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Abstract

Background: Lung cancer surgery is associated with a high incidence of postoperative pulmonary complications
(PPCs). Preliminary evidence suggests that ERAS processes can reduce overall incidence of PPCs as short- and long-
term recovery improved by supporting units to adopt evidence-based care. However, the evidence is inconclusive due
to insufficient high-level studies in this research field. No well-designed, adequately powered, randomized controlled
trials (RCTs) have investigated the effects of pulmonary rehabilitation based ERAS program (PREP) on post-operative
pulmonary complications, pulmonary function, and health related quality of life following lung cancer surgery.

Methods: The PREP trial is a pragmatic, investigator-initiated, multi-center, randomized controlled, parallel group,
clinical trial. Five hundred patients scheduled for minimally invasive pulmonary resection at six hospitals in China will
be randomized with concealed allocation to receive either i) a pre-operative assessment and an information booklet or
ii) a pre-operative assessment, an information booklet, plus an additional education, a 30-min pulmonary rehabilitation
training session and the post-operative pulmonary rehabilitation program. The primary outcome is incidence of PPCs
defined with the Melbourne Group Scale diagnostic scoring tool. Secondary outcomes include incidence of
cardiopulmonary and other complications, pulmonary function, cardiopulmonary endurance, muscle strength, activity
level, health-related quality of life (HRQoL), pre- and post-operative hospital length of stay (LOS), and total hospital LOS.
Discussion: The PREP trial is designed to verify the hypothesis that pulmonary rehabilitation based ERAS program reduces
incidence of PPCs and improves pulmonary function and HRQoL in patients following lung cancer surgery. This trial will
furthermore contribute significantly to the limited knowledge about the pulmonary rehabilitation based ERAS program
following lung cancer surgery, and may thereby form the basis of future recommendations in the surgical community.

Trial registration: Chinese Clinical Trial Registry: ChiCTR1900024646, 21 July 2019.
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Background

Minimally invasive pulmonary resection is currently the
most frequent and effective intervention for lung cancer.
However, lung cancer surgery is associated with a high
incidence of postoperative pulmonary complications
(PPCs) with a reported incidence of 15.8-31.7% based
on large sample studies [1, 2]. This is higher than the in-
cidence for other major surgical procedures such as
orthopedic surgery (0.3-3.6%), cardiac surgery (1.5-
28.4%), upper and lower abdominal surgery (1.8-23.7%
and 1.9-4.3%) [3—16]. The term PPC is defined as clinic-
ally significant respiratory complication or dysfunction
requiring medical and rehabilitation intervention. Al-
though the causes of PPCs are multifactorial, surgical
procedure induced systemic inflammatory and catabolic
response have been proposed as major contributing fac-
tors in the development of PPCs, leading to the changes
in the short-term activity ability, and long-term health-
related quality of life (HRQoL) and mortality after lung
cancer surgery [17].

Enhanced Recovery After Surgery (ERAS) practices im-
prove the opportunity for rapid, uncomplicated recovery
after surgery with both short- and long-term benefits for
patients [18]. Data suggest that complication rates can be
reduced by 10-50% or more with supporting units to
adopt evidence-based EARS care [19-22]. Further data
also showed that not only were overall complications re-
duced, but the most severe complications, which resulted
in decreased rates of reoperation or admission to the
intensive care unit (ICU) as mortality improved [20,
23]. Recently, ERAS principles have been applied
across most surgical specialties. After the ERAS Soci-
ety was formed in 2010, the Society published a series
of guidelines and recommendations on colonic resec-
tion, rectal resection and pancreaticoduodenectomy in
2012, cystectomy and gastric resection in 2015, bariat-
ric surgery, liver resection, and head and neck cancer
surgery in 2016, breast reconstruction in 2017 [18].
Nonetheless, the ERAS guideline for thoracic surgery
is still under production, revealing that there is a
paucity of quality resear on adopting these principles
in this field. To date, no multicenter randomized con-
trolled trials (RCTs) support the provision of pulmon-
ary rehabilitation based ERAS program (PREP) on
reducing PPCs and shortening recovery time, which
translate to a substantial improvement of quality of
life (QoL) following the ERAS principle. Considering
the high incidence of PPCs following lung cancer sur-
gery, ongoing innovation must move from guessing to
knowing the outcomes though adequately powered re-
search. Therefore, a well-designed, multicenter RCT is
needed to determine the clinical effects of pulmonary
rehabilitation based ERAS program on reducing inci-
dence of PPCs following lung cancer surgery. The

Page 2 of 10

results of the current trial may fill the blank of apply-
ing ERAS program in this field and may contribute to
the construction of ERAS guideline on lung cancer
surgery.

Trial objectives

The primary objective of the PREP trial is to investigate
the effects of PREP, specifically pre-operative education
combined with post-operative pulmonary rehabilitation,
on the incidence of PPCs following lung cancer surgery.
Secondary objectives are to estimate the effects of PREP
on cardiopulmonary complications, other complications
pulmonary function, cardiopulmonary endurance, muscle
strength, activity level and HRQoL, pre-operative and
post-operative hospital LOS, and total hospital LOS.

Methods/design

Trial design

The PREP trial is a pragmatic, investigator-initiated,
multi-center, randomized controlled, parallel group,
clinical trial. Table 1 shows the overview of the trial
methods and design.

Trial setting

The six participating centers from different regions gener-
ally represent the whole picture of China. The First Affili-
ated Hospital of Nanjing Medical University (Nanjing in
Eastern China) is a 3700-bed metropolitan, primary refer-
ral hospital; the Second Affiliated Hospital of Hainan
Medical University (Haikou in Southern China) is a 2100-
bed coastal, primary referral hospital; Nanjing Drum
Tower Hospital, the Affiliated Hospital of Nanjing
University Medical School, (Nanjing in Eastern China) is a
3000-bed metropolitan, primary referral hospital; the First
Affiliated Hospital of Zhengzhou University (Zhengzhou
in central China) is a 7000-bed inner-regional, primary re-
ferral hospital; Shenzhen Dapeng New District Nan’ao
People’s Hospital (Shenzhen in Southern China) is a 300-
bed coastal, secondary referral hospital and Taizhou Enze
Medical Center, Enze Hospital (Taizhou in Eastern China)
is a 1000-bed medium-sized, primary referral hospital.
The First Affiliated Hospital of Nanjing Medical
University and the Second Affiliated Hospital of Hainan
Medical University have implemented Enhanced Recovery
After Surgery (ERAS) guidelines to all surgical units. Rele-
vant medical staff from the six participating centers have
been trained with the standardized procedure of enroll-
ment, randomization, rehabilitation intervention, assess-
ment and data collection at the kick-off meeting.

Eligibility criteria

The target population for this study are those who met
the consolidated inclusion criteria: (i) diagnose with lung
cancer through medical history, clinical symptoms,
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Table 1 World Health Organization (WHO) Trial Registration Data Set for PREP trial

Data category

Information

Primary registry and trial
identifying number

Date of registration in primary
registry

Secondary identifying numbers
Trial protocol version

Source(s) of monetary or material
support

Primary sponsor

Secondary sponsor

Contact for public queries
Contact for scientific queries

Public title
Scientific title

Countries of recruitment

Health condition(s) or problem(s)
studied

Intervention(s)

Key inclusion and exclusion
criteria

Study type

Date of first enrolment
Target sample size
Recruitment status
Primary outcome(s)

Key secondary outcomes

Chinese Clinical Trial Registry number: ChiCTR1900024646
21/07/2019

N/A
Version 1

Clinical research grant from the Department of Rehabilitation Medicine in the First Affiliated Hospital of Nanjing
Medical University (1,200,000 CNY)

N/A
N/A
XL, luxiao1972@163.com
XL, luxiao1972@163.com

Pre- and post-operative physiotherapy for the prevention of complications and the improvement of pulmonary
function and quality of life after lung cancer surgery: a multi-center randomized controlled trial

Pre- and post-operative physiotherapy for the prevention of complications and the improvement of pulmonary
function and quality of life after lung cancer surgery: a multi-center randomized controlled trial

China

Complication incidence, pulmonary function and quality of life following lung cancer surgery

Active comparator: Education booklet combined with a 30-min pre-operative pulmonary rehabilitation training
session and daily post-operative pulmonary rehabilitation

Placebo comparator: Education booklet
Ages eligible for study: 18-80 yr

Sexes eligible for study: both

Accepts health volunteers: No

Inclusion criteria: (i) diagnose with lung cancer through medical history, clinical symptoms, radiographic
assessment and pathological results; (i) Karnfsky 260 and estimated survival period > 6 months; (iii) to undergo
minimally invasive lung cancer surgery (namely the video-assisted thoracoscopic surgery, VATS); (iv) with normal
cognitive function and being able to cooperate with the rehab training; (v) the participation in the PREP trial and
sign the informed consent form

Exclusion criteria: (i) refuse the randomization; (i) with severe limb dysfunction or systemic diseases and being
unable to cooperate with the rehab training; (iii) with severe cognitive and mental dysfunctions; (iv) participated
in other trials previously

Type: Pragmatic, investigator-initiated, multi-center, randomized controlled, parallel group, clinical trial
Allocation: Concealed randomization

Intervention model: Parallel assignment

Masking: Assessor, surgeon, data analyst, and statistician blinded

Primary purpose: Prevention and improvement

Phase: Phase Il

1/8/2019

500

Recruiting

Post-operative pulmonary complications incidence

Pulmonary function, six-minute walking test, health-related quality of life

radiographic assessment and pathological results; (ii)
aged 18-80; (iii) Karnfsky >60 and estimated survival
period >6 months; (iv) to undergo minimally invasive
lung cancer surgery (namely the video-assisted thoraco-
(v) with normal cognitive

scopic surgery, VATS);

function and being able to cooperate with the rehab
training; (vi) the participation in the PREP trial and sign
the consent form [24-27].

The exclusion criteria are as follows: (i) refuse the
randomization; (ii) with severe limb dysfunction or
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systemic diseases and being unable to cooperate with the
rehab training; (iii) with severe cognitive and mental dysfunc-
tions; (iv) participated in other trials previously [28—30].

The institutional review board in the First Affiliated
Hospital of Nanjing Medical University has approved the
trial with the protocol reference of 2019-SR-360. The
trial will be conducted in accordance with the Declar-
ation of Helsinki and was registered on 21 July 2019 at
the Chinese Clinical Trial Registry (http://www.chictr.
org.cn): ChiCTR1900024646.

Recruitment, randomization and allocation

Eligible patients potentially undergoing lung cancer sur-
gery at the participating centers will be assessed by a
multi-disciplinary team consisting of a registered nurse,
anesthetist, and surgeon from the admitting surgical
team one to 2 weeks prior to their operation. Face-to-
face pre-operative education in terms of the surgical
process, pain management, postoperative drips and
drains, and expected recovery process will be delivered.

Six sets of allocation sequence is determined by a web-
based computer generated (http://www.randomizer.org/)
random number table (Odd = intervention, Even = con-
trol). These tables are then sealed in six sets of 150 se-
quentially numbered (1 to 150) opaque envelopes, each
containing an allocation card, prepared by a medical
staff masked to the trial [31].

Eligible patients will be provided with a sheet includ-
ing trial information about the randomization process,
the discrepant rehabilitation plans, the surgical process,
pain management, postoperative drips and drains, and
expected recovery process. Those agreeing will sign a
consent form as required by the ethics committee and in
accordance with the Declaration of Helsinki.

Once informed consent form has been signed, patients
will be allocated to one of the two experimental groups, by
opening the sequentially numbered opaque envelopes, to
receive 1) a pre-operative assessment and an information
booklet (control) or 2) a pre-operative assessment, an infor-
mation booklet, plus an additional education, a 30-min pul-
monary rehabilitation training session and the post-
operative pulmonary rehabilitation program (intervention).
A trial participation sticker containing patient details will
be attached on the opened envelope which will be filed se-
curely with the informed consent form. Figure 1 demon-
strates the overview of the recruitment, randomization and
allocation based on the CONSORT principle.

Blinding

Trial assistants and clinic nurses at each study center
will be masked to the group allocation pre- and post-
operatively. Due to the nature of the intervention, the
patients cannot be blinded to the group allocation. In
each center, two groups of physiotherapists will be
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assigned to the intervention group or the control group
to maximally avoid performance bias. The trial adminis-
trators at each study center who are aware of the group
allocation will assign patients in the intervention group
to one medical unit whereas the control group to the
other unit. The medical staff including assessors, sur-
geons, data analysts, and statisticians will be blinded to
the group allocation.

Interventions

Control group

At their admission, patients in the control group will be
provided with a color booklet containing information
about the general procedure of lung cancer surgery,
strategies of pain management, post-operative recovery
process and potential complications, and the necessity
and the importance of early ambulation and self-
directed pulmonary rehabilitation to the post-operative
recovery. Detailed written and pictorial instructions will
direct the patients to correctly perform deep breathing
and coughing. In this case, no verbal education or
guided training will be provided by a physiotherapist.

Exercise group

Apart from the booklet, patients in the exercise group will
be provided with an additional 30-min training session
guided by a physiotherapist. This session contains the ver-
bal education and guided training of 1) diaphragmatic
breathing, diaphragm muscles could be strengthened
through this exercise (15 repetitions each set following 2-
3 min rest for three sets). The patients inhale slowly to the
maximum lung capacity through nose, and hold the
breath for 2—3's, then exhale slowly through tips with the
abdominal muscles tighten; 2) effective coughing, the pa-
tient is requested to perform a slow-flow breath to max-
imum inspiratory capacity followed by a forced cough
with the glottis opening. One hand of the patient or the
physiotherapist presses over on the surgical region to sup-
port the wound and to encourage greater expiratory force;
and 3) aerobic ambulation, the patient is encouraged to
perform indoor walking and it is aiming for an initial in-
tensity of 50-70% VO, peak based on the results of
6MWT tested at the baseline with an increase of 10-15%
VO, peak per day according to the condition of each indi-
vidual. They are requested to slow down or stop walking
with the occurrence of chest tightness or breath shortness.
Outside these assisted sessions, participants will be ad-
vised to walk or exercise by their bedside as frequently as
they are able. Patients are requested to perform self-
directed training till the operation day. After the surgery, a
physiotherapist will assist the patients to walk as soon as
possible on the first post-operative day. The diaphrag-
matic breathing, effective coughing and aerobic ambula-
tion will be performed till the discharge day under the
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All patients scheduled for
lung cancer surgery in the
six centers
Exclusion criteria Inclusion criteria
1) Refuse the randomization v 1) Diagnosed with lung cancer
2) With severe limb dysfunction or Screen for eligible 2) Aged 18-80
systemic diseases patients in the six centers 3) Karnfsky=60

3) With severe cognitive and
mental dysfunctions
4) Participated in other trials

4) Survival period>6 months
5) To undergo lung cancer surgery
6) With normal cognitive function
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Fig. 1 Flow chart of the PREP trial

J

supervision of the physiotherapist to maximally avoid ad-
verse events [32—34].

Withdrawal from trial

Patients will be withdrawn for either of the following: (i)
the patient makes such a request; (ii) the patient de-
velops a serious disease, such as heart disease or stroke,
and continuing their participation becomes inappropri-
ate in the opinion of the investigators; (iii) an severe ad-
verse event related to the pulmonary rehabilitation
program occurs or (iv) with poor compliance to the
training protocol.

Outcome measures

Primary outcome

The primary outcome of the PREP trial is the incidence
of PPCs within the first 14 post-operative days. PPCs is
defined with the Melbourne Group Scale (MGS) diag-
nostic scoring tool, which is reliable and valid following

thoracic surgery with high inter-rater reliability [35-37].
A PPC will be diagnosed when the following four or
more factors are identified: 1) new abnormal breath
sounds different to pre-operative; 2) chest X-ray findings
of atelectasis or consolidation; 3) raised white cell count
(WCC) (>11x 10°/L); 4) temperature >38°C; 5) puru-
lent sputum differing from preoperative status; 6) signs
of infection on sputum culture; 7) pulse oximetry oxygen
saturation (SpO,) <90% without oxygen therapy; and 8)
pneumonia diagnosed based on physician’s experience
[38]. When a positive diagnosis of a PPC is confirmed,
the patient will then receive specific respiratory interven-
tions provided by the doctors from Department of
Respiration.

Patients will be assessed for PPCs at each prospective
day by a blinded assessor. Medical documents including
radiologist reports and laboratory sheets will be reviewed
as references. A log-sheet will be provided to the pa-
tients on their discharge day to record any self-identified
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respiratory symptoms in the following consecutive days
till Day 14. These data may sever as references for diag-
nosis of PPCs during their stay at home. The patients
will be requested to submit the log-sheets to the assessor
for recording on their follow up days. They will be sug-
gested to readmitted to the hospital in case of any severe
symptom occurs.

Secondary outcomes
Secondary outcomes are listed as follows:

1) Cardiopulmonary complications, other than those
defined in the MGS, include atelectasis, respiratory
failure, pleural effusion, pneumothorax, pulmonary
embolism, arrhythmia, heart failure and thoracic
hemorrhage;

2) Other complications include hypovolemia, wound
lacerations, wound hemorrhage, wound dehiscence,
wound infection, urinary tract infection, sepsis,
delirium, reintubation and fall;

3) Pulmonary function will be reflected by forced vital
capacity (FVC), forced expiratory volume in the
first second (FEV,), ratio between FEV; and FVC
(FEV1/EVC), peak expiratory flow (PEF) [39, 40];

4) Cardiopulmonary endurance will be reflected by the
6-min walking test (6MWT) [27];

5) Muscle strength will be reflected by maximum grip
strength as measured on the dominant hand using a
calibrated hand dynamometer [41];

6) Activity level will be reflected by self-reported meta-
bolic equivalents (METs) [42];

7) Health-related quality of life (HRQoL) will be
evaluated with SF-12 [43];

8) Time in day for the pre- and post- operative
application of antibiotics;

9) Pre- and post-operative hospital LOS and total hos-
pital LOS.

Data collection

Data in terms of PPC defined in the MGS, cardiopulmo-
nary complications (i.e. coronary heart disease, hyperten-
sion, COPD), other complications (i.e. diabetes), pulmonary
function, cardiopulmonary endurance, muscle strength, ac-
tivity level and HRQoL will be selectively collected on the
admission day (baseline), on the discharge day (second
follow-up), 2 weeks post operation (third follow-up) and
12 weeks post operation (forth follow-up). Scheduled data
collection at each time point is presented in Table 2.

Apart from the above variables, demographics and
clinical characteristics, collected directly from the pa-
tients or the medical documents, are as follows: center
of recruitment, phone number, age, gender, height in
centimeter, weight in kilogram, smoking history (never
smoked, former smoker or current smoker), smoking
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index in average pack years, pre-operative comorbidities
(cardiac disease, diabetes mellitus, hypertension, respira-
tory infection or others), pre- and post-operative hos-
pital LOS and total hospital LOS.

Surgery-related variables will be collected from the
anesthetic record, operation report and medical docu-
ment: type of lung cancer according to the intra- or
post-operative pathological examination, tumor location
(left lower lobe, left upper lobe, right lower lobe, right
middle lobe, right upper lobe) [44], surgical type (lobec-
tomy, segmentectomy, pneumonectomy or sleeve) [36],
length in minute of surgery, immediate post-operative
location (surgical ward or ICU), post-operative antibiotic
delivery (time in day and type of antibiotic delivered and
reason to upgrade or downgrade), post-operative pain
management (oral, intramuscular injection, intravenous
administration or epidural administration), and postop-
erative daily drainage in milliliter.

Sample size calculation

It has been reported that the absolute risk reduction in
PPCs was of 20% by previous trials of preoperative edu-
cation [45], and a post-operative PPC incidence of 32%
was identified in patients with undergoing minimally in-
vasive lung cancer surgery [2]. For the purposes of this
trial, conservative goals (minimum 10% absolute risk re-
duction from a 20% baseline PPC risk) were set. A sam-
ple of 305 patients would have 80% power to detect a
significant difference between groups (p=0.05 two
sided) with an 15% inflation to account for dropouts,
non-compliance, and uncertainty of baseline risk, pro-
viding a final sample size of 500.

Data management

Standardized case report forms (CRF) have been devel-
oped specifically for the trial. Completed forms are peri-
odically sent by the participating centers to the
coordinating center (the First Affiliated Hospital of Nan-
jing Medical University) for verification and data entry
though a secured website. Local policy and national data
protection guidance will be followed with study data an-
onymously recorded on a bespoke trial database using
unique study identification numbers.

Statistical methods

Backward stepwise regression will be applied to select
adjustment covariates from covariates which may have
impact on the prognostic strength and effect sizes be-
tween groups. These covariates include: age, gender,
BMI, smoking history, smoking index, pre-operative co-
morbidities and physical status, pre-operative hospital
LOS, application of prophylactic antibiotics, surgical
type, tumor location, length in time of operation, ICU
admission immediately following the surgery, mode of
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Table 2 Scheduled events and timeline of PREP trial
STUDY PERIOD
Eligibility Allocation Post-allocation Close-out
-t1 0 t1 t2 t3 ts
TIMEPOINT Listed for Admission | Post-operative | Discharge | 2 weeks following | 12 weeks following
surgery Day Day 1 day date of surgery date of surgery
Eligibility screen X
ENROLLMENT Informed consent X
Randomization X
CONTROL group X
ASSIGNMENT INTERVENTION group X
Demographics X
Clinical characteristics X
Surgery-related variables
PPC
Cardiopulmonary complications —
Other complications —
Pulmonary function X X
VARIABLES Cardiopulmonary endurance X X X X
Muscle strength X X X X
Activity level X X X X
HRQoL X X
Length of pre- and post-operative X
application of antibiotics
Pre- and post-operative hospital LOS X
Total hospital LOS X

PPCs post-operative pulmonary complications, HRQoL health-related quality of life, LOS length of stay

post-operative analgesia, type of lung cancer according
to the intra- or post-operative pathological examination,
time in day and type of post-operative antibiotic delivery,
post-operative analgesia management, and postoperative
daily drainage [46, 47].

For all outcomes we estimated differences in effect
size between groups on an intention-to-treat basis.
Multivariate robust random or mixed effects Poisson
regression will be applied to estimate primary out-
come efficacy and binomial secondary outcomes (car-
diopulmonary complications and other complications).
The time effect of day the PPC diagnosed between
groups will be estimated with Cox proportional haz-
ards regression with or without adjustment for covari-
ates. Secondary outcomes with normal and abnormal
distributions, including cardiopulmonary endurance,
muscle strength, activity level, HRQoL, time in day of
the application of antibiotics, pre- and post-operative
hospital LOS and total hospital LOS, will be esti-
mated for group differences with mixed effects or-
dered logistic regression and mixed effects linear
regression.

Exploratory post hoc sensitivity adjusted analyses
will be performed to determine the effect of specific
covariates (discrepancy in experience grade of treating
physiotherapist, hospital level, surgical category,
tumor location, preoperative respiratory complication
risk score, age and gender) across all primary and
major secondary outcomes [48].

All analyses will be performed using Stata version 16
or later (StataCorp, College Station, TX, USA).

Data monitoring

A data safety monitoring committee (DSMC) will be
established to protect the validity and credibility of the
trial according to the DAMOCLES Study Group’s rec-
ommendations [49]. The DSMC will meet periodically
during the trial with the role to: monitor and review pa-
tient safety in the trial; request the conduct of interim
data analyses (if required); and to review patient recruit-
ment, accrual and withdrawal. The responsibility of the
DSMC is not limited to provide recommendations about
continuing or modifying the trial. The trial may be
stopped by the DSMC if any severe adverse events are
considered to have been caused by the pulmonary re-
habilitation program or the assessments.

Discussion

Following the changes in modern surgical care, inter-
est in ERAS programs, which typically focus on min-
imizing pre-operative stress and improve the response
to the post-operative stress, have grown substantially.
The potential to significantly reduce the incidence of
PPCs with easily provided interventions of pre- and
post-operative rehabilitation therapy is appealing.
Evidence suggests that change in clinical practice oc-
curs 15 years after clear evidence is available [50].
There is an urgent need to support the medical and
surgical community to implement new and better
care. Following the guideline and recommendations in
several surgical categories, unfortunately conclusive
evidence of PREP on PPCs and other clinical out-
comes is lacking.
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The PREP trial is the first multicenter RCT designed
to investigate whether pulmonary rehabilitation based
ERAS program reduces the incidence of PPCs, and im-
proves pulmonary function and HRQoL following lung
cancer surgery. It has been widely recognized that a
well-designed and powered multicenter RCT can pro-
vide the highest level of evidence to prove the effective-
ness of certain interventions. However, performing a
multicenter RCT may be with great difficulties. For ex-
ample, the standardized intervention needs to be deliv-
ered across all the participating centers and the trial
period. This can be addressed to train the physiothera-
pists in advance. The standard operation procedure
(SOP) booklet and standard operation video have been
drafted and recorded respectively. The physiotherapists
from all the participating centers are required to adhere
to the instruction as included within the SOP booklet
and the digital video recording. Considering the discrep-
ancy of learning curve and knowledge background
across senior and junior physiotherapists, experience
varies between participating centers, and will vary over
time. We have not attempted to standardize these due
to the feasibility of doing so across the six participating
centers. Instead, the impact of potential confounders can
be pooled and adjusted during statistical analysis. In
addition, patient-oriented confounders, including timing
of post-operative ambulation, pre-operative hospital
LOS or post-operative analgesia management, have not
been strictly controlled since this would be extremely
difficult to achieve. Nonetheless, we believe that with ef-
fective randomization and blinding, it is reasonable to
expect that patients in both groups will have an equal
chance of exposure to these factors. Moreover, the dif-
ferences in effect sizes of PREP versus control on all out-
comes will be estimated with the intention-to-treat
based different regression analysis which may be a com-
plementary way to study new interventions rather than
relying on simple Independent sample t-test or One-way
ANOVA [18]. In similar with the placebo in the pharma-
ceutical research, the control group will be provided
with educational booklet instead of no-intervention
comparator. This action would be helpful to control for
the Hawthorne effect and smooth the conduct of the
PREP trial.

Objective and subjective parameters are both consid-
ered to include in the primary and secondary outcomes
since in modern health care delivery it is essential to
consider the impact of an intervention not only on ob-
jective incidence of PPCs or pulmonary function but on
subjective patient-oriented HRQoL. As demonstrated
previously, reduction in PPCs may influence HRQoL fol-
lowing discharge from hospital, particularly physical
functioning domains [32, 51].. Therefore, four follow up
time points will be set in the PREP trial to better
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understand the potential effects that the objective PPCs
may have on the subjective HRQoL across the trial
period.

To sum up, the PREP trial is a pragmatic, investigator-
initiated, multi-center, randomized controlled, parallel
group, clinical trial, designed to explore the hypothesis
that pulmonary rehabilitation based ERAS program re-
duces incidence of post-operative pulmonary complica-
tions and improves pulmonary function and HRQoL in
patients following lung cancer surgery.

Trial status

The trial is ongoing and is actively enrolling. Enrollment
of patients was initiated by the six participating centers
on 1 August 2019. With an expected inclusion rate of 15
to 20 patients per month in total, an estimated recruit-
ment period of 24—36 months is required.

Abbreviations

6MWT: 6-min walking test; CRF: Case report forms; DSMC: Data safety
monitoring committee; ERAS: Enhanced recovery after surgery; FEV;: Forced
expiratory volume in the first second; FEV;/FVC: Ratio between FEV; and FVC;
FVC: Forced vital capacity; HRQoL: Health-related quality of life; ICU: Intensive
care unit; LOS: Length of stay; METs: Metabolic equivalents; MGS: Melbourne
Group Scale; PEF: Peak expiratory flow; PPCs: Postoperative pulmonary
complications; PREP: Pulmonary rehabilitation based ERAS program;

RCTs: Randomized controlled trials; SOP: Standard operation procedure;
WCC: White cell count; WHO: World Health Organization

Acknowledgements
Not applicable.

Authors’ contributions

XL conceived and designed the study. YZ drafted and revised the protocol,
and is coordinating the trial. MM, MJ, LL, HW, YW and HZ revised the study
design and protocol. YZ planned the statistical analysis and is responsible for
data management. QZ, ZZ, XW, JM, QL, YC, XZ, LW, YC, XZ and MT are
responsible for data acquisition, protocol adherence, and trial co-ordination.
YZ prepared the manuscript and XL is the corresponding author. All authors
read and contributed intellectually important content and approved the final
manuscript.

Funding

This study is an investigator-initiated trial funded by clinical research grant
from the Department of Rehabilitation Medicine in the First Affiliated Hos-
pital of Nanjing Medical University for a total number of 1,200,000 CNY. The
funding body had no role in the study design, data collection, analysis, and
interpretation of data.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The institutional review board in the First Affiliated Hospital of Nanjing
Medical University has approved the trial (protocol reference: 2019-SR-360).
Any important changes regarding the study protocol in terms of eligibility
criteria, interventions, outcomes or analyses will be conducted under the
supervision and approval of the institutional review board. The written in-
formed consent form will be collected from each participant as required by
the ethics committee and in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.



Zheng et al. BMC Pulmonary Medicine (2020) 20:44

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Rehabilitation Medicine, the First Affiliated Hospital of
Nanjing Medical University, No.300 Guangzhou Road, Nanjing 210029, China.
’Department of Rehabilitation Therapy, the Second Affiliated Hospital of
Hainan Medical University, No. 368 Yehai Road, Haikou 570100, China.
3Department of Rehabilitation Medicine, Nanjing Drum Tower Hospital, the
Affiliated Hospital of Nanjing University Medical School, No. 321 Zhongshan
Road, Nanjing 210008, China. “Department of Rehabilitation Medicine, the
First Affiliated Hospital of Zhengzhou University, No. 1 East of Jianshe Road,
Zhengzhou 450052, China. “Department of Rehabilitation Medicine,
Shenzhen Dapeng New District Nan'ao People’s Hospital, No. 6 Renmin
Road, Dapeng New District, Shenzhen 518000, China. °Department of
Rehabilitation Therapy, Taizhou Enze Medical Center, Enze Hospital, No. 1
East of Tongyang Road, Taizhou 318050, China.

Received: 6 September 2019 Accepted: 31 January 2020
Published online: 18 February 2020

References

1. Murff HJ, FitzHenry F, Matheny ME, Gentry N, Kotter KL, Crimin K, Dittus RS,
Rosen AK, Elkin PL, Brown SH, et al. Automated identification of
postoperative complications within an electronic medical record using
natural language processing. JAMA. 2011;306(8):848-55.

2. Bailey KL, Merchant N, Seo YJ, Elashoff D, Benharash P, Yanagawa J. Short-
term readmissions after open, thoracoscopic, and robotic lobectomy for
lung Cancer based on the Nationwide readmissions database. World J Surg.
2019:43(5):1377-84.

3. Rasouli MR, Maltenfort MG, Purtill JJ, Hozack WJ, Parvizi J. Has the rate of in-
hospital infections after total joint arthroplasty decreased? Clin Orthop Relat
Res. 2013;471(10):3102-11.

4. Simunovic N, Devereaux PJ, Sprague S, Guyatt GH, Schemitsch E, Debeer J,
Bhandari M. Effect of early surgery after hip fracture on mortality and
complications: systematic review and meta-analysis. CMAJ. 2010;182(15):
1609-16.

5. Kubo T, Ono S, Ueno H, Shinto E, Yamamoto J, Hase K. Elevated
preoperative C-reactive protein levels are a risk factor for the development
of postoperative infectious complications following elective colorectal
surgery. Langenbeck's Arch Surg. 2013;398(7):965-71.

6. Hendren SK, Morris AM. Evaluating patients undergoing colorectal surgery
to estimate and minimize morbidity and mortality. Surg Clin North Am.
2013;93(1):1-20.

7. Sakamoto K, Tamesa T, Tokuhisa Y, Matsukuma S, Tokumitsu Y, Maeda Y,
Takeda S, Ueno T, Yamamoto S, Yoshino S, et al. Perioperative microbiologic
monitoring of sputum on postoperative day one as a predictor of
pneumonia after hepatectomy. J Gastrointest Surg. 2015;19(9):1662-7.

8. Levesque E, Hoti E, Azoulay D, Honore I, Guignard B, Vibert E, Ichai P,
Antoun F, Saliba F, Samuel D. Pulmonary complications after elective liver
transplantation-incidence, risk factors, and outcome. Transplantation. 2012;
94(5):532-8.

9. Aduen JF, Hellinger WC, Kramer DJ, Stapelfeldt WH, Bonatti H, Crook JE, Steers
JL, Burger CD. Spectrum of pneumonia in the current era of liver
transplantation and its effect on survival. Mayo Clin Proc. 2005;80(10):1303-6.

10.  Imai D, lkegami T, Toshima T, Yoshizumi T, Yamashita Y, Ninomiya M,
Harimoto N, Itoh S, Uchiyama H, Shirabe K, et al. Preemptive thoracic
drainage to eradicate postoperative pulmonary complications after living
donor liver transplantation. J Am Coll Surg. 2014;219(6):1134-1142.e1132.

11. Park CH, Kim H, Kang YA, Cho IR, Kim B, Heo SJ, Shin S, Lee H, Park JC, Shin
SK; et al. Risk factors and prognosis of pulmonary complications after
endoscopic submucosal dissection for gastric neoplasia. Dig Dis Sci. 2013;
58(2):540-6.

12. Takeuchi D, Koide N, Suzuki A, Ishizone S, Shimizu F, Tsuchiya T, Kumeda S,
Miyagawa S. Postoperative complications in elderly patients with gastric
cancer. J Surg Res. 2015;198(2):317-26.

13. Allou N, Bronchard R, Guglielminotti J, Dilly MP, Provenchere S, Lucet JC,
Laouénan C, Montravers P. Risk factors for postoperative pneumonia after
cardiac surgery and development of a preoperative risk score*. Crit Care
Med. 2014;42(5):1150-6.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 9 of 10

Starks B, Harbert C. Aspiration prevention protocol: decreasing
postoperative pneumonia in heart surgery patients. Crit Care Nurse. 2011;
31(5):38-45.

Arcéncio L, Vento DA, Bassetto S, Evora PR, Rodrigues AJ. Exhaled nitrite/
nitrate levels as a marker of respiratory complications after heart valve
surgery. J Crit Care. 2013;28(1):533.e531-7.

Vamvakas EC, Carven JH. Exposure to allogeneic plasma and risk of
postoperative pneumonia and/or wound infection in coronary artery bypass
graft surgery. Transfusion. 2002;42(1):107-13.

Beverly A, Vrochides D, Urman RD. Enhanced Recovery After Surgery:
Evidence for Delivering Value-based Care. Int Anesthesiol Clin. 2017,55(4):78.
Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery: a review.
JAMA Surg. 2017;152(3):292-8.

Gustafsson UO, Hausel J, Thorell A, Ljungqvist O, Soop M, Nygren J.
Adherence to the enhanced recovery after surgery protocol and outcomes
after colorectal cancer surgery. Arch Surg. 2011;146(5):571-7.

The Impact of Enhanced Recovery Protocol Compliance on Elective
Colorectal Cancer Resection: Results From an International Registry. Ann
Surg. 2015, 261(6):1153-1159.

Varadhan KK, Neal KR, Dejong CH, Fearon KC, Ljungqvist O, Lobo DN. The
enhanced recovery after surgery (ERAS) pathway for patients undergoing
major elective open colorectal surgery: a meta-analysis of randomized
controlled trials. Clin Nutr (Edinburgh). 2010;29(1):434-40.

Greco M, Capretti G, Beretta L, Gemma M, Pecorelli N, Braga M. Enhanced
recovery program in colorectal surgery: a meta-analysis of randomized
controlled trials. World J Surg. 2014;38(6):1531-41.

Gustafsson UO, Oppelstrup H, Thorell A, Nygren J, Ljungqvist O. Adherence to
the ERAS protocol is associated with 5-year survival after colorectal Cancer
surgery: a retrospective cohort study. World J Surg. 2016;40(7):1741-7.

Patel SH, Ajlouni M, Chapman R, Lu M, Movsas B, Kim JH. A prospective
phase Il study of induction carboplatin and vinorelbine followed by
concomitant topotecan and accelerated radiotherapy (ART) in locally
advanced non-small cell lung cancer (NSCLC). J Thorac Oncol. 2007;2(9):
831-7.

Sandmaier BM, Kornblit B, Storer BE, Olesen G, Maris MB, Langston AA,
Gutman JA, Petersen SL, Chauncey TR, Bethge WA, et al. Addition of
sirolimus to standard cyclosporine plus mycophenolate mofetil-based graft-
versus-host disease prophylaxis for patients after unrelated non-
myeloablative haemopoietic stem cell transplantation: a multicentre,
randomised, phase 3 trial. Lancet Haematol. 2019,6(8):e409-18.

Adebahr S, Hechtner M, Schrader N, Schimek-Jasch T, Kaier K, Duncker-
Rohr V, Gkika E, Momm F, Gaertner J, Becker G, et al. Early impact of
pulmonary fractionated stereotactic body radiotherapy on quality of life:
benefit for patients with low initial scores (STRIPE trial). J Thorac Oncol.
2019;14(3):408-19.

Stigt JA, Uil SM, van Riesen SJ, Simons FJ, Denekamp M, Shahin GM, Groen
HJ. A randomized controlled trial of postthoracotomy pulmonary
rehabilitation in patients with resectable lung cancer. J Thorac Oncol. 2013;
8(2):214-21.

Licker M, Karenovics W, Diaper J, Frésard |, Triponez F, Ellenberger C, Schorer
R, Kayser B, Bridevaux PO. Short-term preoperative high-intensity interval
training in patients awaiting lung Cancer surgery: a randomized controlled
trial. J Thorac Oncol. 2017;12(2):323-33.

Richter Larsen K, Svendsen UG, Milman N, Brenge J, Petersen BN. Exercise
testing in the preoperative evaluation of patients with bronchogenic
carcinoma. Eur Respir J. 1997;10(7):1559-65.

Brocki BC, Andreasen JJ, Langer D, Souza DS, Westerdahl E. Postoperative
inspiratory muscle training in addition to breathing exercises and early
mobilization improves oxygenation in high-risk patients after lung cancer
surgery: a randomized controlled trial. Eur J Cardio-thorac Surg. 2016;49(5):
1483-91.

Schulz KF, Grimes DA. Allocation concealment in randomised trials:
defending against deciphering. Lancet (London, England). 2002,359(9306):
614-8.

Dias CM, Placido TR, Mfb Ferreira FS, Guimaraes SM. Incentive spirometry
and breath stacking: effects on the inspiratory capacity of individuals
submitted to abdominal surgery. Revista Brasileira De Fisioterapia. 2008;
12(2):94-9.

Zhou K, Su J, Lai Y, Li P, Li S, Che G. Short-term inpatient-based high-
intensive pulmonary rehabilitation for lung cancer patients: is it feasible and
effective? J Thorac Dis. 2017:9(11):4486-93.



Zheng et al. BMC Pulmonary Medicine

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

(2020) 20:44

Lai Y, Su J, Qiu P, Wang M, Zhou K, Tang Y, Che G. Systematic short-term
pulmonary rehabilitation before lung cancer lobectomy: a randomized trial.
Interact Cardiovasc Thorac Surg. 2017;25(3):476-83.

Park M, Ahn HJ, Kim JA, Yang M, Heo BY, Choi JW, Kim YR, Lee SH, Jeong H,
Choi SJ, et al. Driving pressure during thoracic surgery: a randomized
clinical trial. Anesthesiology. 2019;130(3):385-93.

Lugg ST, Agostini PJ, Tikka T, Kerr A, Adams K, Bishay E, Kalkat MS, Steyn RS,
Rajesh PB, Thickett DR, et al. Long-term impact of developing a
postoperative pulmonary complication after lung surgery. Thorax. 2016;
71(2:171-6.

Agostini P, Naidu B, Cieslik H, Rathinam S, Bishay E, Kalkat MS, Rajesh PB,
Steyn RS, Singh S. Comparison of recognition tools for postoperative
pulmonary complications following thoracotomy. Physiotherapy. 2011,97(4):
278-83.

Boden I, Browning L, Skinner EH, Reeve J, El-Ansary D, Robertson IK, Denehy
L. The LIPPSMAck POP (Lung Infection Prevention Post Surgery - Major
Abdominal - with Pre-Operative Physiotherapy) trial: study protocol for a
multi-centre randomised controlled trial. Trials. 2015;16(undefined):573.
Doiron D, de Hoogh K, Probst-Hensch N, et al. Air pollution, lung function
and COPD: results from the population-based UK Biobank study. Eur Respir
J.2019. https://doi.org/10.1183/13993003.02140-2018.

Divisi D, Di Francesco C, Di Leonardo G, Crisci R. Preoperative pulmonary
rehabilitation in patients with lung cancer and chronic obstructive
pulmonary disease. Eur J Cardio-thorac Surg. 2013;43(2):293-6.

Scherbakov N, Knops M, Ebner N, Valentova M, Sandek A, Grittner U,
Dahinden P, Hettwer S, Schefold JC, von Haehling S, et al. Evaluation of C-
terminal Agrin fragment as a marker of muscle wasting in patients after
acute stroke during early rehabilitation. J Cachexia Sarcopenia Muscle. 2016;
7(1):60-7.

DeFina LF, Radford NB, Barlow CE, Willis BL, Leonard D, Haskell WL, Farrell
SW, Pavlovic A, Abel K, Berry JD, et al. Association of all-Cause and
Cardiovascular Mortality with High Levels of physical activity and concurrent
coronary artery calcification. JAMA Cardiol. 2019;4(2):174-81.

Rouanne M, Massard C, Hollebecque A, Rousseau V, Varga A, Gazzah A,
Neuzillet Y, Lebret T, Soria JC. Evaluation of sexuality, health-related quality-
of-life and depression in advanced cancer patients: a prospective study in a
Phase | clinical trial unit of predominantly targeted anticancer drugs. Eur J
Cancer. 2013;49(2):431-8.

Kim SJ, Ahn'S, Lee YJ, Park JS, Cho YJ, Cho S, Yoon HI, Kim K, Lee JH, Jheon
S, et al. Factors associated with preserved pulmonary function in non-small-
cell lung cancer patients after video-assisted thoracic surgery. Eur J Cardio-
Thorac Surg. 2016;49(4):1084-90.

Samnani SS, Umer MF, Mehdi SH, Farid FN. Impact of Preoperative
Counselling on Early Postoperative Mobilization and Its Role in Smooth
Recovery. Int Scholarly Res Notices. 2014;2014:250536.

Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis N, Rockall
TA, Young-Fadok TM, Hill AG, Soop M, et al. Guidelines for perioperative Care
in Elective Colorectal Surgery: enhanced recovery after surgery (ERAS) society
recommendations: 2018. World J Surg. 2019;43(3):659-95.

Peyton PJ, Myles PS, Silbert BS, Rigg JA, Jamrozik K, Parsons R. Perioperative
epidural analgesia and outcome after major abdominal surgery in high-risk
patients. Anesthesia and analgesia. 2003;96(2):548 table of contents.
Scholes RL, Browning L, Sztendur EM, Denehy L. Duration of anaesthesia,
type of surgery, respiratory co-morbidity, predicted VO2max and smoking
predict postoperative pulmonary complications after upper abdominal
surgery: an observational study. Aust J Physiother. 2009;55(3):191-8.

Grant AM, Altman DG, Babiker AG, Campbell MK, Clemens F, Darbyshire JH,
Elbourne DR, Mcleer SK, Parmar MKB, Pocock SJ. A proposed charter for
clinical trial data monitoring committees: helping them to do their job well.
Lancet. 2005,365(9460):711-22.

Lassen K, Hannemann P, Ljungqvist O, Fearon K, Dejong CHC, Hausel J,
Nygren J, Andersen J, Troms AZ. Maastricht: patterns in current
perioperative practice: survey of colorectal surgeonsin five northern
European countries. BMJ Chinese Edit. 2005;330(7505):1420-1.

Derogar M, Orsini N, Sadr-Azodi O, Lagergren P. Influence of major
postoperative complications on health-related quality of life among long-term
survivors of esophageal cancer surgery. J Clin Oncol. 2012,30(14):1615-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1183/13993003.02140-2018

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Trial objectives

	Methods/design
	Trial design
	Trial setting
	Eligibility criteria
	Recruitment, randomization and allocation
	Blinding
	Interventions
	Control group
	Exercise group

	Withdrawal from trial
	Outcome measures
	Primary outcome
	Secondary outcomes

	Data collection
	Sample size calculation
	Data management
	Statistical methods
	Data monitoring

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

