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Abstract
Background: Rigid-angle bronchial blockers (BBs) have been routinely applied in thoracic operations for less invasiveness on airways. However,
few reports exist regarding the application of BBs in uniportal video-assisted thoracoscopic surgery (VATS), which is more di�cult to be
performed without satisfactory lung collapse. BBs may associate with necessity of readjustment to achieve satisfactory operation �elds for
ipsilateral location with intraoperative manipulations especially for anatomical resections. In this investigation, we hypothesized that the
e�ciency will be reduced if BBs prolong the operation time. We compared the operation time of either wedge or anatomical resections (involving
hilar manipulations such as segmentectomy or lobectomy) by employing uniportal VATS with BBs or double-lumen tubes (DLTs). Operation sides
(right and left) were further analyzed, especially for operations involving the right upper lobes.

Methods: We retrospectively enrolled patients receiving intubated uniportal VATS from March to May 2019. Patient factors (including sex, body
weight, and BMI), anesthetic factors (BBs or DLTs), and surgical factors (including wedge or anatomical resection, tumor size, number of lymph
nodes sampled, pathological results and whether the right upper lobe involved) were collected. Univariate and backward multivariable linear
regression analyses were performed to determine the effect of various factors on surgical time. 

Results: A total of 317 patients who received uniportal VATS (right-side, 52.4%; left-side, 47.6%) were included. Wedge resections accounted for
70.7% and anatomical resections accounted for 29.3%. BBs were applied for left- and right-side (85.6% and 78.7%, respectively) wedge resections
and left- and right-side (74.1% and 56.4%, respectively) anatomical resections. After univariate and multivariate analysis on factors affecting
operation time in either-side VATS, surgical factors such as operation procedures (P < .01), number of lymph nodes sampled (P < .001), and size
of tumors (P < .01) were found to signi�cantly affect operation time, but patient factors (e.g., body weight, sex, BMI), operation sides, and
involvement of the right upper lobes, BBs, or DLTs did not signi�cantly affecting operation time.

Conclusions: Despite less preference for right-side uniportal anatomical resections, BBs are feasible for more than half of uniportal VATSs.
Application of BBs is not inferior in e�ciency for both wedge and anatomical uniport resections for right and left side operations.

Clinical Registration Number: Approval was obtained from the Research Ethics Committee of National Taiwan University Hospital, No.
201906015RINB.

Introduction
A revolution in minimized invasiveness for thoracic surgery and anesthesia has been taking place for decades. Video-assisted thoracoscopic
surgery (VATS), including the multiportal and uniportal approaches, has become more popular than traditional thoracotomy [1, 2]. Furthermore,
uniportal VATS was associated with less postoperative pain [3] and faster postoperative recovery with limited in�ammatory responses [1]. For
lung separation under general anesthesia, bronchial blockers (BBs) or nonintubation VATS are trended instead of traditional double-lumen
endobronchial tubes (DLTs) [4]. However, there is a dilemma for anesthesiologists on choosing BBs or DLTs between providing perfect operation
�elds and the ease with less trauma especially on right-side operations or involving right upper lobes, as well as the frequency of malposition [5].
For uniportal VATS, lung collapse with perfect surgical �eld has become extremely crucial in anesthetic management to facilitate surgical
manipulations through the same port. However, BBs may associate with more necessity of readjustment to achieve satisfactory operation �elds
for ipsilateral location with intraoperational manipulations especially for anatomical resections. To avoid the accidental loss of satisfactory lung
collapse or lung in�ation during the surgical manipulations has become a key factor for rapid and successful uniportal VATS. However, besides
the preference of different anesthesiologists, the impact of different lung separation devises for uniportal VATSs was rarely addressed though
the debate on whether to use DLTs or BBs for lung separation is ongoing [4, 6, 7].

DLTs are more familiar for most anesthesiologists and result in more satis�ed de�ation of the right upper lobes; additionally, with DLTs, it is
easier to provide oxygen supplementation to the surgical side during the procedure. Though BBs are proved with shorter intubation time, less
impact on hemodynamics, PaO2 and airway pressures, as well as lower incidence of postoperative complications [8], DLTs are still commonly
used in Taiwan for thoracic surgeries [9]. The disadvantages of BBs include increased di�culty in correct site placement and easy dislodgement
during lung maneuvers despite that BBs do not result in inferior quality of de�ation when applied correctly [6, 10]. Choosing between DLTs or BBs
requires the expertise by anesthesiologists, who must consider the airway, surgical lesions, possible intraoperative modi�cation, and
interferences due to surgical manipulations such as anatomical resections with additional hilar manipulations. Lack of experience also limit the
choices. Because our hospital is a high-�ow thoracic operation center, uniportal VATS has become routine, and experienced anesthesiologists are
free to select between BBs and DLTs. By analyzing the data retrospectively in our hospital, the preference of lung separation devises for different
operations, and the feasibility and e�ciency of BBs for uniportal VATS, either left- or right- side, for wedge or anatomical resections could be
elucidated. In this study, we hypothesized that operation time would be prolonged if there is di�culty to achieve operation �elds or more
repositioning for frequent intraoperative dislodgements with accidental lung in�ation. Operation time was compared with that for similar
operations on either side and with BBs or DLTs to elucidate the factors affecting operation time. We aimed to (1) analyze the preference and
feasibility for BBs on the left, right side, and for wedge, or anatomical resections for uniportal VATS, (2) compare the operation time with BBs and
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DLTs on wedge, and anatomical resections for uniport VATS, (3) identify the factors determining surgical time by performing a variate analysis of
patient factors, surgical factors, pathological factors, anesthetic factors, and side factors such as involvement of the right upper lobes.

Methods

Ethics statement
Approval was obtained from the "Research Ethics Committee of National Taiwan University Hospital" (No. 201906015RINB), and the need for
informed consent was waived by "Research Ethics Committee of National Taiwan University Hospital" because involvement in this study did not
in�uence the patients’ treatment or risk.

Patients and methods
We retrospectively enrolled patients receiving intubated uniportal VATS from March to May 2019. Patient enrollment is illustrated in Fig. 1.
Surgeries not for lung tumor excision were excluded; other exclusions were for bilateral VATS, one-lung ventilation with other devices such as
laryngeal masks or nonintubation VATS, thoracotomy conversion, and multiportal VATS. Demographics, lung separation devices employed, and
operative and pathological data were collected and analyzed regarding operation time for uniportal VATS.

Staging was performed according to the American Joint Committee on Cancer Staging Manual, Eighth Edition [11]. The staging of primary
tumors (T) was T0 (Tis), T1 (T1mi, T1a, and T1b), T2 (T2a and T2b), T3, T4, B (benign), and M (metastasis).

Statistics
Descriptive statistics were employed to analyze demographic variables. The Z-test was employed to evaluate the ratio of DLTs to BBs used in
different-sided VATS. Univariate and backward multivariable linear regression analyses were performed to adjust for different factors and
surgical time to determine which factors in�uenced surgical time. Missing data were not included for analyses. An alpha level of .05 was
considered statistically signi�cant in all analyses. Analyses were performed using MedCalc (version 19.1.7, 2020; MedCalc Software Ltd, Ostend,
Belgium; https://www.medcalc.org).

Results
As illustrated in Fig. 1, data for 317 of 559 patients were included and analyzed. A logarithm of surgical time was obtained, and the data
approached a normal distribution. Eight surgeons and 23 anesthesiologists comprised the surgical teams. All patients were transferred to the
postanestesia care unit without major postoperative complications. No record of intraoperative changes in lung separation devices was
observed. The results did not reveal a single anesthesiologist’s preference but rather the overall average of our institutional daily clinical practice.

Demographic, surgery, and anesthetic data are presented in Table 1. BBs were applied in most uniportal VATSs. BBs and DLTs were applied as
lung separation devices in 77.3% and 22.7% of patients, respectively.
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Table 1
Demographic, operation and anesthetic data in 317 patients. LN: lymph node, DLT: double-lumen tube, BB: bronchial blocker.

Uniportal VATS (n = 317) Left side (n = 151) Right side (n = 166)

Patients’ characteristics Sex (male/female) 56 / 95 60 / 106

Height (cm) 161.0 ± 8.5 160.4 ± 8.9

Weight (kg) 63.8 ± 13.0 62.7 ± 12.0

BMI 24.5 ± 4.2 24.3 ± 3.7

Operation Wedge resection (n) 97 127

Segmentectomy (n) 25 10

Lobectomy (n) 29 29

Operation time (min.) 85.3 ± 43.5 82.6 ± 41.6

The biggest tumor size (cm) 1.6 ± 1.5 1.6 ± 1.3

Anesthesia Lung separation methods (n/ %) DLT 28 (18.5%) 44 (26.5%)

BB 123 (81.5%) 122 (73.5%)

Pathological diagnosis and staging (n/ %) benign 24 (15.9%) 37

adenocarcinoma 109 (72.2%) 110

Metastatic tumor 15 (10.1%) 19

Lymphoma 3 0

LN sampled numbers 0 28 41

1 28 33

2 43 47

3 18 19

4 13 12

>=5 21 14

Table 2 details the choice of BBs and DLTs applied, which was analyzed based on surgical side and surgical procedure (wedge vs. anatomical
resection). For uniportal VATS wedge resections, BBs were employed in more than 78% of patients, regardless of the surgical side. DLTs were
signi�cantly preferable for right-side uniportal VATS anatomical resections (25.9% for wedge resections vs. 43.6% for anatomical resections).
BBs were applied in 56.4% of patients, even for right-side anatomical resections.

 
Table 2

Comparison of choices on lung separation devises by anesthesiologists for left
or right uniportal VATS operations.

Side Lung separation device Wedge Anatomical P-value

Left side DLT 14.4%(14) 25.9%(14) 0.0822

  BB 85.6%(83) 74.1%(40)

Right side DLT 21.3%(27) 43.6%(17) 0.0060

  BB 78.7%(100) 56.4%(22)

P-value   0.1868 0.0755  

DLT: double-lumen tube, BB: bronchial blocker.

As illustrated in Table 3, factors affecting surgical time in uniportal VATS types were analyzed. Three surgical factors, including surgical methods
(wedge or anatomical resection), tumor size, and number of lymph nodes resected were shown to have signi�cant effects on surgical time. The
side of operation, patient factors, and BBs or DLTs did not have signi�cant effects on surgical time.
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Table 3

Analysis on the affecting factors to surgical time.

  Univariate Multivariate

β (95% CI) P-value β (95% CI) P-value

female vs male 0.04 (0.02,0.07) 0.12 0.04 (0.02,0.16) 0.07

Weight -0.001(-0.002,0.001) 0.77    

BMI 0.002(-0.003,0.007) 0.75    

Number of tumors 0.03 (0.02,0.05) 0.06 0.11 (-0.01,0.24) 0.08

Operational methods 0.07(0.05,0.08) < 0.0001 0.07 (0.05,0.08) < 0.001

Side: Left or Right 0.01(-0.01,0.03) 0.47    

Biggest tumor size 0.02 (0.01,0.03) 0.0072 0.02 (0.01,0.03) 0.0085

Number of LN sampling 0.04 (0.03,0.05) < .0001 0.04 (0.03,0.04) < .0001

Pathological staging -0.001 (-0.006,0.004) 0.80    

BB vs DLT 0.01 (-0.01,0.04) 0.63    

LN: lymph node, DLT: double-lumen tube, BB: bronchial blocker.

After detailed analysis on the side of operation (Table 4), surgical factors were shown to have signi�cant effects on surgical time for left- and
right-side operations. Involvement of the right upper lobes did not result in signi�cantly longer surgical time, even with BBs.

Table 4
Factors affecting surgical time for uniport VATS operations on different side.

  Left Right

Univariate Multivariate Univariate Multivariate

β (95% CI) P-
value

β (95% CI) P-
value

β (95% CI) P-
value

β (95% CI) P-
value

female vs
male

0.05 (0.01,0.10) 0.27     0.04 (0.01,0.08) 0.22 0.05(0.03,0.08) 0.06

Weight -0.001(-0.004,0.002) 0.64     0.0003(-0.002,0.003) 0.88    

BMI 0.003 (-0.005,0.01) 0.74     0.0001(-0.007,0.006) 0.99    

Number of
tumors

0.03(0.002,0.06) 0.30     0.03 (0.01,0.05) 0.15    

OP methods 0.08(0.06,0.10) 0.0006 0.08(0.06,0.10) 0.0006 0.06(0.03,0.08) 0.01 0.06
(0.03,0.08)

0.0067

Biggest
tumor size

0.02 (0.01,0.03) < .0001 0.02(0.01,0.03) 0.056 0.03 (0.01,0.04) 0.047 0.03
(0.01,0.04)

0.0490

Number of
LN
sampling

0.03 (0.02,0.0.06) 0.0113 0.030(0.02,0.04) 0.0018 0.05 (0.04,0.06) < .0001 0.05
(0.04,0.06)

< 
0.0001

Pathological
staging

-0.01(-0.002,0.002) 0.48     0.002 (-0.005,0.009) 0.73    

BB vs DLT -0.02 (-0.06,0.01) 0.53     0.04(0.01,0.07) 0.24    

Right upper
lobe
involvement

        0.002(-0.03,0.03) 0.94    

LN: lymph node, DLT: double-lumen tube, BB: bronchial blocker.

Discussion
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Our results revealed that most anesthesiologists favored BBs (78%) in uniportal VATS. BBs were employed more frequently than DLTs in most
intubated uniportal VATSs, even for right-side uniportal VATS anatomical resections. DLT preference was signi�cantly greater for right-side
uniportal anatomical resections, but not for right upper lobe involvement. Our results on anesthesiologists’ preference con�rmed that they
considered more about the intraoperative dislodgement effect of BBs on right side anatomical resections more than simply surgical side or
involvement of the right upper lobes. For anatomical resection on both sides, anesthesiologists selected DLTs more often than they did for wedge
resection (7% more often for left side and 19% more often for right side). Short right main bronchus (RMB) also increased the likelihood of BB
dislodgement during right-side VATSs. Studies have indicated that the length of the RMB is 14.5 ± 4.5 mm in Chinese men and 12.9 ± 4.0 mm in
Chinese women [12]. However, our results con�rmed the feasibility of using BBs for most Asian people, even with anatomical resection. This
study demonstrated that BBs and DLTs are similarly effective when appropriately chosen by anesthesiologists.

Our results also showed that regular application of BBs is feasible in uniportal VATSs regardless of right upper lobe involvement. The factors
determining in the duration of uniportal VATS were the disease severity and the necessity of operation performed for the pathology (e.g., surgical
method, tumor size, and number of lymph nodes sampled). Patient factors, operation side, and the selection of BBs or DLTs did not signi�cantly
affect the operation time.

The results were not consistent with those of Lu et al.[13] because selecting BBs did not signi�cantly prolong or shorten the duration of right-
sided VATS. However, experience in applying BBs may also have been affected by the surgical �ow. As our anesthetic and surgical teams
continually work on enhancing practice and recovery with a high-�ow hospital (more than 1500 VATSs performed each year), uniportal VATS has
become the mainstream (over 85%) of thoracic surgeries. For anesthetic management in uniport VATS, providing satisfactory lung collapse in a
limited operation �eld is considered as well as the potential injury and discomfort associated with DLT insertion in enhancing postoperative
recovery. Based on our �nding with comparable e�ciency with BBs, DLTs have become prefer, but not mandatory choice. As BBs were an option
with similar quality to DLTs, at least in terms of surgical time, BBs are advantageous for easier intubation, less airway injury and comparable
e�ciency.

The limitation of this study is that it is a retrospective, single-center investigation. Previous experience in applying or adjusting BBs may have
affected the surgical time. We have several years of experience using BBs because of the rapid increase in the number of VATSs [14].
Anesthesiologists select a lung separation device without considering the cost, even though BBs are more expensive than DLTs. The cost of lung
resection devices is covered primarily by public health insurance.

In conclusion, the use of DLTs should not be mandatory for lung separation, even in uniportal VATS. Thoughtful selection of a lung separation
device for uniportal VATS with different manipulation or collapse requirements is recommended. Our study con�rmed the feasibility and
e�ciency of BB application in most uniportal VATS operations for either side of operation. Although DLTs are more often selected in anatomical
resections because of less intraoperative dislodgement and adjustment due to more intense surgical manipulations, surgical time was not
prolonged by using BBs. Our results support not only the concept of minimized invasiveness, also the comparable e�ciency on both anesthesia
and operations.
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VATS: Video-assisted thoracoscopic surgery

BB: bronchial blocker

DLT: double-lumen tube

RMB: right main bronchus

LN: lymph node
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