Editorial Commentary

L))

Check for
updat

Page 1 of 5

Prehabilitation in thoracic surgery: strong signal or surgical

confounding?

Victoria Lai'?#, Julie Reeve'#, Ianthe Boden®**

'School of Allied Health, Faculty of Health and Environmental Studies, Auckland University of Technology, Auckland, New Zealand; *Physiotherapy

Department, Auckland City Hospital, Auckland, New Zealand; 3School of Health Sciences, University of Tasmania, Launceston, Australia;

*Department of Physiotherapy, Launceston General Hospital, Launceston, Australia
Correspondence to: Dr. Tanthe Boden, PhD, MHSci, BAppSci (Physio). School of Health Sciences, University of Tasmania, The Shed, 80 Cimitiere Street,

Launceston, 7250, Australia; Department of Physiotherapy, Launceston General Hospital, Launceston, Australia. Email: ianthe.boden@utas.edu.au.

Comment on: Brat K, Sova M, Homolka P, ez 2. Multimodal prehabilitation before lung resection surgery: a multicentre randomised controlled trial.

Br J Anaesth 2025;135:188-96.

Keywords: Thoracic surgery; postoperative pulmonary complications (PPCs); ventilatory efficiency; prehabilitation; inspiratory muscle training

Submitted Jan 13, 2026. Accepted for publication Feb 27, 2026. Published online Apr 24, 2026.

doi: 10.21037/jtd-2026-1-0119
View this article at: https://dx.doi.org/10.21037/jtd-2026-1-0119

Preventing postoperative pulmonary complications (PPCs)
following lung resection surgery is a key objective of
perioperative care. PPCs are a leading cause of morbidity,
with reported incidence of 15% to over 40%, depending
on patient risk factors, surgical characteristics, and PPC
definition (1,2). Despite advances in surgical techniques,
anaesthetic management, and enhanced recovery after
surgery pathways, PPCs continue to be associated with
longer hospital stays, higher healthcare costs, and reduced
quality of life (2,3).

Historically, efforts to prevent PPCs have primarily
involved postoperative interventions such as respiratory
physiotherapy and early mobilisation. More recently,
preoperative exercise interventions that aim to improve
respiratory muscle strength and physiological reserve are
gaining traction as effective methods to prevent PPCs
after lung resection (4). Preoperative exercise training can
be enhanced with the addition of structured educational,
nutritional and psychological interventions that aim to
further improve physiological and psychological reserve
before surgery (5). The multicentre randomised controlled
trial conducted by Brat and colleagues provides a timely
addition to the prehabilitation literature in this area (6).

This prospective multicentre randomised trial was

conducted across three hospitals in the Czech Republic
between 2021 and 2024. Adults scheduled for lung resection
due to confirmed or suspected malignancy, who were able
to undergo cardiopulmonary exercise testing (CPET) and
were identified as having impaired ventilatory efficiency
with a minute ventilation for carbon dioxide output
(VE/VCQO,) slope >33 were considered at high risk of a
PPC and were eligible for inclusion (7). Of 474 patients
screened for eligibility, 150 (32%) met the inclusion
criteria. Eighteen (12%) declined to participate in the
trial, leaving 132 patients to be randomly allocated to
usual care or a prehabilitation intervention comprising
preoperative respiratory muscle training (RMT), smoking
cessation advice, nutritional screening, and psychological
support. Both groups received standard perioperative and
postoperative care, including respiratory physiotherapy and
early mobilisation. Ten patients (7.6%) were lost to follow-
up with outcomes reported for 122 patients.

Several methodological issues warrant consideration, as
they may influence the internal and external validity of the
trial. First, the authors do not explicitly state whether group
allocation was concealed from researchers who determined
participant eligibility. Inadequate allocation concealment
raises the possibility that knowledge of group assignment
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could influence enrolment decisions, potentially biasing
randomisation. Second, participants were not blinded to
group allocation by a sham intervention. High-quality
prehabilitation trials have successfully employed sham RMT
utilising the same training device set to the minimal loading
possible, to blind participants for expectancy effects (8).
Third, there was a higher proportion of open thoracotomies
in the usual care group (45% wvs. 33%). Open thoracotomy
may be associated with higher rates of pulmonary
complications and persistent air leak (PAL) compared with
minimally invasive approaches (9). This imbalance raises
concern that the observed difference in PPC incidence may,
at least in part, reflect surgical approach rather than a true
treatment effect.

Although randomisation was stratified by surgical
approach, residual baseline differences between groups,
such as in the proportions of patients having an open
thoracotomy, may be a major confounder to observed
outcomes. This highlights the importance of multivariable
statistical models to manage possible confounders. The
reliance of Brat et 4l’s clinical trial on univariate analyses
makes it challenging to definitively attribute observed
reductions in complications and length of stay to the
intervention itself, rather than differences in surgical
invasiveness or other confounding variables.

RMT of both inspiratory and expiratory muscle
training was delivered through supervised, face-to-face
physiotherapy sessions three times per week, supplemented
by a daily home-based programme. Training loads were
set at 50-60% of measured maximal inspiratory and
expiratory pressures, broadly aligning with established
dosing principles in the literature (10). This has been
shown to improve respiratory muscle strength, breathing
control, and symptom burden in both surgical and non-
surgical populations (11,12). The inclusion of expiratory
muscle training in addition to inspiratory loading represents
a particular strength, given its relevance to cough
effectiveness and secretion clearance. Furthermore, the
programme accurately reflects the real-world constraints
of limited preoperative timeframes and respiratory muscle
loading capped at levels prioritising tolerability over
maximal physiological adaptation.

The authors report 100% attendance at supervised
sessions and adherence to the home-based programme.
While encouraging, these adherence rates substantially
exceed those reported in most prehabilitation trials (13).
This may imply that the intervention was delivered under
highly controlled conditions, which may prove challenging
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to replicate into clinical practice outside well-resourced
research environments.

The primary outcome was a composite of PPC diagnoses
within 30 days of surgery, including pneumonia, atelectasis,
respiratory failure, acute respiratory distress syndrome,
and a PAL. PPCs occurred in 35 (55%) of the usual care
group patients and 20 (34%) in the prehabilitation group
[odds ratio (OR) 0.44, 95% confidence interval (CI): 0.21 to
0.91, P=0.029]. However, the observed reduction in PPCs
was largely attributable to a between-group difference
in PAL incidence, which has also been highlighted as a
possible concern by others (14). This concern may be
justified, given the control group in the study had a higher
proportion of patients having open thoracotomy. Increased
rates of PAL has been associated with open thoracotomy
(9,15), although recent evidence has found similar rates
of PAL with minimally invasive thorax surgeries (16).
Regardless, the inclusion of PAL as a PPC within the Brat
et al’s study does not align with current consensus PPC
diagnostic frameworks, which specifically exclude diagnoses
such as PAL, pneumothorax and pulmonary embolus
PPC definitions (17). If PAL is excluded from the study’s
composite PPC outcome, the difference between groups is
no longer statistically significant [23/64 vs. 14/58, OR 0.57,
(95% CI: 0.26 to 1.25), P > not significant (NS)].

Beyond uncertainty regarding the reported results,
several factors should be considered when applying findings
to everyday clinical practice. Replicating this approach
requires access to preoperative CPET to identify patients
exceeding a VE/VCO, threshold. The use of VE/VCO,
slope as an inclusion criterion is physiologically sound;
it provides a precise, objective measure of ventilatory
efficiency that is a robust predictor of postoperative
mortality in this population (7) yet in practice, access to
CPET is limited in many centres. Recent international
survey data suggest that just 10-15% of centres actively
engaged in prehabilitation routinely provide CPET as part
of thoracic surgical pathways (18). The trial also relied
on a 2-week preoperative window to deliver a relatively
resource-intensive, supervised RMT programme. In many
healthcare systems surgical timelines following a decision to
operate are shorter, and delaying surgery to accommodate
prehabilitation is neither feasible nor acceptable (13).
Shorter periods of RM'T may be feasible and worthwhile (8)
but this has not yet been explored in this cohort.

Face-to-face attendance requirements are also associated
with reduced compliance in real-world settings (19).
The burden placed on patients to attend frequent in-
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person sessions should also be considered, particularly
considering the likely financial and psychological barriers
to prehabilitation participation among cancer patients and
their families (20). This raises the question of whether
similar benefits could be achieved using less resource-
intensive approaches. Systematic reviews of RMT suggest
that improvements in postoperative outcomes are achievable
across a range of dosages and that highly supervised protocols
may not be necessary (21). It also remains unknown in
this population whether other interventions, such as a
single preoperative physiotherapy session focused on
education and teaching of breathing exercises, could deliver
comparable benefits with lower patient and healthcare
resource burden. Such approaches have demonstrated
efficacy and improvements in health care costs in other
surgical populations and may be more amenable to
widespread implementation (22-24).

In Brat er al’s study, both groups received postoperative
physiotherapy described as ‘standard care’. However, the
specifics of this were not described in detail. Postoperative
physiotherapy interventions may influence outcomes
such as atelectasis, secretion retention, or length of stay.
Future trials should explicitly report all components of
interventions, including postoperative physiotherapy care,
using frameworks such as the Template for Intervention
Description and Replication (TIDieR) checklist. This
underscores the complexity of isolating the effects of
preoperative interventions within dynamic perioperative
care pathways. Despite the identified methodological
limitations of the Brat et 4. study and questions about its
external generalisability, viewed alongside the broader
literature, their findings add to a growing body of
randomised evidence reporting the impact of preoperative
RMT on reducing the risk of PPCs after major surgery (25).
Cumulative evidence and sequential analyses now suggest
that further trials designed solely to establish efficacy are
unlikely to change this conclusion (26). The preoperative
period can serve as an active therapeutic window rather than
a passive waiting phase.

Future research should focus on cost-effectiveness
and identifying the minimum training windows required
to impact PPC risk. Emerging evidence from a large,
multicentre trial in cardiac surgery suggests that even a few
days of training could be effective, with significant PPC
reductions observed following a median of just three days
of preoperative inspiratory muscle training (8). While such
findings require replication in lung resection cohorts, they
suggest that even a short preoperative window may be
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effectively utilised. Replication in other surgical cohorts,
including lung resection, is needed. It is also vital to
consider how to minimise the risk of PPC in all patients
awaiting lung resection, not just those considered high-
risk. Simple, low-cost, once-off preoperative education and
breathing exercise training demonstrated to halve the risk of
PPC in all patients awaiting major abdominal surgery (24)
is yet to be rigorously assessed in the thoracic surgery
population. Lastly, implementation science methods are
needed to develop strategies that align with real-world
surgical pathways to determine how such programmes
can be adapted to local health systems and to rethink how
respiratory prehabilitation can be delivered efficiently,
equitably, and at scale within physiotherapy service
constraints, ensuring that physiotherapy-led interventions
move beyond efficacy trials toward sustainable integration
within routine thoracic surgical care.

Acknowledgments

None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, 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-2026-1-0119/prf

Funding: This work was supported by an Australian
Government NHMRC Grant 2022/GNT2016947 (to L.B.).

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-2026-1-0119/coif). 1.B. is
supported by an Australian Government NHMRC Grant
2022/GNT2016947. Her research fellowship is focused on
the prevention of postoperative pulmonary complications.
This is the topic of the clinical trial that her team was
invited to provide a critical review of. The other authors
have no conflicts of interest to declare.

Ethical Statement: The authors are 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.

7 Thorac Dis 2026;18(4):451 | https://dx.doi.org/10.21037/jtd-2026-1-0119


https://jtd.amegroups.com/article/view/10.21037/jtd-2026-1-0119/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-2026-1-0119/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-2026-1-0119/coif
https://jtd.amegroups.com/article/view/10.21037/jtd-2026-1-0119/coif

Page 4 of 5

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/.

References

1.

Miskovic A, Lumb AB. Postoperative pulmonary
complications. Br ] Anaesth 2017;118:317-34.

Jammer I, Wickboldt N, Sander M, et al. Standards for
definitions and use of outcome measures for clinical
effectiveness research in perioperative medicine: European
Perioperative Clinical Outcome (EPCO) definitions:

a statement from the ESA-ESICM joint taskforce on
perioperative outcome measures. Eur ] Anaesthesiol
2015;32:88-105.

Fernandez-Bustamante A, Frendl G, Sprung J, et al.
Postoperative Pulmonary Complications, Early Mortality,
and Hospital Stay Following Noncardiothoracic Surgery:
A Multicenter Study by the Perioperative Research
Network Investigators. JAMA Surg 2017;152:157-66.
Granger C, Cavalheri V. Preoperative exercise training
for people with non-small cell lung cancer. Cochrane
Database Syst Rev 2022;9:CD012020.

Levett DZ, Grocott MP. Cardiopulmonary exercise
testing, prehabilitation, and Enhanced Recovery After
Surgery (ERAS). Can J Anaesth 2015;62:131-42.

Brat K, Sova M, Homolka P, et al. Multimodal
prehabilitation before lung resection surgery: a multicentre
randomised controlled trial. Br J Anaesth 2025;135:188-96.
Brat K, Homolka P, Merta Z, et al. Prediction of
Postoperative Complications: Ventilatory Efficiency

and Rest End-tidal Carbon Dioxide. Ann Thorac Surg
2023;115:1305-11.

Yu P, Luo Z, Wang Y, et al. Preoperative inspiratory
muscle training improves lung function prior to elective
heart valve surgery and reduces postoperative lung
function impairment and pulmonary complications: a
randomised trial. ] Physiother 2025;71:27-34.

Agostini P, Lugg S, Adams K, et al. S63 Postoperative
pulmonary complications and physiotherapy
requirements after open thoracotomy versus VATS
lobectomy: a propensity score-matched analysis. Thorax

© AME Publishing Company.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lai et al. Commentary on Brat et al. BJA 2025

2016;71:A38.

Zhu'Y, Du Y, Zhang M. Effect of Preoperative Respiratory
Training on Perioperative Outcomes in Thoracic Surgery:
A Systematic Review and Meta-Analysis. Ann Ital Chir
2025;96:1135-45.

Cursino de Moura JF, Oliveira CB, Coelho Figueira Freire
AP, et al. Preoperative respiratory muscle training reduces
the risk of pulmonary complications and the length of
hospital stay after cardiac surgery: a systematic review. J
Physiother 2024;70:16-24.

Boden I, Denehy L. Respiratory Prehabilitation for the
Prevention of Postoperative Pulmonary Complications
after Major Surgery. Current Anesthesiology Reports
2022;12:44-58.

Molenaar CJL, Papen-Botterhuis NE, Herrle E, et al.
Prehabilitation, making patients fit for surgery - a new
frontier in perioperative care. Innov Surg Sci 2019;4:132-8.
Huette P, Selim J, Abou-Arab O. Multimodal
prehabilitation before lung resection surgery. Comment
on BrJ Anaesth 2025; 135: 188-96. Br J Anaesth
2025;135:1327-8.

Joshi V, Kirmani B, Zacharias J. Thoracotomy versus
VATS: is there an optimal approach to treating
pneumothorax? Ann R Coll Surg Engl 2013;95:61-4.

Lim E, Batchelor TJP, Dunning J, et al. Video-Assisted
Thoracoscopic or Open Lobectomy in Early-Stage Lung
Cancer. NEJM Evid 2022;1:EVID0a2100016.

Abbott TEF, Fowler AJ, Pelosi P, et al. A systematic review
and consensus definitions for standardised end-points in
perioperative medicine: pulmonary complications. Br J
Anaesth 2018;120:1066-79.

Steffens D, Venter S, Makker P, et al. Prehabilitation
Practices for Patients Undergoing Cancer Surgery-An
International Survey. World J Surg 2026;50:204-32.
Ricketts WM, Bollard K, Streets E, et al. Feasibility of
setting up a pre-operative optimisation 'pre-hab’ service
for lung cancer surgery in the UK. Perioper Med (Lond)
2020;9:14.

Miegel R, Bright T, Watson DI, et al. Prehabilitation

for cancer surgery: perspectives of Australian patients,
families, and health professionals. Support Care Cancer
2025;33:1126.

Kendall F, Oliveira ], Peleteiro B, et al. Inspiratory muscle
training is effective to reduce postoperative pulmonary
complications and length of hospital stay: a systematic
review and meta-analysis. Disabil Rehabil 2018;40:864-82.
Boden I, Skinner EH, Browning L, et al. Preoperative
physiotherapy for the prevention of respiratory

7 Thorac Dis 2026;18(4):451 | https://dx.doi.org/10.21037/jtd-2026-1-0119


https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Thoracic Disease, Vol 18, No 4 April 2026

complications after upper abdominal surgery: pragmatic,
double blinded, multicentre randomised controlled trial.
BMJ 2018;360:j5916.

23. Boden I, Robertson IK, Neil A, et al. Preoperative
physiotherapy is cost-effective for preventing pulmonary
complications after major abdominal surgery: a health
economic analysis of a multicentre randomised trial. ]
Physiother 2020;66:180-7.

24. Boden I, Reeve ], Jernas A, et al. Preoperative
physiotherapy prevents postoperative pulmonary
complications after major abdominal surgery: a meta-

Cite this article as: Lai V, Reeve J, Boden I. Prehabilitation
in thoracic surgery: strong signal or surgical confounding? J
Thorac Dis 2026;18(4):451. doi: 10.21037/jtd-2026-1-0119

© AME Publishing Company.

25.

26.

Page 5 of 5

analysis of individual patient data. ] Physiother
2024;70:216-23.

Ge X, Wang W, Hou L, et al. Inspiratory muscle training
is associated with decreased postoperative pulmonary
complications: Evidence from randomized trials. ] Thorac
Cardiovasc Surg 2018;156:1290-1300.e5.

Assouline B, Cools E, Schorer R, et al. Preoperative
Exercise Training to Prevent Postoperative Pulmonary
Complications in Adults Undergoing Major Surgery. A
Systematic Review and Meta-analysis with Trial Sequential
Analysis. Ann Am Thorac Soc 2021;18:678-88.

7 Thorac Dis 2026;18(4):451 | https://dx.doi.org/10.21037/jtd-2026-1-0119



