Original Article

Non-intubated thoracoscopic surgery: initial experience at a
single center

Youngkyu Moon', Zeead M. AlGhamdi'’, Joonpyo Jeon’, Wonjung Hwang’, Yunho Kim', Sook Whan Sung'

'Department of Thoracic & Cardiovascular Surgery, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul,
Republic of Korea; *Department of Surgery, College of Medicine, Imam Abdulrahman Bin Faisal University, Dammam, Eastern Province, Saudi
Arabia; *Department of Anesthesiology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea
Contributions: (I) Conception and design: SW Sung; (IT) Administrative support: SW Sung; (IIT) Provision of study materials or patients: SW Sung; (IV)
Collection and assembly of data: Y Moon; (V) Data analysis and interpretation: Y Moon; (VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

Correspondence to: Sook Whan Sung, MD, PhD. Department of Thoracic & Cardiovascular Surgery, Seoul St. Mary’s Hospital, College of Medicine,
The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 06591, Republic of Korea. Email: swsung@catholic.ac.kr.

Background: Non-intubated thoracoscopic surgery is an evolving form of minimally-invasive thoracic
surgery. We commenced performing non-intubated thoracoscopic surgery at our center in August 2016. We
would like to report our initial experience, over a period of 1 year, with this procedure.

Methods: From August 2016 to August 2017, non-intubated thoracoscopic surgery was performed in a
series of consecutive patients who underwent thoracoscopic surgery in those who did not meet any of the
following exclusion criteria: body mass index (BMI) >30, expected difficult airway, expected extensive pleural
adhesion, severe cardiopulmonary dysfunction, persistent cough or excessive airway secretion, high risk of
gastric reflux, and underlying neurological disorder.

Results: A total of 115 consecutive patients underwent non-intubated thoracoscopic surgery. Of these,
83 (72.2%) of patients had lung cancers that had undergone pulmonary resection and the other 32 (27.8%)
patients were diagnosed with pulmonary metastasis, benign lung diseases, thymic tumor or other conditions.
The mean time of anesthesia was 172.4 min and time of operation was 130 min. The mean postoperative
chest tube duration was 3.9 days and time of hospital stay was 6.0 days. There were 9 conversions (7.8%) to
intubation, due to increased respiratory movement with intraoperative hypoxemia or severe pleural adhesion.
There were 16 complications (13.9%) following surgery, but all of these were successfully managed during
the period of hospital stay. There was no postoperative mortality. In multivariate analysis, old age and
high BMI were significant risk factors for conversion to intubation (hazard ratio =1.122, P=0.038; hazard
ratio =1.408, P=0.042, respectively).

Conclusions: Non-intubated thoracoscopic surgery can safely be performed in selected patients.
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Introduction endotracheal intubation, is a new approach to this technique

of minimally invasive surgery (1). Conventionally, VATS

Minimally-invasive thoracic surgery has been in use for is performed under tracheal intubation with a double

many years. In this field, video-assisted thoracoscopic lumen tube or bronchial blocker used to achieve one-
surgery (VATS) is the most commonly used technique. lung ventilation. Although tracheal intubation with one-
Non-intubated VATS, i.e., thoracoscopic surgery without lung ventilation is widely accepted as the standard of care
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Table 1 Exclusion criteria in non-intubated thoracoscopic surgery

Exclusion criteria
BMI >30
Difficult airway
Extensive pleural adhesion(s) or previous pulmonary resection
Severe cardiopulmonary dysfunction

Persistent cough or chronic cough with large amount of airway
secretion

Risk of regurgitation

Neurological disorder

BMI, body mass index (kg/m°).

in thoracic surgery, potential complications related to
intubation are not negligible.

Non-intubated VATS is performed by maintaining
spontaneous ventilation without general anesthesia, but
with sedation. One-lung spontaneous ventilation (open
pneumothorax) is more physiological and therefore has
more advantages than one-lung mechanical ventilation (2,3).
The adverse effects of intubated general anesthesia include:
intubation-related complications, ventilator-induced lung
injury, impaired cardiac performance, and postoperative
nausea and vomiting (1,4-6). By avoiding complications of
intubation, mechanical ventilation, and muscle relaxants,
non-intubated VATS can reduce the incidence of these
adverse effects. However, open pneumothorax in a non-
intubated patient may compromise ventilation and
oxygenation. Moreover, movements of the patient during
surgery, coughing, mediastinal shift and diaphragmatic
displacement may make surgery technically difficult.

Over the last decade, non-intubated VATS has undergone
evaluation and been demonstrated to be feasible and safe
for the management of a variety of thoracic diseases. In
2004, Pompeo et al. proved it was possible, through the
use of epidural anesthesia, to perform thoracic surgery
in the awake patient (7). In 2007, Al-Abdullatief ez al.
showed it was possible to perform some cases of major
thoracic surgery (open thoracotomy and lung volume
reduction surgery) with the patient awake or minimally
sedated (8). The technique of non-intubated VATS
lobectomy was reported in 2011 by Chen ez 4/. (9). As cases
have accumulated and the technique has developed, most
thoracic surgery can now be undertaken using it (10-12).

At our center, we have been conducting non-intubated

VATS since August 30", 2016. The purpose of this study
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was to evaluate the surgical outcomes of non-intubated
VATS during our period of initial experience in using it.
We aimed to determine if non-intubated VATS can be
implemented safely and easily from the outset.

Methods
Patients

A single surgeon performed non-intubated VATS from
August 2016 in Seoul St. Mary’s Hospital in Korea. The
procedure was performed in all consecutive patients
there who underwent thoracoscopic surgery, provided
they did not meet the following exclusion criteria: body
mass index (BMI) >30, expected difficult airway, expected
extensive pleural adhesion, prior pulmonary resection,
severe cardiopulmonary dysfunction, persistent cough or
excessive airway secretion, high risk of gastric reflux, and
underlying neurological disorder (Table I). Over 1 year,
at our institution, 115 patients underwent non-intubated
VATS. These 115 consecutive patients were reviewed
retrospectively. Clinical characteristics and surgical
outcomes were analyzed and risk factors for conversion to
intubation were identified. This study was approved by the
Institutional Review Board of Seoul St. Mary’s Hospital.

Anesthbetic methods and surgical techniques

The anesthetic techniques used included sedation and
locoregional analgesia. Standard monitoring with end-tidal
CO, and arterial blood pressure was commenced before
sedation. Bispectral index (BIS) monitoring was used for
evaluation of sedation level. Oxygenation was facilitated
when necessary with O, supplementation by facial mask.
For sedation, propofol and/or dexmedetomidine was used
with target-controlled infusion, and the target BIS was set
at 40 to 60. Adjuvant administration of fentanyl, midazolam,
and ketamine was used when necessary.

After administration of sedative agents, the patients were
positioned in a lateral decubitus position. Before surgical
incision, locoregional analgesia was performed by local
injection using mixed 2% lidocaine and 0.5% bupivacaine
in 1:1 ratio. Before surgical incision, the local anesthesia
was applied from the skin to the parietal pleura. Usually,
skin incision was stated at working port site. For pulmonary
resection, 4" intercostal space was used for working incision.
After opening the parietal pleura, the lung was collapsed
by iatrogenic pneumothorax. Then, thoracoscopic-guided
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Yintercostal nerve block (3rd-to 9th I€S)

Figure 1 Thoracoscopic-guided intercostal nerve block. (A) Thoracoscopic instrument for nerve block; (B) intercostal nerve block into the

space beneath the lower margin of each rib from 3rd to 9th.

A Vagus nerve block (Right)

B Vagus nerve block (left)

Figure 2 Thoracoscopic-guided vagus nerve block. (A) Right vagus nerve block to right paratracheal area; (B) left vagus nerve block to left

subaortic area.

intra-thoracic intercostal nerve block was performed in the
space beneath the lower margin of each rib from 3™ to 9"
(Figure 1). When performing anatomical resection, local
anesthesia was also applied to the right paratracheal area or
left subaortic area where the vagus nerve passes (Figure 2).
Where necessary, intraoperative cough reflex was effectively
inhibited with intrathoracic vagal blockade on the surgical
side. The surgical procedure was similar to conventional
VATS. When open pneumothorax is induced, the lung
collapses similar to one-lung ventilation. Significant
respiratory movement during the operation, leading to
movement of the patient, could cause difficulties, but most
cases could be completed without conversion to intubation.

Statistical analyses

Clinical characteristics and surgical outcomes are described
below. Multivariate logistic regression was used to analyze
the risk factors for conversion to intubation in all patients. All
variables with a P<0.1 in the univariate analysis were entered
into a multivariate analysis. A P value <0.05 was considered
statistically significant. Statistical analyses were performed
using SPSS 24.0 software IBM Corp, Armonk, NY, USA).
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Results

During 1 year, 194 patients underwent VATS conducted
by single surgeon. Of those patients, 115 cases (59.3%)
were non-intubated VATS. Clinical characteristics of all
115 patients are described in Table 2. The mean age of all
patients was 61.8 years, and mean BMI was 23.8. Of the
115 patients, 83 (72.2%) were lung cancers undergoing
pulmonary resection. The other 32 (27.8%) patients were
diagnosed with pulmonary metastasis, benign lung diseases
or pleural diseases, thymic tumor or other conditions. In all,
77 patients (67.0%) underwent VAT'S lobectomy.

Surgical outcomes of all patients

Tuable 3 shows the surgical outcomes of all patients who
underwent non-intubated VATS. Most patients received
multi-level intercostal nerve block (96.5%) and vagus
nerve block (90.4%). The mean anesthesia time was
172.4 (+54.7) min. The mean operative duration was
130.0 (£53.1) min. The mean postoperative chest tube
duration was 3.9 (¢4.8) days, and the mean postoperative
hospital stay was 6.0 (£3.3) days. There were 9 conversions
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Table 2 Clinical characteristics of 115 patients who underwent
non-intubated VATS
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Table 3 Surgical outcomes of 115 patients who underwent non-
intubated VATS

Variables N (%) or mean (+SD) Variables N (%) or mean (+SD)

Age 61.8 (£13.3) Intraoperative nerve block

Sex Intercostal nerve block 111 (96.5%)
Male 52 (45.2%) Vagus nerve block 104 (90.4%)
Female 63 (54.8%) Anesthesia duration (min) 172.4 (x54.7)

Current or former smoker 38 (33.0%)

BMI (kg/m?) 23.8 (+3.0)
Pulmonary function
FEV1 (%) 92.3 (+15.0)
DLCO (%) 87.3 (£16.7)
Heart ejection fracture 63.2 (+3.2)

Diagnosis

Lung cancer 83 (72.2%)

Pulmonary metastasis 16 (13.9%)
Benign lung disease 12 (10.4%)
Thymic tumor 2 (1.7%)
Other 2(1.7%)

Surgical procedure (and % of all patients)
Lobectomy 77 (67.0%)
Segmentectomy 12 (10.4%)

Wedge resection 23 (20.0%)

Thymectomy 2(1.7%)

Pleural biopsy 1(0.9%)
Pleural adhesion

No adhesion 86 (74.8%)

Partial adhesion 25 (21.7%)

Full adhesion 4 (3.5%)

Surgical procedures of lung cancer 83 (72.2%)

Lobectomy 70
Segmentectomy 10
Wedge resection 3

SD, standard deviation; BMI, body mass index (kg/m?); FEV1,
forced expiratory volume in 1 second; DLCO, diffusing capacity
for carbon monoxide.

(7.8%) to intubation and 3 conversions to open thoracotomy.
There were 16 complications (13.9%) among the patients:
8 with prolonged air leakage, 2 with chylothorax, 2 with
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Operation duration (min) 130.0 (53.1)

Blood loss (mL) 96.2 (+278.9)

Chest tube duration (days) 3.9 (¢4.8)
Postoperative hospital stay (days) 6.0 (£3.3)
Conversion
Conversion to intubation 9 (7.8%)
Conversion to open thoracotomy 3 (2.6%)
Complications 16 (13.9%)
Prolonged air leak 8
Chylothorax 2
Atrial fibrillation 2
Pleural effusion/ pulmonary edema 2
Atelectasis/pneumonia 2
Mortality 0

SD, standard deviation.

arrhythmia, and 4 with pulmonary complications. All of
the complications were managed successfully during the
hospital stay period. There was no postoperative mortality.

Clinicopathological characteristics of lung cancer

In all, 83 patients with lung cancer underwent non-
intubated VATS. The indications for treatment of these
patients were no different than for those with lung cancer
treated with intubated VATS. However, non-intubated
VATS was not applied to those who met exclusion criteria
(1able 1). The mean age of the non-intubated VATS group
was 63.0 (+11.9) years and mean BMI was 23.7 (22.9). The
most common tumor histological type was adenocarcinoma
(88.0%). Most patients were stage I, but stages 1I and III
were diagnosed in 18 patients (21.7%). Of the 83 with
lung cancer, 70 patients (84.3%) underwent anatomical
lobectomy with mediastinal lymph node dissection. The
mean number of dissected lymph nodes was 14.5 (=6.5)
(Table 4).
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Table 4 Clinicopathological characteristics of lung cancer patients

(n=83)

Variables N (%) or mean (+SD)
Age 63.0 (£11.9)
Sex
Male 33 (39.8%)
Female 50 (60.2%)

Current or former smoker 25 (30.1%)

BMI (kg/m?) 23.7 (+2.9)
Pulmonary function
FEV1 (%) 93.3 (£15.1)
DLCO (%) 88.3 (£15.6)
Histology
Adenocarcinoma 73 (88.0%)
Squamous cell carcinoma 9 (10.8%)
Other 1(1.2%)
Pathologic stage (7" edition of TNM)
TisNOMO 3 (3.6%)
T1aNOMO 30 (36.1%)
T1bNOMO 21 (25.3%)
T2aNOMO 11 (13.3%)
T2bNOMO 3 (3.6%)
T3NOMO 4 (4.8%)
T1or2N1MO 2 (2.4%)
T1or2N2MO0 9 (10.8%)
Operation
Wedge resection 3 (3.6%)

Segmentectomy 10 (12.0%)
Lobectomy 70 (84.3%)
Number of dissected lymph nodes 14.5 (£6.5)

SD, standard deviation; BMI, body mass index (kg/m?); FEV1,
forced expiratory volume in 1 second; DLCO, diffusing capacity
for carbon monoxide.

Conversion to intubation

There were 9 conversions (7.8%) to intubation due to
increased respiratory movement, intraoperative hypoxemia,
or severe pleural adhesion. The details of these 9 patients,

and the reason for conversion, are described in Table 5.
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The most common cause of conversion to intubation
was increased respiratory movement during operation.
Conversion was undertaken by the anesthesiologist, without
difficulty, during the intubation procedure. We analyzed
the risk factors for conversion to intubation. In all patients,
specific variables identified as significant (P<0.1) by univariate
analysis included: age, FEV1, BMI, surgical procedures,
and the presence of pleural adhesion. These variables were
entered into the multivariate model. Old age and high BMI
were significant risk factors for conversion to intubation
(hazard ratio =1.122, P=0.038; hazard ratio =1.408,
P=0.042) (Table 6).

Discussion

Currently, non-intubated VAT is the most advanced
minimally-invasive thoracoscopic surgical technique.
Tubeless surgery—in other words, spontaneous ventilation
without tracheal intubation, no urinary catheterization,
and no post-operative chest drain placement—fits the ideal
concept of minimally invasive surgery (13-15). However,
it has proven very difficult to adopt tubeless surgery in
major pulmonary resection. In VATS major pulmonary
resection, non-intubated VAT is a challenge. Chen er al.
reported comparison of surgical outcomes of VAT'S major
pulmonary resection without intubation with conventional
VATS (9,16). In our study, in which we performed 77 cases
of lobectomy and 12 cases of segmentectomy, we found
that surgical outcomes were comparable with those of
other studies, with no major complications or mortality. In
multivariate analysis, surgical procedure (major pulmonary
resection) was not a risk factor for conversion to intubation.
Therefore, we found major pulmonary resections without
intubation to be feasible despite the fact that this was our
initial experience with the procedure.

Despite this being our initial experience with it, we
found that non-intubated thoracoscopic surgery could be
undertaken without much difficulty. Our surgeon was a
highly experienced operator in conventional VATS and,
from the first attempt, was able to successfully perform non-
intubated VATS lobectomy. However, collaboration with
anesthesiologists was essential for success; anesthesiologists
experienced in thoracic surgery were the most helpful.
The anesthesiologist monitored the patient closely
while maintaining sedation. When the conversion to
intubation was needed, intubation could be performed
by the anesthesiologist without a position change using
a laryngoscope with a video scope. There were a total of

J Thorac Dis 2018;10(6):3490-3498
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Table 5 Details of patients who needed conversion to intubation
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Number  Operation Diagnosis Underlying disease =~ Conversion to thoracotomy  Reasons of conversion to intubation

Case #1 Lobectomy Lung cancer CAD Yes Severe adhesion; large mass

Case #2  Lobectomy Lung cancer DM, HBP No Bronchospasm

Case #3  Lobectomy Lung cancer HBP No Increased respiratory movement,
anthracotic lymph nodes adhered to
vessel

Case #4 Lobectomy Lung cancer 0 No Increased respiratory movement

Case #5  Segmentectomy  Lung cancer Bronchiectasis No Increased respiratory movement,
low saturation

Case #6  Segmentectomy  Lung cancer Emphysema, HBP No Increased respiratory movement,
low saturation

Case #7  Segmentectomy  Lung cancer HBP No Increased respiratory movement,
low saturation

Case #8  Thymectomy Thymic 0 No Increased respiratory movement

hyperplasia
Case#9  Wedge Pulmonary 0 No Increased respiratory movement,
resection metastasis pleural adhesion

CAD, coronary artery disease; DM, diabetes mellitus; HBP, high blood pressure.

9 (7.8%) conversions to intubation, which could be performed
without any difficulty in the way mentioned above.
Conversion rates are reported to be 5-10% in most
studies, and our conversion rate (7.8%) was within this
range (1). The most common reason for conversion to
intubation during surgery was the presence of significant
diaphragm movement due to hypoxemia and hypercapnia
(seen in 7 patients of a total of 9 conversions). Obesity is
clearly related with increased respiratory movement during
non-intubated surgery; therefore, in other centers with
experience in non-intubated VATS, a BMI greater than 30
is considered a contraindication to non-intubated VATS.
From the beginning, we too considered BMI to be one
of the most important patient selection criteria. In our
study, the mean BMI of conversion-to-intubation patients
was 25.5, which was greater than the mean BMI of non-
conversion patients. As well as BMI, in multivariate analysis,
old age was a significant factor for conversion to intubation.
The mean age of conversion to intubation patients was
72 years. We believe that if a patient is selected with a
stricter application of BMI and age to the exclusion criteria
currently in use, the conversion rate would be reduced
further and non-intubated VATS would be performed
more safely. Of course, in the future, the development of
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surgical and anesthetic techniques will hopefully expand the
indications for non-intubated VATS.

Conventionally, locoregional analgesia has been
achieved by epidural anesthesia. Epidural anesthesia has the
advantage of continuously injecting a local analgesic drug,
and it can help pain control by maintaining the catheter
even after surgery. However, the procedure is difficult and
can lead to complications such as spinal cord injury (17).
By contrast, thoracoscopic guided intercostal nerve block
is easier to perform and there are no complications. In
addition, bupivacaine used for local analgesia has a sustained
effect of 3 hours. Most thoracic surgery can be completed
within 3 hours, hence intercostal nerve block and vagal
block are only needed once, in most thoracic surgery. Of
course, local anesthesia can be applied repeatedly for long-
lasting surgery.

This study had several limitations that should be
considered. Firstly, we used a retrospective study design.
Secondly, we obtained the data from a single institution
and the number of cases was relatively small. However,
this study was intended to show how successfully a surgeon
skilled in conventional VATS can successfully undertake
non-intubated VATS, even though it is their initial
experience of the procedure. In this study, we aimed to

J Thorac Dis 2018;10(6):3490-3498
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Table 6 Risk factors for conversion to intubation on logistic regression analysis in patients who underwent non-intubated VAT'S

Variable HR 95% Cl P value

Univariate analysis

Age 1.098 1.015-1.187 0.019
Sex (male) 1.569 0.399-6.172 0.519
Current or former smoker 2.765 0.697-10.964 0.148
BMI 1.241 0.983-1.567 0.070
FEV1 (%) 0.961 0.919-1.006 0.087
DLCO (%) 0.989 0.952-1.027 0.566
Surgical procedures 0.076
Wedge resection (reference) 1
Segmentectomy 7.333 0.670-80.221 0.103
Lobectomy 1.205 0.128-11.352 0.870
Others 11.000 0.482-250.865 0.133
Involved lobe 0.577
Right upper (reference) 1
Right middle 3.1 0.177-54.239 0.438
Right lower 3.444 0.338-35.093 0.296
Left upper 1.409 0.084-23.762 0.812
Left lower 4.429 0.370-52.990 0.240
Others 15.5 0.685-350.635 0.085
Pleural adhesion 0.024
No adhesion (reference) 1
Partial adhesion 2.795 0.582-13.426 0.199
Full adhesion 20.500 2.267-185.378 0.007

Multivariate analysis

Age 1.122 1.007-1.250 0.038
FEV1 (%) 0.821 0.176-3.834 0.802
BMI 1.408 1.012-1.959 0.042
Surgical procedures 0.230
Wedge resection (reference) 1
Segmentectomy 5.115 0.238-109.957 0.297
Lobectomy 0.804 0.057-11.266 0.871
Others 7.194 0.158-327.653 0.311
Pleural adhesion 0.077
No adhesion (reference) 1
Partial adhesion 2.576 0.384-17.281 0.330
Full adhesion 23.151 1.432-374.241 0.006

VATS, video-assisted thoracoscopic surgery; BMI, body mass index (kg/m?); FEV1, forced expiratory volume in 1 second; DLCO, diffusing
capacity for carbon monoxide.
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investigate whether any VAT surgeon can adopt this non-
intubated VAT technique successfully. Future studies with
a larger patient cohort may provide more accurate results.
Thirdly, because the study was not a comparative one, we
could not compare the results of non-intubated VAT'S with
conventional VATS. However, there was no significant
difference in surgical outcomes compared to those of
previous studies. Therefore, it is reasonable to say that non-
intubated VATS was found to be relatively safe, even in
the initial experience of the procedure. We expect future
randomized prospective comparative studies to demonstrate
the utility of non-intubated VATS. Finally, we are not able
to evaluate long term outcomes, especially oncological
outcomes. As these procedures were conducted recently,
long term results cannot of course be evaluated. In the
future, we expect accumulated data and further studies to
verify the oncological effectiveness of non-intubated VATS.

In conclusion, non-intubated VATS is a feasible option
for surgical treatment of thoracic disease. The surgical
outcomes were acceptable despite this being the initial
experience with the technique. Older age and high BMI
are risk factors for conversion to intubation. Therefore,
for selected patients, it is safe to perform this evolving type
of minimally-invasive surgery. We expect that increasing
numbers of patients will benefit from non-intubated VATS
as surgical and anesthetic techniques are further developed
and future studies confirm the effectiveness of non-
intubated VATS.
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