segmentectomy was performed using a 3-port method (13). 
In brief, the patient was placed in the full lateral decubitus 
position, with slight flexion at the level of the mid-chest. 
The thoracoscope was placed in the 7th or 8th intercostal 
space in the mid-axillary line. A working port was placed 
in the sixth or seventh intercostal space in the auscultatory 
triangle, and a 3- to 5-cm utility incision was placed 
anteriorly in the 5th intercostal space.

After collapsing of the operated lung, inter-lobar fissures, 
pulmonary vessels, bronchi, and the pulmonary parenchyma 
to the affected segment were divided and sectioned with 
endoscopic stapling devices. The resected lung segment 
was removed in an organ retrieval bag through the utility 
incision, and followed by dissection of mediastinal lymph 
node for pathological staging. A 28 F chest tube was then 
placed through the lowest incision. Rib spreading, rib 
cutting, and retractor use were avoided in all patients.

Conversion to intubated general anesthesia

The attending surgeon and anesthesiologist decided 
whether to convert a nonintubated surgery to intubated 
general anesthesia in cases of ineffective analgesia, 
persistent hypoxemia (oxygen saturation by pulse oximetry 
<80%), massive pleural adhesion, unstable hemodynamic 
status, or intraoperative bleeding requiring a thoracotomy 
(3,8). For conversion, the surgical wounds were sealed with 
transparent waterproof dressings (Tegaderm Film, 3M 
Health Care, Neuss, Germany) after placement of a chest 
tube to re-expand the collapsed lung. The trachea was then 
intubated under the guidance of a flexible bronchoscope, 
followed by insertion of a bronchial blocker for one-lung 
ventilation without changing the patient’s position.

Postoperative analgesics and care

Postoperative analgesics included continuous epidural 

infusion of a mixture of bupivacaine (1 mg/mL) and 
fentanyl (1.25 μg/mL) or intravenous morphine (1 mg/mL) 
for 1 to 3 days according to the preferences of the patients. 
Additional analgesics also included oral nonsteroidal 
analgesics and acetaminophen. Chest radiography was 
preformed immediately after surgery or on the next 
morning. The chest tube was removed if no air leak was 
present and drainage was less than 200 mL in a 24-h period.

Data collection and analyses

Data collection including demographics, operative 
and anesthetic results, complications and pathologic 
characteristics were retrieved from the institutional medical 
records. Intraoperative arterial blood gas analyses were 
performed 20–30 minutes after the operated lung was 
adequately collapsed during surgery. The descriptive data 
are summarized as median (range) and mean ± standard 
deviation for continuous variables and number (%) for 
frequency and categorical variables.

Results

From August 2009 to December 2016, nonintubated VATS 
was performed in 1,069 patients. Among them, 89 patients 
underwent anatomical segmentectomy for lung cancer. 
Their data are reported in Table 1. The median patient age 
was 65 years, and 72 (81%) were women. Half of them 
(45 patients, 51%) were geriatric older than 65 years. The 
median body mass index of the patients was 22.0 kg/m2. The 
median tumor size was 1.2 cm. The pulmonary function of 
the patients was generally good, with a mean forced vital 
capacity of 106.8% predicted and forced expiratory volume 
in one second of 106.6% predicted. However, 28 patients 
(31%) underwent compromised VATS segmentectomy 
because of advanced age (26 patients, median: 76.2 years; 
range, 70–86 years) and/or marginal cardiopulmonary 
function (3 patients, median forced expiratory volume in 
1s predicted, 65%; range, 61.1–65.7%), in spite of their 
tumors were larger than 2.0 cm (median: 2.5 cm; range, 
2.1–3.7 cm).

The anatomical locations of nonintubated VATS 
segmentectomy are reported in Table 2. Left upper lobe 
apical trisegmentectomy was the most commonly performed 
segment, followed by lingular segmentectomy and right 
upper lobe superior segmentectomy. Most of them were 
adenocarcinoma (80%) with early pathological stage I 
(80%), detailed in Table 3.
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The operative and anesthetic results are reported 
in Table 4. The mean duration of anesthesia induction 
preparation was 14.5 minutes, and the mean operation time 
was 136.2 minutes. During the operation, the median lowest 
oxygen saturation by pulse oximetry was 98% (range, 88–
100%), and the median highest partial pressure of arterial 
carbon dioxide during one-lung ventilation was 48.3 mmHg 
(range, 38–75.4 mmHg). Conversions to tracheal intubation 
were required in two patients (2%) because of excessive 
mediastinal and diaphragmatic movement, which increased 
surgical challenge technically. One was a 69-year-old woman 
with a body mass index of 30.0 kg/m2 and the other was 
a 56-year-old man with a body mass index of 26.8 kg/m2.  
The conversions were accomplished in lateral decubitus 

position within 20 minutes uneventfully. No patients 
required conversion to a lobectomy or thoracotomy, neither 
blood transfusion in any patient.

Postoperative results and complications are reported in 
Table 5. The median postoperative chest tube drainage was  
2 days, and the median hospital stay after surgery was 4 days. 
Prolonged chest tube drainage more than 5 days were noted 
in three patients because of air leak in two patients and 
chylothorax in one patient. No deaths occurred in this study.

Comments

Our results show that nonintubated thoracoscopic 
segmentectomy is technically feasible and safe for lung 

Table 1 Clinical characteristics of patients

Variable
a N=89

Continuous data Categorical data [%]

Age, years 65 (32.0–86.0); 62.4±13.2 –

Sex, female – 72 [81]

Height, cm 158.9 (140.5–180.4); 159.2±7.7 –

Weight, kg 55.0 (34.4–81.2); 55.4±8.3 –

Body mass index, kg/m
2

22.0 (15.1–30.0); 21.8±2.6 –

Smoking – 11 [12]

Tumor size, cm 1.2 (0.4–3.7); 1.5±0.9 –

Pulmonary function test, % of prediction

Forced vital capacity 104.6 (72.0–144.3); 106.8±17.3 –

Forced expiratory volume in 1 second 106.2 (61.1–179.7); 106.6±20.5 –

Comorbidity

COPD/asthma – 5 [6]

Cardiovascular disease – 12 [13]

Cerebrovascular disease – 6 [7]

Diabetes mellitus – 9 [10]

Hypertension – 28 [31]

Other malignancies – 14 [16]

American Society of Anesthesiologists class

I – 17 [19]

II – 48 [54]

III – 24 [27]
a
, Continuous data are shown as median (range) and mean ± standard deviation; and categorical data as number (%).
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cancer patients who are not eligible for a lobectomy or with 

an intentional purpose for early-stage lung cancer.

Recently, widespread use of computed tomography for 

lung cancer screening has identified increasing numbers 

of small lung tumors in patients with high surgical risk or 

in relatively young adult patients (3,14). To optimizing 

their quality of life after surgical therapy for NSCLC, a 
lung parenchyma-sparing segmentectomy is increasingly 
re-evaluated not only to manage high-risk patients with 
significantly reduced cardiopulmonary function, but also 
to treat small early stage NSCLC (tumor less than 2.0 cm),  
and has been shown a comparable oncological results 
with the well-established lobectomy (15). In our cohort, 
compromised VATS segmentectomy was performed in 
28 patients (31%) because of advanced age or marginal 
cardiopulmonary function, even though their tumors were 
mostly larger than 2.0 cm. The remaining 61 patients 
received intentional VATS segmentectomy because of small 
early stage NSCLC (<2.0 cm).

In this cohort, most of the patients completed surgery 
with adequate sampling of mediastinal lymph nodes, except 
for the two patients (2%), who required conversion to 
intubated general anesthesia. The reason to intubation 
conversion was due primarily to significant mediastinal 
movements jeopardizing a quiet and safe surgical 
environment, especially during mediastinal dissection 
of the bronchovascular structures. In our experience, 
patients requiring conversion to tracheal intubation were 
mostly overweight with a body mass index >26 kg/m2. 
Obesity decreases the functional residual capacity of the 
lung volume and increases the risk of hypoxemia during 
anesthesia. Furthermore, a distended diaphragm—especially 
the hemi-diaphragm below the non-operated lung—usually 
contracts more efficiently and exaggerates the mediastinal 
movement in spontaneously breathing patients with an 
open pneumothorax (16,17). We suggest that obese patients 
are not ideal candidates for nonintubated thoracoscopic 
procedures. Consequently, a standby conversion plan should 
be prepared in advance and performed decisively in cases 
of large and uncontrollable amplitude of diaphragmatic 
motion. Tracheal intubation for one-lung isolation in a 
lateral position may be technically demanding with inherent 
risks, even by experienced thoracic anesthesiologists. 
It is our practice to intubate in a lateral position by aid 
of a flexible bronchoscope, followed by inserting an 
endobronchial blocker to occlude the operated lung when 
tracheal intubation conversion indicated. In difficult cases, 
the patient can also be placed back to a supine position 
for tracheal intubation in usual manner after inserting a 
temporary chest tube to re-expand the collapsed lung with 
wound covering (11).

In our previous study, we showed that nonintubated 
thoracoscopic anatomical segmentectomy is technically 
feasible for management of peripheral lung tumors (10). 

Table 2 Type of segmental resection by anatomic location (N=89)

Location Numbers [%]

Right upper lobe

Apical segmentectomy 2 [2]

Anterior segmentectomy 10 [11]

Posterior segmentectomy 9 [10]

Right lower lobe

Superior segmentectomy 15 [17]

Left upper lobe

Lingulectomy 16 [18]

Apical trisegmentectomy 21 [24]

Anterior segmentectomy 2 [2]

Posterior segmentectomy 1 [1]

Left lower lobe

Superior segmentectomy 11 [12]

Anteromedial segmentectomy 1 [1]

Basal segmentectomy 1 [1]

Table 3 Pathologic results (N=89)

Pathology Numbers [%] 

Pathological histology

Adenocarcinoma 80 [90]

Adenocarcinoma in situ 5 [6]

Squamous cell carcinoma 2 [2]

MALToma 1 [1]

Carcinoid tumor 1 [1]

Pathological staging

Stage I 80 [90]

Stage II 3 [3]

Stage III 6 [7]

MALToma, mucosa-associated lymphoid tissue lymphoma.
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Some concerns may still arise with the use of this technique 

in NSCLC patients. One major anesthetic concern is 

how respiratory function is maintained in a spontaneously 

breathing patient with an open pneumothorax (i.e., in 

severe hypoxemia and hypercapnia), especially when the 

surgical duration is usually as long as a VATS lobectomy. 
Satisfactorily, our patients tolerated the procedure well, 
and supplemental oxygen by facemask was enough to 
prevent patients from hypoxemia. Although carbon 
dioxide rebreathing might occur, these patients had only 
mild hypercapnia, which was not clinically relevant and 
resolved soon after termination of sedation. Atelectasis 
of the dependent lung during mechanical ventilation has 
been demonstrated to be a major contributing factor in 
ventilation-perfusion mismatch during one-lung ventilation 
and predisposes patients to severe hypoxemia (18).  
Therefore, an alveolar recruitment strategy with application 
of positive end-expiratory pressure during one-lung 
ventilation was shown to be substantially effective in 
decreasing both a right-to-left shunt fraction and dead 
space ventilation from the dependent lung to improve 
oxygenation (18,19). We believe that preservation of 
diaphragm function is pivotal in a single-lung spontaneous 
breathing scenario, and the lower rate of atelectasis in 
the dependent lung compared with that in the intubated 
technique might explain the satisfactory oxygenation results 
in our patients (10).

The other major  concern is  whether i t  i s  safe 
and effective to perform a surgical procedure on a 
nondependent lung—especially when intense pulmonary 
manipulation and mediastinal lymph node dissections 
during segmentectomy—might trigger coughing in 

Table 4 Operative and anesthetic results

Variable
a N=89

Continuous data Categorical data [%]

Anesthetic induction duration, min 15 [2–50]; 14.5±8.6 –

Surgical duration, minw 135 [59–240]; 136.2±37.0 –

Global in-operating room duration, min 185 [95–320]; 185.9±45.8 –

Lowest SpO2 during operation, % 98 [88–100]; 96.8±3.9 –

Peak EtCO2 during operation, mmHg 42 [27–68]; 41.5±7.1 –

Intraoperative PaO2, mmHg 175.3 [58.9–383.4]; 174.6±93.6 –

Intraoperative PaCO2, mmHg 48.3 [38–75.4]; 49.2±9.0 –

Lymph nodes dissected, number 6 [0–25]; 7.0±4.6 –

Conversion to intubation – 2 [2]

Conversion to lobectomy – 0

Conversion to thoracotomy – 0
a
, Continuous data are shown as median (range) and mean ± standard deviation; and categorical data as number (%). SpO2, 

oxyhemoglobin saturation by pulse oximetry; EtCO2, end tidal carbon dioxide; PaCO2, partial pressure of arterial carbon dioxide.

Table 5 Treatment outcome

Variable
a

N=89

Continuous 
data

Categorical 
data [%]

Operative complications

Air leak >5 days – 2 [2]

Chylothorax – 1 [1]

Pneumonia – 2 [2]

Subcutaneous emphysema – 3 [3]

Postoperative chest drainage, days 2 [0–12]; 
2.3±1.6

–

Postoperative hospital stay, days 4 [2–14]; 
4.6±2.1

–

Unexpected readmission (30 days) – 0

Perioperative deaths (30 days) – 0
a
, Continuous data are shown as median (range) and mean ± 

standard deviation; and categorical data as number (%).
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spontaneously breathing patients. With intrathoracic 
vaga l  b lockade  to  abo l i sh  the  cough  re f l ex ,  we 
demonstrated that this procedure was effective during 
nonintubated anatomic pulmonary resections for lung 
cancer (10,11). Empirically, retraction of the ipsilateral 
upper lobe is necessary to expose the intrathoracic 
vagal nerve. Before lung retraction and injection of 
local anesthetics, the sedative requirement is transiently 
increased to prevent triggering a cough reflex (20). 
Effective vagal blockade abolishes cough reflex and 
allows us doing extensive pulmonary dissections for more 
than 3 h. Even though, surgeons should be reminded to 
gently performing the hilar dissections, because excessive 
traction of hilar tissue can irritate the contralateral main 
bronchus, which might induce transient coughing (10).

Conversion from nonintubated VATS to intubated 
general anesthesia during surgery is a major challenge, 
which requires the anesthesiologist to perform tracheal 
intubation in the lateral decubitus position in a timely 
manner.  Indicat ions for a  conversion to tracheal 
intubation include intraoperative bleeding, vigorous 
mediastinal bleeding, extensive pleural adhesions or 
persistent hypoxemia or hypercapnia. A well-collaborating 
teamwork between surgeons and anesthesiologists is of 
paramount importance to initiate a plan for conversion of 
tracheal intubation. Once there are any safety concerns, 
prophylactic conversion to intubated general anesthesia is 
advised to avoid emergency intubation and complications, 
especially at the beginning of the learning curve (11). 
Our low rate of intubation conversion (2%) is similar to 
others showing continuous improvement of patient safety 
in nonintubated VATS by judicious patient selection and 
accumulation of experience in both anesthetic care and 
surgical skills (21).

Limitation of this study includes its retrospective design 
and a lack of control group undergoing intubated general 
anesthesia with positive pressure one-lung ventilation. It is 
yet early to suggest any specific benefits of the nonintubated 
technique for VATS segmentectomy, especially in lung 
cancer patients concerning not only short-term outcomes 
but also long-term disease-free or overall survival. Even 
so, our overall experience with low conversion rate from 
nonintubated to intubated general anesthesia and low 
complication rate may suffice to suggest that nonintubated 
VATS segmentectomy can be safely performed in 
lung cancer patients. Further investigations with good 
controlled design are helpful to clarify any advantage of the 
nonintubated technique in lung cancer patients, both in 

short- and long-term outcomes.

Conclusions

In summary, our experience showed that nonintubated 
VATS segmentectomy using regional thoracic anesthesia 
and targeted sedation is technically feasible and safe in 
lung cancer patients, both in compromised patients and 
for intentional purposes. While the long-term benefits of 
nonintubated technique remain unanswered mostly, we 
suggest that it can be an appealing alternative of intubated 
general anesthesia in treating lung cancer patients surgically. 
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