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Minimizing length of stay after pulmonary resection
is important to avoid post operative complications and
promote optimal use of health care resources. Chest drain
duration is directly correlated with length of stay after
pulmonary resection (1). Air leak is the most common
complication after pulmonary resection which prolongs
duration of chest tube drainage leading to delays in
discharge (1-3). Although a persistent air leak is the most
common reason to defer removal of a chest drain, volume
of liquid drainage is the second factor considered prior to
removal of a chest drain.

The first randomized controlled trial (RCT) reporting
clinical outcomes from implementation of digital chest
drainage systems were reported in 2008 (4). Since then
11 more studies (5-15) and two meta-analyses (16,17)
have been conducted to evaluate the effectiveness of
these devices. The data in the literature has shown some
discrepancies, but as is intuitive, digital chest drainage
systems show a decreasing duration of chest drain and
length of stay but do not reduce duration of air leak. With
the ability to better detect the resolution of an air leak, the
volume of liquid drainage can become a limiting factor to
chest drain removal.

The acceptable threshold of liquid drainage in a 24-hour
period has been a point of controversy. In 2002, Younes
et al. did a prospective RCT using a maximum fluid
threshold of 200 mL in 24 hours (18). This was followed
by Zhang er al. in 2014 using a maximum of 300 mL (19)
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and then later Xie er 4/. using a maximum of 450 mL in
24 hours (20). Here we see a clear trend of increasing
volumes of liquid drainage thresholds being studied in
clinical trials over a 13-year period. More recently a meta-
analysis of chest drain removal with high-output which
included six retrospective and prospective studies following
protocolized post-operative care was conducted. This study
concludes chest drains can be removed early and with high
volume output with minimal need for re-intervention (21).

M - .
is a trademarked term to describe an

Drainology"
evidence-based approach to study chest drains. There is no
shortage of studies reporting on management of chest drains
many of which are done as well-designed RCTs often using
strict protocols (22). As RCTs promote an evidence-based
approach to the management of chest drains, it remains
important to also evaluate and explore implementation of
this evidence on thoracic units in a retrospective fashion.

Abdul Khader ez a/. present a 9-year retrospective
review of post-operative management of chest drains
using only air leak as the criteria for removal (ignoring
volume of liquid drainage) (23). Between 2012 and 2021,
797 patients underwent pulmonary resection, excluding
pneumonectomies and volume reduction surgery, by a single
surgeon. Air leak resolution was determined using digital
chest drainage systems and chest drains were removed
when the air leak was less than 20 mL/min for 6 hours
irrespective of the volume of liquid drainage, except in the
setting of blood or chyle. The median duration of drain was
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1 [1-2] day with a corresponding median length of stay of
4 [2-6] days. Pneumothorax after drain removal was
reported in 141 (17.7%) patients and pleural effusion in
75 (9.4%) patients. However, re-insertion of a chest drain
was only required in 17 (2.1%) patients. Although excluded
from the study, 107 patients (13.4%) had removal of the
chest drain in the operating theatre.

The retrospective nature of this study contributes
to the science of drain management by analyzing the
implementation of a digital chest drain management
pathway. Outside of a strict protocol required for an
RCT, chest drains were managed by multiple clinicians
(mainly surgical registrars) who were allowed to make
clinical decisions but instructed to remove the chest drain
when the air leak was resolved (ignoring the volume of
liquid drainage). Outcomes show a median duration of
chest drainage of 1 day and a low re-intervention rate
lending confidence that implementation of this study will
be successful on other thoracic surgery units and drain
management can be successfully delegated to multiple
members of the surgical team.

The relatively high incidence of pneumothorax and
pleural effusion after removal of chest drains suggests
adverse events were well captured. Most interesting is the
very low re-intervention rate (2.1%) despite a relatively high
incidence of post drain removal pneumothorax (17.7%) and
pleural effusion (9.4%). There are several considerations
that can be derived from this data. The first is that the
pneumothoraces experienced by the patients were not
clinically significant. Brown et al have published a multi-
center RCT for management of first primary spontaneous
pneumothorax presenting to emergency departments.
This study showed that irrespective of X-ray findings
spontaneous pneumothorax can be managed without
drainage in an asymptomatic patient (24). Although, not
within the power of this study, when taken in context of the
ample literature supporting digital drainage systems (4-17),
one could consider digital drainage systems may accurately
rule out clinically significant air leaks that would lead to
re-insertion of a drain if it was pre-maturely removed.
The second which is one of the aims of this study is that
volume of liquid drainage does not predict the occurrence
of a symptomatic pleural effusion. And, lastly when clinical
factors are integrated into assessment of an X-ray, many
patients can avoid the discomfort of re-inserting a chest
drain and prolonged chest tube drainage.

Although not included in the study cohort, 107 (9.0%)
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patients in the initial data set had their chest drain removed
in the operating theater. If an air leak can be ruled out at
the end of an operation and volume of liquid drainage is
not a factor, some patients do not require a chest drain after
the air in the hemithorax has been evacuated, and therefore
this is not a factor limiting discharge and they can avoid the
discomfort of having the drain i situ.

Lung surgery necessitates the need to manage chest
drains. The continued study of the science of Drainology™
using both well controlled RCTs and reporting of
institution-level retrospective data sets is essential to
optimize drain management, avoid adverse events, avoid
unnecessary interventions and reduce length of stay. Future
work considering in-theater removal of chest drains and
evidence-based management of adverse events after tube
removal will further advance this science.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Fournal of Thoracic Disease. The article
did not undergo external peer review.

Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-23-1433/coif). D.F. reports
he has been a consult for AstraZenenca. The author has no
other conflicts of interest to declare.

Ethical Starement: The author is accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

7 Thorac Dis 2023;15(11):5885-5888 | https://dx.doi.org/10.21037/jtd-23-1433


https://jtd.amegroups.com/article/view/10.21037/jtd-23-1433/coif
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1433/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Thoracic Disease, Vol 15, No 11 November 2023

References

1.

10.

11.

© Journal of Thoracic Disease. All rights reserved.

Brunelli A, Monteverde M, Borri A, et al. Predictors

of prolonged air leak after pulmonary lobectomy. Ann
Thorac Surg 2004;77:1205-10; discussion 1210.

Stéphan F, Boucheseiche S, Hollande J, et al. Pulmonary
complications following lung resection: a comprehensive
analysis of incidence and possible risk factors. Chest
2000;118:1263-70.

Isowa N, Hasegawa S, Bando T| et al. Preoperative

risk factors for prolonged air leak following lobectomy
or segmentectomy for primary lung cancer. Eur J
Cardiothorac Surg 2002;21:951.

Cerfolio R], Bryant AS. The benefits of continuous

and digital air leak assessment after elective pulmonary
resection: a prospective study. Ann Thorac Surg
2008;86:396-401.

Brunelli A, Salati M, Refai M, et al. Evaluation of a

new chest tube removal protocol using digital air leak
monitoring after lobectomy: a prospective randomised
trial. Eur J Cardiothorac Surg 2010;37:56-60.

Filosso PL, Ruffini E, Solidoro P, et al. Digital air
leak monitoring after lobectomy for primary lung
cancer in patients with moderate COPD: can a
fast-tracking algorithm reduce postoperative costs
and complications? ] Cardiovasc Surg (Torino)
2010;51:429-33.

Bertolaccini L, Rizzardi G, Filice MJ, et al. 'Six sigma
approach' - an objective strategy in digital assessment of
postoperative air leaks: a prospective randomised study.
Eur J Cardiothorac Surg 2011;39:¢128-e132.

Pompili C, Detterbeck F, Papagiannopoulos K, et al.
Multicenter international randomized comparison of
objective and subjective outcomes between electronic
and traditional chest drainage systems. Ann Thorac Surg
2014;98:490-6; discussion 496-7.

Filosso PL, Nigra VA, Lanza G, et al. Digital versus
traditional air leak evaluation after elective pulmonary
resection: a prospective and comparative mono-
institutional study. ] Thorac Dis 2015;7:1719-24.

Cho HM, Hong Y], Byun CS, et al. The usefulness

of Wi-Fi based digital chest drainage system in the
post-operative care of pneumothorax. J Thorac Dis
2016;8:396-402.

Lijkendijk M, Licht PB, Neckelmann K. Electronic versus
traditional chest tube drainage following lobectomy: a
randomized trial. Eur J Cardiothorac Surg 2015;48:893-8;
discussion 898.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

5887

Gilbert S, McGuire AL, Maghera S, et al. Randomized
trial of digital versus analog pleural drainage in patients
with or without a pulmonary air leak after lung resection. J
Thorac Cardiovasc Surg 2015;150:1243-9.

Plourde M, Jad A, Dorn P, et al. Digital Air Leak
Monitoring for Lung Resection Patients: A Randomized
Controlled Clinical Trial. Ann Thorac Surg
2018;106:1628-32.

Marulli G, Comacchio GM, Nosotti M, et al. Multicenter
randomized study on the comparison between

electronic and traditional chest drainage systems. Trials
2019;20:730.

Mendogni P, Tosi D, Marulli G, et al. Multicenter
randomized controlled trial comparing digital and
traditional chest drain in a VATS pulmonary lobectomy
cohort: interim analysis. ] Cardiothorac Surg 2021;16:188.
Wang H, Hu W, Ma L, et al. Digital chest drainage system
versus traditional chest drainage system after pulmonary
resection: a systematic review and meta-analysis. J
Cardiothorac Surg 2019;14:13.

Zhou L, Guo K, Shang X, et al. Advantages of applying
digital chest drainage system for postoperative
management of patients following pulmonary resection:
a systematic review and meta-analysis of 12 randomized
controlled trials. Gen Thorac Cardiovasc Surg
2023;71:1-11.

Younes RN, Gross JL, Aguiar S, et al. When to remove

a chest tube? A randomized study with subsequent
prospective consecutive validation. J] Am Coll Surg
2002;195:658-62.

Zhang Y, Li H, Hu B, et al. A prospective randomized
single-blind control study of volume threshold for

chest tube removal following lobectomy. World J Surg
2014;38:60-7.

Xie HY, Xu K, Tang JX, et al. A prospective randomized,
controlled trial deems a drainage of 300 ml/day safe
before removal of the last chest drain after video-assisted
thoracoscopic surgery lobectomy. Interact Cardiovasc
Thorac Surg 2015;21:200-5.

Zhu J, Xia X, Li R, et al. Efficacy and safety of early chest
tube removal after selective pulmonary resection with
high-output drainage: A systematic review and meta-
analysis. Medicine (Baltimore) 2023;102:e33344.

French DG, Plourde M, Henteleff H, et al. Optimal
management of postoperative parenchymal air leaks. J
Thorac Dis 2018;10:53789-98.

Abdul Khader A, Pons A, Palmares A, et al. Outcomes

7 Thorac Dis 2023;15(11):5885-5888 | https://dx.doi.org/10.21037/jtd-23-1433



5888 French. Contributing Drainology: remove chest drains based on air leak alone

of chest drain management using only air leak (without 24. Brown SGA, Ball EL, Perrin K, et al. Conservative versus
fluid) criteria for removal after general thoracic surgery-a Interventional Treatment for Spontaneous Pneumothorax.
drainology study. ] Thorac Dis 2023;15:3776-82. N Engl ] Med 2020;382:405-15.

Cite this article as: French D. Contributing to Drainology:
removing chest drains after pulmonary resection based on air
leak alone. ] Thorac Dis 2023;15(11):5885-5888. doi: 10.21037/jtd-
23-1433

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2023;15(11):5885-5888 | https://dx.doi.org/10.21037/jtd-23-1433



