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Abstract

Objectives

Evidence-based studies optimizing chest tube management have been conducted to accel-

erate the recovery process for lung cancer patients after video-assisted thoracoscopic sur-

gery (VATS). This study is to evaluate whether using the multi-lateral pores chest tube can

achieve better drainage performance than conventional-lateral-pore drainage.

Methods

Data from patients undergoing VATS were consecutively collected from September 2023 to

June 2024. The groups were randomized into two subgroups, which were multi-lateral-

pores drainage group (MDG) and conventional-lateral-pore drainage group (CDG). The pri-

mary outcomes included chest drainage performance, and the secondary outcomes

included postoperative complications (PPCs).

Results

After screening, 228 patients were randomized into two groups, in which 116 patients in

MDG and 112 patients in CDG. The daily drainage volume [199.70 (95%CI: 165.19~234.99)

mL/d vs 149.43 (95%CI: 120.70~179.21) mL/d, P<0.01] and total drainage volume [342.79

(95%CI: 291.91~392.63) mL vs 272.68 (95%CI: 225.87~322.11) mL, P = 0.04] in the MDG

was significantly higher that that in the CDG. The drainage duration in the MDG was also

less than that in the CDG [36.41 (95%CI: 32.23~40.72) h vs 51.02 (95%CI: 46.03~56.38) h,

P < 0.01]. The incidence of pleural effusion was lower in the MDG when compared with that

in CDG (1.7% vs 9.0%, P = 0.04). No differences were found in the other incidences of chest

tube—related PPCs, including pneumothorax (12.0% vs 15.2%, P = 0.15) and subcutane-

ous emphysema (17.2% vs 17.9%, P = 0.35), however.
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Conclusions

Based on this single-center analysis, multi-lateral pores chest tube provided better drainage

performance after VATS.

Introduction

To date, the function of chest tubes, particularly the drainage of fluid or air from the pleural

cavity, has remained largely unchanged for over 3000 years [1]. The use of chest drainage

tubes after thoracic surgery is crucial for the evacuation of air leaks and/or pleural effusions

[2]. Recently, fast-track recovery programs have been applied to thoracic surgery to reduce

morbidity, the incidence of postoperative complications, and hospital stay [3]. Moreover, evi-

dence-based studies optimizing chest tube management have been conducted to accelerate the

recovery process for lung cancer patients after video-assisted thoracoscopic surgery (VATS)

[4–7]. However, controversies and confusions still exist regarding (1) the appropriate number

of chest tubes to balance drainage and reduce postoperative pain, (2) the suitable size and type

of chest tubes to prevent clogging and milking, (3) whether active suction or the use of a digital

classification system should be routinely applied to shorten the duration of air leaks, and (4)

the appropriate criteria for early chest tube removal in pleural effusions. There are also numer-

ous studies elaborating on these four types of issues [8–13].

Traditional chest drainage tubes are categorized into different sizes based on their diameter,

ranging from 8F to 32F [14]. The most commonly used models in our hospital clinical practice

are 20F and 28F drainage tubes, in which 20F chest tube was used for VATS and 28F was used

for open thoracic surgery, as they can achieve effective and sufficient drainage of gas and liquid

without easy clogging [15]. The conventional chest drainage tube is made of silicone, with a

lateral hole at the tube’s tip, primarily to prevent blockage and assist in drainage [16]. Some

scholars still prefer to place two drainage tubes for patients undergoing lung surgery, especially

for those who have undergone upper lobectomy, with the upper chest tube for air evacuation

and the lower chest tube for fluid drainage. Although studies have shown no significant differ-

ence in the effects between a single tube and double tubes, based on the habits of clinical doc-

tors, many patients still have double chest tubes placed postoperatively, leading to more

intense postoperative pain and discomfort [17–19]. In clinical practice, some surgeons will

trim the silicone drainage tubes, such as creating lateral pores at the 5cm and 18cm positions

of the drainage tube, mainly to ensure that when the tube is placed to a depth of 25cm, the dis-

tal lateral hole can vent the top of the chest, and the proximal lateral hole can drain effusions in

areas such as the costophrenic angle, thus avoiding the use of two chest drainage tubes. How-

ever, this operation has not been confirmed by research, and to our knowledge, there has been

no exploration of the clinical application effects of multi-lateral pores drainage. Therefore, we

have conducted this prospective randomized controlled study, aiming to fill this gap in

research and provide more options for the management of chest drainage tubes.

Patients and methods

Ethical review

Prior to submission, this study was licensed with the Chinese Clinical Trial Registry

(ChiCTR2000034999). In addition, in accordance with the Declaration of Helsinki, Ethics

Committee on Biomedical Research, West China Hospital of Sichuan University and the Chi-

nese Ethics Committee of Registering Clinical Trials approved our clinical research protocol

(#341) in June 2022. Patients were informed of the risks associated with different chest tube
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use and signed a formal informed consent form, and provided informed written consent for

the publication of their study data. Besides, according local policy, Ethics Committee on Bio-

medical Research, West China Hospital of Sichuan University and the Chinese Ethics Com-

mittee of Registering Clinical Trials were consented for publication of raw data obtained from

study participants.

Inclusion and exclusion criteria

Patients in the same medical group undergoing surgical treatment for pulmonary nodules in

West China Hospital of Sichuan University were collected consecutively. Patients were

enrolled if they met the following inclusion criteria: (1) undergoing VATS for pulmonary nod-

ules; (2) American Society of Anesthesiologists (ASA) score of 3 or fewer points. The exclusion

criteria were as follows: (1) with a thoracic operation history; (2) converted from VATS to tho-

racotomy. A CONSORT flow diagram is provided in Fig 1.

Randomization and blinding

All the patients were randomized into two groups: multi-lateral-pores drainage group (MDG),

and conventional-lateral-pore drainage group (CDG). Randomization was based on a com-

puter-generated randomization list, and the results were placed into sequentially numbered,

opaque, sealed envelopes by a statistician who did not participate in this clinical trial. The

envelope was opened on the day of the operation, and the corresponding tubes were prepared

by a surgery nurse who was not involved in patient care. The patients, outcome assessors, and

data collectors were blinded to the allocations. The surgeon who performed the VATS could

not be blinded, but he did not take part in the data collection of this trial.

Fig 1. Flow diagram based on consolidated standards of reporting trials.

https://doi.org/10.1371/journal.pone.0313176.g001
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Surgical approach

VATS was mainly performed via the three-portal thoracoscopic technique and double-lumen

endotracheal intubation, combined with intravenous anesthesia and single lung ventilation

[20]. The thoracoscopy entrance was selected to be 1.5 cm in the 7th intercostal space anterior

to the midaxillary line; the main operation port was in the 3rd or 4th intercostal space; and the

auxiliary operation port was located at the 9th intercostal space behind the axillary line. When

performing systemic lymph node dissection, the left nodes were dissected in groups 5, 6, 7, 8, 9

and 10, and the right nodes were dissected in groups 2, 4, 7, 8, 9 and 10.

Chest tube management

Both groups of patients were fitted with a single 20F silicone chest drainage tube

(No.20172140841, Jiangsu Huafei Medical Technology Co., LTD, China). The drainage tube

was positioned at the seventh intercostal space along the anterior axillary line, no matter it’s an

upper lobectomy or a lower lobectomy. Under the assistance of thoracoscopy, the tube was

advanced from the posterior mediastinum to the top of the chest cavity, with a depth of 25 cm

(Fig 2). In the MDG, lateral holes were created at the 5 cm and 18 cm marks of the drainage

tube using tissue scissors (Fig 2). The trimmed side hole is the same diameter as the normal

side hole to ensure that the thoracic drainage tube does not bend or break excessively. A three-

cavity water-sealed bottle (No.20152140801, Ningbo Kanghong Medical Equipment Co., LTD,

China) was used for chest drainage, and negative pressure was applied after surgery only if per-

sistent air leakage of severe subcutaneous emphysema occurred.

On the first postoperative day, chest X-rays were performed for both groups of patients. The

criteria for chest tube withdrawal were: 1) well lung re-expansion confirmed by X-rays imag-

ing, 2) no air leakage was found after surgery, 3) no significant pleural effusion (<300 mL) was

shown in X-ray imaging, and 4) the daily serous effusion was under 450 mL/24 h [21].

Endpoints for the study

The primary outcomes included chest drainage performance, and the secondary outcomes

included postoperative complications (PPCs). The chest drainage performance included: (1)

daily drainage volume (mL/d): the volume of chest drainage per day, (2) drainage duration (h):

the total hours from chest tube insert to chest tube removal, (3) total drainage volume (mL),

and (4) length of stay (LOS) after surgery: the number of days accounted from operation to dis-

charge. If any PPCs were identified, then they were recorded as the secondary endpoints for

this study and they mainly included: (1) pneumothorax: chest X-ray showing that pleural space

was occupied by air (30% of the lungs are compressed); (2) pleural effusion: chest X-ray show-

ing moderate to large fluid accumulation (�300 mL); (3)subcutaneous emphysema: confirmed

by chest X-ray or physical examination; (4)hoarseness; (5)pulmonary infection:clear etiological

evidence, imaging showing atelectasis or large patches, fever, and total number of white blood

cells>10,000/mL; (6) prolonged air leak (PAL): air leak that persists for more than 5 days post-

operatively; and (7) chylothorax: chylous test (+) and daily drainage volume>500 ml; and (8)

hemorrhage: more than 200 ml/h of postoperative bloody drainage fluid that lasts for 3 h. PPC

criteria were according to the STS/ESTS (2015) complication definitions [22].

Statistical analysis

Since this study is the first to assess the effect of multi-lateral-pores drainage on drainage per-

formance, we based our sample size calculation on the assumption that a mean drainage dura-

tion of 10 hours lower in MDG than that CDG (with standard deviation = 10 hours) is
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clinically highly relevant. One hundred patients per group provided 90% power with a 2-sided

α of 5% to detect a significant difference in drainage duration between the groups. Considering

a dropout rate of 10%, 110 patients were required in each group.

Demographic data collected were recorded as follows: the means and SDs represented con-

tinuous data, medians and ranges represented non-normally distributed data, and proportions

were represented by binary variables. The Student’s t-test and the Mann–Whitney U-test were

used to make comparisons. In the case of categorical data, the chi-squared test or the Fisher’s

exact test was used to perform the comparisons. P < 0.05 (two-tailed) was found to be statisti-

cally significant in all of the analyses. All the statistical analyses were conducted by using the

Statistical Package for the Social Sciences (SPSS) software (version 26.0, IBM Corporation,

Armonk, New York, USA), which was used to analyze the data.

Results

Participants

From September 2023 to June 2024, 262 participants were assessed for eligibility for the trial. A

total of 34 participants were excluded before randomization, with the remaining 228

Fig 2. Chest tube management. (A) In the MDG, lateral holes were created at the 5 cm and 18 cm marks of the drainage tube

using tissue scissors. (B) In the CDG, the chest tube was not trimmed. As shown in chest X-ray, (C) the tube was inserted from

the 7th intercostal space anterior to the midaxillary line, (D) advanced from the posterior mediastinum to the top of the chest

cavity, with a depth of 25 cm.

https://doi.org/10.1371/journal.pone.0313176.g002
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participants randomized into two groups, including 116 patients in the MDG and 112 patients

in the CDG. The clinical characteristics, pulmonary function, histology, and TNM stage [2023

union for international cancer control (UICC)], which were matched and comparable, are

listed in Table 1.

Surgery-related outcome

Since intraoperative conditions, surgical sites, and surgical methods may affect the perfor-

mance of postoperative thoracic drainage, we compared the surgery-related outcomes of the

two groups of patients. By comparison, we found that there was no statistical difference in the

proportion of pleural adhesions (P = 0.47), operation method (P = 0.34) and operation site

Table 1. Population characteristics in two groups.

Index MDG (n = 116) CDG (n = 112)

Gender Male 44 (37.9%) 52(46.4%)

Female 72(62.1%) 60(53.6%)

Age (year) 58.10(32–84) 55.86(30–73)

BMI (kg/m2) 23.19(17.96–27.94) 23.16(17.63–30.76)

Smoking history Yes 34(29.3%) 30(26.8%)

No 82(70.7%) 82(73.2%)

Pulmonary function FEV1 2.90(1.67–5.20) 2.84(1.67–4.12)

FEV1/FVC, % 83.24(61.95–99.27) 82.25(49.00–99.27)

Comorbidities COPD 18(15.5%) 18(16.1%)

Hypertension 26(22.4%) 16(14.3%)

Diabetes 6(5.2%) 8(7.1%)

CHD 10(8.6%) 4(3.6%)

Operation approach Lobectomy 42(36.2%) 44(39.3%)

Segmentectomy 59(50.9%) 54(48.2%)

Wedge resection 15(12.9%) 14(12.5%)

Duration (min) Surgery 82.16(53.00–190.00) 87.95(37.00–198.00)

Anesthesia 114.16(83.00–220.00) 117.95(67.00–228.00)

Blood loss (mL) 14.83(5.00–110.00) 11.16(5.00–40.00)

ASA score I 0 0

II 98(84.5%) 102(91.1%)

III 18(15.5%) 10(8.9%)

Histology Adenocarcinoma 90(77.6%) 86(76.8%)

Squamouscarinoma 6(5.2%) 12(10.7%)

Benign 16(13.8%) 12(10.7%)

Others 4(3.4%) 2(1.8%)

TNM stage (2023 UICC) T T1 88(75.9%) 92(82.1%)

T2 8(6.9%) 6(5.4%)

T3 0 0

N N0 90(77.6%) 98(87.5%)

N1 6(5.2%) 0

N2 0 0

M M0 96(82.8%) 98(87.5%)

M1 0 0

Abbreviation: MDG: Multi-lateral-pores drainage group; CDG: Conventional-lateral-pore drainage group; BMI: Body mass index; FEV1: Forced expiratory volume in

the first second; FVC: Forced vital capacity; COPD: Chronic obstructive pulmonary disease; CHD: Coronary heart disease; ASA: American society of aneshesiologists.

https://doi.org/10.1371/journal.pone.0313176.t001
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(P = 0.71) between the two groups, in which details can be seen in Table 2. Besides, S1 and S2

Tables showed the subgroup analyses of drainage performance between different surgical sites

and drainage performance in whether with pleural adhesion.

Drainage performance

As shown in Table 3, the daily drainage volume [199.70 (95%CI: 165.19~234.99) mL/d vs

149.43 (95%CI: 120.70~179.21) mL/d, P< 0.01] and total drainage volume [342.79 (95%CI:

291.91~392.63) mL vs 272.68 (95%CI: 225.87~322.11) mL, P = 0.04] in the MDG was signifi-

cantly higher that that in the CDG. However, the drainage duration in the MDG was less than

that in the CDG [36.41 (95%CI: 32.23~40.72) h vs 51.02 (95%CI: 46.03~56.38) h, P< 0.01].

Besides, LOS after surgery l3.22 (95%CI: 3.84~4.22) d vs 3.45 (95%CI: 3.99~4.42) d, P = 0.31]

between two groups were comparable.

Postoperative complications

The total incidence of PPCs was found comparable between the MDG and CDG (36.2% vs

45.5%, P = 0.09). Interestingly, the incidence of pleural effusion was lower in the MDG when

Table 2. Surgery-related characteristics in two groups.

Index MDG (n = 116) CDG (n = 112) P value

Operation approach Lobectomy 42(36.2%) 44(39.3%) 0.34

Segmentectomy 59(50.9%) 54(48.2%)

Wedge resection 15(12.9%) 14(12.5%)

surgical site LUL 15(12.9%) 14(12.5%) 0.71

LLL 23(19.8%) 19(17.0%)

RUL 30(25.9%) 28(25.0%)

RML 22(19.0%) 17(15.2%)

RLL 26(22.4%) 34(30.45%)

Pleural adhesions None 99(85.3%) 94(83.9%) 0.47

Local 11(9.5%) 8(7.1%)

Extant 6(5.2%) 10(8.9%)

Duration (min) Surgery 82.16(53.00–190.00) 87.95(37.00–198.00) 0.25

Anesthesia 114.16(83.00–220.00) 117.95(67.00–228.00) 0.25

Blood loss (mL) 14.83(5.00–110.00) 11.16(5.00–40.00) 0.09

Abbreviation: MDG: Multi-lateral-pores drainage group; CDG: Conventional-lateral-pore drainage group; RUL: Right upper lobe; RML: Right middle lobe; RLL: Right

lower lobe; LUL: Left upper lobe; LLL: Left lower lobe.

https://doi.org/10.1371/journal.pone.0313176.t002

Table 3. Drainage performance between two groups.

Index MDG(n = 116) CDG(n = 112) P value

Daily drainage volume (mL/d) 199.70

(95%CI: 165.19~234.99)

149.43

(95%CI: 120.70~179.21)

0.03

Drainage duration (h) 36.41

(95%CI: 32.23~40.72)

51.02

(95%CI: 46.03~56.38)

< 0.01

Total drainage volume (mL) 342.79

(95%CI: 291.91~392.63)

272.68

(95%CI: 225.87~322.11)

0.04

LOS after surgery (d) 3.22

(95%CI: 3.84~4.22)

3.45

(95%CI: 3.99~4.42)

0.31

Abbreviation: MDG: Multi-lateral-pores drainage group; CDG: Conventional-lateral-pore drainage group; LOS: Length of stay; CI: Confidence interval.

https://doi.org/10.1371/journal.pone.0313176.t003
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compared with that in CDG (1.7% vs 9.0%, P = 0.04). No differences were found in the other

incidences of chest tube—related PPCs, including pneumothorax (12.0% vs 15.2%, P = 0.15)

and subcutaneous emphysema (17.2% vs 17.9%, P = 0.35), however. The difference in the inci-

dence of pulmonary infection (3.4% vs 1.8%, P = 0.43) and severe pain (1.7% vs 1.8%, P = 0.88)

between the MDG and the CDG was insignificant. Details can be seen in Table 4.

Discussion

In this prospective, randomized, controlled study, the researchers found that multi-lateral-

pores drainage strategy may achieve better drainage performance, such as daily drainage vol-

ume and drainage duration, when compared with conventional-lateral-pore drainage strategy.

Meanwhile, the lower incidence of pleural effusion was found in MDG.

The concept of enhanced recovery after surgery (ERAS), advancements in surgical tech-

niques, and the development of medical devices have led to increased attention from thoracic

surgeons on the rapid recovery and improved quality of life for lung cancer patients postopera-

tively. Thoracic drainage management is an essential part of perioperative management and a

crucial step in the process of rapid postoperative recovery. In recent years, researchers have

conducted multifaceted discussions and studies on the type, size, and number of chest tubes,

as well as suction, digital system, and chest tube milking [23]. All discussions were aimed to

better drainage performance to enhance patients recovery. In our study, it’s the first time to

discuss the effect of lateral pores on drainage performance, which have shown the ideal

outcomes.

In our study, better daily drainage volume and duration were found in MDG. Like all cylin-

drical structures, chest tubes abide by the physics of Poiseuille’s law and the Fanning equation,

and the daily drainage volume is responsible for drainage velocity [24]. The conventional-lat-

eral-pore chest tube was insert to the top of thorax, aimed to evacuation of pleural cavity air

accumulation. However, in this situation, the drainage of pleural effusion is significantly influ-

enced by the patient’s position, which decreased the drainage velocity. When inserted with

multi-lateral-pores chest tube, the pleural effusion can be pull out from pores of different

heights, without the limitation of patient position and thoracic pressure changes, thus realizing

the efficient drainage.

Table 4. Postoperative complications between two groups.

MDG(n = 116) CDG(n = 112) P value

Pleural effusion 2(1.7%) 10(8.9%) 0.04

pneumothorax 14(12.1%) 17(15.2%) 0.15

Subcutaneous emphysema 20(17.2%) 20(17.9%) 0.35

Pulmonary infection 4(3.4%) 2(1.8%) 0.43

Chylothorax 0 0

Persistent air leakage 0 0

Hemorrhage 0 0

Hoarse 0 0

Atelectasis 0 0

Severe Pain 2(1.7%) 2(1.8%) 0.88

Total PPCs 42(36.2%) 51(45.5%) 0.09

Abbreviation: MDG: Multi-lateral-pores drainage group; CDG: Conventional-lateral-pore drainage group. PPC:

Postoperative complications.

https://doi.org/10.1371/journal.pone.0313176.t004
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Traditionally, thoracic surgeons have used two chest tubes to drain the pleural space after

lobectomy, aimed to drain effusion by the lower tube and drain gas by the upper tube. Several

randomized trials have demonstrated that the use of a single chest tube after lobectomy is safe

and effective with no differences in residual pleural effusion or the need to reinsert a chest tube

but is significantly less painful than two drains [17–19]. Furthermore, a single drain is associ-

ated with a reduced duration of chest drainage and a smaller volume of fluid drained [19]. In

our study, the multi-lateral-pores drainage was inserted from the 7th intercostal space and

extended from the posterior mediastinum to the top of the chest, which can achieve ideal effu-

sion drainage by multi-lateral pores of the chest tube and gas discharge by the upper lateral

pore of the chest tube. However, different from other studies, MDG was found a increased

daily drainage volume but decreased drainage duration, in which we think it’s because of the

more efficient drainage achieved by multi-lateral pores. In MDG, whenever pleural effusion

occurs, the multi-lateral hole drainage tube can always drain pleural effusion earlier, while in

CDG, patients often need to turn over and change their body position to assist drainage. In

this case, the MDG can achieve a higher daily drainage volume within the same time. However,

the patients in the CDG did not completely drain the newly generated pleural effusion every

day, so the daily drainage volume was lower than MDG. Correspondingly, the MDG reached

the chest tube removal standard earlier (no obvious pleural effusion), while the CDG did not

achieve effective drainage, still had pleural effusion and did not meet the tube removal stan-

dard. Accordingly, drainage duration was prolonged, and the proportion of patients with pleu-

ral effusion increased.

Other newly type of chest tubes, like the Smart Drain Coaxial (SDC) chest tube and Blake

drainage (BD) tube, have been discussed recently [25–27]. The SDC chest tube, is built with an

internal lumen with distal bores for air evacuation and four external fluted channels for fluid

drainage [25]. In Bassi et al. Study, the 28 F SDC chest tube showed lower pain and shorter

LOS but no difference in drainage performance when compared with standard chest tube

management (one upper 28-Fr and one lower 32-Fr standard chest tube) after open pulmo-

nary lobectomy. The BD tube is equipped with four longitudinal grooves to avoid occlusion

and allow efficient drainage, which was widely used in cardiac surgery [28] and now has often

been used in minimal invasive thoracic surgery [27]. However, suction is required for the BD

to achieve sufficient air evacuation, since it can be easily clogged with cellulose exudates [29].

As discussed in our study, because only one 20F multi-lateral-pores chest tube is needed, the

patients’ pain was greatly reduced. And different from BD tube or SDC tube, there is no other

intra-caluminal structure of the multi-lateral-pores chest tube, which greatly reduces the possi-

bility of drainage tube blockage. Of course, the comparison of the drainage effect of these types

of drainage tubes still needs to be confirmed by further research.

Although the results confirmed that multi-lateral-pores drainage could effectively improve

drainage performance after VATS, this study has limitations. First, we only discussed the feasi-

bility of multi-lateral-pores drainage in three-ports VATS, these results may be limited in open

surgery or one-port VATS. Future study will focus on the other types of thoracic surgery. Sec-

ond, this study was conducted in a single center, and all operations were performed by the

same proficient surgeon who had completed more than 3000 VATS and was proficient. There-

fore, it is not clear whether the surgical technique will affect the results of the study and

whether other surgeons can repeat the results. Third, due to the surgeon preference and insti-

tutional differences in chest drainage programs, we only studied the 20F Silicone chest tube for

drainage. Additional chest tubes, such as 18F or 28F Silicone chest tube, Blake Drain, and pig-

tail catheter, will be the focus of future research. Last, the multi-lateral-pores chest tube was tai-

lored with additional holes created with scissors. This procedure, altering the manufactured

product, may be not appropriate in terms of patients’ safety and quality controls. Though no
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drainage tube fracture has ever occurred in the clinic, but this is also one of the limitations of

this study, and specially produced multi-lateral-pores tubes may be needed for future research.

Conclusions

Based on this single-center analysis, multi-lateral pores chest tube provided better drainage

performance than conventional-lateral-pore chest tube after VATS, without increasing the

rates of PPCs.
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18. Gómez-Caro A, Roca MJ, Torres J, et al. Successful use of a single chest drain postlobectomy instead

of two classical drains: a randomized study. Eur J Cardiothorac Surg. 2006; 29(4):562–566. https://doi.

org/10.1016/j.ejcts.2006.01.019 PMID: 16495069

19. Okur E, Baysungur V, Tezel C, et al. Comparison of the single or double chest tube applications after

pulmonary lobectomies. Eur J Cardiothorac Surg. 2009; 35(1):32–36. https://doi.org/10.1016/j.ejcts.

2008.09.009 PMID: 18929492

20. Liu L, Che G, Pu Q, et al. A new concept of endoscopic lung cancer resection: single direction thoraco-

scopic lobectomy. Surg Oncol. 2010; 19(2):e71–e77. https://doi.org/10.1016/j.suronc.2009.04.005

PMID: 19500971

21. Bjerregaard LS, Jensen K, Petersen RH, Hansen HJ. Early chest tube removal after video-assisted tho-

racic surgery lobectomy with serous fluid production up to 500 mL/day. Eur J Cardiothorac Surg. 2014;

45:241–246. https://doi.org/10.1093/ejcts/ezt376 PMID: 23872457

22. Fernandez FG, Falcoz PE, Kozower BD, Salati M, Wright CD, Brunelli A. The Society of Thoracic Sur-

geons and the European Society of Thoracic Surgeons general thoracic surgery databases: joint stan-

dardization of variable definitions and terminology. Ann Thorac Surg. 2015; 99(1):368–376. https://doi.

org/10.1016/j.athoracsur.2014.05.104 PMID: 25555970

23. Deng B, Qian K, Zhou JH, Tan QY, Wang RW. Optimization of Chest Tube Management to Expedite

Rehabilitation of Lung Cancer Patients After Video-Assisted Thoracic Surgery: A Meta-Analysis and

Systematic Review. World J Surg. 2017; 41(8):2039–2045. https://doi.org/10.1007/s00268-017-3975-x

PMID: 28289835

24. Pfitzner J. Poiseuille and his law. Anaesthesia. 1976; 31(2):273–275. https://doi.org/10.1111/j.1365-

2044.1976.tb11804.x PMID: 779509

25. Rena O, Parini S, Papalia E, et al. The Redax® Coaxial Drain in pulmonary lobectomy: a study of effi-

cacy. J Thorac Dis. 2017; 9(9):3215–3221. https://doi.org/10.21037/jtd.2017.08.110 PMID: 29221298

PLOS ONE Safety and feasibility of multi-lateral-pores drainage strategy

PLOS ONE | https://doi.org/10.1371/journal.pone.0313176 November 22, 2024 11 / 12

https://doi.org/10.1016/j.ejcts.2004.01.041
https://doi.org/10.1016/j.ejcts.2004.01.041
http://www.ncbi.nlm.nih.gov/pubmed/15082297
https://doi.org/10.1016/j.athoracsur.2016.04.066
https://doi.org/10.1016/j.athoracsur.2016.04.066
http://www.ncbi.nlm.nih.gov/pubmed/27526655
https://doi.org/10.1620/tjem.232.55
https://doi.org/10.1620/tjem.232.55
http://www.ncbi.nlm.nih.gov/pubmed/24492628
https://doi.org/10.1016/j.athoracsur.2009.02.013
http://www.ncbi.nlm.nih.gov/pubmed/19379900
https://doi.org/10.1016/j.ejcts.2009.06.034
http://www.ncbi.nlm.nih.gov/pubmed/19643627
https://doi.org/10.1016/j.thorsurg.2010.04.001
http://www.ncbi.nlm.nih.gov/pubmed/20619231
https://doi.org/10.1016/j.ejcts.2006.06.032
https://doi.org/10.1016/j.ejcts.2006.06.032
http://www.ncbi.nlm.nih.gov/pubmed/16934988
https://doi.org/10.1093/ejcts/ezr056
https://doi.org/10.1093/ejcts/ezr056
http://www.ncbi.nlm.nih.gov/pubmed/22228846
https://doi.org/10.1016/j.thorsurg.2012.10.006
http://www.ncbi.nlm.nih.gov/pubmed/23206714
https://doi.org/10.1111/j.1540-8191.2009.00905.x
https://doi.org/10.1111/j.1540-8191.2009.00905.x
http://www.ncbi.nlm.nih.gov/pubmed/19740284
https://doi.org/10.1016/j.athoracsur.2008.12.099
http://www.ncbi.nlm.nih.gov/pubmed/19324125
https://doi.org/10.1016/s0003-4975%2803%2900884-1
http://www.ncbi.nlm.nih.gov/pubmed/14529982
https://doi.org/10.1016/j.ejcts.2006.01.019
https://doi.org/10.1016/j.ejcts.2006.01.019
http://www.ncbi.nlm.nih.gov/pubmed/16495069
https://doi.org/10.1016/j.ejcts.2008.09.009
https://doi.org/10.1016/j.ejcts.2008.09.009
http://www.ncbi.nlm.nih.gov/pubmed/18929492
https://doi.org/10.1016/j.suronc.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/19500971
https://doi.org/10.1093/ejcts/ezt376
http://www.ncbi.nlm.nih.gov/pubmed/23872457
https://doi.org/10.1016/j.athoracsur.2014.05.104
https://doi.org/10.1016/j.athoracsur.2014.05.104
http://www.ncbi.nlm.nih.gov/pubmed/25555970
https://doi.org/10.1007/s00268-017-3975-x
http://www.ncbi.nlm.nih.gov/pubmed/28289835
https://doi.org/10.1111/j.1365-2044.1976.tb11804.x
https://doi.org/10.1111/j.1365-2044.1976.tb11804.x
http://www.ncbi.nlm.nih.gov/pubmed/779509
https://doi.org/10.21037/jtd.2017.08.110
http://www.ncbi.nlm.nih.gov/pubmed/29221298
https://doi.org/10.1371/journal.pone.0313176


26. Bassi M, Mottola E, Mantovani S, et al. Coaxial Drainage versus Standard Chest Tube after Pulmonary

Lobectomy: A Randomized Controlled Study. Curr Oncol. 2022; 29(7):4455–4463. Published 2022 Jun

22. https://doi.org/10.3390/curroncol29070354 PMID: 35877214

27. Sakakura N, Fukui T, Mori S, Hatooka S, Yokoi K, Mitsudomi T. Fluid drainage and air evacuation char-

acteristics of Blake and conventional drains used after pulmonary resection. Ann Thorac Surg. 2009; 87

(5):1539–1545. https://doi.org/10.1016/j.athoracsur.2009.02.013 PMID: 19379900

28. Lancey RA, Gaca C, Vander Salm TJ. The use of smaller, more flexible chest drains following open

heart surgery: an initial evaluation. Chest. 2001; 119(1):19–24. https://doi.org/10.1378/chest.119.1.19

PMID: 11157579

29. Sakakura N, Fukui T, Mori S, Hatooka S, Yokoi K, Mitsudomi T. Fluid drainage and air evacuation char-

acteristics of Blake and conventional drains used after pulmonary resection. Ann Thorac Surg. 2009; 87

(5):1539–1545. https://doi.org/10.1016/j.athoracsur.2009.02.013 PMID: 19379900

PLOS ONE Safety and feasibility of multi-lateral-pores drainage strategy

PLOS ONE | https://doi.org/10.1371/journal.pone.0313176 November 22, 2024 12 / 12

https://doi.org/10.3390/curroncol29070354
http://www.ncbi.nlm.nih.gov/pubmed/35877214
https://doi.org/10.1016/j.athoracsur.2009.02.013
http://www.ncbi.nlm.nih.gov/pubmed/19379900
https://doi.org/10.1378/chest.119.1.19
http://www.ncbi.nlm.nih.gov/pubmed/11157579
https://doi.org/10.1016/j.athoracsur.2009.02.013
http://www.ncbi.nlm.nih.gov/pubmed/19379900
https://doi.org/10.1371/journal.pone.0313176

