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Abstract
Background The bronchial suction has been applied in speeding lung collapse. Low suction pressure may not speed 
lung collapse, but high pressure causes occult lung injury. The aim of the study was to explore efficacy and safety of 
different suction pressure for speeding lung collapse.

Methods Eighty-four subjects undergoing uniport video-assisted thoracoscopic surgery (VATS) were randomly 
assigned for non-suction (Group 0), -10 cmH2O suction pressure (Group − 10), and − 30 cmH2O suction pressure 
(Group − 30). The primary outcome were the lung collapse scores (LCS) at 0 min (T0) after the visualization of the lung 
using a 10-point visual analogue scale and area under the curve (AUC) of LCS over time. The secondary outcomes 
included disconnection from the ventilator, the assessment of occult lung injury using NOS-3 expression, histologic 
scores of lung injury, and lung W/D weight ratio, intraoperative hypoxemia, the incidence of perioperative pulmonary 
complications.

Results Both the LCS at T0 and AUC analysis showed that compared with Group 0, Group − 10 and Group − 30 
significantly achieved good lung collapse (P < 0.05), but no difference between Group − 10 and Group − 30. Four 
patients in Group 0 were treated with disconnection maneuver. The assessment of occult lung injury showed no 
differences.

Conclusions Applying − 10 cmH2O suction pressure for 1 min when pleural incision is a relatively safe method to 
promote lung collapse without the occurrence of occult lung injury.

Trial registration Chinese Clinical Trial Registry number, ChiCTR2200062991. Registered on 26/08/2022.
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Introduction
Bronchial blockers (BB) and double lumen tube (DLT) 
are two common devices used for lung isolation in video-
assisted thoracoscopic surgery (VATS) [1]. Compared 
to DLT, BB has the advantages of simple operation and 
fewer complication of throat pain [2]. However, BB’s 
lumen is narrow and longer; and the residual gas in the 
non-ventilated lung (NVL) is removed slowly [3].

There are many methods used to speed lung collapse in 
clinical, such as suction technique, disconnection tech-
nique, inhalation of oxygen (O2) and nitro oxide (N2O) 
gas mixture. Disconnection for a long time, the patient 
is at risk of hypoxia [4]. N2O is rarely used in clinical 
because of its clinical limitation [5]. Suction is one of the 
commonly used methods to speed lung collapse, how-
ever, the suction pressure is controversial. The pressure 
used in each study varies, and the conclusions of speed-
ing lung collapse are inconsistent [6–8]. Low suction 
pressure may not promote the quality of lung collapse [6]. 
High suction pressure promotes lung collapse without 
increased risk of pulmonary complications, but occult 
lung injury may be present [8]. In addition, previous stud-
ies on bronchial suction are mostly based on triple-port 
VATS. With the improvement of thoracic techniques, 
uniport VATS has been gradually replaced triple-port 
VATS because of its advantages of less surgical trauma, 
less postoperative pain and faster recovery [9]. The tri-
ple-port VATS takes approximately 10 min from the skin 
incision to the completion of the three ports [8], however, 
uniport VATS only requires approximately 90 s [7]. The 
time point of operation is advanced, and more attention 
is given to whether lung collapse can be completed early 
in the opening of the pleura [4].

The primary aim of this prospective, single-center, ran-
domized study was to investigate efficacy and safety of 
different suction pressure for speeding non-ventilated 
lung collapse during uniport VATS.

Materials and methods
Study population
This study protocol was approved by the ethics commit-
tee of The First People’s Hospital of Kunshan (approval 
No. 2022-03-014-K01). Written informed consent was 
obtained from all participants. Clinical trial registration 
was performed at http://www.chictr.org.cn (identifier: 
ChiCTR2200062991). Patients with pulmonary nodules 
scheduled to receive uniport video-assisted thoraco-
scopic wedge resection under general anesthesia between 
September 1, 2022, and September 1, 2023, at the First 
People’s Hospital of Kunshan were enrolled. The manu-
script adheres to the applicable Consolidated Standards 
Of Reporting Trials (CONSORT) guidelines.

The inclusion criteria were as follows: patients with 
a persistent (with at least a three-month follow-up) 

pulmonary nodule, have an American Society of Anes-
thesiologists (ASA) physical status I-III and were 
aged 18–75 years. The exclusion criteria were as fol-
lows: forced vital capacity (FVC) were less than 50% of 
predicted values, Body Mass Index (BMI) more than 
35  kg·m− 2; previous history of thoracic surgery; abnor-
malities of bronchial anatomy (tracheal bronchus) and 
pleural adhesion [7].

Randomization and concealment of group assignments
Patients were randomly assigned for non-suction (Group 
0), -10 cmH2O suction pressure (Group − 10), and − 30 
cmH2O suction pressure (Group − 30) with a 1:1:1 allo-
cation. The randomization was performed by a resident 
who was not involved in the study. The participants were 
randomized using a random sequence generated by SPSS 
version 26.0 (SPSS Inc. Chicago, IL, USA). Each par-
ticipant was given a number between 0 and 1 randomly 
generated by the SPSS software. The software will gener-
ate two split points to randomly divide the patients into 
three groups. The allocation sequence is concealed using 
opaque envelopes. As soon as the patient arrived in the 
operating room, the attending anesthesiologist received 
opaque envelopes [10]. The group situation was known 
to a resident who was not involved in the study. the out-
come assessors were unaware of the allocation of the 
study [5].

Anesthesia protocol
SpO2 and ECG were employed in all patients. Radial 
artery catheterization for invasive blood pressure moni-
toring under local anesthesia. After preoxygenation, 
general anesthesia was induced with sufentanil 0.5  μg/
kg, propofol 2.5  mg/kg, succinylcholine 1.5  mg/kg. 
Patients were intubated with single-lumen endotracheal 
tube (male: 8.0  mm, female: 7.5  mm). Anesthesia was 
maintained using propofol 2 ∼ 4  mg·kg− 1·h− 1, remifen-
tanil 0.05 ∼ 0.4  μg·kg− 1·min− 1 to maintain BIS 40 ∼ 60, 
and intermittent boluses cisatracurium 0.05 mg/kg [10]. 
The dosage of anesthetic drugs was adjusted according 
to hemodynamics. Two-lung ventilation was instituted 
with FiO2 = 100%, tidal volume 6–8 mL/kg, and respira-
tory rate adjusted to achieve an end-tidal carbon dioxide 
pressure within 35–45 mmHg [11]. After lateral posi-
tion, the BB (Hangzhou Tappa Medical Technology CO, 
Hangzhou, China) was inserted in the endotracheal tube, 
the position of the blocker was confirmed by fiberoptic 
bronchoscopy (FOB) and the blocker cuff was inflated 
with 4 mL to 6mL of air, which was defined as the start of 
one lung ventilation (OLV). The lumen of the BB remains 
closed until the pleura incision. OLV was instituted with 
FiO2 = 50%, tidal volume 4–6 mL/kg. During the surgery, 
ephedrine was injected with 6 mg when the decrease of 
mean arterial pressure (MAP) was more than 30% before 
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induction, and a continuous infusion of phenylephrine 
(0.2–0.4 μg·kg− 1·min− 1) was started when the ephedrine 
was injected more than 5 times [7]. After the chest drain-
age tube was inserted, all patients were given alveolar 
recruitment maneuver. Then, the BB was removed. After 
surgery, all patients were admitted to the post anesthesia 
care unit (PACU), and endotracheal tube was extubated.

Experimental protocol
The lumen of the BB was opened, and the pressure-
limiting valve and suction device were connected to the 
lumen of the BB using two suction tubes (Fig. 1A) at the 
time point of pleura incision. The gap between the suc-
tion catheter and the lumen of the BB was closed using 
an adhesive membrane (Fig. 1B). The suction pressure is 
regulated through the pressure limiting valve and lasts 
one minute. In Group 0, the suction device was only used 
to make noise to keep the surgeon blinded. After pleu-
rotomy, the trocar was placed (the skin incision is in the 
fifth intercostal space along the midaxillary line). The 
2D video thoracoscopic camera inserted into the chest 
directed to the upper edge of the thoracic cavity, the sur-
geon starts recording the video. All surgeries were per-
formed by the same surgeons who was blinded to group 
allocation. To not interfere with the progress of the oper-
ation, the lung collapse was evaluated by video after the 
operation. Two surgeons who performed the surgeries 
evaluated the LCS by video recordings at 0 min (defined 
as T0) and 10 min (defined as T10) after the visualization 
of the lung using a 10-point visual analogue scale.10-
point visual analogue scale is one of the most commonly 
methods for evaluating the quality of lung collapse, and a 
score of 0 indicates the lungs are fully inflated and a score 
of 10 indicates complete lung collapse [8, 12].

The disconnection technique was implemented to facil-
itate lung collapse, if the surgeon proposed that the lung 
collapse is extremely poor and inoperable. The ventilator 
was turned off and an adjustable pressure-limiting valve 
was fully opened, deflation of the cuff of the BB, and the 
ventilator was turned on allowing only dependent-lung 
ventilation after 1 min [1].

After the resection of the diseased tissue, the lung tis-
sue away from the tumor was cut out immediately and 
was frozen at -80 ℃ for analysis of the nitric oxide syn-
thase type 3 (NOS-3) expression, histologic scores of 
lung injury, and lung wet/dry (W/D) weight ratio.

Expression of NOS-3 level was evaluated using Quan-
titative Real-Time PCR (qPCR). RNA was extracted using 
Trizol (Solarbio) according to manufacturer’s instruc-
tions. The concentration and purity of RNA were deter-
mined by ultramicrospectrophotometer (Allsheng, 
Nano-300). cDNA was synthesized with 2000 ng of RNA 
samples using the Superscript First strand synthesis sys-
tem for RT-PCR (Biometra GmbH, TAdvanced). qPCR 

was performed with the Real Time PCR system (BIOER, 
FQD-96 A). Primers were generated and purchased from 
Sangon Biotech. Primer sequences are as follows: NOS-
3, f 5′ TCT CAC CTT CTT CCT GGA CAT CAC 3′, r 
5′ AAC CAC TTC CAC TCC TCG TAG C 3′, GAPDH 
(HUMEN), f 5′ CAG GAG GCA TTG CTG ATG AT 3′, 
r 5′ GAA GGC TGG GGC TCA TTT 3′. The relative 
change in gene expression was calculated by the ΔΔCt 
method from triplicate determinations using GAPDH 
(HUMEN) as a housekeeping gene [13].

Part of the preserved lung tissue was fixed in 10% for-
malin, and lung tissue was embedded in paraffin, sec-
tioned, and stained them with hematoxylin-eosin. A 
pathologist unaware of the assignment analyzed the 
severity of lung injury. Lung injury scores were deter-
mined by a blinded pathologist using 10 random fields 
at 100 times field of view. Lung injury was quantita-
tively graded on a scale of 0 (no injury), 1 (less than 25% 
involved), 2 (25–50% involved), or 3 (more than 50% 
involved) based on the presence of alveolar fibrin/edema, 
alveolar hemorrhage, septal thickening, and cellular infil-
tration [14].

After rewarming, lungs placed in a tared microcentri-
fuge tube and weighed. Lungs were then desiccated at 
70℃ until the weight is constant and weighed again. The 
wet lung mass was divided by the dry lung mass to give 
the wet-dry ratio [15].

Outcomes
The primary endpoint was the LCS at T0 and area under 
the curve (AUC) of lung collapse scores (LCS) over time. 
The secondary outcomes included the disconnection 
from the breathing circuit, NOS-3 expression, histo-
logic scores of lung injury, and lung W/D weight ratio, 
intraoperative hypoxemia (defined as SpO2 < 90%) that 
need CPAP or recruitment maneuvers, the incidence of 
perioperative pulmonary complications such as pulmo-
nary oedema, respiratory failure. Furthermore, preemp-
tive OLV time (defined as the time from the beginning 
of OLV to pleural incision), the time of skin incision 
(defined as the time from the skin incision to the pleu-
ral incision), the time of trocar placement (defined as the 
time from pleural incision to thoracoscopic entry into the 
chest), the operation time (defined as the time from the 
thoracoscopic entry into the chest to the placement of 
the chest drainage tube), histology of tumor, tumor stage, 
tumor size were recorded.

Statistical analysis
The sample size calculation of this pilot study was per-
formed on the basis of pretest data. In the preliminary 
trial that we conducted, the mean of LCS in 4 patients 
who accepted non-suction was 3.5, the standard devia-
tion (SD) was 1.118; the mean of LCS in 4 patients who 
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accepted − 10 cmH2O pressure was 4.125, the SD was 
0.892; the mean of LCS in 4 patients who accepted − 30 
cmH2O pressure was 4.5, the SD was 0.612. As calcu-
lated from these data by analysis of variance (ANOVA) 
using the software package PASS version 11 (NCSS LLC, 

Kaysville, UT), assuming the SD was 1.118 (the highest 
within 3 group SD in the pretests), effect size = 0.369, a 
randomization ratio of 1:1:1, a type I error (α) probability 
of 0.05 [8], a power (1-β) of 80% [6], and 10% of drop-out, 

Fig. 1 Suction procedure
NOTE: A, the pressure-limiting valve and suction device were connected to the lumen of the bronchial blocker using two suction tubes. B, the gap be-
tween the suction catheter and the lumen of the bronchial blocker was closed using an adhesive membrane
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the sample size was determined as 28 subjects in each 
group [16].

Statistical analyses were performed using SPSS ver-
sion 26.0 (SPSS Inc. Chicago, IL, USA) and the statistical 
package SAS, version 9.4 (SAS Institute Inc, Cary, NC, 
USA). Kolmogorov–Smirnov test was used to test nor-
mality, and Levene’s test was used to test homogeneity 
of variance. Continuous variables with normal distribu-
tion are presented as mean (SD) or mean (standard error 
[SE]), analyzed among groups using 1-way ANOVA. 
Non-normal variables are presented as median [inter-
quartile range (IQR)] and are compared using the Krus-
kal-Wallis’s test. If the Kruskal-Wallis’s test results were 
significant, pairwise group comparisons were performed 
by Mann–Whitney U tests. The differences in medians 
were reported as Hodges–Lehmann estimators with 95% 
confidence intervals (CIs) [16]. Categorical data are pre-
sented as percentages (%), and the comparison between 
groups is performed using the χ2 test. P value < 0.05 was 
considered statistically significant.

Results
Eighty-four patients were recruited for the study and 
were subsequently randomly assigned to 3 groups. Four 
patients were excluded because of lung adhesions and 

one patient was excluded because of an early take-off of 
the right upper lobe bronchus. Accordingly, data were 
analyzed from seventy-nine patients (Fig. 2).

Patient demographics and other preoperative data are 
listed in Table 1. The groups were similar with regard to 
age, sex, weight, BMI, height, VATS side, location of lung 
nodule, ASA, preemptive OLV time, skin incision time, 
trocar placement time, and the operation time, histology 
of tumor, tumor stage, tumor size.

Kruskal-Wallis’s test of the LCS at T0 (Fig.  3) show 
that differences among three groups (median [quartiles]: 
Group 0 = 3.0 [2.0–5.0], Group − 10 = 5.0 [4.0-5.5], Group 
− 30 = 4.5 [4–5.0], P < 0.01). The results of the pairwise 
comparison revealed group differences (reported as the 
Hodges–Lehmann estimator [99% CI], P values) of Group 
0 vs. Group − 10 (− 1.5 [− 2.5 to − 0.5], P < 0.01); Group 0 
vs. Group − 30 (− 1.5 [− 2.0 to 0.5], P < 0.05), but not for 
Group − 10 vs. Group − 30 (0.5 [0 to 1.0], P > 0.05).

AUC analysis (Fig. 4) indicated differences (mean [SD], 
P values) between LCS of Group 0 and Group − 10 (55.48 
[8.703] vs. 65.00 [5.911], P < 0.01), Group 0 and Group 
− 30 (55.48 [8.703] vs. 65.48 [5.792], P < 0.01), but no dif-
ference for Group − 10 and Group − 30 (65.00 [5.911] vs. 
65.48 [5.792], P > 0.05).

Fig. 2 Consort statement participant flow chart
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Four patients in Group 0 were treated with disconnec-
tion technique to accelerate lung collapse due to poor 
lung collapse. No disconnection technique was taken 
in Group − 10 and Group − 30. There were differences 
among the three groups (P < 0.05).

Intraoperative hypoxemia that needs CPAP or recruit-
ment maneuvers and perioperative pulmonary complica-
tions did not occur in any patient. In the assessment of 
NOS-3 expression, histologic evaluation and lung W/D 
weight ratio, no statistically significant difference was 
found between the Group 0 and Group − 30 (P > 0.05) 
(Fig. 5).

Discussion
BB is a common OLV device for lung isolation in VATS. 
However, its exhaust pipe is narrow, and the residual gas 
in the non-ventilated lung is slowly expelled [4]. Good 
lung collapse is the key for the success of VATS. It is cru-
cial to speed lung collapse in improving safety of patients’ 
surgery when using a BB as a OLV device.

It has been reported that suction is one of the common 
methods to speed lung collapse, but the optimal suction 
pressure suction pressure is not clear. El-Tahan et al. [7]. 
found that Arndt BB combined with a suction pressure 

of -30 cmH2O could significantly increase the qual-
ity of lung collapse. Narayanaswamy et al. [6]. reported 
that − 20 cmH2O suction pressure applied to the Cohen 
BB significantly increased the LCS. Our study showed 
that Group − 10 and Group − 30 significantly achieved 
good lung collapse than Group 0 without the occurrence 
of occult lung injury. However, there is no difference in 
LCS between Group − 10 and Group − 30. It is considered 
that increase of suction pressure has the potential risk 
of increasing lung injury. Therefore, a suction pressure 
of -10 cmH2O for 60  s after pleural incision is recom-
mended in uniport VATS to speed lung collapse.

Due to the advantages of less surgical trauma, less post-
operative pain, and faster recovery, uniport VATS tech-
niques have been increasingly applied to the treatment 
of lung cancer patients [9]. At present, the application 
of suction in uniport VATS has not been reported. Uni-
port VATS takes approximately 90  s from the skin inci-
sion to the completion of the uniport instead of 10 min 
for triple-port VATS [7, 8]. The time point of operation 
is advanced, and more attention is given to whether lung 
collapse can be completed early when the thoracoscope 
enters the chest cavity. Therefore, unlike previous studies 

Table 1 Patient characteristics
Group 0
(n = 26)

Group − 10
(n = 27)

Group − 30
(n = 26)

Age (years) 47.2 (11.4) 53.7 (14.0) 48.3 (12.5)
Sex (male/female) 7/19 9/18 10/16
Weight (kg) 58.7 (9.7) 60.5 (11.8) 62.4 (12.5)
Height (cm) 162 (6) 163 (8) 164 (8)
BMI (kg/m2) 22.3 (2.9) 22.8 (3.5) 23.0 (3.3)
VATS side (left/right) 12/14 15/12 15/11
Location of lung nodule 8 (30.8%) 8 (29.6%) 10 (38.5%)
ASA [n (%)]
I 11 (42.3%) 8 (29.6%) 12 (46.2%)
II 15 (57.7%) 18 (66.7%) 14 (53.8%)
III 0 (0.0%) 1 (3.7%) 0 (0.0%)
Preemptive OLV (min) 6.7 (1.9) 7.3 (2.0) 7.2 (2.7)
Skin incision (min) 1.6 (0.8) 1.6 (0.7) 1.7 (0.6)
Trocar placement (min) 1.2 (0.4) 1.4 (1.0) 1.1 (0.6)
Surgery duration (min) 44.8 (10.9) 50.0 (30.7) 42.7 (17.5)
Tumor size (mm) 8.9 (3.2) 8.3 (2.8) 7.7 (2.5)
Histology [n (%)]
Inflammation/ Benign tumors 4 (15.4%) 3 (11.1%) 1 (3.8%)
Adenocarcinoma 22 (84.6%) 23 (85.2%) 25 (96.2%)
SCLC 0 (0.0%) 1 (3.7%) 0 (0.0%)
Tumor stage [n (%)] 22 (84.6%) 24 (88.9%) 25 (96.2%)
Tis 2 (7.7%) 3 (11.1%) 3 (11.5%)
T1 20 (76.9%) 21 (77.8%) 22 (84.6%)
Tumor size (mm) 8.9 (3.2) 8.3 (2.8) 7.7 (2.5)
Note: Data are expressed in mean (standard deviation) or number 
(%). Abbreviations: BMI: Body Mass Index, ASA: American Society of 
Anesthesiologists, OLV: one lung ventilation, SCLC: small cell lung carcinoma

Fig. 3 Lung collapse scores of T0 on a 10-point visual analogue scale
NOTE: The data are presented as medians, interquartile ranges (25th–75th 
percentile), and ranges. Comparison of lung collapse scores of T0 in 3 
groups analyzed by using with Kruskal-Wallis test, the results of the pair-
wise comparison analyzed by the Mann–Whitney U test. Abbreviations: *: 
P < 0.05; **: P < 0.01
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on suction, our primary outcome was LCS when the tho-
racoscope enters the chest cavity. In addition, we also 
assessed the AUC for the LCS over time.

The manipulation and mechanism of suction to speed 
lung collapse are similar to that of artificial airway suc-
tioning. Excessive pressure for artificial airway suction 
lead to lung injury [17]. It has been reported that ulcers 
and ulcers with necrosis were observed in the tracheal 
tissues due to artificial airway suction with a pressure of 
-272 cmH2O for 160  s [18]. Although the suction pres-
sure to speed lung collapse was far less than the pressure 
recommended by artificial airway suction guidelines and 
no intraoperative hypoxemia and perioperative pulmo-
nary complications were reported in previous studies of 
speed lung collapse [17], whether the suction cause the 
risk of occult lung injury has always been a hot topic of 
concern for anesthesiologists [8]. Most of the suction 
pressure reported to speed lung collapse below − 30 
cmH2O, so the maximum suction pressure of -30 cmH2O 
was applied in our experiment [7, 8]. The trial chose to 
evaluate the occurrence of occult lung injury and lung 
injury by assessment of NOS-3 expression, histologic 
evaluation, and lung W/D weight ratio. NOS-3 holds 
significant importance as a form of human nitric oxide 
synthase [19]. The upregulation of the NOS-3 expression 
significantly contributes to the generation of nitric oxide 
(NO), and the augmentation of NO assumes a significant 
role in mitigating pulmonary vascular tension and ame-
liorating lung injury [19]. The lung W/D weight ratio is 
the gold standard for the evaluation of occult lung injury 
[15]. Lung histologic evaluation can observe whether 

there is many red blood cells aggregation and edema fluid 
in alveolar space [14].

No study has clarified that the suction time and why 
a particular time to be selected to perform suction. Pre-
vious study performed suction after the application of 
surgical drapes until the assessing surgeon determined 
that total lung collapse had been achieved [7]. Naraya-
naswamy et al. [6]. applied the suction at the start of lung 
isolation. Some scholars have suggested 60  s of suction 
immediately at the time point of pleural cavity opening 
[9]. The author approve this viewpoint because the time 
of suction is consistent with the occurrence of elastic 
recoil of the NVL [20]. The trial found that the average 
time from pleural incision to thoracoscopic entry into the 
chest was 72 s, and that’s enough to complete the suction.

The scholars has proposed that the suction can either 
be through the FOB after deflation of the bronchial 
cuff and cessation of ventilation [7]. The maneuver and 
mechanism of bronchial suction technique are similar 
to artificial airway suction used in BB. In current guide-
lines of artificial airway suction, for adult patients, it is 
recommended to keep the suction pressure below − 272 
cmH2O, and the time should be applied for a maximum 
of 15  s per suctioning procedure [17]. Further research 
is needed to prove whether maneuver of artificial airway 
suction after the deflation of cuff (keep the suction pres-
sure below − 272 cmH2O and continued for 15 s) is more 
appropriate for patients.

There is 1 patient observing tracheal bronchus (right 
upper lobe bronchial opening variation) under FOB. The 
right upper lobe opening was located above upper edge of 

Fig. 4 AUC analysis for Lung collapse scores
NOTE: A, AUC for LCS over time. B, AUC for LCS in 3 groups. The area is presented as mean (standard deviation). Comparison of area in 3 groups analyzed 
by using with Kruskal-Wallis test, the results of the pairwise comparison analyzed by the Mann–Whitney U test. Abbreviations: **: P < 0.01, AUC: Area under 
the curve
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the carina, and the cuff of BB could not completely block 
the non-ventilated lung, so the patient was excluded 
[21]. Furthermore, when the distance between the right 
upper lobe opening and carina is short, the right upper 
lobe opening is blocked by the cuff of BB, and the resid-
ual gas in the right upper lung is not expelling by suction 
[4]. Therefore, DLT or BB combined disconnection tech-
nique may be more appropriate for patients whose lesion 
is in the right upper lung. There are 4 patients observing 
severe pleural adhesions when pleural incision. The first 
phase of lung collapse depends on passive elastic recoil of 
the lung, so the patients were excluded [8].

The Tappa BB (Hangzhou Tappa Medical Technol-
ogy CO, Hangzhou, China) was used in this study. Its 
structure is basically consistent with that of Coopdech 
BB (Coopdech, Osaka, Japan). Both BB’s have an outer 
diameter (OD) of 3  mm. It is reported that the size of 

Fuji Uniblocker (Vitaid Ltd., Williamsville, New York, 
USA), Cohen BB (Cook Critical Care, Bloomington, 
Indiana, USA), Arndt BB (Cook Critical Care, Bloom-
ington, Indiana, USA) is 9  F [22], and the OD is about 
3 mm (OD = 0.33 × F), which is similar to Tappa BB and 
Coopdech BB. However, the internal diameters (center 
channel) of these BB are slightly different. Whether the 
conclusion of suction accelerating lung collapse can be 
extended to other types of BB deserves further study.

The present study had several limitations. Firstly, the 
method used for assessing lung collapse, which lacks 
objectivity and may introduce bias into the evaluation 
process [23]. Scholars have proposed using the distance 
of lung collapse away from the chest wall to assess the 
degree of lung collapse. It is objective, but the size of 
the patient’s thorax varies with different patients, which 
could influence the measurement and is less clinically 

Fig. 5 Assessment of NOS-3 expression, histologic scores of lung injury and lung W/D weight ratio in the Group 0 and Group − 30
NOTE: A, NOS-3 relative expression. B, Histologic scores of lung injury. C, Lung W/D weight ratio
Data are presented as means (standard error) (n = 4 per group, P > 0.05, t test). D, Photomicrographs of lung histology (hematoxylin-eosin, ×200). (a): Pho-
tomicrograph of a pulmonary section from the Group 0. (b): Photomicrograph of a lung section from the Group − 30. (Abbreviations: ns: no significance, 
NOS-3: nitric oxide synthase type 3, W/D: wet / dry)
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relevant [7]. The methods for assessing lung collapse 
need to be further explored. Secondly, only patients with 
normal pulmonary function tests and BMI were included. 
Further investigation is needed for evaluating efficacy of 
the suction in such patients. Thirdly, Further limitation 
might be that the study was a single-center study with 
short-term follow-up. The findings still need to be con-
firmed by further large-scale and multi-center studies.

Conclusion
A suction pressure of -10 cmH2O for 60  s after pleural 
incision is recommended in uniport VATS to speed lung 
collapse without the occurrence of occult lung injury.
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