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Abstract: This review documents the relationships between enhanced recovery after surgery (ERAS)
pathways, chest tube management and patient outcomes following lung resection surgery. ERAS pathways
have been introduced to mitigate the harmful stress response that occurs following all major surgery,
including lung resection. Improvements to the entire patient pathway, from the preoperative admission
clinic through to discharge and beyond, can have additive or synergistic effects and result in improved
patient outcomes, reduced length of stay and lower costs. At the same time, there are some key care elements
that appear to be more important than others. In the postoperative period, early removal of chest tubes,
early mobilization, and limited use of opioids are all independently important factors. These elements of
care are all intertwined. Therefore, a focus on proactive chest tube management with the abandonment of
conservative chest tube strategies should be a focus of postoperative ERAS pathways. This can be achieved
with single tubes, no routine suction, the use of digital drainage systems, and removal of tubes even in the
presence of relatively high serous pleural fluid outputs. The goals of early mobilization and opioid-sparing
analgesia are more readily achieved once a chest tube has been removed. The result is superior patient

outcomes with significantly fewer complications.
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Introduction

The Enhanced Recovery After Surgery (ERAS) Society/
European Society of Thoracic Surgeons (ESTS) guidelines
for enhanced recovery after lung surgery have 45
recommendations covering 21 areas of peri-operative care (1).
While there has been criticism that these guidelines are too
complicated, they have nevertheless been welcomed and
have been validated (2). Some have questioned whether so
many recommendations are required when it may be more
attractive to focus on just a few key care elements necessary for
improved outcomes (3). The reality is that both approaches (the
“aggregation of marginal gains” approach and the “key care
elements” approach) are true. Two studies have demonstrated
that increasing compliance with an ERAS pathway after lung
cancer surgery is associated with less morbidity and a lower

likelihood of delayed discharge (4,5). At the same time, several
care elements have been identified as independent predictors
of better outcomes: carbohydrate loading; a video-assisted
thoracic surgery (VATS) approach; early mobilization; early
cessation of opioids; and, in the context of this paper, early
chest tube removal.

Chest tubes cause pain and inhibit pulmonary function,
irrespective of the surgical approach (6). Immobility and
its deleterious effects are often seen as a consequence of
conservative chest tube management strategies. Proactive
chest tube management is therefore an integral and
important part of ERAS pathways and crucial to optimizing
outcomes, influencing both the speed of recovery and
the length of hospital stay. Other ERAS care elements
are intertwined with chest tube management and include

A ORCID: 0000-0003-4103-6061.

© Journal of Thoracic Disease. All rights reserved.

7 Thorac Dis 2023;15(2):901-908 | https://dx.doi.org/10.21037/jtd-22-1373


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-22-1373

902

pain relief (and opioid management), postoperative nausea
and vomiting (PONYV) control and early mobilization.
This review aims to examine the relationships between
ERAS pathways, chest tube management and patient
outcomes following routine lung resection surgery and
applies to virtually all cases of sublobar and lobar resection.
Pneumonectomy, the complex pleural space and massive
air leak/surgical emphysema may require a more tailored
approach.

Enhanced recovery after surgery

Lung cancer surgery is a traumatic surgical intervention,
causing damage to nerve, muscle and bone. It also involves
the removal of functional lung tissue. The extent of lung
resection is an important factor in determining the risk
of postoperative morbidity and mortality and central
to all guidelines on determining fitness for surgery. In
common with other major surgeries, there is an associated
homeostatic disturbance and a surgical stress response. A
neuro-humoral response occurs following activation of the
hypothalamic-pituitary-adrenal axis and the sympathetic
nervous system. It is characterized by a rise in circulating
glucocorticoids, catecholamines and glucagon, and it
is mediated by afferent nerve impulses and cytokines
released from the surgical site. The result is whole body
catabolism, increased oxygen demand and hyperglycemia
(7,8). Hyperglycemia itself develops because of a multitude
of factors including insulin resistance. The consequences
of these processes can be harmful. Catabolism is associated
with loss of protein (e.g., from muscle) and cellular
dysfunction, while insulin resistance is associated with
impaired cellular function at the injury site (9).

ERAS pathways aim to mitigate this harmful stress
response and focus on the quality of a patient’s recovery (10).
Multiple evidence-based interventions or care elements are
introduced through the entire patient pathway, covering
the four key phases of a patient’s journey: pre-admission,
admission, intra-operative and post-operative. At the
same time, interventions that are dogmatic, unnecessary,
or harmful (e.g., fasting, excessive opioids, enforced
immobility) are removed from the pathway. For example,
carbohydrate loading can reduce insulin resistance while
optimal pain control can reduce the endocrine stress
response. The net result should be a quicker recovery from
surgery, a more rapid restoration of normal function and a
reduction in complications. This is particularly important
for patients undergoing lung cancer surgery.

© Journal of Thoracic Disease. All rights reserved.

Batchelor. ERAS and chest tube management

The combination of surgical trauma and resection
of vital functional tissue, often against a background of
deconditioning, chronic obstructive pulmonary disease
(COPD) and other comorbidities, means that lobectomy
for lung cancer is associated with significant complications
in up to 44% of cases (11). Complications lead to delayed
recovery, poorer long-term outcomes, and higher costs.
Long-term survival is also reduced, and this effect is
more pronounced for more serious complications (12).
Quality of life and functional decline appear to be affected
by the length of hospital stay rather than the complication
itself (13).

While fast-track protocols have previously been
described in thoracic surgery and appeared to show an
improvement in patient outcomes, specific ERAS pathways
for lung cancer surgery have now been published (2,4,14-18)
and consistently demonstrate improvements in complication
rates, length of stay, readmission rates and costs. A recent
meta-analysis has confirmed the benefits of ERAS pathways
in this group of patients (19). There are also demonstrable
benefits in other metrics following surgery, including opioid
use in hospital and subsequently following discharge (16,18).
This has clear implications for the rising opioid epidemic
seen in many countries (20).

Chest tube management

A chest tube or drain is necessary for most cases following
lung resection. It is a “necessary evil”. They are painful
and can limit mobility. Pain is both musculoskeletal and
neuropathic in nature. “Drain pain” can have several knock-
on effects:

(I) Inadequate provision of analgesia may exacerbate
an already compromised respiratory status and
respiratory failure can occur due to painful
splinting of the chest. Furthermore, an inadequate
cough response can cause retained secretions and
ultimately pneumonia.

(II) Increased opioid requirements can cause gut stasis
and constipation, PONV] sedation and suppression
of ventilation.

(IIT) Pain and the side effects of opioid analgesia can
also contribute to immobility.

Immobility and its deleterious effects may be the result
of “drain pain” and/or the side effects of the analgesics
required to control the pain. Alternatively, conservative
chest tube management strategies such as routine wall
suction applied to an underwater seal may keep a patient

7 Thorac Dis 2023;15(2):901-908 | https://dx.doi.org/10.21037/jtd-22-1373



Journal of Thoracic Disease, Vol 15, No 2 February 2023

903

Table 1 Recommendations for chest tube management following routine lung resection in an ERAS pathway

Care element Recommendation

Number of chest tubes 1 rather than 2

Chest tube size No recommendation
Routine application of suction

Digital drainage system

Not required as there appears to be no advantage

Recommended as reduces inter-observer variability

ERAS, enhanced recovery after surgery.

anchored to the bedside.

Chest tube management should be approached in an
evidence-based way and conservative removal strategies
abandoned (see 1able I). This should facilitate early chest
tube removal, better pain and PONV control, improved
mobility, and better patient outcomes.

Number of chest tubes

Historically, two chest tubes have been used to drain the
pleural space after lobectomy, one at the apex to drain air
and another at the base to drain fluid. Several randomized
trials and a recent meta-analysis have demonstrated that the
use of a single chest tube is safe and effective. A single chest
tube is associated with less pain and reduced chest tube
duration without increasing the risk of recurrent effusion
(21-23). For routine cases, therefore, a single tube should
be used instead of two after anatomical lung resection.

Chest tube size

There are no good studies analyzing the impact of chest
tube size after lung resection. Trials on the treatment
of thoracic empyema (24), and a randomized trial in
malignant pleural effusion (25), have demonstrated that
using small caliber chest tubes is associated with less pain
while remaining as effective as larger caliber tubes. While
it may be intuitive to recommend small caliber chest tubes
to reduce drain pain after lung resection, given that many
thoracic surgeons routinely use tubes with a caliber of 24 F
or less, it is difficult to make a firm recommendation in the
absence of direct evidence.

Application of suction

In theory, external suction applied to a chest tube promotes
the apposition of pleural surfaces. This was thought to be
important in facilitating the sealing of air leaks or ensuring
adequate drainage of larger air leaks. However, concerns
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have been raised that bedside suction limits patient
mobilization (by anchoring the patient to the bed space) and
may actually potentiate air leak duration. Furthermore, the
application of suction effects the Starling forces experienced
across the pleural membranes and will lead to an increase in
pleural fluid production (26).

A number of randomized clinical trials (RCTs) have
been conducted comparing suction versus no suction in
the postoperative period. Several systematic reviews have
subsequently addressed whether external suction or its
absence has a beneficial effect on clinical outcomes (27-30).
The evidence is conflicting. There does not appear to be
an advantage to the routine application of external suction
(typically =20 cmH,O or -2 kPa) in terms of shortening the
duration of air leak, chest drainage or length of stay. Since
wall suction limits patient mobility, its routine application
should therefore be avoided.

The era of digital chest drainage systems has allowed
even lower levels of suction to be applied than can be
achieved with a standard underwater seal. It should be
appreciated that an underwater seal does not generate “no
suction”. An underwater seal will generate suction at the tip
of the chest tube by virtue of the weight of the column of
fluid in the drainage system (26), and it has been shown that
the intrapleural pressure following lobectomy managed with
an underwater seal varies between -13 and -20 cmH,O (31).
One RCT has demonstrated that setting the level of suction
to -2 emH,0 (-0.2 kPa) using a digital drainage device
immediately after VATS lobectomy significantly reduces air
leak duration, pleural fluid production and overall length
of hospital stay (32). While these results are impressive and
back up previous studies that increasing suction potentiates
air leaks and increases pleural fluid production, further
studies are required to corroborate these findings.

Digital drainage systems

Digital drainage systems are now widely available and
would appear to have several advantages over a traditional
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Table 2 Recommendations for chest tube removal following routine lung resection

Chest tube drainage

Recommendation for tube removal

Pleural fluid drainage <450-500 mL/24 hours
Air leak

Nature of fluid

No air leak in previous 6-12 hours

Serous/hemoserous (no evidence of chyle, pus or active bleeding)

water seal. They are light, compact and have a built-
in suction pump with the ability to maintain a regulated
suction pressure. As such, they do not need to be attached
to bedside wall suction should suction be required, favoring
early patient mobilization. They are also able to objectively
quantify the volume of air leak and pleural fluid production.
The ability to store information and display trends of air
leak and fluid output over time allows more informed
decision-making about chest tube removal and reduces
inter-observer and clinical practice variability (33).

A meta-analysis has compared digital and conventional
chest drainage systems (34). Overall, digital systems are
associated with reduced chest tube time, air leak duration,
length of stay and costs, potentially as a consequence
of more informed and less variable decision-making.
Therefore, the use of digital drainage systems is to be
recommended as they remove variability in clinical decision-
making and facilitate early mobilization while positively
influencing patient outcomes. There is also evidence
that “ultralow” levels of suction (i.e., levels of suction not
achievable with an underwater seal where the height of the
column of fluid will determine the negative pressure exerted
on the pleural space) reduce air leak duration and pleural
fluid output as described in the previous section (32). These
very low levels of suction can only be achieved with digital
drainage systems.

Pleural fluid drainage

Tradition dictates that the amount of pleural fluid output
observed daily determines the timing of chest tube removal,
assuming the absence of air leak, chyle leak, bleeding or the
development of empyema. Many surgeons have accepted
low and arbitrary cut off values (typically 200 mL/day) as
a threshold only below which it is safe to remove a chest
tube. More aggressive chest tube removal strategies within
fast-track programs have been shown to be safe. In one
study, a non-chylous fluid threshold of 450 mL/day after
thoracotomy was associated with only a 0.55% readmission
rate for recurrent symptomatic pleural effusion (35). In
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another, a higher threshold of 500 mL/day following VATS
lobectomy resulted in an incidence of clinically relevant
recurrent effusions (needing drainage or aspiration) in
only 2.8% of patients (36). Therefore, it appears to be safe
to remove chest tubes if the daily effusion is of a higher
volume than traditionally accepted (up to 450 mL/24 hours)
so long as there is no evidence of air leak, chyle, pus or
active bleeding. Some surgeons are happy to tolerate even
higher levels of pleural fluid output than this or disregard
pleural fluid output volumes altogether, but currently we do
not have the evidence to support this.

Timing of chest tube removal

Chest tubes often remain iz situ for long periods of
time, particularly after anatomical lung resection, due to
anxieties about early removal and the need for chest tube
reinsertion. Indeed, the need for reinsertion of a chest tube
could be perceived as a failure in management. However,
the evidence around chest tube management suggests that
more aggressive strategies are associated with better patient
outcomes. Therefore, a chest tube can be removed when
there is no air leak (typically within the last 6-12 hours) with
pleural fluid output of <450-500 mL in the last 24 hours
providing there is no evidence of chyle, pus or active
bleeding (see Table 2). Consequently, tube removal on
the first postoperative day is reasonable and will almost
certainly result in better objective outcomes (e.g., length of
stay, opioid use) as well as patient-reported outcomes (pain,
quality of life, overall postoperative experience). Indeed, this
has been taken a step further with safe chest tube removal
on day 0 following VAT'S anatomical lung resection so long
as there was no air leak (37). This resulted in significantly
less opioid use and a shorter length of stay.

Is a chest tube required?

Chest tubes are placed at the end of a thoracic procedure
to drain air, pleural fluid and blood and to facilitate re-
expansion of the operated lung. There has been interest in
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omitting a chest tube following some VATS cases, usually
lung biopsy, wedge resection or mediastinal surgery (e.g.,
thymectomy). In theory, this should have a beneficial effect
on the patient as there will be an absence of drain pain. Two
recent systematic reviews and meta-analyses would seem
to confirm this (38,39). Patients without tubes experienced
less pain and shorter length of stay but were more likely
to require chest tube insertion or thoracentesis. Some of
the studies included were observational with risk of bias.
Consequently, although it is likely the omission of chest
tubes in selected cases will be beneficial, further trials are
required to better define this patient group.

Early mobilization

After thoracic surgery, the presence of a chest tube is an
important barrier to early mobilisation. Other barriers,
including urinary catheters and intravenous fluids, also
anchor patients to their bed space. Drain pain with
inadequate pain and nausea control disempowers and deters
patients and limits their ability to mobilise.

Reduced mobility and activity results in physical
deconditioning, diminished muscle mass and functional
decline. This leads to an increased risk of complications
including atelectasis, pneumonia and VTE. This risk is
magnified by the stress of surgery (40). Early mobilisation is
an intuitive component of ERAS and is meant to counteract
the harmful effects of immobility.

Systematic reviews have failed to demonstrate benefits
of early mobilisation on postoperative outcomes, mainly
due to the poor quality of included studies and conflicting
results (41,42). Nevertheless, postoperative immobility is
reported as a significant risk factor for ERAS deviation and
prolonged length of stay following colorectal surgery (43),
and it is associated with increased morbidity and length of
stay following lung cancer resection (4,5). One particular
ERAS protocol following VATS lobectomy has had
impressive results by focusing on early and aggressive
mobilisation strategies, including ambulation within one
hour of surgery (15).

Patients should be mobilised as soon as possible, ideally
on the day of surgery and certainly within 24 hours of
surgery, to avoid the deleterious effects of bed rest. The
ongoing presence of a chest tube can deter patients from
mobilising and so should be removed as soon as possible.
Other barriers to mobilization, such as inadequate pain
and nausea control or the presence of urinary catheters and
intravenous fluids, can be mitigated using ERAS protocols.

© Journal of Thoracic Disease. All rights reserved.
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Pain relief

Postoperative pain is often severe and can be due to peripheral
nerve damage, muscle injury, fractured ribs, or injury to
the intercostal nerves. Intercostal nerve injury appears
to be the most important factor in its pathogenesis (44).
Indwelling chest tubes may cause ongoing irritation of the
pleura or intercostal bundles.

An enhanced recovery pathway for thoracic surgery must
combine multiple interventions including a standardized
multimodal analgesic strategy that should allow for early
mobilization to reduce the risk of pulmonary complications.
Other important interventions include patient education,
minimally invasive surgery and early chest tube removal.

Pain relief pathways should include multimodal enteral
and parenteral analgesia with regional analgesia or local
anesthetic techniques while attempting to avoid opioids and
their side effects. Recommendations following lung cancer
surgery include regional anesthesia (preferably without
thoracic epidural), acetaminophen in combination with
non-steroidal anti-inflammatory drugs, glucocorticoids and
ketamine (1). Other potential adjuncts, such as liposomal
bupivacaine and the prophylactic use of gabapentinoids, are
subject to ongoing studies. Opioids have well-documented
acute effects (nausea, constipation, sedation, depressed
ventilation and suppression of coughing) which may affect
a patient’s ability to achieve ERAS targets such as PONV
control, early mobilization and a quick return to oral
diet. In the longer-term, they may adversely affect cancer
survival (20).

Adoption of ERAS pathways has been shown to reduce
the need for opioids both in-hospital (16,18) and following
discharge (16). Furthermore, early removal of chest tubes
and subsequent early omission of opioids are independently
associated with better patient outcomes within an ERAS

pathway (5).

Conclusions

Early mobilization and opioid-sparing analgesia are
important goals of ERAS pathways. The management of
chest tubes following lung resection is intertwined with
these goals and other ERAS care elements. Chest tubes
are painful and inhibit the functional recovery of a patient.
According to ERAS principles, chest tube management
should be approached in an evidence-based way and
conservative removal strategies abandoned. Patients are
less likely to have pain, immobility or opioid-induced side
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effects such as nausea. This results in improved outcomes
including fewer complications, a shorter length of stay and
a better overall recovery.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editors (Roberto Crisci, Alessandro Brunelli,
Florian Augustin, Francesco Zaraca) for the series
“Prolonged Air Leak after Lung Surgery: Prediction,
Prevention and Management” published in Fournal of
Thoracic Disease. The article has undergone external peer
review.

Peer Review File: Available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1373/prf

Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-22-1373/coif). The special
series “Prolonged Air Leak after Lung Surgery: Prediction,
Prevention and Management” was sponsored by Bard
Limited. Bard Limited has no interference on the contents
of the special series. TJPB received consulting fees from
BMS, BD, AstraZeneca, Johnson & Johnson, and received
honoraria for lectures from Medtronic, Johnson & Johnson,
BD, AstraZeneca. The author has no other conflicts of
interest to declare.

Ethical Statement: 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/.

© Journal of Thoracic Disease. All rights reserved.

Batchelor. ERAS and chest tube management

References

1. Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, et
al. Guidelines for enhanced recovery after lung surgery:
recommendations of the Enhanced Recovery After
Surgery (ERAS®) Society and the European Society of
Thoracic Surgeons (ESTS). Eur J Cardiothorac Surg
2019;55:91-115.

2. Haro GJ, Sheu B, Marcus SG, et al. Perioperative
Lung Resection Outcomes After Implementation of
a Multidisciplinary, Evidence-based Thoracic ERAS
Program. Ann Surg 2021;274:e1008-13.

3. Petersen RH, Huang L, Kehlet H. Guidelines for
enhanced recovery after lung surgery: need for re-analysis.
Eur J Cardiothorac Surg 2021;59:291-2.

4. Rogers L], Bleetman D, Messenger DE, et al. The impact
of enhanced recovery after surgery (ERAS) protocol
compliance on morbidity from resection for primary lung
cancer. ] Thorac Cardiovasc Surg 2018;155:1843-52.

5. Forster C, Doucet V, Perentes JY, et al. Impact of
Compliance With Components of an ERAS Pathway on
the Outcomes of Anatomic VAT'S Pulmonary Resections. J
Cardiothorac Vasc Anesth 2020;34:1858-66.

6. Refai M, Brunelli A, Salati M, et al. The impact of
chest tube removal on pain and pulmonary function
after pulmonary resection. Eur J Cardiothorac Surg
2012;41:820-2; discussion 823.

7. Desborough JP. The stress response to trauma and surgery.
Br J Anaesth 2000;85:109-17.

8. Kehlet H. Fast-track surgery-an update on physiological
care principles to enhance recovery. Langenbecks Arch
Surg 2011;396:585-90.

9. Gillis C, Carli F. Promoting Perioperative Metabolic and
Nutritional Care. Anesthesiology 2015;123:1455-72.

10. Ljungqvist O, Scott M, Fearon KC. Enhanced Recovery
After Surgery: A Review. JAMA Surg 2017;152:292-8.

11. Lim E, Batchelor TJP, Dunning ], et al. Video-Assisted
Thoracoscopic or Open Lobectomy in Early-Stage Lung
Cancer. NEJM Evid 2022;1.

12. Andalib A, Ramana-Kumar AV, Bartlett G, et al. Influence
of postoperative infectious complications on long-term
survival of lung cancer patients: a population-based cohort
study. ] Thorac Oncol 2013;8:554-61.

13. Grigor EJM, Ivanovic ], Anstee C, et al. Impact of
Adverse Events and Length of Stay on Patient Experience
After Lung Cancer Resection. Ann Thorac Surg
2017;104:382-8.

14. Forster C, Doucet V, Perentes JY, et al. Impact of an

7 Thorac Dis 2023;15(2):901-908 | https://dx.doi.org/10.21037/jtd-22-1373


https://jtd.amegroups.com/article/view/10.21037/jtd-22-1373/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-22-1373/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-22-1373/coif
https://jtd.amegroups.com/article/view/10.21037/jtd-22-1373/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Thoracic Disease, Vol 15, No 2 February 2023

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

enhanced recovery after surgery pathway on thoracoscopic
lobectomy outcomes in non-small cell lung cancer patients:
a propensity score-matched study. Transl Lung Cancer Res
2021;10:93-103.

Khandhar SJ, Schatz CL, Collins DT, et al. Thoracic
enhanced recovery with ambulation after surgery: a 6-year
experience. Eur J Cardiothorac Surg 2018;53:1192-8.

Razi SS, Stephens-McDonnough JA, Haq S, et al.
Significant reduction of postoperative pain and opioid
analgesics requirement with an Enhanced Recovery After
Thoracic Surgery protocol. ] Thorac Cardiovasc Surg
2021;161:1689-701.

Van Haren RM, Mehran R], Mena GE, et al.

Enhanced Recovery Decreases Pulmonary and Cardiac
Complications After Thoracotomy for Lung Cancer. Ann
Thorac Surg 2018;106:272-9.

Martin LW, Sarosiek BM, Harrison MA, et al.
Implementing a Thoracic Enhanced Recovery Program:
Lessons Learned in the First Year. Ann Thorac Surg
2018;105:1597-604.

Khoury AL, McGinigle KL, Freeman NL, et al. Enhanced
recovery after thoracic surgery: Systematic review and
meta-analysis. JTCVS Open 2021;7:370-91.

Batchelor TJP. Commentary: Enhanced recovery and
postoperative opioid use: Good for the patient, good for
society? ] Thorac Cardiovasc Surg 2021;161:1703-4.
Alex J, Ansari J, Bahalkar P, et al. Comparison of

the immediate postoperative outcome of using the
conventional two drains versus a single drain after
lobectomy. Ann Thorac Surg 2003;76:1046-9.
Goémez-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;29:562-6.

You J, Zhang H, Li W, et al. Single versus double chest
drains after pulmonary lobectomy: a systematic review and
meta-analysis. World J Surg Oncol 2020;18:175.

Rahman NM, Maskell NA, Davies CW, et al. The
relationship between chest tube size and clinical outcome
in pleural infection. Chest 2010;137:536-43.

Rahman NM, Pepperell ], Rehal S, et al. Effect of Opioids
vs NSAIDs and Larger vs Smaller Chest Tube Size on Pain
Control and Pleurodesis Efficacy Among Patients With
Malignant Pleural Effusion: The TIME1 Randomized
Clinical Trial. JAMA 2015;314:2641-53.

Miserocchi G, Beretta E. Anatomy and Physiology of

the Pleura. In: Kuzdzal J, Asamura H, Detterbeck FC, et
al. editors. ESTS Textbook of thoracic surgery. Krakow:

© Journal of Thoracic Disease. All rights reserved.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

907

Medycyna Praktyczna, 2014.

Gao S, Zhang Z, Aragén J, et al. The Society for
Translational Medicine: clinical practice guidelines for

the postoperative management of chest tube for patients
undergoing lobectomy. ] Thorac Dis 2017;9:3255-64.
Deng B, Tan QY, Zhao YP, et al. Suction or non-suction to
the underwater seal drains following pulmonary operation:
meta-analysis of randomised controlled trials. Eur J
Cardiothorac Surg 2010;38:210-5.

Qiu T, Shen Y, Wang MZ, et al. External suction versus
water seal after selective pulmonary resection for lung
neoplasm: a systematic review. PLoS One 2013;8:e68087.
Coughlin SM, Emmerton-Coughlin HM, Malthaner R.
Management of chest tubes after pulmonary resection:

a systematic review and meta-analysis. Can J Surg
2012;55:264-70.

Refai M, Brunelli A, Varela G, et al. The values of
intrapleural pressure before the removal of chest tube

in non-complicated pulmonary lobectomies. Eur J
Cardiothorac Surg 2012;41:831-3.

Holbek BL, Christensen M, Hansen HJ, et al. The effects
of low suction on digital drainage devices after lobectomy
using video-assisted thoracoscopic surgery: a randomized
controlled trialt. Eur J Cardiothorac Surg 2019;55:673-81.
Varela G, Jiménez MF, Novoa NM, et al. Postoperative
chest tube management: measuring air leak using an
electronic device decreases variability in the clinical
practice. Eur ] Cardiothorac Surg 2009;35:28-31.

Zhou J, Lyu M, Chen N, et al. Digital chest drainage is
better than traditional chest drainage following pulmonary
surgery: a meta-analysis. Eur ] Cardiothorac Surg
2018;54:635-43.

Cerfolio R], Bryant AS. Results of a prospective algorithm
to remove chest tubes after pulmonary resection with high
output. ] Thorac Cardiovasc Surg 2008;135:269-73.
Bjerregaard LS, Jensen K, Petersen RH, et al. Early

chest tube removal after video-assisted thoracic surgery
lobectomy with serous fluid production up to 500 ml/day.
Eur ] Cardiothorac Surg 2014;45:241-6.

Pfeuty K, Lenot B. Early postoperative day 0 chest

tube removal using a digital drainage device protocol

after thoracoscopic major pulmonary resection. Interact
Cardiovasc Thorac Surg 2020;31:657-63.

Huang L, Kehlet H, Holbek BL, et al. Efficacy and safety
of omitting chest drains after video-assisted thoracoscopic
surgery: a systematic review and meta-analysis. ] Thorac
Dis 2021;13:1130-42.

Laven IEWG, Daemen JHT, Janssen N, et al. Risk of

7 Thorac Dis 2023;15(2):901-908 | https://dx.doi.org/10.21037/jtd-22-1373



908

40.

41.

42.

Pneumothorax Requiring Pleural Drainage after Drainless
VAT Pulmonary Wedge Resection: A Systematic Review
and Meta-Analysis. Innovations (Phila) 2022;17:14-24.
Hoogeboom TJ, Dronkers JJ, Hulzebos EH, et al. Merits
of exercise therapy before and after major surgery. Curr
Opin Anaesthesiol 2014;27:161-6.

Mainini C, Rebelo PF, Bardelli R, et al. Perioperative
physical exercise interventions for patients undergoing
lung cancer surgery: What is the evidence? SAGE Open
Med 2016;4:2050312116673855.

Castelino T, Fiore JF Jr, Niculiseanu P, et al. The effect of

Cite this article as: Batchelor TJP. Enhanced recovery

after surgery and chest tube management. ] Thorac Dis
2023;15(2):901-908. doi: 10.21037/jtd-22-1373

© Journal of Thoracic Disease. All rights reserved.

43.

Batchelor. ERAS and chest tube management

early mobilization protocols on postoperative outcomes
following abdominal and thoracic surgery: A systematic
review. Surgery 2016;159:991-1003.

Smart NJ, White P, Allison AS, et al. Deviation and failure
of enhanced recovery after surgery following laparoscopic
colorectal surgery: early prediction model. Colorectal Dis
2012;14:e727-34.

Wildgaard K, Ravn J, Kehlet H. Chronic post-
thoracotomy pain: a critical review of pathogenic
mechanisms and strategies for prevention. Eur J
Cardiothorac Surg 2009;36:170-80.

7 Thorac Dis 2023;15(2):901-908 | https://dx.doi.org/10.21037/jtd-22-1373



