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Background: Video-assisted thoracoscopic surgery (VATS) is known to have the advantages of being
minimally invasive, reducing complications, and shortening hospitalization time. However, related cost
surveys have been inconsistent. In recent years, a new concept of tubeless anesthesia has been introduced, but
its impact on the cost-effectiveness of VATS is unclear. This study compared the hospitalization costs and
postoperative outcomes in patients undergoing spontaneous ventilation VATS (SV-VATS) and mechanical
ventilation VATS (MV-VATS).

Methods: We retrospectively analyzed data on the VATS procedures performed at the Shaoxing People’s
Hospital from June 2022 to July 2023. Overall, 386 patients who met the inclusion criteria were treated with
SV-VATS (n=57) or MV-VATS (n=329). Comprehensive cost comparisons were performed between the
groups.

Results: The two groups shared comparable clinical characteristics, such as age (P=0.64), sex (P=0.72),
body mass index (BMI) (P=0.68), and type of procedure (P=0.43). All costs are expressed in U.S. dollars (§).
The overall, diagnostic, operation, and material costs of SV-VATS and MV-VATS were $3,858.71+$746.32
vs. $3,870.26+$990.69 (P=0.94), $911.83 vs. $908.73 (P=0.51), $875.58 vs. $875.58 (P=0.51), and $1,560.5
vs. $1,596.91£$727.18 (P=0.31), respectively. In addition, the median costs of anesthesia materials and total
medications were $233.51 vs. $324.02 and $290.63 vs. $364.14, respectively (P<0.001). Among medications,
the cost of anesthesia medicine was $179.6+$45.48 vs. $224.12+$54.67, respectively (P<0.001). Postoperative
complications, including sore throat, hoarseness, and expectoration, did not occur in the SV-VATS group,
whereas 13, 11, and 10 cases were noted, respectively, in the MV-VAT'S group (13.5%, 11.5%, and 10.4%,
respectively; P=0.01, P=0.03, P=0.041). The time to extubation in the SV-VATS and MV-VAT'S groups was 4
and 10 min, respectively (P<0.001). No intermediate surgery was performed in either group.

Conclusions: Compared with SV-VATS, MV-VATS can reduce patients’ anesthesia and medicine costs
and has similar postoperative adverse event rates in VAT'S patients, which is conducive to accelerating patient

recovery. Therefore, tubeless anesthesia is recommended for future VATS.
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surgery (VATS)

Submitted May 27, 2024. Accepted for publication Aug 16, 2024. Published online Oct 11, 2024.
doi: 10.21037/jtd-24-869
View this article at: https://dx.doi.org/10.21037/jtd-24-869

© AME Publishing Company. 7 Thorac Dis 2024;16(10):6888-6898 | https://dx.doi.org/10.21037/jtd-24-869


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-24-869

Journal of Thoracic Disease, Vol 16, No 10 October 2024

Introduction

Video-assisted thoracoscopic surgery (VATS) has replaced
open surgery as a minimally invasive alternative and has
become an inevitable choice for thoracic surgeons. In 2015,
lobectomy under VAT'S was performed in 86.6% of tertiary
hospitals in China (1).

VAT has clear advantages, as it is known to reduce
complications, readmission rates, and postoperative
hospitalization time (2,3). However, the results of studies
on the equipment costs and economic burden of VAT'S have
been inconsistent (4,5). Therefore, it is necessary to identify
and assess the costs associated with medical procedures at
an early stage (6).

Tubeless anesthesia is a new anesthetic strategy
that involves changing general anesthesia to targeted
anesthesia. A laryngeal mask combined with vagus and/or
intercostal nerve blocks is a safe way to avoid side effects
associated with mechanical ventilation (MV), including
airway injury, postoperative respiratory failure, respiratory
paralysis due to residual inotropes, and imbalances in the
ventilated blood flow ratio (7,8). An expert consensus
has also declared that tubeless anesthesia can be applied
in thoracic surgery (9). In addition, recent studies have
shown that tubeless anesthesia improves intraoperative local
cerebral oxygen saturation (SpO,) by inducing hypercapnia
but does not affect the incidence of postoperative cognitive
dysfunction within 1 month (10); it even reduces the
magnitude of D-dimer elevation (577 vs. 1,624 pg/L,
P<0.001) and thus reduces the risk of postoperative
thromboembolism (11). Liu et al. (12) performed tubeless
anesthesia in 162 patients with spontaneous pneumothorax,
and intraoperative intubation was performed in only one
case. The advantages of tubeless anesthesia are becoming
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increasingly apparent, and this intervention contributes
to more efficient healthcare delivery. Due to budgetary
constraints, tubeless anesthesia must not only demonstrate
safety (13,14) and feasibility (15,16) but also assess the
cost-effectiveness of VAT procedures, which facilitates the
adoption and dissemination of tubeless anesthesia.
Therefore, this study aimed to compare the
hospitalization costs in patients undergoing VATS under
tubeless and intubated anesthesia to determine whether
tubeless anesthesia may have a lesser economic burden
on patients. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-24-869/rc).

Methods
Study design

This was a retrospective cohort study of a database of
patients who underwent thoracoscopic surgery for lung
masses (pulmonary wedge resection, segment resection,
or lobectomy) under tubeless and double-lumen tube
(DLT) intubation anesthesia from June 2022 to July 2023
at Shaoxing People’s Hospital. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the Institutional Ethics
Review Board of the Shaoxing People’s Hospital (2023
Scientific Research Project) (No. 110-Y-01). As this was a
retrospective study, the requirement for informed consent

was waived.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) adults with
scheduled thoracoscopic resection of lung lesions; (II) no
obvious anesthesia, surgical, paravertebral nerve block, or
intercostal nerve block contraindications; (III) American
Society of Anesthesiologists class I-II and New York Heart
Association classification I-1I; (IV) age between 18 and
80 years, with no restrictions on sex; and (V) body mass
index (BMI) <28 kg/m’.

The exclusion criteria were as follows: (I) allergy to
anesthetic drugs; (II) difficult airway management; (III)
severe pneumonia, respiratory and circulatory system
dysfunction, abnormal lung function [forced expiratory
volume in 1 second, (FEV1)% <50%], and hypoxemia
before surgery; (IV) a clinically significant history of
cardiac or nervous system disorders, such as ischemic
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heart disease, valvular heart disease, rhythm disturbances
(rapid atrial fibrillation or ventricular premature beats),
cardiac ejection fraction <50% of expected value or
significant lacunar cerebral infarction, and ischemic stroke;
(V) mediastinal surgery; (VI) history of ipsilateral surgery
and other surgeries that may result in extensive pleural
adhesion disease; (VII) intraoperative hemorrhage (bleeding
volume >500 mL) or intraoperative change of surgical
plan (changed to thoracotomy); and (VIII) uncontrolled
hypertension or cardiovascular disease.

Comparison group

We compared the spontaneous ventilation VATS (SV-VATY)
and MV-VATS groups according to the anesthesia and
the type of surgery which was determined from electronic
medical records. After propensity-score matching (PSM),
we examined the electronic medical records of 51 patients
in whom tubeless anesthesia was applied. These patients
were then matched with 96 other patients in whom routine
MV was performed. A total of 147 patients were ultimately
included. In order to mitigate potential sources of bias,
all patients were treated under tubeless anesthesia by the
same surgical and anesthesia teams. Our uniportal VATS
procedure was performed using an incision of 3 to 5 cm at
the fifth intercostal space of the anterior axillary line. The
same surgical access was used for all patients.

Tubeless anesthesia methods

All patients were treated with tubeless anesthesia, total
intravenous anesthesia with laryngeal mask ventilation,
local incision block, T2-T8 intercostal nerve block,
pleural surface anesthesia, and surgical vagus nerve block.
The local incision block consisted of 1% lidocaine with
5-10 mL of layer-by-layer infiltration. The intercostal
nerve block consisted of 0.5% ropivacaine combined with
20 mL of 1% lidocaine and was used to block the T2-T8
intercostal nerve under VATS at a 2-3 mL dose. Pleural
surface anesthesia consisted of a 5-10 mL mixture of
2% lidocaine sprayed on the lung surface. The surgical
vagus nerve block was used with a 5 mL mixture of 0.5%
ropivacaine combined with 1% lidocaine. The insertion
point of the right vagal nerve block was above the superior
vena cava, and the insertion point of the left vagal nerve
block was below the aortic arch. If the heart rate increased
significantly after anesthetic injection, a vagal nerve block
was considered adequate.

© AME Publishing Company.
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Induction of anesthesia

Midazolam 0.05 mg/kg, propofol 2-2.5 pg/mL [target-
controlled infusion (T'CI)], and sufentanil 0.1 pg/kg were
administered to induce anesthesia. No muscle relaxants
were used in this study. When the bispectral index (BIS)
values dropped to 60 and below, a laryngeal mask was
placed to connect to an anesthesia machine for synchronous
intermittent MV.

Maintenance of anesthesia

Anesthesia was maintained intravenously. Propofol
2-2.5 pg/mL (T'CI) was maintained until the surgical
incision was closed; remifentanil 0.03-0.1 pg/kg/min was
maintained until the surgical incision was closed; and
dexmedetomidine 0.3-1 pg/kg/h was maintained until the
pleural space closed.

Ventilation

When anesthesia induction was completed, a laryngeal
mask was placed to assist in ventilation control and airway
monitoring. If transient respiratory depression occurred
after anesthesia induction, the laryngeal mask was connected
to the anesthesia machine for synchronous intermittent
MV [tidal volume (VT), 3-5 mL/kg; respiratory rate (RR),
12-15 times/min; fraction of inspired oxygen (FiO,),
100%; and oxygen flow, 3—4 L/min], and the anesthesia
machine ventilation mode was changed to the spontaneous
breathing mode [adjustable pressure-limiting (APL),
0 ecmH,O] when the skin was incised. During anesthesia,
if the patient’s spontaneous breathing did not return to the
ideal level (VT, 3-5 mL/kg; and RR, 12-15 times/min),
SpO, dropped below 90% or partial pressure of arterial
carbon dioxide (PaCQO,) rose to 60 mmHg or above, the
infusion rate of the anesthetic drugs was adjusted according
to the electrocardiography (ECG) and BIS. Thereafter,
intermittent MV, other assisted ventilation modes, or
manual assisted ventilation were synchronized until
spontaneous breathing was achieved.

Emergency protocol

Conversion criteria to intubated VATS include surgical
complications, such as major bleedings, persistent hypoxemia
(SpO, <85%) or severe hypercapnia (PaCO, >80 mmHg)
with acidosis (pH <7.1), persistent coughing, excessive
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diaphragm movement, significant increase in airway
secretions or bloody secretions, hemodynamic instability,
severe pleural adhesion, massive sputum, which compromise
safety of the surgical procedure. We usually apply the same
criteria as those indicated in the expert consensus (9).

Primary outcomes (cost-effectiveness)

The main objective of this experiment was to determine
the hospitalization-related expenses. Therefore, the
main outcomes evaluated included the total cost of
treatment, including anesthesia, surgery, medicine, tests,
and consumables, during the perioperative period in both
groups. The total cost of treatment during the perioperative
period was obtained from the hospital billing data system:
(I) materials (examination, surgery, and treatment of
disposable materials); (II) diagnostic (including pathological,
laboratory, imaging, and clinical diagnostics); (IIT) drug (use
of medications during the hospital stay); (IV) anesthetic
materials and medications (specifically recorded in the
anesthesia system); and (V) operation costs. All costs are
expressed in U.S. dollars ($) according to the 2023 average
exchange rate [$1 for 7.0467 Chinese Yuan (CNY)] issued
by the National Institute of Statistics.

Secondary outcomes (postoperative outcomes)

Electronic medical records were used to collect data on
baseline characteristics (age, sex, BMI, surgery type, clinically
significant disease) and postoperative clinical outcomes.
Postoperative complications and definitions included
(D) incision pain, patient reports incision pain >4 on Numerical
Rating Scale (NRS); (II) sore throat, patient reports sore
throat >4 on NRS; (III) fever, temperature above 38 °C (17);
(IV) atelectasis, diagnosed by imaging methods (18);
(V) pneumonia, European Perioperative Clinical Outcome
(EPCO) definitions (19); (VI) arrhythmia, diagnosed by ECG
and requiring medication (19); (VII) hypotension, systolic
arterial pressure <90 mmHg (20); (VIII) nausea and vomiting,
occurred in the post-anesthesia care unit (PACU) to within
24 h postoperatively (17); (IX) other complications reported
by the patient. Postoperative recovery indicators mainly
included the extubation time (time from the end of anesthesia
to the removal of the laryngeal mask or DL’T; min), PACU
length of stay (time from admission to the anesthesia
resuscitation room to the time of discharge from the
anesthesia resuscitation room, min), time to discharge (time

period from the date of surgery to the date of discharge), and
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the duration of chest tube use.

Statistical analysis

Two patients who underwent MV-VATS were matched
with one patient who underwent SV-VAT'S using nearest-
neighbor PSM without replacement (caliper =0.1). PSM
was used to reduce the differences among the baseline
variables between groups. Patients were matched for
age, sex, preoperative BMI, and type of surgery, and
PSM was performed using Statistical Package for Social
Sciences (SPSS version 26.0) and R (version 3.5.1). The
measurement data were expressed as standard deviation
or median and quartile interval description, #-test and the
rank-sum test were used for between-group comparisons.
Count data were expressed as a percentage or a number,
and differences between groups were tested using y’ or the
Fisher exact test; all statistical tests were two-sided with
95% confidence intervals (P<0.05).

Results

Screening process

Between June 2022 and July 2023, 449 patients who
underwent VATS at Shaoxing People’s Hospital were
included. A total of 386 patients were included in the study
based after applying the exclusion criteria. Fifty patients
were excluded because of the presence of underlying
diseases, such as coronary artery disease, arrhythmia, and
chronic bronchitis. Thirteen patients with BMI >28 kg/m’
were excluded. We used PSM to reduce and balance
baseline confounders and successfully matched 147 patients.
A patient-specific screening flowchart is shown in Figure 1.

Baseline clinical characteristics of the patients

There were no differences between the tubeless and intubated
groups in terms of sex, age, BMI, or type of procedure (Table 1).

Cost analysis

The SV-VATS group had significantly lower anesthesia
material, anesthesia medicine, and total medication costs
than those of the MV-VATS group ($233.51 vs. $324.02,
$179.6+$45.48 vs. $ 224.12+$54.67, and $290.63 vs.
$364.14, respectively; P<0.001). However, there were no
differences in the overall costs ($3,858.71+$746.32 vs.
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Patients undergoing VATS from July 2022 to July 2023 (n=449)

\

Excluded (n=63):
* 50 patients with clinically significant
problems
* 13 patients with BMI >28 kg/m®

| Eligible patients were included (n=386) |

'

'

| 57 SV-VATS group |

| 329 MV-VATS group |

!

!

| Patients after 1:2 PSM (n=147) |

!

'

| 51 SV-VATS group |

| 96 MV-VATS group |

Figure 1 Participant flow of study population. VATS, video-assisted thoracoscopic surgery; BMI, body mass index; SV, spontaneous

ventilation; MV, mechanical ventilation; PSM, propensity-score matching.

Table 1 Baseline clinical characteristics of patients

Unmatched patients

Propensity-matched patients

Characteristics

MV-VATS (n=329) SV-VATS (n=57) P value MV-VATS (n=96) SV-VATS (n=51) P value
Gender 0.09 0.72
Male 138 (41.9) 17 (29.8) 31(32.3) 15 (29.4)
Female 191 (58.1) 40 (70.2) 65 (67.7) 36 (70.6)
Age (years) 62 [54-71] 54 [40.5-60.5] 0.001 56 [49-62] 55 [46-62] 0.64
Surgery type 0.003 0.43
Wedge resection 122 (37.1) 35 (61.4) 50 (52.1) 29 (56.9)
Segment resection 104 (31.6) 11 (19.3) 30 (31.3) 11 (21.6)
Lobectomies 103 (31.3) 11 (19.3) 16 (16.7) 11 (21.6)
BMI (kg/m?) 22.56+2.61 21.5422.02 0.001 21.95+2.64 21.79+1.89 0.68

Data are presented as n (%), median [P,s—P;s], or mean + SD. MV-VATS, mechanical ventilation video-assisted thoracoscopic surgery; SV-
VATS, spontaneous ventilation video-assisted thoracoscopic surgery; BMI, body mass index; P,s, 25" percentile; P, 75" percentile; SD,

standard deviation.

$3,870.26+$990.69, P=0.94), diagnostic expenses ($911.83
vs. $908.73, P=0.51), surgical costs ($875.58 vs. $875.58,
P=0.51), and material costs ($1,560.5 vs. $1,596.91+$727.18,
P=0.31) (Figure 2).

Postoperative complications

Perioperative complications are listed in Tzble 2. No
postoperative symptoms of sore throat, hoarseness, or
coughing occurred in the SV-VAT'S group, whereas 13, 11,

© AME Publishing Company.

and 10 cases of sore throat, hoarseness, or expectoration,
respectively, occurred in the MV-VATS group (13.5%,
11.5%, and 10.4%, respectively, P=0.01, P=0.03, P=0.041).
There were no differences between the two groups
regarding arrhythmia, postoperative fever, pain score,
nausea, vomiting, or degree of pulmonary infection.
One case of postoperative pneumothorax occurred in
the SV-VATS group with approximately 35% lung
tissue compression, for which chest tube drainage was
performed.
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Total cost

Material cost

912
909

876
876

Diagnostic-related cost

Operation cost

Medicine cost™*

Anesthetic material cost™*

Anesthetic medicine cost**

3,859
3,870

1,597

[ SV-VATS group

[ MV-VATS group

6893

Figure 2 Total and component costs (§) after PSM (1:2) (x/Ps,). ***, comparison between groups P<0.001. SV-VATS, spontaneous

ventilation video-assisted thoracoscopic surgery; MV-VATS, mechanical ventilation video-assisted thoracoscopic surgery; PSM, propensity-

score matching; Ps,, 50™ percentile.

Table 2 Postoperative complications

Variables MV-VATS (n=96) SV-VATS (n=51) P value
Incision pain 4 (4.2) 4 (7.8) 0.58
Sore throat 13 (13.5) 0 (0.0 0.01
Fever 15 (15.6) 6(11.8) 0.52
Atelectasis 0(0.0) 1(2.0) 0.35
Pneumonia 3(3.1) 0 (0.0) 0.51
Arrhythmia 5(5.2) 0(0.0) 0.24
Hypotension 6 (6.3) 4 (7.8) 0.98
Dyspnea 0(0.0) 1(2.0) 0.35
Chest tightness 2(2.1) 2 (3.9) 0.91
Cough 3(3.1) 0 (0.0 0.51
Expectoration 10 (10.4) 0 (0.0 0.041
Hoarseness 11 (11.5) 0 (0.0 0.03
Brain swelling 0 (0.0) 1(2.0 0.35
Dizziness 14 (14.6) 5(9.8) 0.41
Nausea 25 (26.0) 13 (25.5) 0.94
Vomiting 15 (15.6) 4(7.8) 0.18

Data are presented as n (%). MV-VATS, mechanical ventilation video-assisted thoracoscopic surgery; SV-VATS, spontaneous ventilation
video-assisted thoracoscopic surgery.

Postoperative recovery indicators

There were no differences between the two groups (P=0.70,
P=0.11, P>0.99) (Tuble 3) in the three indicators: PACU
length of stay (40 vs. 43 min), postoperative hospitalization

© AME Publishing Company.

days (3 vs. 4 days), or duration of continuous chest tube
drainage (2 vs. 2 days). However, the extubation time was
4 min in the SV-VAT' group and 10 min in the MV-VATS

group, and the difference between the two groups was
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Table 3 Recovery-related evaluation
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Variables MV-VATS (n=96) SV-VATS (n=51) P value
Extubation (min) 10 [4-18] 4 [0-9] <0.001
PACU recovery (min) 43 [32.25-59] 40 [35-58] 0.70
Discharge (days) 4 [4-5] 3 [3-5] 0.11
Chest tube duration (days) 2 [2-3] 2 [2-3] >0.99

Data are presented as median [P,s—P.s]. MV-VATS, mechanical ventilation video-assisted thoracoscopic surgery; SV-VATS, spontaneous
ventilation video-assisted thoracoscopic surgery; PACU, post-anesthesia care unit; P,s, 25" percentile; P;5, 75" percentile.

statistically significant (P<0.001).

Discussion

In this study, we hypothesized that tubeless anesthesia
use would reduce the cost of treating patients undergoing
VATS and alleviate perioperative complications. Our
study provides a breakdown of the expenses at the patient
level, including studies on VATS costs and postoperative
outcomes, as well as specific cost analyses between tubeless
anesthesia and DT intubation anesthesia.

Overall, total hospitalization costs were comparable
between the two groups. Tubeless anesthesia significantly
reduced the costs of anesthesia materials, medicine, and total
medications use. The reduction in the cost of anesthesia
materials was mainly due to the non-use of fibrinoscopes
and laryngoscopes. The reduction of medications during
the hospital stay was due to the non-use of cisatracurium
besilate in tubeless anesthesia as well as a reduction in the
use of medications for coughing and sputum relief and
in the number of complications associated with tubeless
anesthesia. These findings can be used to optimize the price
of healthcare services and inform future sustainable health
policies in hospitals (21). Therefore, from an economic
standpoint, the tubeless VATS technique may reduce the
cost of anesthesia materials and medications for the patient
and provide surgical outcomes similar to the intubated
VATS technique with the lowest expectations. In addition,
because the costs of the fibrinoscope and DLT are much
higher than that of the laryngeal mask, the need to adjust
the position of the tube intraoperatively due to positional
changes undoubtedly makes intraoperative anesthesia
management more difficult. Moreover, VAT is more cost-
effective than open surgery (22,23), and tubeless anesthesia
reduces the cost of anesthesia and medication for patients
with VATS without increasing the overall cost. We chose
the same group of anesthesiologists and surgeons because

© AME Publishing Company.

of the high heterogeneity of experience among the different
groups of surgeons, which avoids the economic impact of
the surgeons’ variable level of performance that leads to
an amplified assessment (24). Robotic-assisted lobectomy
may be more cost-effective than VATS-lobectomy (25-27).
However, the operating costs of robotic equipment continue
to increase, and whether it leads to a better prognosis for
patients remains unclear. Compared with VATS, microwave
ablation (28) provided a significant cost reduction (54,314.36
vs. 21,464.98 CNY, P<0.001) in the treatment of pulmonary
ground glass nodules (<30 mm in diameter). In contrast, the
advantages of tubeless anesthesia are that it is simple and
easy to perform and does not incur high equipment costs,
and the anesthesiologists in our hospital are already able
to meet the demands of thoracic surgery after specialized
tubeless anesthesia training.

Because postoperative adverse events delay hospital
discharge and increase healthcare costs, we summarized
the incidence of postoperative complications. Our results
showed that the overall distribution of incision-pain NRS
scores was similar in both groups, with most patients
having NRS scores of or below and a few experiencing
severe pain, which resolved rapidly with the administration
of analgesics. Although we used a small dose of opioid
induction combined with regional anesthesia during the
operation, there was no difference between the groups in
terms of postoperative incision pain, and the effect of the
SV-VATS group surpassed that of the MV-VAT'S group for
sore throat. This suggests that this anesthesia modality can
meet patients’” analgesic needs and may be an alternative to
mechanically ventilated general anesthesia. Although there
are effective drugs to alleviate postoperative sore throat after
single-lumen tracheal intubation (29), there is no consensus
on the effective drugs for treating postoperative sore throat
after DLT intubation. Liang et 4/. (30) first found that
preoperative ketamine gargling could reduce the incidence
and severity of postoperative sore throat 24 h after DLT
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intubation via VATS. The present study demonstrated that
the tubeless anesthesia technique as a nonpharmacological
treatment modality significantly reduced the incidence of
postoperative sore throat in patients undergoing VATS
(one occurrence during the postoperative period up to the
time of discharge was sufficient for recording); however,
the exact time of occurrence was not recorded. In addition,
the outcomes of our study showed a significant reduction in
postoperative hoarseness, sore throat, and expectoration of
adverse events in patients in the SV-VAT'S group. This may
be advantageous for specific patients, such as those singers
who make their voices a career or individuals with severe
throat symptoms. This outcome seems to be better than that
reported using a combination of the ProSeal laryngeal mask
airway and a bronchial blocker (31), which may be related
to the evaluation method and skill level of the trainee
anesthesiologist. In addition, the tubeless group performed
well in terms of pulmonary atelectasis and showed non-
inferiority for some common complications of fever and
pulmonary infection, suggesting that tubeless anesthesia
does not affect postoperative pulmonary reopening and that
permissive intraoperative hypercapnia does not increase the
incidence of complications in patients (32). However, one
case of pneumothorax occurred postoperatively in a patient
under tubeless anesthesia, which may be an additional risk
factor for tubeless anesthesia.

Our group continues to explore whether other factors
can be utilized to select patients who are better suited for
VATS with tubeless anesthesia. The results of this study
could provide patients and healthcare professionals with
information about the clinical effectiveness and economic
costs of this technique and could help policymakers make
informed decisions to improve healthcare outcomes.
However, we are aware of the many limitations of our
study. First, this was a single-center retrospective study;
thus, our results are not representative of other regions.
Second, we did not collect information on smoking history,
lung function, and cancer stage, and PSM was performed
only for the most essential clinical characteristics between
the two groups, these factors may confound our findings.
Third, we did not perform long-term assessment of
patients undergoing VATS, especially for life-threatening
diseases such as lung cancer, including tumor recurrence,
readmission, metastasis, and survival-related oncological
information. Therefore, a more rigorous design is required
to address these issues. The primary study design was to
confirm the economic cost and postoperative outcomes of
the tubeless technique in patients who underwent VATS.
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Although several studies have reported data on the use of the
tubeless technique in elderly patients (age >80 years) (33),
patients with impaired lung function (34), and patients
with a high BMI (BMI >30 kg/m®) (35), none of these
patients were included in the design of this study. This is
because these populations may limit the dissemination of
this technology and perhaps increase the perioperative risk.
Finally, the learning curve remains unclear as only a few
specialized centers can currently implement tubeless VAT'S.
Further research is necessary to demonstrate the proficiency
of this technique based on the required time and practice.
Therefore, we advocate for more online courses and offline
academic activities to promote skill development in this area.

With the development of advanced VATS and novel
anesthesia protocols, both nononcologic and oncologic
conditions (36,37) were successively approached. It is
feasible now to perform SV-VATS without intubation in
the management of wedge lung resection, anatomical lung
segmentectomy, lobectomy, mediastinal mass resection
(11,14,38) and even more complex surgeries including
tracheal and carinal reconstruction (39), lung volume
reduction surgery (40), and pleural or lung biopsy (41,42).
Cui et al. (43) found that day VATS without intubation
preoperation or placement of a chest tube postoperation
could be achieved in 83% (49/59) of sympathectomies, 81%
(17/21) of bullae resections, and 56% (5/9) of mediastinal
tumor resections patients.

The safety and feasibility of tubeless anesthesia have been
increasingly proven. The tubeless anesthesia provided similar
cost outcomes to the intubated VATS technique with lowest
expectations in our study. However, can tubeless anesthesia
build on the strengths and weaknesses of non-thoracic
surgery, surgery in special positions, and patients with co-
morbidities? This is an important question. More studies
are needed to evaluate the benefits of tubeless anesthesia
from a patient-centered perspective, focusing on aspects like
patients’ tolerance and acceptance, rather than solely as a
technique that can replace the DLT. Nevertheless, we believe
that widespread use of this advanced technique is within the
reach of the combined efforts of outstanding anesthesiologists
and surgeons. Further research will help understand the
long-term, cost-effective outcomes and whether the same
outcomes can be obtained in other healthcare systems.

Conclusions

This study provides evidence that SV-VAT' is comparable
to MV-VATS, especially in the context of rising healthcare
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costs. However, tubeless anesthesia might be beneficial for
certain patients, particularly those whose professions rely on
their voices and who experience severe laryngeal symptoms.
This is not only reflected in the significant reduction in
anesthesia and medication costs in the SV-VATS group but
also in the reduction of complications such as postoperative
sore throat, hoarseness, and expectoration, as well as in
the shortening of extubation time and improvement of the
indicators of patient recovery.
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