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STUDY PROTOCOL Open Access

The LIPPSMAck POP (Lung Infection
Prevention Post Surgery - Major Abdominal
- with Pre-Operative Physiotherapy) trial:
study protocol for a multi-centre
randomised controlled trial
Ianthe Boden1,2* , Laura Browning2,3, Elizabeth H. Skinner2,4, Julie Reeve5,6, Doa El-Ansary2, Iain K. Robertson7,8

and Linda Denehy2

Abstract

Background: Post-operative pulmonary complications are a significant problem following open upper abdominal
surgery. Preliminary evidence suggests that a single pre-operative physiotherapy education and preparatory lung
expansion training session alone may prevent respiratory complications more effectively than supervised post-
operative breathing and coughing exercises. However, the evidence is inconclusive due to methodological
limitations. No well-designed, adequately powered, randomised controlled trial has investigated the effect of pre-
operative education and training on post-operative respiratory complications, hospital length of stay, and health-
related quality of life following upper abdominal surgery.

Methods/design: The Lung Infection Prevention Post Surgery - Major Abdominal- with Pre-Operative Physiotherapy
(LIPPSMAck POP) trial is a pragmatic, investigator-initiated, bi-national, multi-centre, patient- and assessor-blinded,
parallel group, randomised controlled trial, powered for superiority. Four hundred and forty-one patients scheduled for
elective open upper abdominal surgery at two Australian and one New Zealand hospital will be randomised using
concealed allocation to receive either i) an information booklet or ii) an information booklet, plus one additional
pre-operative physiotherapy education and training session. The primary outcome is respiratory complication incidence
using standardised diagnostic criteria. Secondary outcomes include hospital length of stay and costs, pneumonia
diagnosis, intensive care unit readmission and length of stay, days/h to mobilise >1 min and >10 min, and, at 6 weeks
post-surgery, patient reported complications, health-related quality of life, and physical capacity.

Discussion: The LIPPSMAck POP trial is a multi-centre randomised controlled trial powered and designed to investigate
whether a single pre-operative physiotherapy session prevents post-operative respiratory complications. This trial
standardises post-operative assisted ambulation and physiotherapy, measures many known confounders, and includes
a post-discharge follow-up of complication rates, functional capacity, and health-related quality of life. This trial is
currently recruiting.
(Continued on next page)
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Background
Elective upper abdominal surgery (UAS) is planned sur-
gery involving an open incision above or extending above
the umbilicus [1] and is predominately performed to
remove cancerous tissue. Approximately 500 to 1000 pro-
cedures per 100,000 head of population are performed
annually in developed countries [2, 3]. The most common
complication following UAS is a post-operative pulmonary
complication (PPC) [4] with a reported incidence of
13–53 % [5–10]. This is higher than the incidence for
other major surgical procedures such as open lung resec-
tion, cardiac surgery via sternotomy, open lower abdom-
inal surgery, and orthopaedic surgery [11–13]. A PPC is
either a specific respiratory complication such as pneu-
monia or an undefined respiratory dysfunction that is
clinically significant, compromises a patient’s predicted re-
covery, and requires additional medical management [14].
The variability in PPC rates following UAS may be
explained by the differing studied patient risk profiles and
PPC definitions utilised.
Respiratory pathophysiological changes after UAS are

well reported, including atelectasis, impaired mucociliary
clearance, diaphragm dysfunction, reduced lung volumes,
and respiratory muscle and cough strength deficiencies
[15–28]. These can contribute to bacterial proliferation
and/or severe atelectasis [17, 29], thus increasing res-
piratory infection risk [14, 15]. PPCs are associated with
increased morbidity, mortality, hospital expenditure, and
length of stay (LOS) [5, 30–32]. Strategies to prevent PPCs
should remain a high priority [33] due to their relatively
high prevalence, relationship to poor patient outcomes,
and increased health care costs.
Preventative non-pharmaceutical therapies such as coa-

ched deep breathing and coughing (DB&C) exercises and
early ambulation are traditionally provided to patients fol-
lowing UAS [34]. Additionally, incentive spirometers [35],
positive expiratory pressure (PEP) devices [36], and non-
invasive ventilation (NIV) [37] can be utilised. These are
often delivered by physiotherapists [8, 38], though in
countries where physiotherapists are not involved with
this patient group, this type of respiratory therapy is
provided by nurses, doctors, or other health professionals
[36, 39]. However, the efficacy of post-operative respira-
tory therapy to prevent PPCs following UAS is controver-
sial. Systematic reviews and meta-analyses have concluded
that lung expansion exercises including DB&C [40],

incentive spirometry [35], and PEP [41] are of little benefit
in reducing PPCs, with only NIV considered efficacious
[37, 42]. Specifically, when post-operative ambulation is
standardised, the addition of DB&C exercises does not re-
duce the incidence of PPCs in addition to assisted early
ambulation alone [7, 10]. However, almost all clinical trials
have included pre-operative physiotherapy (Pre-Op) edu-
cation and training as usual care delivery to all partici-
pants. It is possible that this intervention alone may have
independently reduced the risk of a PPC.
Evidence from six clinical trials [43–48] suggests that a

single Pre-Op education session may reduce PPC rates
by up to 78 % [47, 48] after UAS. However, these trials
have methodological limitations, including small sample
sizes, inconsistent end points, generalisability restrictions
(single-centre trials, predominantly low-risk patient
groups), sources of bias (non-random sampling, unblinded
assessors and Hawthorne effects), and non-standardisation
or reporting of potential confounders. These methodo-
logical limitations bring the reported effect on PPC rates
with pre-operative physiotherapy education into question.
Even if the reported benefit on PPC rates is a true effect,

it is not known if Pre-Op education and training would be
effective in the context of recent advances in perioperative
management such as Enhanced Recovery After Surgery
(ERAS) guidelines. This multimodal package of 10–18
care elements provides significant improvements in com-
plication rates and LOS [49]. Pre-operative education and
lung expansion training are strongly recommended within
ERAS guidelines, although it is acknowledged that evi-
dence to support this specific element is weak [50]. Add-
itionally, Pre-Op physiotherapy interventions previously
studied were predominantly provided the day before sur-
gery. This may not reflect current practice where, in many
centres, patients attend a multi-disciplinary assessment
clinic one to 6 weeks before their operation [51–53]. It is
unknown whether Pre-Op physiotherapy education pro-
vided at these longer time intervals might also produce
the previously reported effect on PPC prophylaxis.
Surveys of physiotherapy services to UAS patients in

Australia have shown a stark reduction in hospitals
(20 % down to 5 %) providing Pre-Op physiotherapy
over the past 15 years [34, 54]. The reasons for this
disinvestment of services are unknown. There are no cost-
benefit analysis studies investigating physiotherapy to re-
duce respiratory complications, so conclusive evidence to
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inform the allocation of physiotherapy services to pre-
operative education and training is lacking. Additionally,
only short-term outcomes have been assessed. Reducing
PPCs during the acute hospital stay may also improve
important patient-focused longer term outcomes such as
health-related quality of life (HRQoL) and physical cap-
acity following discharge.
Considering the relative high incidence of PPCs

following major UAS and the benefit to both the patient
and the health care system if these were reduced, a
well-designed, adequately powered trial is needed to
determine both the clinical effect and cost benefit that
Pre-Op physiotherapy education and training may, or may
not, have on reducing PPC incidence following major
UAS. Results will guide future cost-effective allocation of
services to patients who require UAS.

Trial objectives
The primary objective of the Lung Infection Prevention
Post Surgery - Major Abdominal - with Pre-Operative
Physiotherapy (LIPPSMAck POP) trial is to estimate the
effect that Pre-Op physiotherapy education and training
has on the incidence of PPCs following major UAS,
when compared to an information booklet alone.
Secondary objectives are to evaluate the effect of Pre-Op
physiotherapy on hospital and ICU LOS, hospital costs,
incidence of pneumonia, unplanned ICU admissions, time
to early ambulation, readiness to discharge from hospital,
and, at six weeks following surgery, patient-reported com-
plications, HRQoL, and functional capacity.

Methods/design
Trial design
The LIPPSMAck POP trial is a pragmatic, investigator-
initiated, bi-national, multi-centre, randomised controlled,
parallel group, clinical trial. It is patient- and assessor-
blinded, and powered for superiority. Eligible patients will
be randomly assigned via concealed allocation to receive
1) a pre-operative assessment by a physiotherapist and
provision of an information booklet (control) or 2) a pre-
operative assessment, information booklet, plus an
additional education and DB&C training session by a
physiotherapist (intervention). Post-operative respiratory
physiotherapy and assisted early mobilisation will be stan-
dardised for both groups. See Fig. 1 for a CONSORT dia-
gram of the LIPPSMAck POP trial and Table 1 for an
overview of the trial methods and design.

Trial setting
The three participating centres: the Launceston General
Hospital (Launceston, Tasmania, Australia), North Shore
Hospital (Auckland, New Zealand), and North West
Regional Hospital (Burnie, Tasmania, Australia), repre-
sent a range of public hospital types. The North West
Regional Hospital is a 240-bed rural secondary referral

hospital; the Launceston General Hospital is a 330-bed
inner-regional, primary referral hospital; and the North
Shore Hospital is a 600-bed metropolitan, primary refer-
ral hospital. North Shore Hospital has also implemented
Enhanced Recovery After Surgery (ERAS) guidelines to
all surgical units. All hospitals are government funded,
university affiliated, teaching hospitals.
Patients undergoing elective UAS at the participating

centres attend an outpatient Pre-Admission Clinic (PAC)
session one to six weeks prior to their operation where
they are assessed by a multi-disciplinary team consisting
of, as a minimum, a registered nurse, anaesthetist, and
doctor from the admitting surgical team. Information
about the surgical process, pain management, post-
operative drips and drains, and expected recovery process
are provided as standard care. Whereas, Pre-Op physio-
therapy education and training at PAC is not normally
provided, post-operative respiratory therapy and assisted
ambulation by a physiotherapist are provided as standard
care at the participating centres.
Each participating hospital’s institutional review board

has approved the trial (the Human Research Ethics
Committee (Tasmania) Network, Tasmania, Australia
(protocol reference: H0011911), the Health and Disability
Ethics Committee, New Zealand (protocol reference:
14/NTA/233)). The trial is conducted in accordance with
the Declaration of Helsinki and was prospectively
registered on 19 June 2013 at the Australian New Zealand
Clinical Trials Registry (http://www.anzctr.org.au):
ACTRN12613000664741.

Eligibility and exclusion criteria
Eligible participants are patients over the age of 18 years
attending PAC at the participating centres who are
scheduled for UAS expecting to require an abdominal
incision longer than 5 cm that will be above, or extend-
ing above, the umbilicus (Table 2) and requiring a mini-
mum overnight hospital stay.
Patients are excluded for any of the following criteria:

(i) unable to understand verbal instructions in English;
(ii) unable to participate in a single pre-admission
session with a physiotherapist; (iii) requiring emergency
surgery; (iv) a current hospital patient for a separate
episode of care; (v) requiring organ transplant; (vi) open
abdominal hernia repairs (hernia repairs are generally
low-risk procedures which frequently do not involve
extensive visceral manipulation and have fewer compli-
cations [55]); (vii) being unable to stand upright and am-
bulate for a maximum of 1 min.

Randomisation and allocation
An administration assistant independent to the trial will
prepare 441 sequentially numbered (1 to 441) opaque
envelopes each containing an allocation card wrapped in
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extra paper or aluminium foil [56]. Allocation sequence
is determined by a web-based computer generated
(http://www.randomizer.org/) blocked random number
table (7 blocks of 63; 1 = intervention, 2 = control). The
randomisation tables are then sealed in an opaque enve-
lope, locked within the research institute, and made un-
available to trial personnel. The number of consecutively
numbered envelopes provided to each site will be
dependent on funding agreements (that is, funded to
recruit one block of 63 participants or, on a per patient
recruit basis, until the end of the trial).

Local investigators will screen elective surgery and
PAC lists daily for eligible patients who will be met face
to face by local investigators at their PAC appointment.
Informed consent will be obtained from potential partic-
ipants; each eligible participant will be provided with a
trial information sheet which is explained verbally to
them and will be invited to participate. Those agreeing
will sign a consent form as required by local ethics
committees and in accordance with the Declaration of
Helsinki. Where the local investigator or eligible patient
is unable to attend PAC, the latter will be contacted by

Fig. 1 CONSORT flow diagram of the LIPPSMAck POP clinical trial. DB&C deep breathing and coughing, PPC post-operative pulmonary complications,
HRQOL health-related quality of life
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Table 1 World Health Organisation (WHO) Trial Registration Data Set for LIPPSMAck POP trial

Data category Information

Primary registry and trial identifying number Australian New Zealand Clinical Trials Registry number: ACTRN12613000664741

Date of registration in primary registry 19/6/2013

Secondary identifying numbers n/a

Trial protocol version This is Version 4 of the protocol and was enacted on June 2013

Source(s) of monetary or material support Clifford Craig Medical Research Trust ($60,000 AUD)

University of Tasmania, virtual Tasmanian Academic Health Precinct ($50,000 AUD)

Waitemata District Health Board and Three Harbours Health Foundation ($20,000 NZD)

Tasmanian Health Service - Northern Region ($120,000 AUD)

Primary sponsor Tasmanian Health Service - Northern Region

Secondary sponsor Waitemata District Health Board

Contact for public queries IB, ianthe.boden@ths.tas.gov.au

Contact for scientific queries IB, ianthe.boden@ths.tas.gov.au

Public title Pre-operative physiotherapy education for the prevention of chest infections following major
abdominal surgery

Scientific title LIPPSMAck POP trial – Pre-operative physiotherapy education for the prevention of post-operative
pulmonary complications following major upper abdominal surgery: a bi-national, multi-centre,
randomised, double-blinded placebo controlled trial.

Countries of recruitment Australia, New Zealand

Health condition(s) or problem(s) studied Pulmonary complications following major upper abdominal surgery

Intervention(s) Active comparator: Pre-operative physiotherapy education and training

Placebo comparator: Education booklet

Key inclusion and exclusion criteria Ages eligible for study: ≥ 18 years

Sexes eligible for study: both

Accepts health volunteers: No

Inclusion criteria: All adults awaiting elective upper abdominal surgery involving an open incision
above the umbilicus.

Exclusion criteria: 1. Any pre-existing condition that would limit ability to participate in the standardised
post-operative mobilisation protocol. Defined as any person unable to stand upright and walk for a
maximum of 1 min without a seated rest. 2. Unable to understand verbal instructions in English. 3.
Unable to attend a pre-admission assessment and education session with a physiotherapist. 4. Open
abdominal hernia repairs.

Study type Type: Investigator initiated, interventional, non-pharmacological, pragmatic, study

Allocation: Concealed randomisation

Intervention model: parallel assignment

Masking: patient and assessor blinded

Primary purpose: Prevention

Phase: Phase III

Date of first enrolment 24/6/2013

Target sample size 441

Recruitment status Recruiting

Primary outcome(s) Post-operative pulmonary complications during the first 14 days of the hospital stay

Key secondary outcomes Pneumonia, length of hospital stay, hospital costs, day of ambulation >10mins, length of ICU stay,
ICU readmission, post-operative adverse events, day to discharge from post-operative physiotherapy
services, patient-reported complications, health-related quality of life, and physical capacity at
6 weeks following discharge from hospital.
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telephone and invited to enter the trial. The information
and consent form will be mailed by post for signing, and
the participant will be requested to bring them to hos-
pital on the day of their operation.
Once informed consent has been obtained and the

consent form signed, the pre-operative physiotherapist
receives the group allocation for participants by opening
the next sequentially numbered sealed opaque envelope
containing the randomised group allocation. Patient de-
tails will be written on the envelope once opened to en-
sure that patients are randomised in the same order as
recruited and the envelopes filed securely along with the
consent form. Potential selection bias will be studied by
extracting basic demographic data and planned surgical
procedure from all excluded patients’ medical records.

Trial interventions
Consenting participants will be randomly assigned to re-
ceive either i) a pre-operative assessment from a phy-
siotherapist and provision of an information booklet
(control) or ii) an additional education and DB&C train-
ing session (intervention).

Control group
Participants will have a standardised assessment con-
ducted by a physiotherapist consisting of: questioning on
current health co-morbidities, mobility and functional sta-
tus, smoking history, lung auscultation, subjective assess-
ment of cough quality and strength, sputum production
and colour, hand grip strength, Rapid Assessment of
Physical Activity (RAPA) [57] and Specific Activity
Questionnaire (SAQ) [58] to determine current activity
and fitness levels, and Short Form 36 (SF-36 V2) [59] to
measure HRQoL (see Data Collection section for further
details). Participants will then be provided with an educa-
tion booklet. This colour booklet contains written and
pictorial information about abdominal surgery, expected
types of pain management, medical lines and drains, post-
operative recovery process, and how to prevent post-
operative respiratory complications with early ambulation
and self-directed DB&C exercises. The booklet includes
detailed written instructions to perform DB&C exercises
for two sets of 10 deep breaths followed by three coughs
every hour during waking hours. Participants will be
instructed to bring the booklet to hospital for reference
following the operation. The contents of the booklet will
not be discussed with participants in the control group
and there will be no additional physiotherapy provided
pre-operatively.

Intervention group
Intervention group participants will be assessed and pro-
vided with an information booklet as per the control
group and will then receive an additional single educa-
tion and training session of approximately 30 min with a
physiotherapist. Participants will be given an estimate of
their likelihood of a PPC based on a risk prediction tool
[5] and educated about the effect of anaesthesia, UAS,
and bed rest on mucociliary clearance and lung volumes
[19, 20]. To ameliorate these factors and prevent bacteria
stagnation [15, 16] the importance of participating in an
early post-operative ambulation program and performing
self-directed DB&C exercises will be emphasised. Partici-
pants will be informed that a physiotherapist will assist
them to walk as soon as possible on the first post-
operative day, aiming for a duration longer than 10 min
and at a pace causing mild breathlessness. Outside these
assisted sessions, participants will be advised to walk or
exercise by their bedside as frequently as they are able.

Table 2 List of eligible upper abdominal surgical procedures

Surgical category Procedure

Colorectal Anterior resection

AP resection

Hartmanns

Hemicolectomy

Low anterior resection

Laparoscopic (+/−hand) assisted colectomy

Partial colectomy

Proctocolectomy

Reversal of Hartmanns

Sigmoid colectomy

Small bowel resection

Subtotal colectomy

Total colectomy

Upper gastrointestinal Gastrectomy

Liver resection

Oesophagectomy

Open cholecystectomy

Open hiatus hernia repair

Pancreatic surgery

Whipples

Urology Adrenalectomy

Cystic duct excision

Nephrectomy

Laparoscopic +/− hand assisted nephrectomy

Pyeloplasty

Radical cystectomy +/− ileal conduit

Radical cystoprostatectomy

Other Explorative laparotomy

Splenectomy
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As it is frequently not possible to ambulate as early
and as often as recommended to assist in preventing
respiratory complications [8, 60], participants will be
educated on the necessity of performing self-directed
breathing exercises to protect their lungs following their
operation. They will be instructed to perform DB&C ex-
ercises immediately from waking from the anaesthetic
and then every hour during daytime waking hours until
their first ambulation session, and then at any time when
they are not ambulant. The physiotherapist will coach
each participant in at least three repetitions, and as
many as required to master technique as judged by the
physiotherapist. This trial’s DB&C exercises consist of
two sets of 10 slow-flow breaths to maximum inspira-
tory capacity with two to three inspiratory sniff breath
stacking manoeuvres [61]. Each breath is held for 3 to 5
s. Each set of 10 breaths is followed by three coughs, or
a forced expiratory technique with an open glottis called
a ‘huff ’, with a small firm pillow pressed over on the ab-
dominal incision to support the wound and to encourage
greater expiratory force. Participants will be encouraged
to practice these exercises prior to their operation to de-
velop familiarity.

Standardisation of pre-operative interventions
The information booklet content will remain consistent
between participating centres, although the formatting
may change for site-specific requirements. All participat-
ing pre-operative physiotherapists will be required to
view a scripted audio-visual recording of the pre-
operative intervention prior to recruiting their first pa-
tient. They are instructed to adhere to the overall
themes and premises of information delivery as included
within the protocol script and video. Years of experience,
seniority grade, and numbers of participants seen by
each physiotherapist will be reported.
Ideally, interventions will be provided in person at

PAC within six weeks of the scheduled surgery. How-
ever, in keeping with a pragmatic approach, if an
eligible patient or physiotherapist is unable to attend
PAC, patients can be enrolled, randomised, and pro-
vided with the interventions on another convenient
day, or via telephone, prior to surgery. The mode of
delivery will be recorded and the total proportion of
telephone sessions will be reported. If a participant’s
operation is delayed and the time from Pre-Op physio-
therapy to day of surgery becomes greater than 42 days,
a physiotherapist will contact the participant by phone
for a review assessment and to remind them to read the
booklet as provided at PAC. Participants allocated to
the intervention group will, in addition, have a review
of the education session and the DB&C exercises re-
peated over the phone.

Standardisation of post-operative procedures
At the first available opportunity following surgery, all
participants will be seen by a physiotherapist for a
standardised assisted ambulation session (see Table 3).
Ambulation is defined as marching on the spot beside
the bed or walking away from the bedside for more than
1 min. Once a patient is ambulant for more than one
minute, an Allied Health Assistant (AHA) will conduct
all further ambulation sessions. If an AHA is unavailable,
then a physiotherapist will continue to provide assisted
ambulation. Health professionals (profession and years
of experience) delivering ambulation will be reported.
Participants will be seen once daily until discharged
from physiotherapy services using defined scoring cri-
teria [62] (see Table 4) or until discharged from hospital.
At each session the participant will be progressed

sequentially through the ambulation protocol stages
aiming to achieve a walking time of more than 10 min at
an intensity of at least three on the Borg 10-point visual
analogue scale of perceived exertion [63] and where
breathing is deeper than at rest. If necessary, ambulation
sessions can comprise intervals at a work/rest ratio of
1:1. Shorter, but not longer, rest times are allowable. The
final achieved ambulation stage is the total amount of
time walked, not including rest periods. If participants
are unavailable or unable to achieve ambulation for
more than 1 min, the assisted ambulation session will be
attempted again later in the day. Reasons will be re-
corded where participants are unable to ambulate or do
not achieve a minimum of 10 min walking. Physiothera-
pists and AHAs will be provided with protocol prompt
cards and trained by the site investigator.
At the first ambulation session participants will be

provided with a walking aid if required, an abdominal
support pillow for use during coughing, and a brief re-
minder to perform DB&C exercises as described within
the information booklet provide pre-operatively. If a par-
ticipant has forgotten his/her booklet, a new one will be
provided. Participants will be encouraged to ambulate
frequently to aid in the prevention of PPCs and encour-
aged to seek assistance from a nurse if necessary and to

Table 3 LIPPSMAck POP ambulation protocol

Stage 1 (Safety) Sit over edge of bed/sit in chair
minimum of 2 min

Stage 2 (Safety) March on spot 0–1 min

Stage 3 (Ambulation) March on spot/walk away from
bedside 1–3 min

Stage 4 (Ambulation) March on spot/walk away from
bedside 3–6 min

Stage 5 (Ambulation) Walk away from bedside 6–10 min

Stage 6 (Ambulation) Walk away from bedside 10–15 min

Stage 7 (Ambulation) Walk away from bedside >15 min
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walk with their visitors. There will be no further
provision of DB&C, PEP devices, incentive spirometers,
or NIV by physiotherapists or AHAs.
Additional ambulation occasions outside physio-

therapy assisted sessions or other ward staff encouraging
patients to perform respiratory exercises will not be
measured or controlled, as this would not be feasible.
Both are considered standard ward care for both control
and intervention group participants. However, if a
participant is provided with an incentive spirometer or
PEP device, this will be immediately removed. The break
to protocol and duration of access to device will be
recorded.
All other aspects of patient care, including pre-

operative preparation, general anaesthesia, intraoperative
ventilation parameters, fluid delivery, prophylactic anti-
biotic prescription, pain management, use of lines and
drains, general nursing care, and discharge planning, will
be provided at the discretion of nurses and physicians
according to routine clinical practice at each participat-
ing centre.

Blinding
Pre-admission clinic nurses and physiotherapists aware of
group allocation will not have contact with participants

post-operatively. A trial participation sticker (excluding
group allocation) will be placed in the medical record. All
post-operative ward staff, physiotherapists, PPC assessors,
doctors, surgeons, nurses, discharge planners, data ana-
lysts, and statisticians will be blinded to group allocation.
If a treatment group participant informs the assessor of
their pre-operative education session, this will be noted
and reported.
It is anticipated that patients will consider the pre-

operative physiotherapy assessment and provision of a
booklet an acceptable ‘sham’ treatment. This will be
measured by interviewing a convenience sample of 30
consecutive participants via a semi-structured interview
on their fifth post-operative day, or on the day of dis-
charge, whichever comes first. They will be asked which
group they believed they had been allocated to and, to
test fidelity of the intervention over the control, what
they remembered from their pre-operative physiotherapy
session. The success of participant and therapist blinding
will be tested and reported by requiring post-operative
physiotherapists, AHAs, and assessors to guess group
allocation for each of these 30 participants.

Withdrawal from trial
Participants will be withdrawn for either of the follow-
ing: (i) failure to progress to surgery within the first 3
months of PAC attendance or (ii) withdrawal of consent.
All withdrawals and reasons will be reported.

Primary outcome
The primary outcome is the development of a PPC
within the first 14 post-operative hospital days. PPCs will
be diagnosed with the Melbourne Group Scale (MGS)
diagnostic scoring tool, which is reliable and valid fol-
lowing UAS and thoracic surgery [5, 8] and has high
inter-rater reliability [64]. This tool has eight clinical
criteria: four factors relating to symptoms and four to
diagnostic markers (Table 5). A PPC will be diagnosed
when four or more factors are present from midnight to
midnight on one post-operative day.
Participants will be assessed prospectively and daily

for a PPC by a blinded assessor until the seventh post-
operative day. Thereafter, additional PPC assessments
are performed only as clinically suspected until day 14
when there are signs or symptoms of respiratory system
deterioration reported within the medical record. To re-
duce the potential for missing data, retrospective collec-
tion of PPC data from the daily medical record will be
permitted when a patient or assessor is unavailable for
PPC assessment. The proportion of retrospective assess-
ments will be reported. Components will be collected
via the patient’s medical record and pathology/radiology
databases. Diagnostic components (chest X-ray (CXR),
white cell count (WCC), sputum microbiology) are

Table 4 Discharge from physiotherapy scoring tool [62]

Mobility Score

Reached pre-operative ambulation status 3

Requires supervision, status has plateaued 2

Requires assistance, status is improving 1

Unable to ambulate 0

Breath sounds

Reached pre-operative levels and within expectations for
that patient

3

Slightly decreased breath sounds or presence of a few
added sounds

2

Markedly abnormal breath sounds and/or significant
added sounds

1

Secretion clearance

Able to clear secretions independently OR at pre-operative status 3

Requires assistance to clear secretions 1

SpO2% (on room air or pre-op oxygen levels)

SpO2 ≥ 92 % (no respiratory condition) OR SpO2 ≥ 88 %
(existing respiratory condition)

3

SpO2 < 92 % (no respiratory condition) OR SpO2 < 88 %
(existing respiratory condition)

2

Respiratory rate (at rest and during activity)

Within normal expectations 3

Outside acceptable range for the individual 2

Total score (min 6, max 15)

A score ≥14 = discharge from physiotherapy
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recorded only if results are available. All medical officers
are masked to group allocation and these diagnostic
tests are ordered only as clinically indicated, and not
routinely for the purposes of the LIPPSMAck POP trial.
For this trial, modifications (* in Table 5) have been

made to diagnostic criteria to ensure that respiratory
therapy will not be withheld longer than necessary from
patients who may have developed a PPC. A CXR can be
verbally reported by a blinded senior respiratory physio-
therapist or ward physician, rather than awaiting a radi-
ologist report. When three factors (out of a possible
eight) in the MGS PPC tool are present, the blinded as-
sessor or ward physiotherapist will contact the surgical
ward doctor and discuss the option of further diagnostic
testing to rule in or out a PPC. Additionally, these pa-
tients will be assessed twice daily to monitor clinical cri-
teria for any deterioration.
A positive diagnosis of a PPC will be confirmed by a

blinded senior physiotherapist, and the participant will
then receive respiratory treatment as determined by the
ward physiotherapist.

Secondary trial outcomes
Secondary outcomes (Fig. 2) are:

1) Days of hospital length of stay (LOS). This is defined
as the continuous time spent in any type of inpatient
hospital service (acute care, sub-acute rehabilitation,
and time at another hospital) from the day of
admission to the day of discharge to a community
dwelling

2) ICU LOS in days;
3) Unplanned ICU admission at any time point during

the acute stay;

4) Pneumonia, defined as the presence of new CXR
infiltrates along with at least two of the following
criteria: temperature >38 °C, dyspnoea, cough and
purulent sputum, altered respiratory auscultation,
and WCC >14,000/ml or leukopenia <3000/ml [65]
on any day within the first 14 post-operative
hospital days;

5) Time in hours from end of operation to time able
to achieve ambulation greater than 1 min;

6) Time in days from end of operation to
post-operative day able to achieve ambulation
greater than10 min;

7) Time in days to discharge from physiotherapy
service (Table 4) [62];

8) Time in days to readiness for discharge from
hospital as defined by standardised scoring
criteria [66];

9) Hospital costs for the UAS admission episode of
care. This will be supplied by the participating
centres’ or health departments’ costing data for
each participant’s admission episode.

10) Patient-reported complications at 6 to 8 weeks
following day of surgery using a standardised
semi-structured interview; and

11) HRQoL using the SF-36 and functional capacity
using SAQ [58, 67] at 6 to 8 weeks following day
of surgery.

Post-hospital discharge follow-up of self-reported
complications, SF-36, and functional capacity will be via
phone interview with a site investigator at 6 weeks from
the date of surgery. If patients are unable to be con-
tacted by phone for a period of five consecutive working
days, a standardised cover letter, questionnaires, and
self-addressed return paid envelope will be posted to the
participant. Forms not returned within 2 weeks of post-
ing will be considered lost to follow-up for the post-
discharge secondary outcomes.

Data collection
Pre-operative variables
To measure baseline characteristics the following variables
will be collected directly from the patient or the medical
record: centre of recruitment, age, gender, height (cm),
weight (kg), body mass index (kg/cm2), planned surgical
procedure, category (hepatobiliary/upper gastrointestinal,
colorectal, renal and urology, vascular, or other) and reason
for the procedure, physical health status according to the
American Society of Anaesthesiologists (ASA) and rated
by the attending anaesthetist at the PAC (score 1 to 5),
chemotherapy during the preceding 6 weeks, presence of
a nasogastric tube before operation, respiratory status
(auscultation signs and patient report of a daily productive
cough), cough strength and presence of sputum (patient is

Table 5 MGS PPC diagnostic criteria with modifications*

Diagnosis confirmed when four or more of the following are present:

Clinical factors

• New abnormal breath sounds on auscultation different to pre-operative
assessment

• Production of yellow or green sputum different to pre-operative
assessment

• Pulse oximetry oxygen saturation (SpO2) <90 % on room air on more
than one consecutive post-operative day

• Raised maximum oral temperature >38 °C more than one
consecutive day

Diagnostic factors

• Chest radiograph report of collapse/consolidation. *When a CXR has
been taken but no report is available, a ward medical officer or a
senior respiratory physiotherapist with more than 10 years’ experience
will be asked to report

• An unexplained WCC greater than 11 × 109/L
• Presence of infection on sputum culture report
• Physician’s diagnosis of *pneumonia, URTI, or an undefined chest
infection, or prescription of an antibiotic for a respiratory infection

* modification made to original criteria
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asked to cough forcibly, the physiotherapist makes a sub-
jective scoring of strength, effectiveness, and presence of
sputum), sputum class (mucoid, mucopurulent, purulent)
and colour using a validated colour chart tool [68] of any
observed or patient reported regularly produced bronchial
secretions, patient-reported history of a chest infection in
the previous 14 days and if antibiotics had been
prescribed, smoking history (non-smoker, current smoker,
or ex-smoker having ceased more than 8 weeks pre-
operatively), smoking pack years (1 pack year = 20 ciga-
rettes per day for 1 year), years since smoking cessation,
SpO2 (%) on room air, heart rate (beats per minute), co-
morbidities as documented in the medical record (history
of stroke or any other type of debilitating neurological
disease, diabetes, arthritis, osteoporosis, asthma, COPD or
other type of chronic respiratory disease, history of an
acute myocardial infarct or angina, peripheral vascular
disease, upper gastrointestinal disease such as reflux or
gastric ulceration, current depressive illness or anxiety/
panic disorder, visual or hearing impairment), patient’s self-
report if the listed comorbidities significantly limit their
walking on a day-to-day basis, Functional Comorbidity
Index score [69], HRQoL with the SF-36, patient-reported
estimated maximum metabolic equivalent (MET) physical
activity using a self-rated physical Specific Activity

Questionnaire (SAQ) [58], patient-reported measure of
physical activity status using the Rapid Assessment of
Physical Activity (RAPA) questionnaire and categorised
to sedentary, under active, under active regular light activ-
ities, under active regular, and active [57], patient-reported
maximum walking time along flat ground at comfortable
walking pace, any limiting factor for mobilisation, and
maximum grip strength as measured on the dominant
hand using a calibrated hand dynamometer (Jamar Plus+;
Sammons Preston, Rolyon, Bolingbrook, IL) performed
with patients seated with shoulders adducted, elbows
flexed to 90°, and forearms in the neutral position. The
dynamometer handle position will be set to the second
position for all tests [70], and three tests will be performed
with verbal encouragement with the best test result
recorded.

Intra-operative variables
The following variables will be collected from the
anaesthetic record, operation report, and medical record:
duration of anaesthesia during surgery in minutes;
mechanical ventilation parameters including mode of
ventilation, level of pressure/volume control, and PEEP;
average FiO2 during surgery; type and amount of intraop-
erative fluid delivered (ml/kg/h); numbers of blood

Fig. 2 LIPPSMAck POP participant timeline and schedule of events. Describes LIPPSMAck POP participant timeline and schedule of procedures.
Abbreviations: POD postoperative day, D/C discharge, DB&C deep breathing and coughing, RAPA Rapid Assessment of Physical Activity, PPC postoperative
pulmonary complication, ICU intensive care unit, LOS length of stay, HRQOL health-related quality of life, SAQ Specific Activity Questionnaire
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transfusion units; prophylactic antibiotic delivery (medica-
tion and dosage); incision type (midline, unilateral subcos-
tal, bilateral subcostal, transverse, combined thoracotomy,
other). If there are multiple incisions used, the patient’s
incision is categorised according to the closest abdominal
incision to the thorax.

Post-operative variables
Post-operative data will be collected daily for 14 days or
until discharge from hospital, whichever occurs first:
time in days from the pre-operative physiotherapy ses-
sion to the operation; PPC risk stratification (low or
high) using a defined risk calculation tool [5]; location
(ICU, surgical ward, other) and duration in days at each
location; days of analgesia and type (epidural, constant
opioid infusion, patient controlled analgesia (PCA), pa-
tient controlled epidural analgesia (PCEA), oral, local
pain infusion, or other); unplanned ICU/HDU admission
and length of total ICU/HDU stay; length in days of total
hospital stay; hours of mechanical ventilation; fluid de-
livery in the first 24 h (ml/kg/h); days and type of vaso-
pressor use; hours and type of NIV use; days and types
of oxygen therapy use; days, type, and indication for use
for antibiotics; days and types of all drains and lines; day
and diagnosis of a prolonged post-operative ileus using a
standardised criteria [71] of 2 or more of the following
factors in a 24-h period including nausea/vomiting, in-
ability to tolerate normal diet, absence of flatus, abdom-
inal distension, radiologic confirmation, and physician
diagnosis of ileus.
Early ambulation parameters will be collected, includ-

ing: time in hours from end of surgery until time to am-
bulation >1 min; post-operative day walked longer than
10 min; maximum rating of perceived exertion during
ambulation at each session; maximum ambulation stage
attained at each session (Table 2); number of assisted
ambulation occasions; reasons for a patient being unable
to participate in an ambulation session.

Sample size
Sample size was calculated using inference for propor-
tions comparing two independent samples with a 0.05
two-sided significance level and will have 80 % power to
detect a 10 % absolute difference in PPC between Pre-
Op (estimated at 10 %) and an education booklet
(estimated at 20 %) when the sample size is 398. This is
further increased by 11 % to account for attrition, result-
ing in a final sample size of 441.

Data management
Data will be collected from participants using a standar-
dised electronic case report form (CRF) and stored in
participating centres’ password protected electronic hard
drives. To ensure data quality the CRF has been

designed with extensive use of data entry limitation rules
and on-screen prompts to ensure correct data entry. Pri-
mary and secondary outcome data entry fields will be
highlighted and required for completion of each partici-
pant’s data set. Automated weekly prompts will remind
site investigators to complete any missing data points.
All site investigators will be trained directly by the prin-

cipal investigator on correct administration of the trial.
Site investigators will be required to perform random cov-
ert audits of data collected by trial personnel during the
trial for reliability and correctness against the medical rec-
ord. Once each participant’s data set is completed, it is de-
identified, entered into a central database, and maintained
securely by the principal investigator. All data, consent
forms, and relevant correspondence will be stored accord-
ing to Australian and New Zealand privacy laws and ar-
chived at trial sites for a minimum of 7 years. There are
no industrial contractual arrangements in relation to the
de-identified data. On completion of the trial, the database
will be made available for independent analysis or as an
appendix in the publishing journal if requested.

Statistical methods
The prognostic strength and size of imbalances to po-
tential confounding baseline variables between groups
will be assessed. Adjustment covariates will be selected
by backward stepwise regression from covariates that
may have the potential for clinically significant alter-
ations in effect sizes. These include: history of a respira-
tory comorbidity, smoking history, self-reported physical
activity levels, age, BMI, length in time of operation,
operation category (upper gastrointestinal, colorectal,
urological, other), ICU admission immediately following
the procedure, incision type and location [72], intra-
operative ventilation strategies [4, 73], fluid delivery [74],
blood transfusions [75], mode of post-operative analgesia
[76], and use of prophylactic antibiotics [50].
All outcomes are to be analysed using intention-to-treat.

The absolute and relative rates of PPC in the trial groups
will be estimated using multivariate robust random effects
Poisson generalised linear regression to allow assessment of
binary outcomes with or without adjustment for potential
confounding variables (incidence rates and rate ratios, 95 %
confidence intervals, P-values). Treatment centre will be
treated as a fixed variable in the multi-level models. In
addition, the effect of time from the end of surgery/anaes-
thesia to commencement of symptoms of PPC will be com-
pared using Cox proportional hazards regression with and
without covariate adjustment (hazards ratio, 95 % confi-
dence intervals, P-values). Graphic representation of this
analysis will be performed using the Kaplan-Meier method.
Binomial secondary outcomes, including pneumonia,

unplanned ICU admission, and patient reported com-
plications, will be analysed using mixed effects Poisson
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regression. Secondary outcomes with irregular distribu-
tions, including length of time periods (ICU and total
post-operative LOS, time to ambulation for 1 and 10 min,
and time to discharge from assisted ambulation physio-
therapy service), HRQoL, and functional capacity, will be
evaluated for group differences using mixed effects or-
dered logistic regression, with mean time (95 % CI) esti-
mated for descriptive purposes using mixed effects linear
regression, with or without log transformation depending
on distribution. Hospital costs associated with the inter-
ventions will be compared using mixed effects linear re-
gression. Log transformation of highly skewed cost data
will be performed.
An intention-to-protocol sensitivity analysis will be

performed by excluding from the analysis any partici-
pant who did not undergo the anticipated scheduled
upper abdominal surgery defined as a 5-cm incision or
longer above, or extending above, the umbilicus. For ex-
ample, this will include those participants who were
scheduled for open surgery yet went on to only have a
laparoscopic procedure or where the open incision
remained wholly below the umbilicus.
The sensitivity of the outcome estimates to missing data

will be evaluated using multiple imputation (Stata com-
mand syntax mi). All analyses will be performed using Stata
version 13 or later (StataCorp, College Station, TX, USA).

Data monitoring
The steering committee consists of the principal investi-
gator and three academic supervisors who contribute to
design and revision of the study protocol. The principal
investigator is responsible for study administrative man-
agement and communication with local investigators,
and for assisting participating centres with trial conduct,
record keeping, and data management. An independent
Data and Safety Monitoring Board (DSMB) consisting of
a senior academic, staff anaesthetist, and biostatistician
monitors the ethics of the study in accordance with the
Declaration of Helsinki, overseeing safety and conduct of
the study. This study compares two education-based
treatment strategies that are highly unlikely to be related
to serious adverse events (SAEs), though local investi-
gators at participating centres remain responsible for
reporting SAEs directly attributable to the intervention
or control to the DSMB for review and consideration for
referral to the institutional ethics review board.

Duration and timeline
All 441 patients will be recruited by October 2015. Data
collection will be completed, analysed, and the manu-
script prepared for submission by March 2016. The final
manuscript will be written in accordance with the
CONSORT extensions for a pragmatic trial using a non-
pharmacological intervention.

Discussion
Studies in major UAS that have used the same PPC diag-
nostic tool as our group have reported a PPC rate of
13–18 % across all types of UAS [5, 6] with a specific
rate of approximately 40 % in high-risk patients [8, 9].
Due to high incidence rates and costs of PPCs to pa-
tients and health care systems, there is great interest in
their prevention.
Several clinical trials have compared a variety of differ-

ent types and combinations of interventions to prevent
PPCs. Trials demonstrating improvements in PPC rates
have used multimodal interventions, so it is difficult to
determine which component is effective in reducing
PPCs, or indeed, if it is necessary to provide the whole
‘package of care’ to gain a significant benefit. This may
influence resource provision, as providing the full pack-
age of therapy exactly as studied to gain the reported re-
duction on PPC rates may not be feasible, could be
costly, and, indeed, may not be necessary in its entirety.
Previous clinical trials have demonstrated that a single
pre-operative education session can reduce PPC inci-
dence to as low as 6 %, compared to a no-treatment
control group rate of 27 %, P < 0.001 [47, 48], though as-
sessors were un-blinded and potential confounders were
not reported. Further, these trials were conducted 10–15
years ago, and changes in surgical and perioperative care
have been significant in this time. The potential to sig-
nificantly reduce the incidence of a high impact compli-
cation such as a post-operative respiratory complication
with a low-cost and easily provided intervention of a
single pre-operative physiotherapy session is appealing.
It may not be ‘how much’ physiotherapy that is import-
ant, but rather ‘when’ that physiotherapy is provided.
Unfortunately, conclusive evidence to support this
hypothesis is lacking.
The LIPPSMAck POP trial is the first randomised

controlled study powered and designed to investigate
whether Pre-Op education and training reduces the inci-
dence of PPCs. This RCT has been specifically designed
to address previous methodological shortcomings in
clinical trials investigating this intervention. Eligible par-
ticipants are all patients listed for elective upper abdom-
inal surgery and are representative of the heterogeneous
nature of patients listed for these procedures. To ensure
generalisability of results, the intervention will be deliv-
ered pragmatically and reflect current service delivery in
Australia and New Zealand. Pre-operative education will
be provided by a range of physiotherapists with different
experience levels, including supervised students. The
intervention and control has been designed and standar-
dised to be provided by a physiotherapist of any experi-
ence level.
The active control of being assessed by a physiotherapist

and receiving an identical subjective and objective
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interview and booklet, was chosen instead of a no-
treatment comparator to specifically control for the Haw-
thorne effect. The LIPPSMAck POP trial standardises
assisted early ambulation services and removes all
physiotherapy coached respiratory therapy and provision
of lung expansion devices post-operatively. We have not
attempted to control for ambulation initiated by the par-
ticipant or lung expansion exercises provided by nursing
or medical staff and, in practice, this would be extremely
difficult to achieve. However, with effective random allo-
cation and blinding of post-operative staff members, it is
reasonable to expect that patients in both the control
and the intervention group will have an equal chance of
having similar exposure to these factors. Regarding other
known confounders such as pain management strategies,
fluid administration, and intraoperative ventilation strat-
egies, we have not attempted to standardise these due to
the feasibility of doing so across three sites. Instead, the
impact of potential perioperative confounders will be
evaluated during statistical analysis and reported.
The primary outcome, PPC, will be measured by as-

sessors masked to group allocation; all post-operative
ward staff responsible for the delivery of all physiother-
apy, medical, nursing, and general care and discharge
planning will also be masked. The success of blinding
procedures will be measured and reported. In modern
health care delivery it is also important to consider the
impact of an intervention on patient reported quality of
life and not just on objective clinical outcomes [77]. It is
hypothesised that if Pre-Op physiotherapy education is
effective in reducing the incidence of a PPC, this may
improve post-surgical recovery. Improvements in re-
covery may influence HRQoL following discharge from
hospital, particularly physical functioning domains, as
has been demonstrated previously [59]. LIPPSMAck
POP will be measuring 6-week post-discharge patient re-
ported complications, HRQoL, and functional capacity
to estimate the potential effect that PPCs may have on
these outcomes.
In conclusion, the LIPPSMAck POP trial is an

investigator-initiated, bi-national, multi-centre, pragmatic,
double-blinded, randomised controlled trial, powered and
rigorously designed to test the hypothesis that pre-
operative physiotherapy education prevents post-operative
pulmonary complications in patients following major
upper abdominal surgery.

Trial status
The trial is ongoing and is actively enrolling.

Abbreviations
AHA: Allied Health Assistant; ASA: American Society of Anaesthesiologists;
COPD: chronic obstructive pulmonary disease; CRF: case report form;
CXR: chest X-ray; DB&C: deep breathing and coughing; D/C: discharge;
ERAS: Enhanced Recovery After Surgery; FiO2: fraction of inspired oxygen;

HDU: high dependency unit; HRQoL: health-related quality of life;
ICU: intensive care unit; LOS: length of stay; MET: metabolic equivalent;
MGS: Melbourne Group Scale; NIV: non-invasive ventilation; PAC: Pre-Admission
Clinic; PCA: patient controlled analgesia; PCEA: patient controlled epidural
analgesia; PEP: positive expiratory pressure; PEEP: positive end-expiratory pres-
sure; POD: post-operative day; PPC: post-operative pulmonary complication;
RAPA: Rapid Assessment of Physical Activity; RPE: rating of perceived exertion;
SAQ: Specific Activity Questionnaire; SF-36: 36-Item Short Form Health Survey;
SpO2: pulse oximetry oxygen saturation; UAS: upper abdominal surgery;
URTI: upper respiratory tract infection; WCC: white cell count.

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

Authors’ contributions
IB conceived and designed the study, drafted and revised the protocol, and
is co-ordinating the trial. LB, ES, JR, DE, and LD revised the study design
and protocol. IR planned the statistical analysis and is responsible for data
management. JR is responsible for data acquisition, protocol adherence, and
trial co-ordination. IB prepared the manuscript and is the corresponding
author. All authors read and contributed intellectually important content
and approved the final manuscript.

Funding source
This study is an investigator-initiated trial funded by research grants from the
Clifford Craig Medical Research Trust, Launceston, Australia ($60,000 AUD),
the University of Tasmania (virtual Tasmanian Academic Health Science
Precinct), Tasmania, Australia ($50,000 AUD), Awhina Contestable Research
Grant from the Waitemata District Health Board and Three Harbours Health
Foundation, Auckland, New Zealand ($20,000 NZD), and sponsorship of the
Department of Health and Human Services, Tasmania, to fund the Principal
Investigator for the period of the trial ($150,000 AUD).

Sponsors
The Department of Health and Human Services, Tasmania, and the Waitemata
District Health Board have sponsored the trial through the employment of the
Principal Investigator, Local Investigators, and all clinical staff related to the trial.
No funding bodies or sponsors have contributed to trial design, data
collection, or management, and publications relating to the trial can be
submitted without permission or requiring approval.

Other
IB wishes to thank the following physiotherapists for their intellectual
contribution in critically reviewing the initial versions of the LIPPSMAck POP
protocol: Dr Rebecca Lane, Ms Kimberley Haines, and Dr Julio Fiore, Jr.
We wish to thank the University of Tasmania medical students (Dr Janice
Tang, Dr Michael Kwok, and Dr Haoyuan Lim), who worked as blinded
assessors and data collectors for the trial. We also wish to thank all local
investigators, physiotherapy department managers, research assistants,
physiotherapists, allied health assistants, and pre-admission staff at the
participating centres.

Author details
1Physiotherapy Department, Launceston General Hospital, Charles St,
Launceston, Tasmania 7250, Australia. 2Department of Physiotherapy,
Melbourne School of Health Sciences, University of Melbourne, Parkville,
Victoria 3010, Australia. 3Division of Allied Health, Western Health, Furlong
Road, St Albans, Victoria 3021, Australia. 4Department of Physiotherapy,
Western Health, 160 Gordon St, Footscray, Victoria 3011, Australia.
5Department of Physiotherapy, School of Clinical Sciences, Faculty of Health
and Environmental Sciences, Auckland University of Technology, Private Bag
92006, Auckland 1142, New Zealand. 6Physiotherapy Department, North
Shore Hospital, Waitemata District Health Board, North Shore City, Auckland
0622, New Zealand. 7School of Health Sciences, University of Tasmania,
Locked Bag 1320, Launceston, Tasmania 7250, Australia. 8Clifford Craig
Medical Research Trust, Launceston General Hospital, Charles Street,
Launceston, Tasmania 7250, Australia.

Received: 14 July 2015 Accepted: 27 November 2015

Boden et al. Trials  (2015) 16:573 Page 13 of 15



References
1. Brooks-Brunn J. Predictors of postoperative pulmonary complications

following abdominal surgery. Chest. 1997;111:564–71.
2. AIHW. Procedures Cubes 2011–2012: National Hospital Morbidity Database.

2013. http://www.aihw.gov.au/hospitals-data/procedures-data-cubes/#ardrglink.
Accessed 7 September 2014.

3. Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR, Berry WR,
et al. An estimation of the global volume of surgery: a modelling strategy
based on available data. Lancet. 2008;372(9633):139–44.

4. PROVHILO group, High versus low positive end-expiratory pressure during
general anaesthesia for open abdominal surgery (PROVHILO trial): a
multicentre randomised controlled trial. Lancet. 2014;384(9942):495–503.

5. Scholes RL, Browning L, Sztendur EM, Denehy L. Duration of anaesthesia,
type of surgery, respiratory co-morbidity, predicted VO max and smoking
predict postoperative pulmonary complications after upper abdominal
surgery: an observational study. Aust J Physiother. 2009;55(3):191–8.

6. Browning L, Denehy L, Scholes RL. The quantity of early upright
mobilisation performed following upper abdominal surgery is low: an
observational study. Aust J Physiother. 2007;53(1):47–52.

7. Mackay MR, Ellis E, Johnston C. Randomised clinical trial of physiotherapy after
open abdominal surgery in high risk patients. Aust J Physiother. 2005;51(3):151–9.

8. Haines KJ, Skinner EH, Berney S. Association of postoperative pulmonary
complications with delayed mobilisation following major abdominal
surgery: an observational cohort study. Physiotherapy. 2013;99(2):119–25.

9. Parry S, Denehy L, Berney S, Browning L. Clinical application of the
Melbourne risk prediction tool in a high-risk upper abdominal surgical
population: an observational cohort study. Physiotherapy. 2014;100(1):47–53.

10. Silva Y, Li S, Rickard M. Does the addition of deep breathing exercises
to physiotherapy-directed early mobilisation alter patient outcomes
following high-risk open upper abdominal surgery? Physiotherapy.
2013;99(3):187–93.

11. Reeve JC, Nicol K, Stiller K, McPherson KM, Birch P, Gordon IR, et al. Does
physiotherapy reduce the incidence of postoperative pulmonary
complications following pulmonary resection via open thoracotomy? A
preliminary randomised single-blind clinical trial. Eur J Cardiothorac Surg.
2010;37(5):1158–66.

12. Pasquina P, Walder B. Prophylactic respiratory physiotherapy after cardiac
surgery: systematic review. BMJ. 2003;327(7428):1–6.

13. Arozullah A. Development and validation of a multifactorial risk index for
predicting postoperative pneumonia after major noncardiac surgery.
Ann Intern Med. 2001;135(10):847–57.

14. O’DonohueJr W. Postoperative pulmonary complications. When are preventive
and therapeutic measures necessary? Postgrad Med. 1992;91(3):167–70.

15. Duggan M, Kavanagh B. Pulmonary Atelectasis A pathogenic perioperative
entity. Anesthesiology. 2005;102(4):838–54.

16. Tusman G, Böhm SH, Warner DO, Sprung J. Atelectasis and perioperative
pulmonary complications in high-risk patients. Curr Opin Anesthesiol.
2012;25(1):1–10.

17. Hedenstierna G, Edmark L. Mechanisms of atelectasis in the perioperative
period. Best Pract Res Clin Anaesthesiol. 2010;24(2):157–69.

18. Konrad FX, Schreiber T, Brecht-Kraus D, Georgieff M. Bronchial mucus
transport in chronic smokers and nonsmokers during general anesthesia.
J Clin Anesth. 1993;5(5):375–80.

19. Gamsu G, Singer MM, Vincent HH, Berry S, Nadel J. Postoperative impairment
of mucous transport in the lung. Am Rev Respir Dis. 1976;114(4):673–9.

20. Bilgi M, Goksu S, Mizrak A, Cevik C, Gul R, Koruk S, et al. Comparison of the
effects of low-flow and high-flow inhalational anaesthesia with nitrous
oxide and desflurane on mucociliary activity and pulmonary function tests.
Eur J Anaesthesiol. 2011;28(4):279–83.

21. Kim SH, Na S, Choi J-S, Na SH, Shin S, Koh SO. An evaluation of diaphragmatic
movement by M-mode sonography as a predictor of pulmonary dysfunction
after upper abdominal surgery. Anesth Analg. 2010;110(5):1349–54.

22. Ford G, Whitelaw W, Rosenal T, Cruse P, Guenter C. Diaphragm function after
upper abdominal surgery in humans. Am Rev Respir Dis. 1983;127:431–6.

23. Blaney F, Sawyer T. Sonographic measurement of diaphragmatic motion
after upper abdominal surgery: a comparison of three breathing
manoeuvres. Physiother Theory Pract. 1997;13(3):207–15.

24. Kulkarni S, Fletcher E, McConnell A, Poskitt K, Whyman M. Pre-operative
inspiratory muscle training preserves postoperative inspiratory muscle
strength following major abdominal surgery–a randomised pilot study.
Ann R Coll Surg Engl. 2010;92(8):700–5.

25. Barbalho-Moulim MC, Miguel GPS, Forti EMP, Campos FA, Costa D. Effects of
preoperative inspiratory muscle training in obese women undergoing open
bariatric surgery: respiratory muscle strength, lung volumes, and diaphragmatic
excursion. Clinics. 2011;66(10):1721–7.

26. Bellinetti LM, Thomson JC. Respiratory muscle evaluation in elective
thoracotomies and laparotomies of the upper abdomen. J Bras Pneumol.
2006;32(2):99–105.

27. Cheifetz O, Lucy SD, Overend TJ, Crowe J. The effect of abdominal support
on functional outcomes in patients following major abdominal surgery: a
randomized controlled trial. Physiother Can. 2010;62(3):242–53.

28. Fagevik Olsén M, Josefson K, Wiklund M. Evaluation of abdominal binder after
major upper gastrointestinal surgery. Adv Physiother. 2009;11(2):104–10.

29. Smith M, Ellis E. Is retained mucus a risk factor for the development of
postoperative atelectasis and pneumonia? Implications for the
physiotherapist. Physiother Theory Pract. 2000;16:69–80.

30. Lång M, Niskanen M, Miettinen P, Alhava E, Takala J. Outcome and resource
utilization in gastroenterological surgery. Br J Surg. 2001;88(7):1006–14.

31. Denehy L, Carroll S, Ntoumenopoulos G, Jenkins S. A randomized controlled
trial comparing periodic mask CPAP with physiotherapy after abdominal
surgery. Physiother Res Int. 2001;6(4):236–50.

32. Thompson DA, Makary MA, Dorman T, Pronovost PJ. Clinical and economic
outcomes of hospital acquired pneumonia in intra-abdominal surgery
patients. Ann Surg. 2006;243(4):547–52.

33. Canet J, Gallart L. Postoperative respiratory failure: pathogenesis, prediction,
and prevention. Curr Opin Crit Care. 2014;20(1):56–62.

34. Scholes R, Denehy L, Sztendur E, Browning L. A survey of Australian
physiotherapy management of patients having abdominal surgery.
Journal of Physiotherapy. e-supplements, 2005, APA 9th National
Cardiothoracic Group Biennial Conference S26 (abstract). http://www.
journalofphysiotherapy.com/pb/assets/raw/Health%20Advance/journals/
jphys/2005%20APA%209th%20National%20Cardiothoracic%20Group
%20Biennial%20Conference.

35. do Nascimento Junior P, Módolo NS, Andrade S, Guimarães MM, Braz LG,
El Dib R. Incentive spirometry for prevention of postoperative pulmonary
complications in upper abdominal surgery. Cochrane Database Syst Rev.
2014;(2). Art. No.: CD006058. doi: 10.1002/14651858.CD006058.pub3.

36. Zhang X-Y, Wang Q, Zhang S, Tan W, Wang Z, Li J. The use of a modified,
oscillating positive expiratory pressure device reduced fever and length of
hospital stay in patients after thoracic and upper abdominal surgery: a
randomised trial. J Physiother. 2015;61(1):16–20.

37. Ferreyra GP, Baussano I, Squadrone V, Richiardi L, Marchiaro G, Del Sorbo L,
et al. Continuous positive airway pressure for treatment of respiratory
complications after abdominal surgery: a systematic review and meta-analysis.
Ann Surg. 2008;247(4):617–26.

38. Makhabah DN, Martino F, Ambrosino N. Peri-operative physiotherapy.
Multidiscip Respir Med. 2013;8(1):1–6.

39. Cassidy MR, Rosenkranz P, McCabe K, Rosen JE, McAneny D. I COUGH:
reducing postoperative pulmonary complications with a multidisciplinary
patient care program. JAMA Surg. 2013;148(8):740–5.

40. Pasquina P, Tramèr MR, Granier J-M, Walder B. Respiratory physiotherapy to
prevent pulmonary complications after abdominal surgery: a systematic
review. Chest J. 2006;130(6):1887–99.

41. Orman J, Westerdahl E. Chest physiotherapy with positive expiratory
pressure breathing after abdominal and thoracic surgery: a systematic
review. Acta Anaesthesiol Scand. 2010;54(3):261–7.

42. Ireland CJ, Chapman TM, Mathew SF, Herbison GP, Zacharias M. Continuous
positive airway pressure (CPAP) during the postoperative period for
prevention of postoperative morbidity and mortality following major
abdominal surgery. Cochrane Database Syst Rev. 2014;(8). Art. No.:
CD008930. doi: 10.1002/14651858.CD008930.pub2.

43. Bourn J, Conway J, Holgate S. The effect of post-operative physiotherapy on
pulmonary complications and lung function after upper abdominal surgery.
Eur Respir J. 1991;4:325s.

44. Denehy L. Ph.D. thesis: the physiotherapy management of patients following
upper abdominal surgery. Melbourne: University of Melbourne; 2001.

45. Condie E, Hack K, Ross A. An investigation of the value of routine provision
of postoperative chest physiotherapy in non-smoking patients undergoing
elective abdominal surgery. Physiotherapy. 1993;79:547–52.

46. Castillo R, Haas A. Chest physical therapy: comparative efficacy of
preoperative and postoperative in the elderly. Arch Phys Med Rehabil.
1985;66(6):376–9.

Boden et al. Trials  (2015) 16:573 Page 14 of 15

http://www.aihw.gov.au/hospitals-data/procedures-data-cubes/#ardrglink
http://www.journalofphysiotherapy.com/pb/assets/raw/Health%20Advance/journals/jphys/2005%20APA%209th%20National%20Cardiothoracic%20Group%20Biennial%20Conference
http://www.journalofphysiotherapy.com/pb/assets/raw/Health%20Advance/journals/jphys/2005%20APA%209th%20National%20Cardiothoracic%20Group%20Biennial%20Conference
http://www.journalofphysiotherapy.com/pb/assets/raw/Health%20Advance/journals/jphys/2005%20APA%209th%20National%20Cardiothoracic%20Group%20Biennial%20Conference
http://www.journalofphysiotherapy.com/pb/assets/raw/Health%20Advance/journals/jphys/2005%20APA%209th%20National%20Cardiothoracic%20Group%20Biennial%20Conference
http://dx.doi.org/10.1002/14651858.CD006058.pub3
http://dx.doi.org/10.1002/14651858.CD008930.pub2


47. FagevikOlsén M, Hahn I, Nordgren S, Lonroth H, Lundholm K. Randomized
controlled trial of prophylactic chest physiotherapy in major abdominal
surgery. Br J Surg. 1997;84(11):1535–8.

48. Samnani SS, Umer MF, Mehdi SH, Farid FN. Impact of preoperative
counselling on early postoperative mobilization and its role in smooth
recovery. International Scholarly Research Notices. 2014;2014:1–4.
http://dx.doi.org/10.1155/2014/250536.

49. 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. 2010;29(4):434–40.

50. Gustafsson U, Scott M, Schwenk W, Demartines N, Roulin D, Francis N, et al.
Guidelines for perioperative care in elective colonic surgery: enhanced
recovery after surgery (ERAS®) society recommendations. World J Surg.
2013;37(2):259–84.

51. Partridge J, Harari D, Martin F, Dhesi J. The impact of pre‐operative
comprehensive geriatric assessment on postoperative outcomes in older
patients undergoing scheduled surgery: a systematic review. Anaesthesia.
2014;69(s1):8–16.

52. Gupta A, Gupta N. Setting up and functioning of a preanaesthetic clinic.
Indian J Anaesth. 2010;54(6):504.

53. Mata J, Cabrera S, Valldeperas M, Fernández S, Aguilar J, Atanassoff P. A
national survey on current practice of preanaesthetic assessment in elective
surgery patients in Spain. Rev Esp Anestesiol Reanim. 2012;59(6):299–305.

54. Browning L. Phd thesis: Early mobilisation following upper abdominal
surgery in Australian public hospitals: University of Melbourne; 2007.

55. Fischer JP, Wes AM, Wink JD, Nelson JA, Braslow BM, Kovach SJ. Analysis of risk
factors, morbidity, and cost associated with respiratory complications following
abdominal wall reconstruction. Plast Reconstr Surg. 2014;133(1):147–56.

56. Doig GS, Simpson F. Understanding clinical trials: emerging methodological
issues. Intensive Care Med. 2014;40(11):1755–7.

57. Topolski TD, LoGerfo J, Patrick DL, Williams B, Walwick J, Patrick MB. The
Rapid Assessment of Physical Activity (RAPA) among older adults. Prev
Chronic Dis. 2006;3(4):1–8.

58. Rankin SL, Briffa TG, Morton AR, Hung J. A specific activity questionnaire
to measure the functional capacity of cardiac patients. Am J Cardiol.
1996;77:1220–3.

59. Dowson HM, Ballard K, Gage H, Jackson D, Williams P, Rockall TA. Quality of
life in the first 6 weeks following laparoscopic and open colorectal surgery.
Value Health. 2013;16(2):367–72.

60. 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.

61. Dias C, Plácido T, Ferreira M, Guimarães F, Menezes S. Incentive spirometry
and breath stacking: effects on the inspiratory capacity of individuals
submitted to abdominal surgery. Braz J Phys Ther. 2008;12(2):94–9.

62. Brooks D, Parsons J, Newton J, Dear C, Silaj E, Sinclair L, et al. Discharge
criteria from perioperative physical therapy. Chest J. 2002;121(2):488–94.

63. Abadie B. Effect of viewing the RPE scale on the ability to make ratings of
perceived exertion. Percept Mot Skills. 1996;83(1):317–8.

64. Agostini P, Naidu B, Cieslik H, Rathinam S, Bishay E, Kalkat M, et al.
Comparison of recognition tools for postoperative pulmonary complications
following thoracotomy. Physiotherapy. 2011;97(4):278–83.

65. Sopena N, Sabrià M. Multicenter study of hospital-acquired pneumonia in
non-ICU patients. Chest J. 2005;127(1):213–9.

66. Fiore Jr JF, Bialocerkowski A, Browning L, Faragher IG, Denehy L. Criteria to
determine readiness for hospital discharge following colorectal surgery: an
international consensus using the Delphi technique. Dis Colon Rectum.
2012;55(4):416–23.

67. Myers J, Bader D, Madhavan R, Froelicher V. Validation of a specific activity
questionnaire to estimate exercise tolerance in patients referred for exercise
testing. Am Heart J. 2001;142(6):1041–6.

68. Murray M, Pentland J, Turnbull K, MacQuarrie S, Hill A. Sputum colour: a
useful clinical tool for non-cystic fibrosis bronchiectasis. Eur Respir J.
2009;34:361–4.

69. Groll D, To T, Bombardier C, Wright J. The development of a comorbidity index
with physical function as the outcome. J Clin Epidemiol. 2005;58(6):595–602.

70. Trampisch US, Franke J, Jedamzik N, Hinrichs T, Platen P. Optimal Jamar
dynamometer handle position to assess maximal isometric hand grip strength
in epidemiological studies. Journal Hand Surg. 2012;37(11):2368–73.

71. Vather R, Trivedi S, Bissett I. Defining postoperative ileus: results of a
systematic review and global survey. J Gastrointest Surg. 2013;17(5):962–72.

72. Bickenbach KA, Karanicolas PJ, Ammori JB, Jayaraman S, Winter JM, Fields RC,
et al. Up and down or side to side? A systematic review and meta-analysis
examining the impact of incision on outcomes after abdominal surgery.
Am J Surg. 2013;206(3):400–9.

73. Severgnini P, Selmo G, Lanza C, Chiesa A, Frigerio A, Bacuzzi A, et al.
Protective mechanical ventilation during general anesthesia for open
abdominal surgery improves postoperative pulmonary function.
Anesthesiology. 2013;118(6):1307–21.

74. Corcoran T, Rhodes JEJ, Clarke S, Myles PS, Ho KM. Perioperative fluid
management strategies in major surgery: a stratified meta-analysis. Anesth
Analg. 2012;114(3):640–51.

75. Nobili C, Marzano E, Oussoultzoglou E, Rosso E, Addeo P, Bachellier P, et al.
Multivariate analysis of risk factors for pulmonary complications after
hepatic resection. Ann Surg. 2012;255(3):540–50.

76. 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. Anesth Analg. 2003;96(2):548–54.

77. Brundage M, Bass B, Davidson J, Queenan J, Bezjak A, Ringash J, et al.
Patterns of reporting health-related quality of life outcomes in randomized
clinical trials: implications for clinicians and quality of life researchers.
Qual Life Res. 2011;20(5):653–64.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Boden et al. Trials  (2015) 16:573 Page 15 of 15

http://dx.doi.org/10.1155/2014/250536

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Trial objectives

	Methods/design
	Trial design
	Trial setting
	Eligibility and exclusion criteria
	Randomisation and allocation
	Trial interventions
	Control group
	Intervention group
	Standardisation of pre-operative interventions
	Standardisation of post-operative procedures
	Blinding
	Withdrawal from trial
	Primary outcome
	Secondary trial outcomes

	Data collection
	Pre-operative variables
	Intra-operative variables
	Post-operative variables
	Sample size
	Data management
	Statistical methods
	Data monitoring
	Duration and timeline

	Discussion
	Trial status
	Abbreviations

	Competing interests
	Authors’ contributions
	Funding source
	Sponsors
	Other
	Author details
	References



