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Abstract

Background: Respiratory muscle training may improve ventilatory efficiency (Vg/VCO; slope), a strong predictor of
postoperative pulmonary complications. We hypothesised that multimodal prehabilitation, incorporating high-intensity
respiratory muscle training, before lung resection would reduce postoperative complications and length of hospital stay.
Methods: We conducted a prospective multicentre, randomised controlled trial (NCT04826575) to examine the effect of
prehabilitation in individuals undergoing lung resection. Participants were defined as high-risk for postoperative pul-
monary complications if they achieved Vg/VCO, slope >33, as determined by cardiopulmonary exercise testing. Partic-
ipants were then randomised to either usual care or multimodal prehabilitation, which consisted of a 14-day programme
of high-intensity respiratory muscle training, smoking cessation, nutritional support, and psychological support. The
primary outcome were postoperative pulmonary and cardiovascular complications (pneumonia, atelectasis, respiratory
failure necessitating mechanical ventilation, adult respiratory distress syndrome, prolonged air leak).

Results: A total of 122 patients (46% female; age range: 64—75 yr) completed the study. Postoperative pulmonary com-
plications occurred in 20/58 (34%) of patients randomised to multimodal prehabilitation, compared with 35/64 (55%)
patients receiving usual care (odds ratio 2.29 [95% confidence interval 1.10—4.77]; P=0.029). Hospital length of stay was
shorter after multimodal rehabilitation compared with patients randomised to receive usual care (from 9 [7—11] days to 7
[6—9] days; P=0.038). After prehabilitation, mean (sp) Vg/VCO; slope decreased from 39 (8) to 36 (9); P=0.01.
Prehabilitation also improved patient-reported quality of life measures.

Conclusions: In high-risk patients undergoing elective lung resection surgery, multimodal prehabilitation, including
high-intensity respiratory muscle training to target Vg/VCO,, reduced postoperative pulmonary complications and
hospital length of stay.
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ventilatory efficiency

Editor’s key points

e Poor ventilatory efficiency (Vg/VCOy) is strongly

associated with pulmonary complications after lung

resection.

Respiratory muscle training might improve ventila-

tory efficiency.

e This RCT randomised 122 patients undergoing lung

resection with high Vg/VCO; to either usual care or

multimodal prehabilitation.

Multimodal prehabilitation reduced Vg/VCO,, which

was associated with fewer pulmonary complications.

e In high-risk patients, targeted multimodal pre-
habilitation using high-intensity respiratory muscle
training can improve outcomes.

Lung resection surgery is the major curative opportunity for
lung cancer,’ but up to 37% of affected patients are considered
inoperable owing to impaired lung function,? an unacceptably
high risk for major postoperative (pulmonary) complications
(PPCs) including death, or both.?

Prehabilitation is a multidisciplinary approach which may
improve functional capacity (cardiopulmonary functional
reserve), nutritional status, and psychological status before
surgery.® In lung resection, studies examining the potential
benefits of prehabilitation, which have primarily focused on
improvement of exercise capacity, have provided conflicting
results.” ° A large RCT showed that physical training improved
aerobic performance but did not reduce early postoperative
complications after lung resection.” These inconsistent find-
ings may be attributable to study design, patient selection, and
the intensity and duration of prehabilitation programmes.’

Prior studies have focussed on improving exercise capacity
as assessed by peak oxygen consumption (VO,),%° which is a
poor predictor of PPC.1°"** Although ventilatory efficiency
defined by the slope of minute ventilation to carbon dioxide
output ratio (Vg/VCO; slope) has shown a stronger association
with developing PPCs,'%!3> prehabilitation programmes based
mainly on aerobic training did not improve Vg/VCO, slope.®
Because respiratory muscle strength reflects VE/VCO,,Y respi-
ratory muscle training may improve Vg/VCO; slope. Indeed,
intensive respiratory muscle strength training in patients at
higher risk of PPC appears to be beneficial in cardiac surgery.'®

We hypothesised that prehabilitation (incorporating high-
intensity respiratory muscle training) would be associated
with fewer postoperative complications (primary endpoint) and
other complications leading to a shorter hospital length of stay
in individuals undergoing elective lung resection candidates.

Methods
Study design

This was a prospective multicentre RCT conducted in three
centres in the Czech Republic (St. Anne’s University Hospital
Brno, University Hospital Brno, and University Hospital

Olomouc) between June 2021 and June 2024. The study was
registered at clinicaltrials.gov (NCT04826575) and approved by
the local ethics committees of St. Anne’s University Hospital
Brno (03G/2021), University Hospital Brno (14-100620/EK), and
University Hospital Olomouc (114/20). The study was con-
ducted in accordance with the Declaration of Helsinki, and
each participant provided written informed consent.

Inclusion criteria

Inclusion criteria were planned lung resection surgery owing
to lung infiltration (confirmed or highly suspicious lung
tumour), age >18 yr, the ability to undergo cardiopulmonary
exercise testing (CPET), and preoperative Vg/VCO;, >33. The Vg/
VCO, cut-off was chosen based on the results of a previous
large multicentre study showing Vg/VCO, >33 to be the best
cut-off to predict PPC.13

Exclusion criteria

Exclusion criteria were inoperability, defined as peak pre-
dicted postoperative VO, <10 ml kg~ ! min~? or <35% predicted
(on first CPET, or on second CPET in the prehabilitation group),
in association with predicted postoperative forced expiratory
volume in 1 s (FEV;) <30% and the diffusing capacity of the
lung for carbon monoxide (DLco) <30%, as determined by
published European Respiratory Society (ERS) and the Euro-
pean Society of Thoracic Surgery (ESTS) guidelines.

Screening using preoperative cardiopulmonary
exercise testing

Patients who had preoperative Vg/VCO, >33 were classified as
high-risk for development of PPCs® and were randomly
assigned to one of two groups: (1) prehabilitation or (2) usual
care.

Cardiopulmonary exercise testing

Before surgery, all patients underwent symptom-limited
CPET. The second CPET was performed only in patients who
were randomised to the prehabilitation group immediately
after the completion of the prehabilitation programme. CPET
was conducted in accordance with the methodology outlined
in our previous study.’® In brief, electronically braked cycle
ergometry (Ergoline, Ergometrics 800, Bitz, Germany) with a
12-channel electrocardiography unit (Schiller AG, AT-104,
Baar, Switzerland) and linearly increasing (15 W min~1) ramp
protocol were used. Expired gases and volumes were analysed
using the PowerCube-Ergo cardiopulmonary exercise system
(Ganshorn Medizin Electronic GmbH, Niederlauer, Germany).
The variables measured were peak VO, carbon dioxide output
(VCOy), partial pressure of end-tidal carbon dioxide (Pgrcoy),
tidal volume (Vr), and minute ventilation (Vg). Derived mea-
surements consisted of the respiratory exchange ratio, dead
space to tidal volume ratio (Vp/Vr), and the ventilatory effi-
ciency slope (Vg/VCO; slope).
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Pulmonary function tests

On the same day as the first CPET, all patients underwent
pulmonary function test (PFT). Patients in the prehabilitation
group underwent a second PFT upon completion of the
training programme. Spirometry and DL¢o were included. The
parameters that were selected for further evaluation were
forced vital capacity, FEV4, and DL¢o, in accordance with the
American Thoracic Society standards.?°

Clinical care

Patients randomised to the usual care group underwent
planned lung resection surgery without delay. Anaesthesia
induction and maintenance followed local protocols of each
centre, with patients undergoing thoracotomy receiving a
thoracic epidural catheter. All subjects were intubated with
double-lumen endobronchial tubes under bronchoscopy
control. During surgery, protective ventilation with a tidal
volume of 4—6 ml kg ! (predicted body weight) and fluid
therapy of 4 ml kg™! h™? of crystalloid infusion were used.
Postoperative care did not differ between groups. Patients
in both groups underwent standard postoperative chest
physiotherapy, including airway clearance techniques and
early mobilisation on a daily basis with the help of a
physiotherapist.

Prehabilitation intervention

The prehabilitation programme was undertaken for 14 days
(immediately before planned surgery) and included (1) high-
intensity inspiratory and expiratory muscle training, (2)

474 patients eligible, agreed with the study and underwent screening CPET

150 patients (Vg/VCO, slope =33)

132 patients randomised

psychological support, (3) smoking cessation, and (4) nutri-
tional support.

High-intensity inspiratory and expiratory muscle
training

A hand-held electronic transducer (Micro RPM®; Micro-
Medical/CareFusion, Kent, UK) was used to measure maximal
inspiratory pressure (MIP) and maximal expiratory pressure
(MEP). Inspiratory muscle training was done with the
Threshold IMT® (Philips Respironics, Inc., Murrysville, PA,
USA). Depending on the initial MEP, expiratory muscle training
was done using the Threshold PEP® (Philips Respironics, Inc.)
or EMST 150™ (Aspire Products, LLC, Atlanta, GA, USA).

Before training began, each patient was instructed in use of
the breathing training devices. For 2 weeks, patients were
instructed to train 20 min in the morning and 20 min in the
afternoon (10 min inspiratory muscle training and 10 min
expiratory muscle training). Patients also completed six
physiotherapist-supervised sessions in the hospital (three in
the first and three in the second week). The training had two
phases; phase 1 (first week) training load was set on 50% of
initial MIP/MEP for the entire phase. During phase 2 (second
week) MIP/MEP was measured before each of the three su-
pervised training sessions, and a new training load was set at
60% (for more details, see Supplementary material).

Psychological support

The physiotherapist instructed patients randomised to the
prehabilitation group in breathing relaxation techniques as

Excluded n=18

* Consent

withdrawal

66 prehabilitation

Excluded n=8

» Cancelled surgery (n=5)

» Missed second CPET (n=2)
* Major surgical

complication (n=1)

Included in analysis
n=58

66 control group

Excluded n=2
¢ Consent withdrawal

Included in analysis
n=64

Fig 1. Study flow chart. CPET, cardiopulmonary exercise testing; Vg/VCO,, ventilatory efficiency.
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part of an intensive respiratory muscle training program. To
assess the impact of the prehabilitation programme on the
psychological status and quality of life, the quality of life
questionnaire EQ-5D-3L was utilised.?!

Smoking cessation

Patients who were assigned to the prehabilitation group were
advised to discontinue smoking. Participation in the local
smoking cessation programme was provided for those who
expressed interest. The Fagerstrom Test of Nicotine Depen-
dence?” was done before and after the programme to evaluate
efficacy.

Nutritional support

The Malnutrition Universal Screening Tool (MUST) score was
determined for all patients in the prehabilitation group. Pa-
tients with a MUST score >2 were referred to the nutritional
support team.

Primary outcome were both pulmonary and
cardiovascular complications

Pulmonary complications were assessed during the first 30
postoperative days defined in accordance with previous
studies,””>?* using a composite outcome incorporating
pneumonia, atelectasis, respiratory failure necessitating me-
chanical ventilation, adult respiratory distress syndrome, and
prolonged air leak (Supplementary methods).?

Secondary outcomes

We recorded the following secondary outcomes: (1) duration of
chest drain use; (2) hospital and ICU length of stay; (3) mor-
tality within 30 days of surgery; and (4) cardiovascular com-
plications were recorded as previously recommended”® during
the initial 30 postoperative days or during the hospital stay as
a composite (Supplementary methods).

Randomisation and blinding

A randomization list was generated using R version 4.0.5 (R
Core Team, 2021). Block randomisation was stratified accord-
ing to centre, thoracotomy/video-assisted thoracoscopic sur-
gery (VATS), and lobectomy/atypical resection. Researchers
who assessed the postoperative complications were blinded to
the randomisation results.

Statistics

The Shapiro—Wilk test was used to evaluate normality. Com-
parisons between control and prehabilitation groups were
done using the unpaired t-test and Mann—Whitney U-test.
Comparison of pre—post prehabilitation was done using
paired t-test and Wilcoxon test. One-way analysis of variance
(anova) with Tukey’s post hoc test and Friedman’s anova with
post hoc Wilcoxon test were used to compare mean MIP/MEP
and EQ-5D-3L, respectively. Differences in proportions were
tested by the two-tailed Fisher’s exact test. Univariate logistic
regression was used to assess which of the prehabilitation
parameters were associated with PPC development. Subse-
quently, a multivariate stepwise logistic regression model
adjusted for age, sex, BMI, and Surgical Mortality Probability
Model score (S-MPM)? was constructed to analyse which

Table 1 Study participants. Data are presented as n (%) or
mean (range). COPD, chronic obstructive pulmonary disease;
DLco, diffusing capacity of the lungs for carbon monoxide; EQ-
5D-3L, EuroQol questionnaire; f;,, breathing frequency; FEV;,
forced expiratory volume in 1 s; FVC, forced vital capacity;
Pgrrco,, partial pressure of end-tidal carbon dioxide; RER, res-
piratory exchange ratio; S-MPM, Surgical Mortality Probability
Model; VCO,, carbon dioxide output; Vp, dead space volume;
Vg, minute ventilation; Vg/VCO,, ventilatory efficiency; VO,,

oxygen consumption; Vr, tidal volume.

Parameter Usual care Prehabilitation
(n=64) (n=58)

Age (yr) 72 (68—75) 69 (64—73)
Male 39 (61) 27 (47)
BMI (kg m~?) 27 (24—30) 27 (23-32)
S-MPM 5 (4—6) 5 (4—6)
COPD 23 (36) 28 (48)
EQ-5D-3L (mm) 65 (50—80) 60 (50—75)

Pulmonary function tests

FEV; (%) 88 (17) 82 (18)
FVC (%) 97 (16) 93 (18)
DLco (%) 82 (23) 75 (24)

CPET peak exercise

VO, (ml kg™ min~?)

15.8 (13.9-17.6)
(

15.2 (13.2-18.4)

VCO, (L min™?) 1.36 (1.15-1.74) 1.3 (1.2—1.7)

RER 1.13 (1.06—1.24)  1.13 (1.05—1.24)

Vg (L min™?) 60 (47—68) 56 (47—68)

Vr (L) 1.7 (1.3—-2.0) 1.5 (1.2—1.9)

fy, (bpm) 36 (8) 38 (7)

Vp/Vr 0.21 (0.08) 0.23 (0.09)

Perco, (kPa) 4.0 (3.6-4.4) 3.9 (3.6—4.4)

VE/VCO; slope 38 (5) 39 (8)
Surgery

Duration of 145 (95—215) 126 (90—180)

surgery (min)

Lobectomy 40 (63) 33 (57)

Bilobectomy 1(2) 1(2)

Atypical resection 23 (36) 25 (43)

Pneumonectomy 1(2) 0

Open thoracotomy 29 (45) 19 (33)

parameters were independently associated with the develop-
ment of PPC. Data were summarised as mean (standard de-
viation; sp); P<0.05 was considered statistically significant.
Statistical software 12.0 (StatSoft Inc., Prague, Czech Republic)
and SPSS Statistics 25.0 (IBM Corp, Armonk, NY, USA) were
used for statistical analysis.

Sample size

Sample size was estimated using an expected postoperative
complication incidence of 75% for usual care'! and 50% for the
prehabilitation group. With P<0.05 and power of 0.80, 55 pa-
tients were required to be randomized to each group.
Assuming a 15% dropout rate, we planned to enrol and
randomly assign 130 patients.

Results
Study participants

Four hundred and seventy-four patients were screened with
CPET, resulting in 132 patient being randomised (Fig. 1). Data
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Fig 2. Effect of prehabilitation on mean maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP). (a) There was no
change in MIP over the six hospital-based supervised visits. (b) MEP increased with prehabilitation over the six hospital-based supervised

visits. *P=0.018. *P=0.004.

from the nonrandomised patients have been reported else-
where.?®?° In the prehabilitation group, eight patients were
excluded after randomisation, compared with two patients
from the usual care group who withdrew their consent to
participate (Fig. 1).

Effect of prehabilitation programme

In the prehabilitation group, the hospital-based supervised
training visits were completed by all patients, with 100% self-
reported compliance for home self-training (Table 1). During
prehabilitation, mean maximal respiratory pressure increased
over the six supervised visits (Fig. 2). After 2 weeks of pre-
habilitation, VO,, VCO,, Pgrcoy, and DL¢o increased, with a
reduction in the Vg/VCO, slope (Table 2; Supplementary
Table S1). The prehabilitation intervention also reduced the
number of active smokers (Table 2). Self-reported quality of
life (EQ-5D-3L) improved with prehabilitation, whereas that of
patients randomised to usual care decreased with surgery
(Fig. 3). None of the patients required nutritional support.

Primary outcome

Prehabilitation reduced the composite outcome of PPCs (OR
2.29 [95% CI 1.10—4.77]), with fewer air leaks (OR 2.92 [95% CI
1.28—6.67]; Table 3).

Secondary outcomes

The duration of chest drain use and hospital length of stay
were reduced in the prehabilitation group, with no difference
in cardiovascular complications, compared with patients
randomised to usual care (Table 3).

Table 2 Effect of multimodal prehabilitation. Data are pre-
sented as: 1) mean =+ SD - FEV;, FVC, Paoy, Pacoy, pH, fb, Vp/Vr,
VE/VCO, slope 2) median (interquartile range (IQR)) - Fagers-
tom, DLco, VO,, VCO,, RER, Vg, Vt, Percos. DLco, dlffusmg ca-
pacity of the lungs for carbon monoxide; f, breathing
frequency; FEV;, forced expiratory volume in 1 s; FVC, forced
vital capacity; Paco;, arterial partial pressure of carbon diox-
ide; Pag,, arterial partial pressure of oxygen; Pgrco,, partial
pressure of end-tidal carbon dioxide; RER, respiratory ex-
change ratio; VCO,, carbon dioxide output; Vp, dead space
volume; Vg, minute ventilation; Vg/VCO,, ventilatory effi-
ciency; VO,, oxygen consumption; Vr, tidal volume.

Parameter Baseline Post P
prehabilitation
Fagerstrom score 0.0 (0.0—2.0) 0.0 (0.0—-0.0) 0.051
Pulmonary function tests
FEV, (%) 82 (18) 83 (18) 0.758
FVC (%) 93 (18) 96 (16) 0.080
DLco (%) 74 (61—89) 81 (55-99) 0.004
Arterial blood gases at peak exercise
Pag, (kPa) 6 (1.7) 9.5 (1.6) 0.736
Paco> (kPa) 7 (0.5) 4.9 (0.5) 0.016
pH 7 37 (0.04) 7.36 (0.03) 0.352
CPET peak exercise
VO, (ml kg? 15.2 (13.2-18.4) 15.8 (13.2—17.8) 0.044
min~?)
VCO, (L min™Y 1.3 (1.2-1.7) 1.4 (1.2-1.7) 0.015
RER 1.13 (1.05-1.24) 1.13 (1.04-1.32) 0.114
Vg (L min~?) 56 (47—68) 59 (48—67) 0.856
Vr (L) 1.49 (1.24-1.89) 1.51 (1.23—1.94) 0.365
f, (opm) 38 (7) 38 (6) 0.684
Vp/Vr 0.23 (0.09) 0.24 (0.09) 0.307
Pgrco, (kPa) 3.9 (3.6—4.4) 4.1 (3.6—4.7) 0.002
VE/VCO, slope 39 (8) 36 (9) 0.010
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Quality of life changes (EQ-5D-3L)
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Fig 3. Quality of life changes (by EuroQol EQ-5D-3L questionnaire). In the prehabilitation group, quality of life improved from baseline
(anova P=0.013), characterised by a sustained improvement after prehabilitation was completed; **P=0.029. In the usual care group, quality
of life declined with surgery; *P=0.004.

Table 3 Primary and secondary outcomes. Data are presented as: 1) n (%) - pulmonary complications (all of the variables), cardio-
vascular complications (all of the variables), ICU readmission, 30 days mortaity 2) median (interquartile range (IQR)) - hospital LOS, ICU
LOS, chest drainage duration. ARDS, adult respiratory distress syndrome; LOS, length of stay; PPC, postoperative pulmonary
complications.

Parameter Usual care (n=64) Prehabilitation (n=>58) P

Primary outcome: postoperative pulmonary complications

PPC-composite 35 (55) 20 (34) 0.029
Pneumonia 17 (27) 8 (14) 0.115
Atelectasis 3 (5) 3(5) 1.000
Respiratory failure 3 (5) 2 (3) 1.000
ARDS 0 1(2) 0.475
Prolonged air leak 26 (41) 11 (19) 0.010
Secondary outcomes
ICU readmission 1(2) 3(5) 0.345
30-days mortality 1(2) 0 1.000
Hospital LOS (days) 9 (7-11) 7 (6-9) 0.038
ICU LOS (days) 4 (2-6) 3 (2-5) 0.271
Chest drainage duration (days) 6 (5—9) 5 (4-7) 0.039
Postoperative cardiovascular complications
Cardiovascular complications—composite 16 (25) 12 (21) 0.668
Pulmonary oedema 0 2 (3) 0.224
Pulmonary embolism 0 0 1.000
Arrhythmia 11 (17) 8 (14) 0.628
Hypotension 9 (14) 6 (10) 0.590
Heart failure 1(2) 2 (3) 0.604
Acute myocardial infarction 0 0 1.000

Cardiopulmonary resuscitation 1(2) 1(2) 1.000
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Exploratory prespecified analyses

In the prehabilitation group, univariate analysis showed delta
VE/VCO; slope was associated with the development of PPC
(OR 1.11 [95% CI 1.00—1.22]; P=0.046). No changes were
observed in DL¢o (OR 0.98 [95% CI 0.94—1.02]; P=0.284) and
peak VO, (OR 0.90 [95% CI 0.72—1.14]; P=0.387). Delta Vg/VCO,
slope remained associated with the development of PPC (OR
1.11 [95% CI 1.00—1.22]; P=0.046) even after the model was
adjusted for age, gender, BMI, and surgical risk (derived from
the S-MPM).

Discussion

The major finding of this RCT was that 2 weeks of pre-
habilitation incorporating high-intensity respiratory muscle
training decreased the incidence of PPCs in patients under-
going lung resection. In addition, hospital length of stay and
chest drainage duration were shorter, the number of smokers
decreased, and quality of life improved with prehabilitation.
High-intensity respiratory muscle training also decreased the
VE/VCO; slope, and increased peak VO, and DLgo. Only the
change of Vg/VCO; slope was associated with the lower inci-
dence of PPC in the prehabilitation group.

For the entire cohort, PPC developed in 55 (45%) patients,
which is higher than previously reported®> and may be
explained by limiting inclusion to high-risk patients. Patients
at high risk for PPC development were identified by Vg/VCO,
slope >33, based on our previous study.'® Risk stratification
and selection of high-risk patients have enabled demonstra-
tion of improvements in both exercise capacity and out-
comes,in contrast to the RCT of Licker and colleagues,’ where
in a cohort of unselected patients early postoperative com-
plications were not reduced by short-term high-intensity
training.

The frequency of PPC was lower and associated with a
decrease of Vg/VCO; slope in the prehabilitation group. Pro-
longed air leak and pneumonia were the major PPCs. Pro-
longed air leak is a common complication of lung resection
surgery and is linked to heightened morbidity.>> Fewer days
needing a chest tube and a lower incidence of prolonged chest
tubes have been previously shown in lung resection patients
who underwent preoperative inspiratory muscle training.®
Moreover, lung resection surgery patients with elevated Vg/
VCO; slope have been shown to be prone to development of
prolonged air leak,’® probably a result of increased trans-
alveolar pressure by dynamic hyperinflation owing to
increased ventilatory drive and chronic obstructive pulmo-
nary disease (COPD).>! A second potential contributor, though
not achieving significant difference, was pneumonia.
Recently, Vp/Vr was shown to be the major contributor to
increased Vg/VCO; in lung resection patients who subse-
quently developed PPC.?° One reason for increased Vp/Vr is a
rapid shallow breathing pattern®? which may promote atel-
ectasis, pneumonia, or both.

There was no difference in the incidence of postoperative
cardiovascular complications. Although several studies
showed Vi/VCO, slope is associated with PPC,'*'>1> only one
retrospective study showed an association between Vg/VCO,
slope and postoperative cardiovascular complications in lung
resection candidates.'? Vg/VCO, is defined by the modified
alveolar gas equation as Vg/VC0,=863/(Paco, x [1—Vp/Vrl]),*
suggesting it is increased by low Paco, (hyperventilation) or

high Vp/Vr ratio (ventilation/perfusion mismatch or rapid and
shallow breathing pattern). The physiological relationship of
VE/VCO; to ventilatory parameters may account for the lower
incidence of PPC and the lack of improvement in cardiovas-
cular complications in the prehabilitation group.

Peak VO,, a marker of exercise capacity, has been funda-
mental to preoperative risk evaluation'®** and a frequent
target of previous prehabilitation programmes.®° In our
cohort, peak VO, significantly increased with prehabilitation.
However, this increase was not associated with reduced PPC.
This observation is in agreement with the study of Licker and
colleagues’ showing exercise training improved aerobic per-
formance (peak VO;) but not early complications after lung
resection. Indeed, several studies have shown peak VO, to be a
poor predictor of PPC,** especially compared with Vg/VCO,
slope.’®~*2 For lung resection surgery, Vg/VCO, slope has been
found to be an excellent predictor of PPC,'>*>'> establishing
the rationale for selection of this parameter as a target of our
prehabilitation programme, using the high-intensity respira-
tory muscle training.” In our cohort, prehabilitation
decreased Vg/VCO; slope and this was associated with reduced
PPC. In the trial by Licker and colleagues,9 Vg/VCO; slope did
not improve with prehabilitation in an unselected group of
patients and may have contributed to the inability to reduce
PPC in their study.

For lung resection surgery, PFTs predict the risk of PPC.>* In
our study, DLgo improved with prehabilitation. However, the
improvement of DLco was not associated with less PPC.
Similarly, in a recent study Dankert and colleagues® showed
that PFT did not provide additional prognostic value in pa-
tients with COPD before lung resection surgery. Moreover,
DLco has been shown to predict PPC only after open thora-
cotomy, but not after VATS.?® In our cohort, more than half of
patients underwent VATS and this may explain the lack of
association of DLco with PPC. The number of smokers
decreased as did nicotine dependence in the prehabilitation
group. This is in agreement with previous studies showing the
preoperative period to be an opportunity to initiate smoking
cessation.?” Quality of life also improved in the prehabilitation
group which is in agreement with studies showing that
physical exercise and breathing relaxation techniques
improve quality of life.*®%°

Our study has several limitations. First, our study was not
powered to detect a mortality difference between groups.
Second, there was missing data; PFTs were not done in five
patients post prehabilitation and arterial blood gas analysis
was not available for 21 patients because of patients’ refusal or
technical difficulties. Two patients refused to fill in the EQ-5D-
3L and Fagerstrom questionnaire before prehabilitation and
one after prehabilitation. Data imputation was not performed.
Third, the generalisability for our findings is limited as only
high-risk patients were selected. Fourth, although data gath-
ering researchers and caretaking physicians were blinded to
the randomisation results, necessary postponements of sur-
gery in some patients may have meant that blinding was not
effective for caretaking physicians. Fifth, the fragility index of
this trial is 2. Sixth, there were substantial differences in
pleural effusion management by thoracic surgeons, which
may have biased chest drainage duration. Conversely, pro-
longed air leak is an objective and well-defined PPC.

In summary, in high-risk patients, 2 weeks of pre-
habilitation based on high-intensity respiratory muscle
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training reduced postoperative pulmonary complications and
hospital length of stay, with an associated improvement in
quality of life.
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