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AIM: Timing of chest tube removal post lung resection is variable in practice and often based on personal experience rather than evidence.
The current practice in chest tube management among thoracic surgeons across Canada is so far unknown. Our primary aim was to assess
the current status of chest tube removal in Canada in order to uncover potential shortcomings.
METHODS: An online anonymous survey was emailed to members of Canadian Association of Thoracic Surgeons in order to better
understand the status quo of the chest tubes’ removal policy in the different departments preparing the grounds for suggesting a future
uniformity. Data were collected and analysedwith descriptive statistics. A linear regression analysis was performed in order to understand
the factors related to chest tube removal.
RESULTS: Sixty responses were received (44.4% response rate). Most surgeons place a single chest tube in both open (75%, 45/60)
and minimally invasive lobectomies (93.3%, 56/60). Digital drainage systems are used by half of the surgeons surveyed. A quarter of
the respondents report removing chest tubes regardless of drainage output. This practice was independent of the surgeons’ number of
years in practice (p = 0.127), number of lobectomies performed annually (p = 0.877), proportion of lobectomies performed minimally
invasively (p = 0.259), whether digital drainage system is used (p = 0.141) and whether the surgeon is aware of the Enhanced Recovery
after Surgery (ERAS) guideline (p = 0.374). Of those who remove chest tubes based on fluid output, thresholds vary widely; a significant
proportion (86%, 37/43) uses a volume lower than the 450 mL/24 h threshold set out ERAS. Most respondents (77%) were interested in
a clinical trial studying chest tube removal independent of drainage volume.
CONCLUSIONS: This study demonstrated ongoing diverse practice amongst thoracic surgeons in Canada with regards to post-operative
chest tube management, indicating a much-needed area of research.
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Introduction
The use of chest tubes following lung resection is ubiqui-
tous but post-operative management of chest tubes has been
variable in practice and often based on personal experience
or institutional historical practices [1] (Fig. 1). Over the
years, many studies have been attempted to provide evi-
dence on the various aspects of chest tube management, in-
cluding need of external suction, removal criteria, and use
of digital drainage system in order to determine an optimal
algorithm [2–7].
Chest tubes are often a barrier to early mobilization and sig-
nificantly extend the length of stay. An optimal manage-
ment of chest drains in the post operative phase is crucial to
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counteract post operative complications and therefore it’s a
cornerstone of Enhanced Recovery after Surgery (ERAS)
principles.
ERAS and the European Society of Thoracic Surgery
(ESTS) have recently set out the following recommenda-
tion guidelines on post-operative chest tube management:
routine application of external suction should be avoided,
digital drainage systems should be used, chest tubes should
be removed if daily serous effusion volume is less than 450
mL, and a single tube should be used instead of two after a
routine anatomical lung resection [8].
The degree to which the ERAS guidelines are adopted
in Canadian clinical practice is so far unknown. To bet-
ter understand the current practice patterns, we decided to
disseminate a national survey to thoracic surgeons across
Canada. We believe that a better understanding of ongo-
ing variability in clinical practice will help identify barriers
to adoption and areas needing improvement for developing
best practice.
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Fig. 1. Different types of chest tubes.

Methods
We developed an online survey consisting of fifteen ques-
tions that queried each surgeon’s operative volume, post-
operative chest tube management including suction setting,
use of digital drainage device, and how drainage volume
influences decision on chest tube removal, as well as sur-
geon’s awareness of and attitude towards ERAS recommen-
dations. The survey was emailed to members of Cana-
dian Association of Thoracic Surgeons (CATS), excluding
trainee members. Three monthly email reminders were
sent spanning between 22 January and 22 March, 2020.
Ethics committee approval was not required according to
the Hamilton Integrated Research Board’s regulation due
to the absence of patients’ data. Implied consent was pre-
sumed based on participant’s voluntary and anonymous re-
sponses. The study was conducted in accordance with the
Declaration of Helsinki.

Statistical Analysis
All data were collected into a database, with descriptive
data summarized as frequencies with absolute numbers and
percentages. Responses were analyzed using SPSS soft-
ware (©IBM Corp. Released 2017. IBM SPSS Statis-

tics for Windows, Version 25.0, IBM Corp, Armonk, NY,
USA). A linear regression analysis was performed. p <

0.05 was considered significant.

Results
Demographics

Sixty responses were received out of 135 surgeon members
of CATS (response rate 44.4%). 33.3% of the respondents
have been in practice for less than 10 years while 16.7%
reported more than 30 years’ experience. Fifty-five percent
of the surgeons were performing less than 50 lobectomies
per year and the majority (78.3%) used in more than 75%
of the cases a minimally invasive technique (Table 1).

Chest Tube Management

Most surgeons report placing a single chest tube in open
lobectomies (75%, 45 of 60), with the rest placing two (Ta-
ble 2). Almost all surgeons place a single chest tube in
VideoAssisted Thoracoscopic Surgery (VATS) lobectomies
(93.3%, 56 of 60), with a small percentage (3.3%, 2 of 60)
that place two and only two respondents who do not place
any post-operatively.
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Table 1. Characteristics of survey respondents.
Characteristics Responses n (%)

Years in practice 60 responses
<10 20 (33.3)
10–19 15 (25.0)
20–29 15 (25.0)
≥30 10 (16.7)

No. of lobectomies per year 60 responses
0–10 1 (1.7)
11–30 14 (23.3)
31–50 18 (30.0)
51–75 11 (18.3)
76–100 11 (18.3)
>100 5 (8.3)

Percentage of lobectomies performed with minimally invasive technique 60 responses
0–25 5 (8.3)
26–50 1 (1.7)
51–75 7 (11.7)
>75 47 (78.3)

The majority of surgeons apply external suction on chest
tubes (73.3%, 44 of 60). Of those who routinely place chest
tubes on suction, variable practice is seen in terms of plac-
ing chest tube to water-seal prior to removal, with most
waiting chest tube to be off suction for 12–24 h (36.4%,
16 of 44) (Table 2).
Digital drainage systems are used by half of the surgeons
surveyed (30 of 60). Of those who do not use digital
drainage systems, the most commonly cited reasons are un-
availability at the institution (43.3%, 13 of 30) and cost be-
ing prohibitive (30.0%, 9 of 30) (Table 2). Aminority of re-
spondents (10.0%, 3 of 30) do not feel that digital drainage
systems provide advantages over traditional drainage sys-
tems.

Chest Tube Removal
In terms of chest tube removal, 25% (15 of 60) of respon-
dents report removing chest tubes regardless of the drainage
output. This practice was independent of the surgeon’s
number of years in practice (p = 0.127), number of lobec-
tomies performed annually (p = 0.877), proportion of lobec-
tomies performed via minimally invasive technique (p =
0.259), whether digital drainage system is used (p = 0.141)
and whether the surgeon is aware of the ERAS guidelines
(p = 0.374) (Table 3).
Of those who remove chest tubes based on drainage vol-
ume, a significant proportion (86%, 37/43) uses a volume
lower than the threshold set out by ERAS (450 mL/24 h)
(Fig. 2). Seventy-seven percent of respondents are inter-
ested in a clinical trial studying chest tube removal inde-
pendent of drainage volume (Fig. 3).

Enhanced Recovery after Surgery
More than three-quarters of surgeons (75%, 45 of 60) are
aware of the ERAS recommendation of removing chest tube
at a threshold of less than 450 mL/24 h, and 53.3% (24 of
45) of surgeons follow the recommendation. Of those who
are aware of the guideline but do not follow it, the most
commonly cited reasons are preference to continue with
current practice (42.9%, 9 of 21), not convinced by the ev-
idence supporting the guidelines (19.0%, 4 of 21), and ex-
perienced adverse outcomes when the guidelines were fol-
lowed (14.3%, 3 of 21) (Fig. 4). Of those not aware of the
ERAS guideline, most (73.3%, 11 of 15) would be inter-
ested in adopting it.

Discussion
Historically, post-operative chest tube management has
been dictated largely by personal or institutional experience
rather than evidence. Over the years, attempts were made
to provide an evidence basis for chest tube management in
order to unify and carry out best practice. Recommendation
guidelines were recently published by Enhanced Recovery
after Surgery (ERAS) and the ESTS [8]. As with all new
guidelines, initial uptake may not be uniform, we decided
to create a survey to better understand current practice and
perception of the guidelines amongst thoracic surgeons in
Canada.
A longstanding historical practice for drainage of the pleu-
ral space after lung lobectomy is to place two chest drains,
an apical and basal one. However, evidence from several
clinical trials over the years has shown that placing a sin-
gle chest tube is as safe and efficacious as two drains with
no differences in need for re-intervention while decreasing
post-operative pain, amount and duration of chest drainage
and costs [9,10]. The ERAS guidelines support the usage
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Table 2. Chest tube management: number of chest tubes, external suction and digital drainage system usage.
Chest tube management Response n (%)

Number of chest tubes after elective open lobectomy
1 45 (75.0)
2 15 (25.0)
Other 0

Number of chest tubes after elective inimally invasive lobectomy
1 56 (93.3)
2 2 (3.3)
Other 2 (3.3)

Apply external suction routinely
No 16 (26.7)
Yes 44 (73.3)

Length of time off suction prior to removal
0 hour 5 (11.4)
12 or less hours 13 (29.5)
12–24 hours 16 (36.4)
More than 24 hours 2 (4.5)
Did not specify/patient-dependent 8 (18.2)

Use digital drainage system
No 30 (50.0)
Yes 30 (50.0)

Reason for not using digital drainage system
Not available at institution 13 (43.3)
Cost 9 (30.0)
Not interested 3 (10.0)
No reason provided 5 (16.7)

Table 3. Linear regression analysis of factors influencing chest tube removal.

Variables Unstandardized B
Coefficients standard

error
Standardized coefficient

beta
t p

Years in practice 4.822 3.113 0.199 1.549 0.127
Number of lobectomies 1.667 10.706 0.20 0.156 0.877
Percentage of minimally invasive lobectomies –8.156 7.147 –0.148 –1.141 0.259
Use of the digital system 0.222 0.149 0.192 1.494 0.141
Awareness of ERAS guidelines –0.111 0.124 –0.117 –0.896 0.374

ERAS, Enhanced Recovery after Surgery.

of a single tube instead of two after a routine anatomical
lung resection (moderate evidence level; strong recommen-
dation). Our data showed that most surgeons do indeed
place a single chest tube after lung resection but noticed
that a higher proportion of surgeons place two chest tubes
in open surgeries compared to minimally invasive proce-
dures (25% vs 3.3%). This is interesting given that the evi-
dence supporting single chest tube placement was based on
trials involving open lobectomies. Although the rationale
behind the difference in practice was not directly interro-
gated, thoracotomies potentially cause more pleural irrita-
tion and fluid production and may be the driving factor be-
hind a higher frequency of two chest tubes being placed in
open procedures.

Digital drainage systems became available over the last
decade, offering portability and providing continuous, ob-

jective measurements on amount of air leak and pleural
fluid drainage that help reduce interobserver variability.
There have been multiple Randomized controlled trials and
observational studies comparing the efficacy of digital chest
drainage system, with conflicting results with respect to de-
creasing length of chest tube duration and length of stay
[5,6,11–13]. A recent meta-analysis demonstrated that dig-
ital chest drainage system significantly reduced the risk
of prolonged air leak and shortened the duration of chest
drainage and hospital stay in patients after pulmonary re-
section [14]. There is also evidence to support increased
patient satisfaction [11,15]. ERAS guidelines recommend
the use of digital drainage systems as they remove variabil-
ity in clinical decision-making and facilitate early mobi-
lization (low evidence level; strong recommendation) [8].
In our survey, half of the respondents reported using dig-
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Fig. 2. Chest tube output per 24 hours at which surgeons deem safe for chest tube removal. ‘Other’ refers to weight-based threshold.

ital drainage systems. Of those who do not use digi-
tal drainage systems, cost was a major prohibitive factor.
Only a minority of the responders do not feel that digi-
tal drainage systems offer advantage over traditional sys-
tems. An economic evaluation performed by National In-
stitute for Health and Care Excellence (NICE) in the United
Kingdom estimated a cost-saving of £111 (Canadian Dol-
lars (CAD) $197, 133 Euros) per patient per hospital stay,
with savings mainly achieved through reduced length of
stay. With an estimated 6000 resections for lung cancer
performed in Canada each year, this may amount to at least
CAD $1,140,000 (766,610 Euros) of savings annually [16].
Another significantly variable aspect highlighted from our
survey is the use of external suction on chest tubes. The
ERAS guidelines asserts that routine application of exter-
nal suction offers no advantages and should be avoided
(low evidence level; strong recommendation) [8]. Most
surgeons who responded to the survey practice differently
from the guidelines and place chest tubes on external suc-
tion post-operatively. Furthermore, there is less of a con-
sensus in terms of the length of time off external suction
prior to removal, with a large proportion waiting 12–24 h

off suction prior to removal. The argument favouring suc-
tion application is that it promotes pleural apposition be-
tween the lung and the chest wall which is believed to help
seal air leak. Suction is also sometimes necessary to drain
large air leak causing substantial pneumothorax or subcuta-
neous emphysema. On the other hand, external suction in-
creases air flow from the lung parenchyma when an air leak
is present and may potentially worsen the extent or duration
of alveolo-pleural fistula. Various Randomized controlled
trials (RCTs) have been carried out in the past to compare
suction versus no suction, and themajority showed either no
difference in reducing incidence or duration of air leak, or a
modest advantage in the no suction groups, with exception
of one study who demonstrated external suction reduces the
rate of prolonged air leak after anatomic lung resection in
a subgroup analysis [3,17–20]. The conflicting evidence
and patient-dependent nature of the dilemma (i.e., presence
and degree of air leak) likely contribute to the variability
in practice. An individualized approach for application of
suction based on a patient’s predictive score for prolonged
air leak had previously been proposed [2].
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Fig. 3. Interest showed in participating in a new trial.

Another common point of contention in the post-operative
management of chest tubes is the fluid drainage threshold
below which chest tube removal is considered safe. There
is increasing evidence that chest tube removal at a drainage
volume higher than what has traditionally been accepted
(typically 100–200 mL/24 h) is safe. Cerfolio and Bryant
[7] reported removal of chest tube with drainage up to 450
mL/24 h resulted in few readmissions for symptomatic re-
current effusion after open lung resections. McKenna et al.
[21] demonstrated that removal of chest tube at threshold
of 300 mL in a 24-h period as part of a fast-tracking proto-
col after VATS resections was safe with no incidence of re-
insertion of chest tube for effusion. A more recent prospec-
tive cohort study demonstrated chest tubes removed at 500
mL/24 h following VATS lobectomy was associated with a
low reintervention rate [4].

ERAS guideline recommends that chest tubes should be
removed even if the daily serous effusion is of high vol-
ume at up to 450 mL/24 h (moderate evidence level; strong
recommendation) [8]. Interestingly, about a quarter of the
surgeons responding to the survey removed chest tubes re-
gardless of the output as long as there are no contraindica-
tions (i.e., no chylous or bloody drainage and/or air leak).

This was an unexpected finding as we had anticipated most
surgeons to be guided by a specific volume threshold. We
found that this practice was not influenced by the surgeon’s
number of years in practice, operative volumes, proportion
of lobectomies performed via minimally invasive vs open,
whether digital drainage system is used, and whether the
surgeon is aware of ERAS guideline. Of those who do re-
move chest tubes based on drainage volume, the majority
uses volumes lower than the maximal threshold set out by
ERAS, indicating that surgeons are still considerably con-
servative with regards to chest tube drainage.

On further analysis, we found that the majority of the sur-
geons were aware of the ERAS recommendation of remov-
ing chest tube at a threshold of 450 mL/24 h, but only half
of them follow the recommendation. Preference to continue
with current practice was the most commonly cited reason.
In particular, some surgeons referred to the pleural fluid
resorption physiology which is estimated as a fraction of
whole-body lymphatic flow, and felt that an individualized,
weight-based approach was more appropriate in determin-
ing chest tube removal. Some respondents were not con-
vinced by the evidence behind the guideline, while others
stated that they experienced adverse outcomes (i.e., devel-
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Fig. 4. Most common reasons for not following ERAS guidelines.

opment of symptomatic effusion post-removal) when the
guideline was followed. Whether the rate of adverse out-
come was anecdotal or higher than the rate reported in lit-
erature and the actual intervention rate is unclear. Of those
not aware of the ERAS guidelines, most would be interested
in following the guideline on chest tube removal.
Despite a more liberal approach set out by the ERAS guide-
lines with a higher fluid output limit compared to traditional
volumes, the threshold of 450 mL/h is ultimately arbitrarily
set in the limited literature available. We challenge the pre-
vailing concept that a fixed fluid output threshold is of clin-
ical significance and propose that the quality (serous versus
not) rather than quantity of chest tube output should be the
determinant in chest tube removal. Rather than focusing on
extending upper limit of what is considered a safe fluid out-
put threshold, we posit that it may be safe to remove chest
tubes regardless of the volume, provided there are no con-
traindications and no air leak in the last 24 hours. Mesa-
Guzman et al. [22] has shown in a retrospective single-
surgeon series where chest tubes were removed without
fluid volume criteria did not have significantly different re-
intervention rate compared to weight-based fluid volume
criterion. A randomized controlled study is required to fur-
ther support the safety of this practice, and a large number of
survey respondents were interested in a clinical trial study-

ing chest tube removal independent of drainage volume.
In the last years, several surgeons, taking a step forward,
questioned the need of routine use of chest tube after lung
surgery [23–27].
Blewett and colleagues [23] published in 2001 a retrospec-
tive study showing that an open lung biopsy without chest
tube insertion was safe, effective, and practicable as an out-
patient procedure. Satherley and colleagues [24] also re-
ported a reduced length of stay in patients undergoing min-
imally invasive lung biopsy without chest drains inserted
compared with those who received one. No major compli-
cations and minimal morbidity were observed in a series
of patients from Shanghai Pulmonary hospital undergoing
wedge resection [25].
Abdul Khader and colleagues [27] showed that on-table
chest tube removal decreases postoperative pain scores en-
abling a short length of hospital stay without any immediate
readmissions or need for interventions. However, despite
the promising results, studies with a large number of pa-
tients and long term follow up are lacking and therefore we
are not able so far to recommend tubeless lung surgery.
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Strengths and Limitations
One strength of this survey is the high response rate, con-
sidering that usually medical surveys gain response rates
between 10.3% and 61% [28]. Moreover, the inclusion of
several experienced surgeons practicing at different hospi-
tals across the country offers an updated and representative
real-life scenario on this subject.
However, this study has some limitations. Primarily, the
data reported are originated from a questionnaire and not
from an observation of current clinical practice. Therefore,
recollection bias could not be avoided. However, we tried
to counteract this bias inviting experienced surgeons in each
department and excluding the trainees. Secondly, even if
the response rate (44.4%) could be considered high, we still
missed 75 responses.

Conclusions
Chest tubes cause pain and inhibit pulmonary function. A
standardized, evidence-based approach to post-operative
chest tube management is essential for decreasing chest
tube duration while not compromising patient safety. Our
survey demonstrates ongoing variability in clinical practice
despite the publication of ERAS guidelines, in part likely
due to lack of high-level evidence behind some of the rec-
ommendations and resistance to paradigm shifts in current
practice. Furthermore, there remains room for optimiza-
tion in chest drain management, particularly surrounding
the use of a fluid threshold to dictate chest tube removal. A
randomized controlled study would be necessary to form
the evidence basis behind this concept and help provide
uniform, safe clinical practice in post-operative chest tube
management.

Availability of Data and Materials
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Author Contributions
FM: data curation, formal analysis, investigation, writing-
original draft, writing-review & editing. EL: data cura-
tion, investigation, writing-original draft, writing-review
& editing. HB: data curation, formal analysis, investiga-
tion, writing-review & editing. YS: conceptualization, data
curation, resources, software, supervision, writing-original
draft, writing-review & editing. All authors contributed to
important editorial changes in the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be ac-
countable for all aspects of the work.

Ethics Approval and Consent to Participate
Ethics committee approval was not required according to
the Hamilton Integrated Research Board’s regulation due
to the absence of patients’ data. Implied consent was pre-

sumed based on participant’s voluntary and anonymous re-
sponses. The study was conducted in accordance with the
Declaration of Helsinki.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Kheir F. Postoperative chest tube management for patients under-

going lobectomy: evidence-based practice. Journal of Thoracic Dis-
ease. 2018; 10: S4130–S4132.

[2] Rocco G, Brunelli A, Rocco R. Suction or Nonsuction: How toMan-
age a Chest TubeAfter Pulmonary Resection. Thoracic Surgery Clin-
ics. 2017; 27: 35–40.

[3] Brunelli A, Monteverde M, Borri A, Salati M, Marasco RD, Al Re-
fai M, et al. Comparison of water seal and suction after pulmonary
lobectomy: a prospective, randomized trial. The Annals of Thoracic
Surgery. 2004; 77: 1932–7; discussion 1937.

[4] Bjerregaard LS, Jensen K, Petersen RH, Hansen HJ. Early chest tube
removal after video-assisted thoracic surgery lobectomy with serous
fluid production up to 500 ml/day. European Journal of Cardio-
thoracic Surgery: Official Journal of the European Association for
Cardio-thoracic Surgery. 2014; 45: 241–246.

[5] LijkendijkM, Licht PB, NeckelmannK. Electronic versus traditional
chest tube drainage following lobectomy: a randomized trial. Euro-
pean Journal of Cardio-thoracic Surgery: Official Journal of the Eu-
ropean Association for Cardio-thoracic Surgery. 2015; 48: 893–8;
discussion 898.

[6] Brunelli A, Salati M, Refai M, Di Nunzio L, Xiumé F, Sabbatini
A. Evaluation of a new chest tube removal protocol using digital
air leak monitoring after lobectomy: a prospective randomised trial.
European Journal of Cardio-thoracic Surgery: Official Journal of the
European Association for Cardio-thoracic Surgery. 2010; 37: 56–60.

[7] Cerfolio RJ, Bryant AS. Results of a prospective algorithm to remove
chest tubes after pulmonary resection with high output. The Journal
of Thoracic and Cardiovascular Surgery. 2008; 135: 269–273.

[8] Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, Brunelli A,
Cerfolio RJ, Gonzalez M, et al. Guidelines for enhanced recov-
ery after lung surgery: recommendations of the Enhanced Recov-
ery After Surgery (ERAS®) Society and the European Society of
Thoracic Surgeons (ESTS). European Journal of Cardio-thoracic
Surgery: Official Journal of the European Association for Cardio-
thoracic Surgery. 2019; 55: 91–115.

[9] Okur E, Baysungur V, Tezel C, Sevilgen G, Ergene G, Gokce M, et
al. Comparison of the single or double chest tube applications af-
ter pulmonary lobectomies. European Journal of Cardio-thoracic
Surgery: Official Journal of the European Association for Cardio-
thoracic Surgery. 2009; 35: 32–32–5; discussion 35–6.

[10] Alex J, Ansari J, Bahalkar P, Agarwala S, Rehman MU, Saleh A, et
al. Comparison of the immediate postoperative outcome of using the
conventional two drains versus a single drain after lobectomy. The
Annals of Thoracic Surgery. 2003; 76: 1046–1049.

[11] Pompili C, Detterbeck F, Papagiannopoulos K, Sihoe A, Vachlas K,
Maxfield MW, et al. Multicenter international randomized compar-
ison of objective and subjective outcomes between electronic and



77 Ann. Ital. Chir., 96, 1, 2025

Yaron Shargall, et al.

traditional chest drainage systems. The Annals of Thoracic Surgery.
2014; 98: 490–490–6; discussion 496–7.

[12] Gilbert S, McGuire AL, Maghera S, Sundaresan SR, Seely AJ,
Maziak DE, et al. Randomized trial of digital versus analog pleu-
ral drainage in patients with or without a pulmonary air leak after
lung resection. The Journal of Thoracic and Cardiovascular Surgery.
2015; 150: 1243–1249.

[13] Cerfolio RJ, Bryant AS. The benefits of continuous and digital air
leak assessment after elective pulmonary resection: a prospective
study. The Annals of Thoracic Surgery. 2008; 86: 396–401.

[14] Wang H, Hu W, Ma L, Zhang Y. Digital chest drainage system
versus traditional chest drainage system after pulmonary resection:
a systematic review and meta-analysis. Journal of Cardiothoracic
Surgery. 2019; 14: 13.

[15] Rathinam S, Bradley A, Cantlin T, Rajesh PB. Thopaz Portable Suc-
tion Systems in Thoracic Surgery: an end user assessment and feed-
back in a tertiary unit. Journal of Cardiothoracic Surgery. 2011; 6:
59.

[16] Finley CJ, Bendzsak A, Tomlinson G, Keshavjee S, Urbach DR,
Darling GE. The effect of regionalization on outcome in pulmonary
lobectomy: a Canadian national study. The Journal of Thoracic and
Cardiovascular Surgery. 2010; 140: 757–763.

[17] AlphonsoN, Tan C, UtleyM, Cameron R, Dussek J, Lang-Lazdunski
L, et al. A prospective randomized controlled trial of suction versus
non-suction to the under-water seal drains following lung resection.
European Journal of Cardio-thoracic Surgery: Official Journal of the
European Association for Cardio-thoracic Surgery. 2005; 27: 391–
394.

[18] Cerfolio RJ, Bass C, Katholi CR. Prospective randomized trial com-
pares suction versus water seal for air leaks. The Annals of Thoracic
Surgery. 2001; 71: 1613–1617.

[19] Marshall MB, Deeb ME, Bleier JIS, Kucharczuk JC, Friedberg JS,
Kaiser LR, et al. Suction vs water seal after pulmonary resection: a
randomized prospective study. Chest. 2002; 121: 831–835.

[20] Leo F, Duranti L, Girelli L, Furia S, Billè A, Garofalo G, et al. Does
external pleural suction reduce prolonged air leak after lung resec-
tion? Results from the AirINTrial after 500 randomized cases. The
Annals of Thoracic Surgery. 2013; 96: 1234–1239.

[21] McKenna RJ, Jr, Mahtabifard A, Pickens A, Kusuanco D, Fuller
CB. Fast-tracking after video-assisted thoracoscopic surgery lobec-
tomy, segmentectomy, and pneumonectomy. The Annals of Tho-
racic Surgery. 2007; 84: 1663–1663–7; discussion 1667–8.

[22] Mesa-Guzman M, Periklis P, Niwaz Z, Socci L, Raubenheimer H,
Adams B, et al. Determining optimal fluid and air leak cut off values
for chest drain management in general thoracic surgery. Journal of
Thoracic Disease. 2015; 7: 2053–2057.

[23] Blewett CJ, Bennett WF, Miller JD, Urschel JD. Open lung biopsy
as an outpatient procedure. The Annals of Thoracic Surgery. 2001;
71: 1113–1115.

[24] Satherley LK, Luckraz H, Rammohan KS, Phillips M, Kulatilake
NEP, O’Keefe PA. Routine placement of an intercostal chest drain
during video-assisted thoracoscopic surgical lung biopsy unneces-
sarily prolongs in-hospital length of stay in selected patients. Euro-
pean Journal of Cardio-thoracic Surgery: Official Journal of the Eu-
ropean Association for Cardio-thoracic Surgery. 2009; 36: 737–740.

[25] Li Q, Jiang Y, Ding J, Li H, Zhang W, Chen H, et al. Chest tube-
free video-assisted thoracoscopic surgery secured by quantitative air
leak monitoring: a case series. Journal of Thoracic Disease. 2023;
15: 146–154.

[26] He J, Liu J, Zhu C, Dai T, Cai K, Zhang Z, et al. Expert consensus on
tubeless video-assisted thoracoscopic surgery (Guangzhou). Journal
of Thoracic Disease. 2019; 11: 4101–4108.

[27] Abdul Khader A, Pons A, Palmares A, Booth S, Proli C, De Sousa
P, et al. Are chest drains routinely required after thoracic surgery?
A drainology study of on-table chest-drain removals. JTCVS Open.
2023; 16: 960–964.

[28] Booker QS, Austin JD, Balasubramanian BA. Survey strategies to
increase participant response rates in primary care research studies.
Family Practice. 2021; 38: 699–702.

© 2025 The Author(s).

https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Statistical Analysis

	Results
	Demographics
	Chest Tube Management
	Chest Tube Removal
	Enhanced Recovery after Surgery

	Discussion
	Strengths and Limitations

	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

