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Abstract

Abdominal surgery is the most common major surgical procedure performed in developed
countries. After surgery, postoperative pulmonary complications (PPCs) occur frequently and are
a primary cause of morbidity, mortality, and prolonged hospital stay. To minimise PPCs,
physiotherapy is ubiquitously provided in the postoperative phase. Physiotherapy clinical trials
reporting the largest reductions in PPCs have predominately tested preoperative education and
training of patients to perform their own breathing exercises after surgery. These trials were
generally of low quality and therefore the results lack certainty. Currently, preoperative
physiotherapy is rarely provided in Australian and New Zealand hospitals. A well-designed
randomised controlled trial (RCT) investigating the benefit of preoperative physiotherapy to

reduce PPC in a modern perioperative context was needed.

The aims of this thesis were to: consider the physiological basis for preoperative physiotherapy
to minimise PPCs; to conduct a narrative and systematic review of research investigating PPC
prevention with breathing exercises; and, to design and conduct an RCT, including quantitative,
qualitative, and health economic outcomes, assessing the effectiveness of preoperative

physiotherapy to minimise PPC after major abdominal surgery.

The Lung Infection Prevention Post Surgery Major Abdominal with Pre-Operative Physiotherapy
(LIPPSMACck-POP) trial was a double-blinded, multicentre, RCT. In pre-admission clinics at
three hospitals, 441 patients awaiting major abdominal surgery were randomised to receive an
information booklet or an additional education and breathing exercise training session. Education
focussed on PPC prevention via self-directed postoperative breathing exercises. A nested mixed-
methods study investigated the impact and treatment fidelity of the intervention in 20 consecutive
participants. Preventing pneumonia was very important to participants. Intervention participants
found preoperative physiotherapy to be interesting and empowering with 94% of remembering

the breathing exercises as taught.

Following surgery, PPC incidence was halved in the intervention group (adjusted hazard ratio
0.48, 95% confidence interval (CI) 0.35 to 0.75, p=0.001) with a number needed to treat of 7
(95% CI 5 to 14). Intervention participants had significantly reduced pneumonia rates, required
fewer antibiotic prescriptions for respiratory infections, less purulent sputum, fewer positive

sputum cultures, and were less likely to require oxygen therapy.

An integrated health economic analysis found that preoperative physiotherapy had high

probability of being cost-effective with an incremental net benefit to hospitals of $4,958 (95%



Cl $10 to $9,197) for each PPC prevented, given a willingness-to-pay of $45,000 for the
service. Quality adjusted life year (QALY) gains were less certain. Improved cost-effectiveness
and QALY gains were detected when experienced physiotherapists delivered the intervention.
For each PPC prevented, preoperative physiotherapy was likely to cost hospitals less than the
costs to treat a PPC.

This thesis analysed the evidence for the physiotherapy management of patients having
abdominal surgery. A hypothesis for preoperative physiotherapy to minimise PPC after surgery
was proposed. This hypothesis was supported with qualitative, primary, secondary, and health
economic quantitative outcomes within a multicentre randomised controlled trial, and through a

systematic review and meta-analysis.

These findings may not be generalisable to all settings and requires testing in different surgical
populations, cultures, and hospital settings. Effective PPC prophylaxis needs to be investigated
for patients unable to attend pre-admission clinics, those having emergency abdominal surgery

and in other high-risk populations.
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Preface

This is a ‘thesis with publication’. It includes six publications reproduced in their entirety which

are substantially unchanged from the peer-reviewed multi-author manuscripts.
Chapter 2 contains the published paper:

Reeve J & Boden I. The physiotherapy management of patient undergoing abdominal surgery.
New Zealand Journal of Physiotherapy. 2016; 44(1): 33-49. doi: 10.15619/NZJP/44.1.05

Dr Julie Reeve (JR) and the candidate, lanthe Boden (IB), equally conceived the structure and
scope of the narrative review. IB contributed more than 50% of the content to this manuscript and
was primarily responsible for compiling all Tables and Figures, and the following sections;
‘Introduction’, ‘What is abdominal surgery?’, ‘Postoperative pulmonary complications — what
are PPCs and how are they measured?’, ‘What are the consequences and costs of a PPC?’, ‘How
can we predict who is at risk of developing a PPC?’, ‘Complications associated with reduced or
delayed mobility — postoperative paralytic ileus’, ‘Physiotherapy management for patients
undergoing abdominal surgery’, ‘Preoperative physiotherapy interventions — preoperative
education’, and, ‘Postoperative physiotherapy interventions — postoperative ambulation,
postoperative breathing exercises, respiratory adjuncts’. JD was responsible for ‘Complications
associated with reduced or delayed mobility — venous thromboembolism, musculoskeletal and
cardiovascular effects’, and, ‘Postoperative physiotherapy interventions — postdischarge
rehabilitation’. Both co-authored ‘Preoperative physiotherapy interventions — prehabilitation’,
and, ‘Postoperative physiotherapy interventions — other adjuncts’. JD and IB co-edited all sections
and approved the final version prior to submission. JD managed the manuscript submission and

its providence. The manuscript presented in this thesis is unchanged from the published paper.

Chapter 5 contains the published paper:

Boden I, Browning L, Skinner EH, Reeve J, ElI-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; 16:573. doi: 10.1186/513063-015-1090-6.

IB initially conceived and designed the study prior to initiating the PhD. With the assistance of

Professor Rebecca Lane (RL) the original study protocol and a grant application for funding was



submitted to the Physiotherapy Research Foundation in 2010. This unsuccessful application

received written peer-review from two unknown reviewers.

The revised study protocol was submitted to the Clifford Craig Research Foundation in 2012. The
candidate received assistance from colleagues Julie Borschmann, Nadia Zalucki (NZ) and Joanna
Lane at the Launceston General Hospital Physiotherapy Department to review the study protocol
and grant application. The grant application was successful following written examination and

peer-review by three unknown reviewers from the Grants Review Committee.

IB enrolled in the PhD prior to trial initiation. Following PhD enrolment, the LIPPSMACck-POP
study design and protocol underwent further reviews and modifications with assistance from NZ,
RL, JR, Associate Professor Julio J Fiore, Dr Kimberley Haines, Associate Professor Doa El-
Ansary (DE), Dr Elizabeth Skinner (EH), Dr Laura Browning (LB), and Professor Linda Denehy
(LD). lain Robertson (IR) and IB planned the statistical analysis. For the protocol paper, IB
drafted the manuscript, managed co-author revisions, prepared the manuscript for submission and
managed the manuscript review process. JR, DE, EH, LB, IR, LD read and contributed
intellectually important content and approved the final manuscript of the study protocol for
publication. The manuscript was revised following peer-review and editorial suggestions by the
journal. The manuscript presented in this thesis is unchanged from the published paper.

Chapter 6 contains the published paper:

Boden I, ElI-Ansary D, Zalucki N, Robertson 1K, Browning L, Skinner EH, Denehy L.
Physiotherapy education and training prior to upper abdominal surgery is memorable and has
high treatment fidelity: a nested mixed-methods randomised-controlled study.
Physiotherapy. 2018 Jun;104(2):194-202. doi:10.1016/j.physio.2017.08.008.

IB was responsible for the concept and design of the nested mixed-methods trial, recruitment of
participants, providing the interventions to participants, and coordinating the trial. IB drafted the
manuscript, managed co-author revisions, prepared the manuscript for submission and managed
the manuscript review process. Kate Sullivan and Bronte Biggins-Tosch conducted the patient
interviews. Susan Kaye transcribed the interviews. DE and NZ scored, analysed, and interpreted
the interviews. IR and IB were responsible for statistical design and analysis. LD, LB, ES
contributed intellectually important content to trial design. ED, NZ, IR, LB, ES, and LD
contributed to interpretation of data and revision of the manuscript. The manuscript was revised
following peer-review and editorial suggestions by the journal. The manuscript presented in this

thesis is unchanged from the published paper.
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Chapter 7 contains the published paper:

Boden I, Skinner EH, Browning L, Reeve J, Anderson L, Hill C, Robertson IK, Story D,
Denehy L. Preoperative physiotherapy for the prevention of respiratory complications after
upper abdominal surgery: pragmatic, double blinded, multicentre randomised controlled
trial. BMJ. 2018 Jan 24;360:j5916. doi:10.1136/bmj.j5916.

IB coordinated the trial, prepared the first draft of the manuscript, and was responsible for the
final manuscript. IB wrote all grant applications, completed multi-site ethics submissions,
amendments, and progress reports as required. IB developed an operating procedures manual for
each site and trained all participating physiotherapists in the protocol. IB contributed to participant
screening and recruitment, baseline data collection, delivering the intervention, data entry,

database management and security, data cleaning and analyses.

At the Launceston General Hospital, Tasmania, recruitment, delivery of preoperative
interventions, and baseline data collection site were performed by IB, Ms Kate Sullivan, Mr Tom
Shepherd, Mr Andrew Michael, and Ms Emma Dwyer. Blinded outcome assessments were
performed by Ms Bronte Biggins-Tosch, Ms Kate Sullivan, Dr Janice Tang, Dr Michael Kwok,
Dr Haoyuan Lim, and Dr Leanne Fung. Ms Bronte Biggins-Tosch and Ms Kate Sullivan provided
research assistance for postoperative data collection and entry. At North Shore Hospital,
Auckland, the principle site investigator was Dr Julie Reeve who was responsible for oversight,
conduct, and safety of the trial. Participant recruitment, delivery of preoperative interventions,
and baseline data collection were performed by Ms Lesley Anderson, Mr Marcus Sullivan, Ms
Victoria Lai, and Ms Jenna Ford. At North West Regional Hospital, Tasmania, the principle site
investigator was Ms Cat Hill. Ms Hill with Ms Vic Stephenson assisting in the delivery of the

interventions.

LD, ES, and LB provided trial conduct oversight and supported 1B during the trial and PhD
candidature. IB, IR, LD, and Dr Dane Blackford formed the data safety and management board
to provide oversight to the safe and ethical conduct of the trial. 1B and IR did the statistical
analysis. 1B, ES, LB, JR, IR, Professor David Story (DS), and LD contributed to data analysis,
interpretation, and manuscript revision. 1B drafted the manuscript, managed co-author revisions,
prepared the manuscript for submission and managed the manuscript review process. The
manuscript was revised following peer-review and editorial suggestions by the journal. The

manuscript presented in this thesis is unchanged from the published paper.
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Chapter 8 contains the manuscript submitted for publication to Anaesthesia on 24" June 2020

Boden I, Reeve J, Robertson IK, Story D, Browning L, Skinner EH, Anderson L, Hill C, and
Denehy L. Preoperative physiotherapy prevents pulmonary collapse and infection after
major abdominal surgery: secondary analysis of the LIPPSMAck-POP randomised
controlled trial.

IB and IR planned and did the statistical analysis. IB, ES, LB, JR, IR, DS, and LD analysed and
interpreted the data, revised all manuscript drafts and approved the final manuscript. IB drafted
the manuscript, managed co-author revisions, prepared the manuscript for submission and
managed the manuscript review process. The manuscript was submitted to the United States
journal Anaesthesiology in February 2020. Following favourable peer-review received April 2020
an editorial decision was made not to publish due to the divergence in physiotherapy clinical
management between American and Australian hospitals. The manuscript presented in this thesis
is the revised version submitted to the British journal Anaesthesia. This chapter is in the format

and reference structure as submitted.

Chapter 9 contains the manuscript accepted for publication in Journal of Physiotherapy on June
11, 2020.

Boden I, Robertson 1K, Neil A, Reeve J, Palmer A, Skinner EH, Browning L, Anderson L,
Hill C, Story D, Denehy L. Preoperative physiotherapy is cost-effective for preventing
pulmonary complications after major abdominal surgery: a health economic analysis within

a binational multicentre randomised controlled trial. J Physiother 2020; accepted, in press

IB devised the concept for the paper. IB and IR contributed to the research design, conducted the
data analyses, and interpretation. Dr Amanda Neil and Professor Andrew Palmer reviewed the
methodology, analyses, and interpretations. IB wrote the first draft of the manuscript. All authors
contributed to the revised manuscript and approved the final version of the manuscript prior to

submission. IB managed the manuscript submission.

Chapter 1, Chapter 3, Chapter 4, Chapter 10, and Chapter 11 are unpublished material and have

not been submitted for publication.

Dr Christine Bryden and Paul Bryden provided unpaid copy editing and proof reading of the

entire thesis.
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1. Thomas P, Baldwin C, Bissett B, Boden I, Gosselink R, Granger CL, Hodgson C, Jones AY,
Kho ME, Moses R, Ntoumenopoulos G. Physiotherapy management for COVID-19 in the acute
hospital setting: clinical practice recommendations. Journal of Physiotherapy. 2020 Mar 30.

2. Lockstone J, Parry SM, Denehy L, Robertson IK, Story D, Parkes S, Boden 1. Physiotherapist
administered, non-invasive ventilation to reduce postoperative pulmonary complications in high-
risk patients following elective upper abdominal surgery; a before-and-after cohort
implementation study. Physiotherapy. 2020 106:77-86. doi:10.1016/j.physi0.2018.12.0032018.
https://doi.org/10.1016/j.physio.2018.12.003.

3. Ntoumenopoulos G, Dunlop D, Boden I, Williams M, Johnston K, Edbrooke L. Five facts about
cardiorespiratory physiotherapy. Australian Physiotherapy Association. InMotion. 1% December
2019. https://australian.physio/inmotion/5-facts-about-cardiorespiratory-physiotherapy

4. Boden I and Lockstone J. Response to letter to the editor re ‘Physiotherapist administered, non-
invasive ventilation to reduce postoperative pulmonary complications in high-risk patients
following elective upper abdominal surgery; a before-and-after cohort implementation study’.
Physiotherapy. 2019 Jul 20. pii:S0031-9406(19)30081-1. doi: 10.1016/j.physio.2019.07.005.

5. Lockstone J, Boden I, Zalucki N, Darvas J, Parkes S. Development of a physiotherapy-led
bronchoscopy service: a regional hospital perspective. Aust Health Rev. 2019 Dec 12. doi:
10.1071/AH19144.

6. Hackett C, Boden I, Turner C. Does collapse/consolidation on medical imaging or
oxyhemoglobin desaturation on room air accurately predict pulmonary complications after
abdominal surgery? Respirology. 2019. 24:supp87.

7. Lockstone J, Boden I, Robertson IK, Story D, Denehy L, Parry SM. Non-Invasive Positive
airway Pressure thErapy to Reduce Postoperative Lung complications following Upper
abdominal Surgery (NIPPER PLUS): protocol for a single-centre, pilot, randomised controlled
trial. BMJ Open. 2019. 9(1):e023139.

8. Boden I, Sullivan K, Hackett C, Winzer B, Lane R, McKinnon M, Robertson I. ICEAGE
(Incidence of Complications following Emergency Abdominal surgery: Get Exercising): study
protocol of a pragmatic, multicentre, randomised controlled trial testing physiotherapy for the
prevention of complications and improved physical recovery after emergency abdominal
surgery. World Journal of Emergency Surgery. 2018:13(1):29. https://doi.org/10.1186/s13017-
018-0189-y.

9. Boden 13, Reeve JC. Phase 1 evaluation of tubing PEP as an improvised positive expiratory
pressure device: Pressures generated through oxygen tubing across a range of flow rates and
lengths. Pulmonol Respir Res. 2017;5:1. doi: 10.7243/2053-6739-5-1.

10. Sullivan K, Reeve J, Boden I, Lane R. Physiotherapy following emergency abdominal surgery.
In: Garbuzenko D, editor. Actual Problems of Emergency Abdominal Surgery [Internet].
InTechOpen; 2016 [cited 2016 Sept 21]. doi: 10.5772/63969.
https://www.intechopen.com/books/actual-problems-of-emergency-abdominal -
surgery/physiotherapy-following-emergency-abdominal-surgery.
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Conference Presentations

International

1. Boden I, Sullivan K, Hackett C, Winzer B, McKinnon M, Robertson I, Story D, Denehy
L. Incidence of Complications after Emergency Abdominal surgery Get Exercising
(ICEAGE) trial: a multi-centre randomised controlled trial. World Confederation for
Physical Therapy Congress. Geneva, Switzerland. May 2019.

2. Boden I, Browning L, Skinner EH, Reeve J, Anderson L, Hill C, Robertson IK, Denehy
L. Oral presentation. ‘Lung infection prevention post-surgery major abdominal with pre-
operative physiotherapy (LIPPSMAck POP) trial: a bi-national multi-centre randomised
controlled trial.” Australian and New Zealand College of Anaesthetists Annual Scientific
Meeting. Auckland, New Zealand. May 2016.

3. Boden I, Browning L, Skinner EH, Denehy L. Poster. ‘The Melbourne respiratory
complication risk prediction tool accurately predicts patients unlikely to get a respiratory
complication following major open upper abdominal surgery.” Australian and New
Zealand College of Anaesthetists Annual Scientific Meeting. Auckland, New Zealand.
May 2016.

4. Boden I, Skinner EH, Browning L, Denehy L. Poster. ‘Hospital costs of respiratory
complications following abdominal surgery: Implications for service provision and
interpretation of clinical trials.” Australian and New Zealand College of Anaesthetists
Annual Scientific Meeting. Auckland, New Zealand. May 2016.

National

1. Boden I, Browning L, Skinner EH, Reeve J, Anderson L, Hill C, Robertson IK, Denehy
L. ‘Lung infection prevention post-surgery major abdominal with pre-operative
physiotherapy (LIPPSMAck POP) trial: a bi-national multi-centre randomised controlled
trial.” Oral presentation. Royal Australian College of Surgeons Annual Scientific
Congress. Adelaide, South Australia, Australia. May 2017.

2. Boden I, Skinner EH, Browning L, Denehy L. ‘Mortality and hospital costs of respiratory
complications following abdominal surgery: The killer in our midst’. Poster. Royal
Australian College of Surgeons Annual Scientific Congress. Adelaide, South Australia,
Australia. May 2017.

3. Boden I, Browning L, Skinner EH, Denehy L. ‘The Melbourne respiratory complication
risk prediction tool accurately predicts patients unlikely to get a respiratory complication
following major open upper abdominal surgery.” Royal Australian College of Surgeons
Annual Scientific Congress. Adelaide, South Australia, Australia. May 2017.

4. Boden I, Browning L, Skinner EH, Reeve J, Anderson L, Hill C, Robertson IK, Denehy
L. Lung Infection Prevention Post-Surgery Major Abdominal with Pre-Operative
Physiotherapy (LIPPSMAck-POP) trial: 12-month mortality and sub-group effects.
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Australian Physiotherapy Association Conference. Sydney, New South Wales,
Australia. October 2017.

Boden I, El-Ansary D, Zalucki N, Browning L, Skinner EH, Robertson IK, Denchy L.
Physiotherapy education and training prior to upper abdominal surgery is memorable and
has high treatment fidelity: a nested mixed-methods randomised controlled study.

Australian Physiotherapy Association Conference. Sydney, New South Wales, Australia.
October 2017.

Boden I, Browning L, Skinner EH, Denehy L. Allied health assistants can safely and
effectively provide early ambulation following major upper abdominal surgery. Poster.
Australian Physiotherapy Association Conference. Gold Coast, Queensland, Australia.
2015.

Boden I, Skinner EH, Browning L, Denehy L. Poster. ‘Hospital costs of respiratory
complications following abdominal surgery: Implications for service provision and
interpretation of clinical trials.” Oral presentation. Australian Physiotherapy Association
Conference. Gold Coast, Queensland, Australia. 2015.

Boden I, Browning L, Skinner EH, Reeve J, Anderson L, Hill C, Robertson IK, Denehy
L. Oral presentation. ‘Lung infection prevention post-surgery major abdominal with pre-
operative physiotherapy (LIPPSMAck POP) trial: a bi-national multi-centre randomised
controlled trial.” Oral presentation. Australian Physiotherapy Association Conference.
Gold Coast, Queensland, Australia. 2015.

Boden I, Browning L, Skinner EH, Denehy L. ‘The Melbourne respiratory complication
risk prediction tool accurately predicts patients unlikely to get a respiratory complication
following major open upper abdominal surgery.” Oral presentation. Australian
Physiotherapy Association Conference. Gold Coast, Queensland, Australia. 2015.
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Invited Presentations

International

1. Reeve J, Boden I, Valkenet K, Fiore J. ‘Preoperative physiotherapy management for
patients undergoing major visceral surgery.” Focused symposium FS-13. World
Confederation for Physical Therapy Congress. Geneva, Switzerland. May 2019.

2. Boden I. “What gives the best bang for buck? Preoperative intervention to prevent
postoperative complications.” Australian and New Zealand College of Anaesthetists
Annual Scientific Meeting. Kuala Lumpur, Malaysia. May 2019.

3. Story D, Boden I, Biccard B, Klein A. ‘Seize the day! Preoptimisation instead of pre-
assessment before surgery.” Masterclass. Australian and New Zealand College of
Anaesthetists Annual Scientific Meeting. Kuala Lumpur, Malaysia. May 2019.

National

1. Boden I. ‘Magic without medicine: Allied Health engagement from start to finish’.
Australian and New Zealand College of Anaesthetists Perioperative Medicine Special
Interest Group Conference. Perth, Australia. April 2020.

2. Boden I. ‘From bugger all to The BMJ’, Centre of Integrated Critical Care Medicine.
University of Melbourne, Melbourne, Australia. November 2019.

3. Boden I. ‘The physio’s role in reducing postoperative pulmonary complications.’
Australian and New Zealand College of Anaesthetists Perioperative Medicine Special
Interest Group: Updates in POM - 360°. Brisbane, Australia. November 2019.

4. Boden 1. ‘Magic without medicine’. Australian and New Zealand College of
Anaesthetists Perioperative Medicine Special Interest Group Conference, Art of
Anaesthesia. Canberra, Australia. October 2019.

5. Boden I. Keynote speaker. North East & Goulburn Valley Allied Health Conference,
Engage, Connect, Create. Beechworth, Victoria, Australia. June 2019.

6. Boden I. ‘Prehab — could it be the difference between life and death?’. InnO.vate.
Tasmanian Winter Workshop, Australian and New Zealand College of Anaesthetists.
Barnbougle, Tasmania, Australia. August 2018.

7. Boden I. 'Postoperative pulmonary complications: Killers, costs, and how physiotherapy
can save the day’. Monash University Cardiorespiratory Physiotherapy Seminar.
Monash University. Melbourne, Victoria, Australia. August 2017.

8. Boden I. Keynote speaker. Australian Physiotherapy Association. Tasmanian Forum,
Hobart, Tasmania. May 2017.

9. Boden 1. Keynote speaker. Australian Physiotherapy Association Cardiorespiratory
Group. Invited Lecture. Brisbane, QLD, Australia. August 2016.
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10.

11.

12.

13.

14.

Boden |. “Preventing complications after major surgery.” Tasmanian Allied Health
Symposium. Launceston, Tasmania, Australia. May 2018.

Boden I. ‘Post-Operative Pulmonary Complications following major upper abdominal
surgery: Predicting, preventing, and calculating the cost.” Australian Physiotherapy
Association Western Australian Research Symposium. Perth, Western Australia. May
2016.

Boden . “Preventing postoperative pulmonary complications after upper abdominal
surgery.” Menzies Institute, monthly invited lecture. Hobart, Tasmania, Australia.
October 2014.

Boden 1. ‘Preventing postoperative pulmonary complications after upper abdominal
surgery. Can you handle the truth?” Evening seminar. Australian Physiotherapy
Association. Melbourne, Victoria, Australia. November 2014,

Boden I. Thoracic Society Australia and New Zealand Tasmanian Branch Annual
Scientific Meeting. Bicheno, Tasmania, Australia. November 2013.
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Awards

International
2019

2019

National
2016

2016

2015

2014

2013

Physiotherapy Evidence Database (PEDro) Best Clinical Trial 2019. Incidence
of Complications after Emergency Abdominal surgery: Get Exercising. World
Confederation for Physical Therapy Congress. Geneva, Switzerland, May 2019.

PEDRo award; LIPPSMACck-POP awarded as for one of the world’s five most
significant physiotherapy clinical trials published in the five years 2013-2018
and included within top 20 influential physiotherapy trials of all time.

“To celebrate PEDro’s 20th birthday we identified the five most important
randomised controlled trials in physiotherapy published in the years 2014-2019.
Again, we invited PEDro users to nominate randomised controlled trials in
physiotherapy for consideration. Nominations were judged by a panel of
international physiotherapy trialists. These PEDro Top 5 Trials from 2014-2019
were combined with the PEDro Top 15 Trials to form the PEDro Top 20 Trials.

The PEDro Top 20 Trials are ground-breaking trials that changed the way people
are treated for a variety of conditions seen by physiotherapists and other
healthcare professionals. Some of these trials set the stage for breakthroughs, some
represent a paradigm shift, and all of them mark important milestones in the
evolution of physiotherapy treatment. ”
https://www.pedro.org.au/english/archive/top-20-trials/

Graeme Duffy award for Best Paper at the Tasmanian Royal Branch Royal
Australian College of Surgeons Annual Scientific Meeting, Hobart.

Inaugural presentation of this award to a non-surgeon.

Australian and New Zealand College of Anaesthetics Annual Scientific
Meeting, Auckland, award for best oral presentation of an e-poster.

Inaugural presentation of this award to a non-anaesthetist

Jill Nosworthy Award for Excellence in Cardiorespiratory Physiotherapy
Research, Australian Physiotherapy Association Conference, Gold Coast.

Tasmanian Allied Health Professional Advancement Committee Award for
collaborative leadership initiatives in Allied Health — clinical trials in
preventing complications and improving recovery following abdominal
surgery.

Sir John Ramsay Pursuit of Excellence in Health Award, Rotary Club
Tasmania.
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Research grants

The LIPPSMACck-POP study was an investigator-initiated trial funded by competitive research
grants from the Clifford Craig Foundation, Launceston, Australia ($65,000), the University of
Tasmania (virtual Tasmanian Academic Health Science Precinct), Tasmania, Australia
($50,000), and the Awhina Contestable Research Grant from the Waitemata District Health
Board and Three Harbours Health Foundation, Auckland, New Zealand ($20,000).

Support was provided from departmental sources at each participating study centre (Launceston

General Hospital, North West Regional Hospital, North Shore Hospital) and by sponsorship by
the Tasmanian Health Service - North to support the candidate (IB) for the period of the trial.
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List of common abbreviations

Abbreviation Description

AAA abdominal aortic aneurysm

AIHW Australian Institute of Health and Welfare

ARR absolute risk reduction

ART Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial

ASA American Association of Anaesthesiologists

BiPAP bilevel positive airway pressure

BMI body mass index

Cl confidence interval

CONSORT Consolidated Standards of Reporting Trials

CPAP continuous positive airway pressure

CT computed tomography

CXR chest x-ray

DB&C deep breathing and coughing

DVT deep vein thrombosis

ERAS Enhanced Recovery After Surgery

FiO, fraction of inspired oxygen

FRC functional residual capacity

Gl gastrointestinal

HR hazard ratio

HRQoL health-related quality of life

ICD-10 International Classification of Diseases

ICU intensive care unit

IMT inspiratory muscle training

IPPV intermittent positive pressure ventilation

IQR inter-quartile range

IS incentive spirometry

LAS lower abdominal surgery

LIPPSMACck-POP Lung Infection Prevention Post Surgery Major Abdominal with Pre-
Operative Physiotherapy

LOS length of stay

MIP maximum inspiratory pressure
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MGS
MET
NIV
NNT
PE
PEDro
PEP
PEEP
POD
PPC
QALY
RCT
RPE
RR
RRR
Rx

SD
SF-36
Sp02
Temp
TIDIeR
UAS
VATS
VTE
VO2 max
WCC
WHO

Melbourne Group Score
metabolic equivalent of task
non-invasive ventilation

numbers needed to treat
pulmonary emboli

Physiotherapy Evidence Database
positive expiratory pressure
positive end expiratory pressure
postoperative day

postoperative pulmonary complications
quality adjusted life year
randomised controlled trial

rating of perceived exertion

risk ratio

relative risk reduction

treatment

standard deviation

short-form 36

peripheral oxygen saturation

temperature

Template for Intervention Description and Replication

upper abdominal surgery
video-assisted thoracic surgery
venous thromboembolic event
maximum rate of oxygen consumption
white cell count

World Health Organisation
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CHAPTER 1

Introduction

1.1 Background of the problem

Elective upper abdominal surgery is planned surgery requiring general anaesthetic and involving
an open incision of at least five centimetres long that is made above, or extends above, the
umbilicus (Coventry 2014). It is performed predominately to excise cancerous lesions affecting
an organ within the abdominal cavity. The high combined incidence of bowel, stomach, liver,
oesophagus, pancreas, bladder, and kidney cancer ensures that cancers affecting the viscera of the
abdominal cavity are the second most prevalent cancer type behind prostate cancer in men and
breast cancer in women (AIHW 2018). Consequently, major abdominal surgery is currently the
most common major surgery type performed in Australian public and private hospitals with

annual increases in volumes of 2-5% (AIHW 2018).

Following abdominal surgery well-reported pathophysiological effects to the respiratory system
occur. This is largely due to deleterious effects from the abdominal incision and anaesthesia
including atelectasis (Restrepo & Braverman 2015, Hedenstierna & Edmark 2010, Duggan &
Kavanagh 2007), reduced mucociliary clearance (Bilgi et al 2011, Konrad et al 1993, Gamsu et
al 1976), diaphragm dysfunction (Kim et al 2010, Blaney & Sawyer 1997, Ford et al 1983),
reduced lung volumes (Cheifetz et al 2010, Fagevik-Olsén, Josefson & Wiklund 2009, Stock et
al 1985), and reduced respiratory muscle and cough strength (Barbalho-Moulim et al 2011,
Kulkarni et al 2010, Bellinetti & Thomson 2006). It is hypothesised that these factors lead to
bacterial proliferation and pulmonary collapse/consolidation which increase the risk of a chest
infection and gas exchange dysfunction (Restrepo & Braverman 2015, Tusman et al 2012,
Duggan & Kavanagh 2005, Smith & Ellis 2000). New respiratory abnormalities that occur after
surgery and directly impact the postoperative care of a patient are termed postoperative
pulmonary complications (PPC) (O’Donohue 1992). Studies have consistently found that PPCs
significantly increase in-hospital morbidity, mortality (Fernandez-Bustamente et al 2017,
Thompson et al 2006), hospital expenditure (Fleisher & Linde-Zwirble 2014, Thompson et al
2006, Lang et al 2001), and length of stay (LOS) (Fernandez-Bustamente et al 2017, Scholes et
al 2009, Lang et al 2001, Denehy 2001a).

The reported PPC incidence, detected using symptomology-based screening assessments, in

Australian hospitals specifically following abdominal surgery is between 10-53% (Lockstone et
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al 2020, Parry et al 2014, Haines et al 2013, Silva, Li & Rickard 2013, Scholes et al 2009,
Browning 2007a, Mackay, Ellis & Johnston 2005, Mackay & Ellis 2002, Denehy 2001a, Denehy
et al 2001b). More specifically the incidence of pneumonia diagnosed with a radiological and
symptom-based assessment after major abdominal surgery is 4% (Myles et al 2018). The
variation in rates (4 — 53%) may be explained by different criteria used for PPC diagnosis, the
surgical procedures included, and patient population risk profile. A sensitive, valid diagnosis of
a PPC needs to be more than just detecting atelectasis which, on its own, is not always associated
with poor clinical outcomes and often resolves spontaneously (Ferreyra, Long & Ranieri 2009,
Schindler 2005). A PPC diagnostic tool that uses a combination of different outcomes related to
signs and symptoms of airway infection and gas exchange abnormalities (e.g. hypoxia, pyrexia,

sputum changes, auscultation changes) may more accurately reflect a clinically significant PPC.

Recent physiotherapy-led studies have used a multi-factorial threshold-based scoring tool, the
Melbourne Group Score (MGS), to detect PPC incidence after upper abdominal surgery (Parry et
al 2014, Haines et al 2013, Scholes et al 2009, Browning 2007a, Browning, Denehy & Scholes
2007b). These studies report a PPC rate of 13-18% across all patients undergoing major upper
abdominal surgery (Scholes et al 2009, Browning 2007a, Browning, Denehy & Scholes 2007b)
with 39-42% specifically in older patients having upper gastrointestinal or hepatobiliary surgery
(Parry et al 2014, Haines et al 2013). Compared to the incidence of major cardiac complications
after colorectal surgery, PPCs have similar in-hospital mortality effects, yet occur nine times more
frequently (Fleisher & Linde-Zwirble 2014). Although there is a lack of consensus regarding the
ideal method to detect a PPC (Abbott et al 2018), there is wide agreement that greater efforts are
needed to reduce the incidence of PPC considering the significant costs to patients and the health
care system (Shander et al 2011, Qaseem et al 2006).

In Australian and New Zealand hospitals, physiotherapists routinely provide a range of therapies
and modalities aiming to prevent PPC following upper abdominal surgery (Reeve et al 2019,
Patman et al 2017, Browning 2007a, Scholes et al 2005). This service provision is supported by
consensus expert opinion (Griffiths et al 2018, Hanekom et al 2012), narrative reviews (Davies,
Husain & Stephens 2017, Miskovic & Lumb 2017, Qaseem et al 2006) and systematic reviews
(Odor et al 2020, Lawrence, Cornell & Smetana 2006, Fagevik-Olsén 2000). These papers have
considered evidence investigating the efficacy of a variety of methods to improve lung expansion
after surgery, including preoperative education and breathing exercise training, preoperative
inspiratory muscle training (IMT), postoperative coached deep breathing and coughing exercises
(DB&C), positive expiratory pressure (PEP) therapy, intermittent positive pressure ventilation
(IPPV), non-invasive ventilation (NIV), continuous positive airway pressure (CPAP), incentive

spirometry (IS), early ambulation, and multimodal chest physiotherapy (various combinations of
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these interventions). The aim of these treatments is to improve postoperative lung volumes and
clear airway secretions in order to reduce PPC after surgery. In general, reviews conclude that the
evidence for prophylactic lung expansion techniques is limited due to poor methodological
quality, inadequate sample sizes, invalid PPC definitions, uncontrolled and unmeasured
confounding factors, single-centre trials, unblinded assessors, heterogeneous populations, and
multimodal interventions. Yet despite these extensive limitations, the reviews come to a similar
conclusion that despite limitations to trial methodology the balance of the evidence suggests that
any type of lung expansion technique is better than no treatment. Lawrence, Cornell & Smetana
further state that, “No modality seems superior, and combined modalities do not seem to provide
additional risk reduction.” (p.604, Lawrence, Cornell & Smetana 2006). The opinion is that at
least one component of a multimodal physiotherapy treatment regime to patients having
abdominal surgery is effective in preventing PPC, yet due to methodological flaws in the clinical
trials to date, it is currently unknown which of the components this is. This may influence resource
utilisation as providing the full package of therapy exactly as studied to gain the reported
reduction on PPC rates may not be feasible, cost-effective, or indeed, wholly necessary. To aid
the efficient use of resources improved knowledge of the most effective targeted physiotherapy
strategy to reduce PPC is needed.

Prior to 2016, the largest trial (n=368) which investigated the benefit of physiotherapy to prevent
PPC after abdominal surgery predominantly focused on preoperative preparation of the patient
(Fagevik-Olsén et al 1997). This trial had fair methodological quality and demonstrated a very
large 74% relative risk reduction (RRR) in PPCs (control group 27% vs intervention group 7%)
giving an absolute risk reduction (ARR) of 20% and a number needed to treat (NNT) of 5 to
prevent one person having abdominal surgery from getting a PPC. The intervention group
received just two physiotherapy sessions: one preoperative education and training session and one
session postoperatively, where the breathing exercises taught preoperatively were reviewed and
reiterated. The control group received no physiotherapy at any point. A more recent multi-centre
observational trial using a comparable physiotherapy protocol of a single preoperative education
and training session and a single postoperative session, where breathing exercises were reviewed
and an early ambulation session was provided, found a PPC rate of 13% (Scholes et al 2009).
These studies involved a single preoperative physiotherapy session and minimal amounts of
postoperative physiotherapy, and yet report similar PPC rates to other studies where no
preoperative physiotherapy was provided; instead, therapy focused on a large amount of
postoperative physiotherapy sessions (Mackay, Ellis & Johnston 2005, Haines et al 2013, Silva,
Li & Rickard 2013, Parry et al 2014).
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Mackay, Ellis & Johnston (2005) delivered 12 postoperative physiotherapy sessions to patients
after elective high-risk upper abdominal surgery with a resultant PPC rate of 14%. Three more
recent studies provided at least seven postoperative physiotherapy sessions yet had a higher PPC
rate of 20-39% (Haines et al 2013, Silva, Li & Rickard 2013, Parry et al 2014). All these studies
did not have preoperative physiotherapy in their protocols. Admittedly, these studies specifically
involved patients with high risk profiles and these higher PPC rates may be more of a reflection
of the baseline population studied. However, in a study directly comparing two Australian
hospitals with equivalent patient cohorts at baseline, the provision of three times the amount of
postoperative physiotherapy treatment did not correlate with lower rates of PPC following upper
abdominal surgery (Mackay & Ellis 2002). The hospital that provided a preoperative
physiotherapy service and less postoperative physiotherapy had a lower PPC incidence (33%)
compared to the hospital that did not provide preoperative physiotherapy yet more postoperative
physiotherapy (53%). Although this difference did not reach statistical significance in this
underpowered exploratory study it is possible that there may not be a dose-dependent relationship
for physiotherapy in the postoperative phase (Mackay & Ellis 2002). It may not be ‘how much’
physiotherapy, but ‘when’ that physiotherapy is provided that could be the key to preventing PPC
(Mackay & Ellis 2002).

Preoperative physiotherapy traditionally consists of preparing patients for their operation. This
involves education on the risk of a PPC and how to prevent it with early postoperative ambulation
and DB&C exercises. Patients are trained on how to perform the DB&C exercises and instructed
to perform them independently immediately following surgery. Currently, less than 5% of
Australian and New Zealand hospitals routinely provide preoperative physiotherapy (Reeve et al
2019, Patman et al 2017, Browning 2007a). This rate has dropped from 25% in the previous 10
years (Scholes et al 2005). During this time, a significant change to perioperative admission
practices occurred. Up until the mid to late 1990s, patients having elective upper abdominal
surgery were admitted to hospital the day before surgery. On this day of admission to the surgical
ward, patients were routinely assessed and prepared by anaesthetists, physiotherapists, and nurses
on what to expect following surgery. However, from the mid-1990s to the early 2000s this
progressively changed to admitting patients on the same day as the planned procedure.
Consequently, preadmission assessment and preparation moved to booked appointments at
outpatient clinics, sometimes many weeks before surgery (Calligaro et al 1997, Cella, Bush &
Codignotto 1993, Robin 1991). This change in location and timing to access a patient
preoperatively may have impacted decisions by physiotherapists to continue to provide this
service. Clinical trials with preliminary findings that preoperative physiotherapy alone reduced

PPCs (Fagevik-Olsén et al 1997), or that the addition of postoperative physiotherapy to a
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preoperative alone service may not provide any extra prophylaxis (Denehy 2001a, Condie, Hack
& Ross 1993, Castillo & Haas 1985) were all conducted within the original paradigm where
preoperative physiotherapy was provided the day before the surgery on the surgical ward. It is
unknown if a single education session provided days or weeks before the surgery date in an
outpatient setting would have enough treatment fidelity for a patient to recall the information
provided and enact the DB&C exercises as taught. Adding to uncertainty over the value of
preoperative physiotherapy is a lack of qualitative studies considering the impact and importance

that patients may attach to a preoperative physiotherapy service.

The evidence for preoperative physiotherapy alone to reduce PPC within modern perioperative
surgical practices is uncertain. It is unknown if patients value the service, and with no cost-
effectiveness data to inform hospital administrators on the relative cost to benefit value of
preoperative physiotherapy, it is unsurprising that this service is not standard practice in Australia.
However, considering the high costs of PPC, both fiscally to the hospital and clinically to patients,
relatively high incidence rates, and preliminary trials suggesting that a large reduction in PPC
incidence could be achieved with preoperative physiotherapy alone, an adequately powered, well-
designed, phase-three, multicentre, randomised controlled trial with an embedded qualitative and
health economic analysis is needed to determine the clinical effect, patient-reported value, and
cost-effectiveness, of preoperative physiotherapy education and training to prevent PPC after
major upper abdominal surgery within the context of modern perioperative surgical and

anaesthetic practices.

1.2 Evidence gaps in the literature

A review of the literature has found the following evidence gaps which will be discussed, and in
part, investigated in this thesis:

e There is a lack of consensus regarding outcomes used to measure PPC after abdominal
surgery.

e There is limited high-quality evidence regarding medium- and long-term morbidity,
mortality, and patient-reported outcomes for patients having upper abdominal surgery
who contract a PPC in the in-hospital period.

o Evidence regarding the effect of preoperative physiotherapy specifically to reduce PPC
after abdominal surgery has not been systematically reviewed or critically appraised.

e A clear hypothesis explaining a possible physiological mechanism of effect for

preoperative physiotherapy to minimise PPC after surgery is needed.
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¢ Qualitative outcomes regarding patients’ views and experiences of receiving preoperative
physiotherapy before upper abdominal surgery are unknown.

e It is unknown if a single session of physiotherapy education and training provided at a
multidisciplinary outpatient clinic in the weeks prior to abdominal surgery would have
sufficient treatment fidelity to ensure that the information provided is memorable and
would enable enactment of the desired health behaviours (postoperative DB&C exercises
and early ambulation).

e An adequately powered, multicentre, parallel-group, randomised controlled trial with
blinding of assessors, standardisation of postoperative physiotherapy, measurement of
known confounders, in a defined population using a valid PPC endpoint and conducted
within a modern perioperative practice framework is needed to assess if preoperative
physiotherapy education and training can effectively minimise PPC incidence following

upper abdominal surgery.

1.3 Significance of the research

Abdominal surgery is the most common major surgery type conducted in Australia, Europe, and
the United States with 400-800 operations per 100,000 people per annum (AIHW 2018, European
Commission 2018, Steiner et al 2017. Australia has one of the highest volumes of major
abdominal surgical procedures per capita with approximately 175,000 operations performed in
2018 (AIHW 2018) across most types of Australian acute care facilities; public, private, rural,
regional, and metropolitan hospitals. The primary reason for abdominal surgery is cancer of an
organ within the abdominal cavity. The combined total of incidence rates of cancer affecting the
bowel, oesophagus, stomach, liver, pancreas, kidneys, and bladder place abdominal organ cancers
as the second most common type of cancer in Australia, with incidence rates projected to rise by
2020 (AIHW 2012). Consequently, the demand for major abdominal surgery will continue to
increase over time. The current annual increase in the volume of major abdominal surgery is 2-
5% per annum (AIHW 2018).

Patients having surgery represent a quarter of hospital bed days, yet account for half of all hospital
costs (McDermott, Freeman & Elixhauser 2014). Complications after abdominal surgery are the
principal driver for increased costs with higher expenditure on pharmaceutical needs, diagnostic
testing, intensive care unit (ICU), and surgical ward LOS (Vonlanthen et al 2011). One of the
most common complications after major abdominal surgery is a PPC (Vonlanthen et al 2011,
Shander et al 2011) with typologies ranging from mild atelectasis to severe hospital-acquired

pneumonia and respiratory failure (Fernandez-Bustamente et al 2017, Shander et al 2011). The
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incidence of PPCs in Australian hospitals can be up to 40% in high-risk patients (Parry et al 2014,
Silva, Li & Rickard 2013, Haines et al 2013) with a rate of 15-20% in a general population of
patients having elective upper abdominal surgery (Scholes et al 2009, Browning, Denehy &
Scholes 2007b). PPCs independently increase costs following major colorectal (Fleisher & Linde-
Zwirble 2014), upper gastrointestinal (Dimick et al 2003), and renal surgery (Kim et al 2013).
Even mild PPCs are associated with increased hospital LOS and resource utilisation (Fernandez-
Bustamente et al 2017, Shander et al 2011). PPCs are strongly associated with mortality
(Fernandez-Bustamente et al 2017, Neto et al 2014, Ghaferi, Birkmeyer & Dimick 2009, Khuri
et al 2005), increased risk of 30-day hospital readmission (Kassin et al 2012), and poorer health-
related quality of life (HRQoL) (Brown et al 2014). Due to the high incidence of PPC and serious
negative outcomes to both hospitals and patients, preventative strategies should be employed to

reduce the incidence of complications (Shander et al 2011).

Chest physiotherapy is generally considered effective in reducing PPC incidence although it is
unknown exactly which modality or method is most efficacious (Odor et al 2020, Griffiths et al
2018, Hanekom et al 2012, Lawrence, Cornell & Smetana 2006, Fagevik-Olsén 2000). It is
possible that preoperative education and training by a physiotherapist could reduce PPC incidence
by a very large amount, e.g. 75% (Fagevik-Olsén et al 1997). If this single trial estimate is a true
treatment effect this could have significant worldwide impacts on patient morbidity, mortality,
and hospital resource utilisation if implemented widely. However, due to methodological
limitations the evidence to support preoperative physiotherapy is equivocal and this service is not
routinely provided in Australian hospitals. Rather, physiotherapy services are predominantly
provided in the postoperative phase (Patman et al 2017). This decision to remove preoperative
physiotherapy from the perioperative management of patients having upper abdominal surgery is
either correct due to lack of effectiveness and value to the patient or hospital; or hospitals have
erroneously removed a highly impactful service that can significantly reduce PPCs and improve

outcomes after surgery.

With approximately 175,000 patients undergoing major abdominal procedures each year in
Australia (AIHW 2018) an estimated PPC prevalence rate of 15-20% (Abbott et al 2018) equates
to between 30,000 to 40,000 patients annually suffering from this serious postoperative
complication. If preoperative physiotherapy is effective in reducing PPC incidence by even a
quarter of the current best estimated rate of 75%, this would result in 6000 to 8000 fewer patients
in Australia suffering from a PPC, with likely benefits in subsequent hospital resource use and
costs. Considering the high volume of abdominal surgery in Australia, the high incidence rate of

PPC after this surgery type, and the significant cost of PPCs to the patient, hospital, and
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community, the possible efficacy of preoperative physiotherapy needs to be tested with a robust
methodological method and within the context of modern perioperative practices.

1.4 Research aims

This thesis comprises six main research elements:

1) a narrative review of the literature to consider the evidence regarding the physiotherapy
management of patients having abdominal surgery; 2) construction of a hypothesis for a
mechanism of effect for preoperative physiotherapy to reduce the risk of PPC; 3) a systematic
review and meta-analysis of randomised controlled trials assessing the evidence for breathing
exercises to reduce PPC incidence after abdominal surgery; 4) a nested mixed-methods
(qualitative and quantitative) study on the patient-reported value and treatment fidelity of
preoperative physiotherapy; 5) a phase-three, multicentre, double-blinded, randomised controlled
trial powered for superiority assessing the effects of a single preoperative physiotherapy
respiratory education and coaching session, compared to an information booklet alone, to prevent
PPCs following major abdominal surgery; and, 6) the cost-effectiveness of preoperative
physiotherapy to reduce PPCs and improve quality adjusted life years (QALYSs) after major

abdominal surgery.
The aims of this thesis are:

1. Narrative review aims:
i To report and critically appraise randomised controlled trials and observational trials
that have investigated physiotherapy interventions to manage patients having

abdominal surgery.

2. Hypothesis formation aims:
i To critically evaluate the literature on the respiratory pathophysiology related to
abdominal surgery and to generate a hypothesis of effect for preoperative

physiotherapy to minimise PPC.

3. Systematic review and meta-analysis aims:
i To synthesize the evidence of randomised controlled trials conducted from 1950 to
2020 that investigated the effect of breathing exercises on the incidence of PPC after
abdominal surgery.
ii. To consider the evidence in the context of the provision of preoperative

physiotherapy.
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4. Nested mixed-methods study aims:

i.  To assess the impact and memorability of preoperative physiotherapy as provided
within a multidisciplinary preadmission clinic within six weeks of upper abdominal
surgery.

ii.  To conduct an exploration of patients’ opinions on preoperative information delivery.

iii.  To assess the treatment fidelity of preoperative physiotherapy provided within a
multidisciplinary preadmission clinic within six weeks of surgery to effectively
enable patients to remember information about DB&C exercise performance after
surgery.

iv.  To assess the effect of preoperative physiotherapy education on early postoperative

ambulation performance compared to provision of an information booklet.

5. Multicentre randomised controlled trial aims:

i.  To compare the effect of preoperative physiotherapy education and training on the
development of a PPC within the first 14 postoperative hospital days using the MGS
diagnostic scoring tool, compared to the provision of an information booklet alone.

ii.  To compare the effect of preoperative physiotherapy education and training on the
following explorative secondary outcomes:
a) all-cause mortality up to 12-months
b) days of hospital LOS,
c) ICULOS,
d) unplanned ICU admission,
€) pneumonia,
f) time to postoperative ambulation greater than one minute,
g) time to achieve ambulation greater than10 minutes,
h) time in days to discharge from physiotherapy service,
i) time in days to readiness for discharge from hospital.
j) patient reported complications at six to eight weeks post-surgery

k) unplanned hospital admissions six-weeks post-surgery

6. Health economic analysis of the randomised controlled trial aims:
i. To provide a comparative estimate in:
a) hospital resource use and costs,
b) health related quality of life (HRQoL) and health utilities at six-weeks
post-surgery,
¢) QALYSs at 12-months post-surgery,

d) cost-effectiveness of incremental costs per PPC prevented,
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e) cost-utility using incremental costs per QALY gained,
between participants given preoperative physiotherapy or an information booklet at

pre-admission clinics prior to elective major abdominal surgery.

1.5 Overview of the thesis

The thesis structure is summarised in Table 1.1. Chapters 1, 2, and 3 of this thesis provide a
synthesis of the current literature regarding abdominal surgery, respiratory pathophysiology
specific to abdominal surgery, the development of PPCs, outcome measures to assess PPC,
physiotherapy methods and modalities to prevent PPC, and potential mechanisms for the effects
of preoperative physiotherapy to minimise PPC following major abdominal surgery. Chapter 4
is a systematic review and meta-analysis of randomised controlled trials investing the effect of
breathing exercises on PPC after abdominal surgery.

The subsequent thesis includes the methodological design elements and trial protocol (Chapter
5), the nested mixed-methods assessment of patient views, memorability, treatment fidelity, and
treatment enactment of preoperative physiotherapy (Chapter 6), and the primary results of the
Lung Infection Prevention Post Surgery Major Abdominal with Pre-Operative Physiotherapy
(LIPPSMACk-POP) randomised controlled trial undertaken to assess the effectiveness of

preoperative physiotherapy to prevent PPC after major upper abdominal surgery (Chapter 7).

Chapter 8 reports secondary results within LIPPSMAck-POP in the context of the hypothesis of
effect as proposed in Chapter 3. Chapter 9 reports the health economic analysis of LIPPSMAck-
POP. Chapter 10 provides an update to 2020 of the volume of major abdominal surgery
performed in Australia, a redo of the systematic review and meta-analysis performed in Chapter
4 to include additional data from trials conducted from 2016 to 2020, and to consider the evidence
for the rapidly emerging field of prehabilitation. Chapter 11 provides a summary of the thesis
findings, strengths and limitations and directions for future research to prevent PPC following

major abdominal surgery.
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Table 1.1 Thesis chapter overview

Chapter
1

10

11

Overview
Introduction.
Thesis overview

Narrative review of physiotherapy management for patients having abdominal surgery

Narrative review of pathophysiology of PPCs
Hypothesis of effect for preoperative physiotherapy to reduce PPCs

Systematic review and meta-analysis of chest physiotherapy to prevent PPC after abdominal surgery

Protocol for LIPPSMACck-POP: a multicentre randomised controlled trial of preoperative physiotherapy to prevent postoperative pulmonary
complications after major abdominal surgery

Mixed methods (qualitative and quantitative) findings of a nested study within LIPPSMACck-POP investigating the memorability of preoperative
physiotherapy and recall of items taught preoperatively

Primary results of the LIPPSMAck-POP trial

Secondary results of the LIPPSMAck-POP trial

Health economic results of the LIPPSMAck-POP trial

Updated data to 2020; systematic review and meta-analysis of chest physiotherapy to prevent PPC after abdominal surgery, current surgical volumes,
and evidence for prehabilitation

Conclusion summarising the research findings, discussing strengths and limitations of the research, and identifying areas for future research to prevent

postoperative pulmonary complications after major abdominal surgery
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CHAPTER 2

Physiotherapy management of patients having major

abdominal surgery

2.1 Introduction

The intended target patient population for this research is those having major abdominal surgery
and the clinical problem aiming to be addressed is PPC. Included in this chapter will be an
overview of major abdominal surgery, PPC recognition methods, and physiotherapy interventions
for patients having abdominal surgery in the context of contemporary surgical practices. This
chapter comprises a published narrative review co-authored with Dr Julie Reeve (authorship
declaration, see Appendix XI).

2.2 Author contributions

Dr Julie Reeve (JR) and lanthe Boden (IB) equally conceived the narrative review. IB compiled
all Tables and Figures, and the sections; ‘Introduction’, ‘What is abdominal surgery?’,
‘Postoperative pulmonary complications — what are PPCs and how are they measured?’, ‘What
are the consequences and costs of a PPC?’, “‘How can we predict who is at risk of developing a
PPC?’, ‘Complications associated with reduced or delayed mobility — postoperative paralytic
ileus’, ‘Physiotherapy management for patients undergoing abdominal surgery’, ‘Preoperative
physiotherapy interventions — preoperative education’, and, ‘Postoperative physiotherapy
interventions — postoperative ambulation, postoperative breathing exercises, respiratory
adjuncts’. JR wrote ‘Complications associated with reduced or delayed mobility — venous
thromboembolism, musculoskeletal and cardiovascular effects’, and, ‘Postoperative
physiotherapy interventions — postdischarge rehabilitation’. IB and JR co-authored ‘Preoperative
physiotherapy interventions — prehabilitation’, and, ‘Postoperative physiotherapy interventions —
other adjuncts’. IB and JR co-edited all sections and approved the final version prior to

submission. JR managed the manuscript submission.

2.3 Published manuscript

Reeve J & Boden I. The physiotherapy management of patients undergoing abdominal surgery.
N Z J Physio. 2016; 44(1): 33-49. doi: 10.15619/NZJP/44.1.05.

This is an open access journal. The content is unchanged from the published manuscript

12
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The physiotherapy management of patients undergoing

abdominal surgery

Julie C Reeve FiD, M5c, Grad Dip Phys

Senior Lecturer, School of Clinical Sciences, Faculty of Health and Environmental Studies, AUT University, Auckland, New Zealand

lanthe Boden M. Health 5o, 8. Fhysiothesapy

Cardiorespiratory Supervisor Physiatherapist, Physiotherapy Department, Launceston General Hospital, Launceston, Tasmania,
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ABSTRACT

Abdominal surgery is performed to remove cancerous tissue, to resolve visceral tissue perforations or to remove inflammatary bowel
segments, benign growths or vascular aneurysms. Postoperative complications, including pulmonary complications, are commaon
following abdominal surgery and physiotherapy aims to prevent and treat many of these complications. Much of the literature
investigating physiotherapy interventions is over a decade old and advances in surgery, including minimally invasive surgery and

fast track pathways, require physiotherapists to re-evaluate their practices. This narrative review aims to examine the evidence
investigating the effectiveness of physiotherapy interventions and apply this to contemporary surgical practices. Recommendations

for practice and research are outlined.

Reeve J, Boden | (2016) The Physiotherapy Management of Patients undergoing Abdominal Surgery New Zealand Journal

of Physiotherapy 44(1): 33-49. doi: 10.15619/NZJPI44.1.05

Key words: Physiotherapy, General surgery, Abdomen, Evidence-Based Practice
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INTRODUCTION

Abdominal surgery is the most frequently undertaken surgery
type in Australia and New Zealand. At least 130,000 operations
were performed in 2012-2013 across 246 hospitals in

Australia alone and this is increasing by 2-5% per year (AIHW
2013). World-wide, appraximately 500 to 1,000 procedures

per 100,000 head of population are performed annually in
developed countries (Weiser et al 2008).

Postoperative complications are common following major
abdominal surgery with one third to half of all patients having
some type of complication following their operation (Aahlin et al
2015, Hamel et al 2005). Complications, such as postoperative
pulmonary complications (PPC), prolonged postoperative

ileus and the sequelae of prolonged immohility are potentially
preventable with physiotherapy interventions. Physiotherapists
have routinely provided care to patients undergoing abdominal
surgery since the 1950s (Cash 1955, Innocenti 1996) and
research investigating the effectiveness of physiotherapy
following abdominal surgery is generally over a decade old
{Pasquina et al 2006). Since this time, major advances in
surgery, such as minimally invasive surgical techniques and
improved perioperative management, have significantly
reduced postoperative complications and length of hospital stay

{LOS) (Spanjersberg et al 2015). These advances require a re-
evaluation of physiotherapy for patients undergoing abdominal

SUrgery.
What is abdominal surgery?

Abdominal surgery can be categorised according to the

location and length of the main incision. Upper abdominal
surgery {LJAS) involves an incision above or extending above

the umbilicus and lower abdominal surgery (LAS) involves
incisions wholly below the umbilicus (see Table 1 and Figure

1). Surgery may be open (with an incision =5cm), laparoscopic
or a combination of both. Histarically, laparoscopic surgery

was predominantly performed for cholecystectomy and
gynaecological procedures only. Recently, major procedures such
as bowel, liver, stomach, oesophagus and kidney resections

are being pedormed laparascopically or as laparoscopic hand-
assisted surgery {minimally invasive surgery), whereby an
additional incision allows a hand to pass into the abdomen

for surgical manipulation and tissue remaoval (see Figure 2).
Although, minimally invasive surgery involves longer anaesthetic
times (Owen et al 2013) compared with the equivalent open
procedure, accelerated recovery, reduced complication rates and
shorter LOS have been demonstrated (Spanjersberg et al 2015).
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Table 1. Type and location of abdominal surgical procedures

Surgical Category

Upper Abdominal

Lower abdominal

Colorectal

Anterior resection
Abdominoperineal 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

Ultra low anterior resection
Recto-sigmoidectomy
lleostomy

Appendectomy

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

Radical prostatectomy
Ureterectomy

Other

Explorative laparotomy
Splenectomy
Complete pelvic exenteration

Inguinal hernia repair
Total abdominal hysterectomy

Subcostal (Kocher)

Midline laparotomy
McBurney

Bilateral subcostal (Chevron)
Lanz

Paramedian

Transverse

Lower midline

. Pfannenstiel

10. Mercedes (Chevron + Sternotomy)
11. Flank/transverse lumbar

1;
2.
3.
4.
5.
6.
7
8.
9

Liver and pancreas operations

Upper and lower intestinal procedures, major bladder
Appendix removal

Oseophageal, liver, pancreatic, and gastric procedures
Appendix removal

Upper gastrointestinal surgery

Upper intestinal procedures

Lower intestinal procedures and bladder

Major gynaecological and prostate procedures

Major trauma, combined cardiac and abdominal
Kidney procedures

Figure 1: Incisions used for abdominal surgery and associated procedures (Mercedes image: Said 2008)
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Figure 2: Laparoscopic hand-assisted abdominal surgery
(Dols et al 2009)

Significant changes in perioperative care have also been
initiated, most notably Enhanced Recovery after Surgery (ERAS)
or ‘fast track’ pathways. Elements include minimal preoperative
bowel preparation and fasting, admission on the day of surgery,
aggressive early ambulation, strict analgesia protocols, early
postoperative introduction of oral fluids and food, and minimal
use of drips and drains. These pathways are safe, feasible and
reduce complication rates and LOS across all types of abdominal
surgery (Adamina et al 2011, Cerantola et al 2013, Coolsen et
al 2013, Lietal 2012, Lin et al 2011, Varadhan et al 2010, Wijk
etal 2014).

Table 2: Melbourne Group Score PPC Diagnostic Tool

Prevention of postoperative complications relevant to
physiotherapy

Postoperative pulmonary complications (PPCs)

What are PPCs and how are they measured?

A PPC is commonly described as "a pulmonary abnormality that
produces identifiable disease or dysfunction, that is clinically
significant and adversely affects the clinical course” (O’‘Donohue
Jr 1992). This can include respiratory failure, pneumonia, severe
atelectasis, pulmonary oedema, pneumothorax, and pleural
effusion. A PPC is the most common complication following
UAS (PROVHILO group 2014) with a reported incidence of
13-53% (Browning et al 2007, Haines et al 2013, Mackay et al
2005, Parry et al 2014, Scholes et al 2009, Silva et al 2013). This
is higher than other major surgical procedures, such as open
lung resection, cardiac surgery via sternotomy, and orthopaedic
surgery (Arozullah 2001, Pasquina and Walder 2003, Reeve et
al 2010), whereas the PPC rate following open LAS is as little as
1% (Arozullah 2001, Smith et al 2009a).

The wide range in reported PPC rates following UAS may

be explained by the surgical procedures, patient populations
studied, and the PPC diagnostic tool or criteria utilised.
Diagnosis of a PPC differs greatly between studies. Variations
include the individual signs and symptoms required for diagnosis
(e.g. some tools incorporate auscultation changes where others
do not), how each criterion is measured (e.qg. the different
grading scales used for radiographic atelectasis or consolidation)
and the threshold number of positive criteria equating to a PPC
{Agostini et al 2011, Wynne 2004). These inconsistencies make
comparison of PPC rates and interpretation of research findings
into clinical practice problematic. Although there is no consensus
on the ideal tool for PPC diagnosis, recent physiotherapy-led
studies have used the same multi-factorial scoring tool, the
Melboume Group Score (Table 2) in both UAS (Browning et al

Diagnosis confirmed when 4 or more of the following are present:

CLINICAL FACTORS

¢ New abnormal breath sounds on auscultation different to preoperative assessment

* Production of yellow or green sputum different to preoperative assessment

* Pulse oximetry oxygen saturation (SpO,) <90% on room air on more than one consecutive postoperative day

* Raised maximum oral temperature >38°C on more than one consecutive postoperative day

DIAGNOSTIC FACTORS

* Chest radiograph report of collapse/consolidation.
e An unexplained WCC greater than 11 x 10%L

* Presence of infection on sputum culture report
OTHER

e Physician’s diagnosis of pneumonia, respiratory tract infection, undefined respiratory problem.

e Prescription of an antibiotic for a respiratory infection

Notes: C, centigrade; L, litre; SpO,, Peripheral oxygen saturation, WCC, white cell count.
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2007, Haines et al 2013, Parry et al 2014, Scholes et al 2009)
and thoracic surgery (Agostini et al 2013, Reeve et al 2010).
Reliable clinometric properties for the Melbourne Group Score
{MGS) are beginning to be demonstrated when compared to
other PPC diagnostic tools (Agostini et al 2011). Studies using
the MGS have reported PPC rates of 13-18% in all patients
undergoing major UAS (Browning et al 2007, Scholes et al
2009), and specifically 39-42% in high-risk UAS patients (Haines
etal 2013, Parry et al 2014).

Key Point:

For research, audit and clinical purposes, the use of the
Melbourne Group Score tool is recommended to diagnose a PPC
amenable to physiotherapy.

What are the consequences and costs of a PPC?
Postoperative pulmonary complications significantly increase
morbidity, mortality, hospital utilisation, cost, and length of
hospital stay (Dimick et al 2004, Knechtle et al 2014, Lang et

al 2001, Rotta et al 2013, Thompson et al 2006). The greatest
proportion of hospital costs are associated with intensive care
utilisation and hospital LOS (Knechtle et al 2014). Australian
prospective observational studies measuring PPC rates using
the MGS found that PPCs increased hospital LOS by 3-13 days
{Denehy et al 2001, Scholes et al 2009). To date, reported costs
associated with PPCs have been derived retrospectively from
haspital clinical coding databases that often underreport rates
of complications and costs (Koch et al 2012). The true costs of
PPCs are important to establish so that the cost-effectiveness
of prophylactic interventions, including physiotherapy, can be
calculated. It may not be cost effective to provide physictherapy
to all patients undergoing abdominal surgery. Where the
likelihood of developing a PPC is known to be low, e.q. ane PPC
in every 100 patients, providing prophylactic physiotherapy to
all 100 patients may cost more than the costs saved through
preventing the one PPC. However, if PPCs are shown to be
high cost, the benefit of preventing one PPC in 100 patients
may outweigh the cost of providing a relatively low-cost
intervention such as physiotherapy to all 100 patients. Until

we have contemporary high quality physiotherapy evidence
and cost-benefit analyses, physictherapists may be best to
target interventions to those patients who are at high-risk

of postoperative complications. It is therefore impaortant that
physiotherapists are able to determine which patients are most
at risk of developing a PPC.

Key Point:

Cost-benefit analyses of physiotherapy interventions to reduce
PPCs, improve recovery and reduce LOS are needed to inform
resource allocation.

How can we predict who is at risk of developing a PPC?
The ability to predict the development of a PPC has been

widely investigated. An often cited large prospective cohart
study (n=160,805) (Arozullah 2001) investigated all patients
undergoing non-cardiac surgery and found that those
undergoing UAS were almaost three times more likely to develop
preumonia (OR 2.68, 95%C| 2.38-3.03) compared to LAS and
orthopaedic surgery where the pneumaonia rate was less than
1%. A recent retrospective study found that PPCs were 15 times
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maore likely following UAS when compared to LAS (Smith et al
2009a).

The incidence of PPCs after traditional laparoscopic surgery

is also negligible (<1%;) (Antoniow et al 2014). However,
pneumonia rates of 2-5% have recently been reported following
minimally invasive bowel resections and, whilst this is half the
rate of the equivalent open procedure, PPC incidence has been
shown to increase by 13% with each additional 60 minutes of
surgery time (Owen et al 2013). The risk of PPCs following other
types of minimally invasive UAS is not well reported. Until more
data and cost-benefit analyses of physiotherapy interventions
are published, it is uncertain if these PPC rates are high enough
to justify providing routine prophylactic physiotherapy to these
lower-risk patients.

To assist in directing physiotherapy resources to the highest
need patients, PPC risk prediction tools should be utilised. Most
PPC risk prediction tools fallowing UAS have been developed
by medical researchers (Barnett and Moaonesinghe 2011) and
have limited clinical utility for physiotherapists. To address

this a physiotherapist led prospective study (Scholes et al

2009) investigated predictors for PPCs (with MGS diagnosis)

to enable the development of a multifactorial scoring tool to
dichotomise patients having UAS into high or low risk groups.
Independent predictors of PPCs were: anaesthesia longer than
three hours, upper gastrointestinal surgery, current smoking
history, respiratory disease and estimated VO™ High-risk
patients were B.5 times more likely to develop a PPC than those
assessed as low-risk. Other physiotherapy studies have found
additional independent risk factors for a PPC. A nasogastric tube
(Parry et al 2013) for more than one day was associated with
higher PPC incidence (OR 9.1, 95%C1 2.0 to 42) and delayed
time to ambulate more than 10 metres (Haines et al 2013) was
three times more likely to be related to the presence of a PPC
{OR 3, 85%C1 1.2 to B).These results should be interpreted with
caution, as it is possible that the presence of a PPC delayed
mabilisation, rather than vice versa. The use of available PPC
risk prediction models to target provision of physiotherapy
services to higher-risk patients may be a prudent use of finite
physiotherapy resources.

Key Points:

1. Patients following LAS and standard laparoscopic surgery do
not require routine postoperative physiotherapy to prevent
PPC.

2. All patients undergoing UAS should be screened for risk of
developing a PPC using a risk identification tool and those
patients determined to be high-risk are targeted with PPC
prophylaxis.

3. A PPC risk prediction tool is needed for advanced
laparoscopic and minimally invasive LIAS.

Complications associated with reduced or delayed
mobility

Venous thromboem bolism

The absolute risk of venous thromboembaolic events (VTE)
after major abdominal surgery without preventative measures
is approximately 15 — 40% (Cayley 2007). Given the serious
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consequences of pulmonary emboli (PE), several guidelines

for prevention and management have been published by the
American College of Chest Physicians (Holbrook et al 2012),
Scottish Intercollegiate Guidelines Netwaork (SIGN 2010) and the
National Institute for Health and Clinical Excellence (National
Institute for Health and Clinical Excellence (MICE) 2010). These
guidelines recommend that all major surgical patients have VTE
prophylaxis, including anticoagulation and early mobilisation. If
a deep vein thrombaosis (DVT) is diagnosed and anti-coagulation
has been commenced, early mobilisation is not associated with
increased risk of PE, new DVT or death (Aissaoui et al 2009,
Anderson et al 2009), thus physiotherapists should recommence
active ambulation following medical clearance.

Postoperative paralytic ileus

Gut immaotility immediately postoperatively is an expected
conseguence of abdominal surgery (Vather et al 2013). There

is a widespread belief that early ambulation assists in the
resolution of gut immeotility and prevention of paralytic ileus, yet
there is no conclusive evidence to support this hypothesis (Story
and Chamberlain 2009). Indeed, there is stronger evidence for
the routine use of chewing gum, which stimulates the neuro-
hormonal response to eating and enhances the resolution of a
normal gut peristalsis, to prevent paralytic ileus and reduce LOS
(Li et al 2013), than there is for early ambulation.

Musculoskeletal and cardiovascular effects

Whilst early ambulation is recommended following major
abdominal surgery, surgical drains/devices and the postoperative
sequelae of hypotension, nausea, pain, and fatigue mean that
achieving early ambulation as recommended is frequently

not achieved (Haines 2013, Boulind 2012). Although the
deleterious musculoskeletal and cardiovascular effects associated
with prolonged bedrest are well documented (Pavy-Le Traon

et al 2007), there is little evidence to support the use of early
ambulation in the prevention of PPCs. A recent randomised
controlled trial (RCT) found no increase in PPC incidence
following three days enforced bed rest; rather this group had
prolonged LOS and required more physical rehabilitation to
assist recovery (Silva 2014).

Physiotherapy management for patients undergoing
abdominal surgery

Physiotherapy aims to address well-known pathophysiological
effects of abdominal surgery on the respiratory system including
atelectasis (Duggan and Kavanagh 2005, Hedenstierna and
Edmark 2010, Tusman et al 2012), reduced muco-ciliary
clearance (Bilgi et al 2011, Gamsu et al 1976, Konrad et al
1993), diaphragm dysfunction (Blaney and Sawyer 1297, Ford et
al 1983, Kim et al 2010), reduced lung volumes (Cheifetz et al
2010, Fagevik Olsén et al 2009, Stock et al 1985) and reduced
respiratory muscle and cough strength (Barbalho-Moulim et al
2011, Bellinetti and Thomson 2006, Kulkami et al 2010). It is
hypothesised that combinations of these factors can lead to
bacterial proliferation in the airways and/or severe atelectasis
(Smith and Ellis 2000), increasing the risk of infection and PPCs.

It is a logical assumption that strategies to ameliorate the
deleterious physiclogical effects of abdominal surgery
will result in reducing the risk of PPC development. This
has been the underlying premise of the delivery of ‘chest

physiotherapy’ to patients following major surgery for several
decades. Physiotherapy may consist of preoperative education
and fraining and/or postoperative respiratory and physical
rehabilitation. More recently, there has been an increasing focus
on precperative exercise training {prehabilitation). Here we
present the best available evidence to guide practice decisions.

Preoperative physiotherapy interventions

Preoperative education

Preoperative physiotherapy education is the delivery of targeted
preparatory information to the patient regarding the expected
postoperative participation inan early ambulation programme
and necessity to perform deep breathing and coughing (DB&C)
exercises. Patients are educated on the role these exercises have
on the reduction of serious complications such as PPC and VTEs.
Sessions consist of explaining the effect of anaesthesia and
surgery on the lungs, teaching and training of DBRC exercises,
education on the early ambulation programme and provision of
any adjunctive devices as necessary.

Evidence from six clinical trials (Bourn et al 1991, Castillo and
Haas 1985, Condie et al 1993, Denehy 2001, Fagevik Olsén et
al 1997, Samnani et al 2014) suggests that a single preoperative
physiotherapy session significantly reduces PPC rates. In the
largest RCT (n=368, PEDro 5/10) the intervention group received
asingle preoperative physiotherapy education and training
session and a single postoperative review of taught breathing
exercises (Fagevik Olsén et al 1997). The control group received
no pre or postoperative physiotherapy. The incidence of PPC
was significantly lower in the treatment group (6% vs 27 %,
p<0.001).Two other RCTs of 330 low-risk open abdominal
surgery (Condie et al 1993) and 102 open UAS patients (Denehy
2001) concluded that the provision of additional postoperative
physiotherapy of coached DB&C exercises conferred no

extra benefit over and above a single session of precperative
education and DB&C training alone. A recent RCT (Samnani et
al 2014) of 232 abdominal surgery patients again demonstrated
a significant reduction in PPCs from 30% to 7% (ARR 22%,
895%Cl 13%-32%) when preoperative education focused on
the importance of postoperative early ambulation compared

to no education at all. Both groups were provided with similar
postoperative care. These studies demonstrate the effectiveness
of preoperative education and DB&C training, independent of
postoperative physiotherapy, in reducing the incidence of PPCs,

The reported reduction in PPCs with preoperative physiotherapy
education is significant; however, the results need to be
interpreted with caution. All trials had methodological
limitations and sources of bias. This brings the reported effect
on PPC rates into guestion. Further, most trials were conducted
10-15 years ago and there have been significant changes

in surgical and perioperative care in this time. Precperative
education and training have previously been provided the

day before surgery upon admission for surgery, however this

no longer reflects current practice, whereby patients attend
preoperative assessment clinics one to six weeks before their
operation (Gupta and Gupta 2010). It is unknown whether
preoperative physiotherapy education provided at these longer
time intervals might reproduce the previously reported effect on
PPC prophylaxis.
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Surveys of physiotherapy services to UAS patients in Australia
have shown a stark reduction in hospitals providing preoperative
physiotherapy education aver the past 15 years (Browning
2007, Scholes et al 2006). The reasons for this disinvestment of
services are unknown. There are no cost-benefit analysis studies
investigating physiotherapy to reduce respiratory complications,
s0 conclusive evidence to inform the allocation of physiotherapy
services to preoperative education and training is lacking. The
potential to significantly reduce the incidence of a high-impact
complication, such as a PPC, with a low-cost and easily provided
intervention of a single precperative physiotherapy session

is appealing. It may not be how much physiotherapy that is
important, but rather, when that physictherapy is provided. The
current weight of evidence appears to support the provision

of a single preoperative physiotherapy education and DB&C
training to all patients having abdominal surgery (Bourn et al
1991, Condie et al 1993, Denehy 2001, Fagevik Olsén et al
1997, Samnani et al 2014). Given the limitations of this research
and the low incidence of PPCs following laparoscopic and LAS
surgery, the authors recommend the provision of preoperative
physiotherapy for all open UAS patients anly. Cost benefit
studies are required to analyse the fiscal benefits of providing
preoperative physiotherapy to lower risk surgical patients as
well.

Key Points:

1. Asingle face to face session of preoperative education
and DB&C training should be administered to all patients
undergoing open upper abdominal surgery.

2. It is currently unknown if other forms of this education and
training, eg video or booklet, are effective.

Prehabilitation

Prehabilitation refers to the use of exercise-based interventions
aimed at optimising preoperative function to improve
postoperative outcomes or to increase surgical options in those
patients who have borderline fitness for surgery. Evidence of the
effectiveness of prehabilitation is relatively new, yet systematic
reviews and meta-analyses have already been undertaken
{Lemanu et al 2013, Olsén and Anzén 2012, Singh et al 2013,
Valkenet et al 2011), although only two focused solely on major
abdominal surgery (Pouwels et al 2014, Pouwels et al 2015),

Valkenet et al (2011) and Santa Mina (2014) conducted meta-
analyses on the effects of preoperative interventions including
inspiratory muscle training (IMT) and/or exercise training in
patients undergoing major cavity and orthopaedic surgery.
Mans et al {(2015) investigated IMT prior to all types of open
majar cavity surgery, including UAS. Meta-analyses of the data
demonstrated significant reduction in the risk of PPCs (Mans
etal 2015, Valkenet et al 2011) and reduced postoperative
length of stay (Santa Mina et al 2014, Valkenet et al 2011).
Other systematic reviews report improvements in aerobic and
functional capacity (Lemanu et al 2013, Olsén and Anzén
2012, Singh et al 2013). These reviews are limited by the lack
of meta-analysis due to the small number of studies included
and the heterogeneity of the surgical groups, which included
cambinations of arthopaedic, UAS, cardiac and thoracic surgery.

To our knowledge, there are only two systematic reviews
specifically relating to prehabilitation in abdominal surgery
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{Pouwels et al 2014, Pouwels et al 2015). These two reviews
detailed six RCTs in both laparoscopic and open abdominal
surgery (Pouwels et al 2014) and five studies in abdominal
aortic aneurysm repair specifically (Pouwels et al 2015). Studies
investigated strength andfor aerobic training, breathing
exercises, education and IMT or combinations of these. The
heterogeneity of the investigations precluded meta-analyses as
studies ufilised a variety of frequencies, intensities, durations,
modes, locations and outcome measures. Both reviews (Pouwels
et al 2014, Pouwels et al 2015) determined that preoperative
exercise therapy is associated with improved physical fitness

in patients prior to major abdominal surgery, but, due to
heterogeneity and small sample sizes, whether this results

in fewer complications or faster recovery remains unclear,
Although the relationship between poor preoperative fithess
and postoperative outcomes has been clearly demonstrated
{Smith et al 2009k), the effect of improving fitness (via
prehabilitation) and improved postoperative outcomes is yet
to be demonstrated. Better quality, targeted research into
preoperative physical fitness optimisation, particularly in high-
risk patients, is warranted.

Key Point:

Given the small number of studies, the heterogeneity of
interventions and costs involved in providing such services, the
rautine provision of prehabilitation in all patients undergoing
abdominal surgery cannot be recommended. However, it may
be worthwhile in high-risk UAS patients, given the assumed cost
of complications. This remains o be confirmed with cost-benefit
studies.

Postoperative physiotherapy interventions
Postoperative ambulation

Early mabilisation forms a routine part of postoperative care
and physiotherapists are heavily invalved in the initiation of
mobilisation following UAS, with up to 91% reporting they
ahways include mobilisation in their postoperative treatment
{Browning 2007). Patients perform little mobilisation outside
of physiotherapy treatment in the early postoperative period
{Browning et al 2007) with one study demonstrating only 48%
of patients mobilised more than 10m on the first postoperative
day (Haines et al 2013). To address this, aggressive early
ambulation protocols have become an essential component of
ERAS guidelines whereby patients sit up out of bed for six to
eight hours and ambulate at least 60m up to five times on the
day after surgery (Delaney et al 2001). However only 40% of
patients are able to achieve this (Boulind et al 2012). Studies
investigating adherence to ERAS protocols found the early
mobilisation component was the least adhered to (Boulind

et al 2012, Gustafsson et al 2011). Barriers to achieving early
ambulation include hypotension, pain and nausea (Haines et al
2013).

Research into the efficacy of physiotherapy to improve outcomes
tollowing abdominal surgery has almost always involved
ambulation as part of an intervention package (e.g. preoperative
education, DB&C exercises, early ambulation, adjunctive
devices). It is difficult to determine which component of the
intervention is responsible for any improvements in outcomes.
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Only two studies have attempted to specifically isolate the
effect of DB&C from standardised early ambulation. Mackay

et al {(2005) compared PPC rates in 56 patients randomised to
an ambulation only group or a group provided with additional
supervised DB&C exercises, of note the protocol for both
groups was intensive, with three ambulation sessions on the
first and second postoperative day and continuing twice daily
for the next two days. The overall PPC rate was 14% with no
significant difference between groups. A similar study replicated
this protocol with a more realistic ambulation protocol. Silva

et al (2013) randomised 86 high-risk UAS patients into three
groups: mobilisation alone, mobilisation plus DB&C, and
delayed mobilisation {commenced on the third postoperative
day) plus DB&C. Participants were ambulated once daily to a
BORG intensity of 6/10. There were no significant differences
in PPC rate between groups even in the group that rested in
bed for three days; although this group were no mare likely o
get a PPC, they had increased requirements for physiotherapy
to assist in their physical recovery and significantly longer LOS
(MO 4.4, 95%CI 0.3 to 8.8). Both of these studies suggest
that the addition of DB&C to early ambulation does not reduce
the incidence of PPC. However, it is important to note that
these studies were not powered to measure small to moderate
differences in PPC rates (less than 20% between groups). It is
possible that coached DB&C exercises could provide a small,
yet clinically worthwhile effect. Much larger clinical trials would
need to be performed to test this.

Key Points:

1. Because of the undesirable sequelae associated with
prolonged bedrest, ambulation should be commenced as
early as safely possible for all patients undergoing all types of
abdominal surgery.

2. There is little evidence to support the use of early ambulation
in the prevention of PPCs.

3. The ideal amount, duration, and frequency, of ambulation
required to improve postoperative recovery is untested.

Postoperative breathing exercises.

Coached DBA&C exercises are traditionally provided to patients
following UAS aiming to prevent PPCs. Incentive spirometers
{I15) {do Nascimento Junior et al 2014), PEP devices (Orman
and Westerdahl 2010, Zhang et al 2015), and non-invasive
ventilation (NV) (Ferreyra et al 2008) are also utilised, but
less frequently. These modalities are often delivered by
physictherapists (Haines et al 2013, Makhabah et al 2013),
although in some countries these may be provided by other
health professionals (Cassidy et al 2013, Zhang et al 2015).
Despite widespread and ubiguitous provision of prophylactic
respiratory physiotherapy following abdominal surgery, its
efficacy and worth in preventing PPCs is unclear.

Two systematic reviews have investigated interventions to
prevent PPCs following abdominal surgery {(Lawrence et al 2006,
Pasquina et al 2006). Despite being conducted in the same

year, the conclusions were contradictory. Lawrence et al (2006)
investigated all non-pharmaceutical interventions to prevent
respiratory complications including a wide range of interventions
(such as nasogastric decompression, postoperative analgesia)

in open, laparoscopic, LAS and UAS. Findings suggested there
is good evidence for any type of lung expansion manoeuvres
compared with no treatment at all but that studies were
confounded by the use of multimodal interventions, inconsistent
definitions of PPC and poor methodologies. Pasquina et al
(2006), in a robust and detailed systematic review, focused
solely on physiotherapy interventions and meta-analysed 35
studies conducted in both LAS and UAS. Less than half of all
trials found that DB&C exercises were more effective than a
no-treatment control or alternative technique. They concluded
that the routine use of respiratory physiotherapy after open
abdominal surgery is not justified.

Since the 2006 publication of these systematic reviews
{Lawrence et al 2006, Pasquina et al 2006}, seven additional
RCTs have been published (Baltieri et al 2014, Barbalho-Moulim
et al 2011, Dronkers 2008, Kulkarni et al 2010, Samnani et al
2014, Silva et al 2013, Zhang et al 2015). The findings of these
further studies are summarised in Table 3 and the results and
context of the findings are discussed elsewhere in this paper
where appropriate. The methodological quality of each of these
frials has been assessed using the PEDro scale and absolute risk
reduction {including confidence intervals) and number needed
to treat have been calculated from the dichotomous PPC data
supplied in the studies where possible.

One further systematic review assessed specifically the effect

of breathing exercises on physiclogical aspects of pulmonary
function following abdominal surgery such as respiratory
muscle strength and diaphragm mobility (Grams et al 2012).
This study and others (Grams et al 2012, Lunardi et al 2013,
Lunardi et al 2015) have demonstrated that DB&C improve
respiratory function following UAS, although it remains unclear
whether these physiological improvements translate to clinically
meaningful reductions in LOS or incidence of PPCs.

In the face of contradictory evidence for the use of DB&C
exercises, an international panel of experts have atternpted to
provide a consensus statement on physiotherapy management
for patients following UAS (Hanekom et al 2012). Using the
Grades of Recormmendation, Assessment, Development and
Evaluation (GRADE) approach (Guyatt et al 2008), the panel
considered the potential benefits of coached DB&C exercises
outweighs the potential costs and harms of the intervention.
Until this is confirmed with further high-quality evidence and
cost-benefit analysis this recommendation remains supported by
aweak level of evidence.

Regarding laparoscopic and LAS, although respiratory
physiotherapy dermonstrates physiological improvements in
pulmonary function (Forti et al 2009, Gastaldi et al 2008,
Krishna et al 2013}, the PPC rate is very low (Arozullah et

al 2000, Condie et al 1993) and postoperative respiratory
physiotherapy for this population has not been shown to alter
clinical outcomes such as incidence of PPC and LOS . However,
with the increasing use of advanced technology, more complex
surgeries are now being performed laparoscopically. Due to
their complexity, the average time of these type of laparoscopic
operations are usually greater than three hours (Fagevik Olsen
M 1999, Kuo et al 2013, Park et al 2011). In these studies, the
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PPC incidence between open and laparoscopic surgery is similar,
suggesting that there may be an increased PPC risk in prolonged
laparoscopic surgery (Kuo et al 2013, Park et al 2011). This
needs to be confirmed with prospective observational studies

to enable risk prediction models to be developed, which will in
turn assist physiotherapists and hospitals to determine which
patients require targeted PPC prophylaxis following these newer
types of procedures. To date, no study has investigated the
effectiveness of any type of respiratory therapy to treat a PPC
following diagnosis and this requires urgent investigation,

Key Points:

1. DBEC exercises should not be provided routinely following
LAS, standard laparoscopic surgery or for patients screened
as being at low-risk of a PPC fallowing LAS.

2. For high-risk UAS patients, on balance of the available
evidence, the provision of coached DB&C exercises may be
unnecessary as long as patients are provided with an early
ambulation programme of assisted walking at least once
aday. It is suggested this assisted walking targets a BORG
score = 610,

Respiratory adjuncts

Systematic reviews and meta-analyses (do Nascimento Junior
etal 2014, Overend et al 2001) have investigated the use

of incentive spirometry (IS) for patients following abdominal
surgery. In the mast recent meta-analysis, do Mascimento
Junior et al (2014) investigated 12 studies with a total of 1834
participants undergoing UAS including laparoscopic surgery.
Trials compared 1S to either no respiratory treatment; DB&C; or
to other types of chest physiotherapy. There were no statistically
significant differences between any groups in the risk of
developing a pulmonary condition. There are limitations with
this literature due to mixed patient populations in some studies
(UAS, LAS, laparoscopic) and due to varying risk profiles of
patients. These limitations and the generally low quality of the
evidence regarding the lack of effectiveness of IS in preventing
PPCs following UAS highlight the need to conduct well-
designed trials in this field. Recently there has been a renewed
interest in investigating 15 in high-risk populations. For example,
a pre-post cohort study in patients undergoing high-risk LAS
has shown promising results (Westwood et al 2007) and these
results now need fo be tested ina RCT

Only one systematic review has investigated the use of PEP
devices {including bubble PEP) in patients undergoing open
abdominal or thoracic surgery (Orman and Westerdah| 2010).
The review found weak evidence that PEP confers any benefit
over standard respiratory physiotherapy but due to the age
and limited quality of the included studies (PEDro 4 - &), firm
conclusions are unable to be drawn. A recent well-designed
RCT (PEDro 8/10) compared routine medical management and
early mobilisation with the use of modified oscillating PEP in
203 patients following UAS and thoracic surgery (see Table 3
for details) (Zhang et al 2015). The study found a significant
reduction in days of fever and LOS in the PEP group (MD-2.6,
95% CI-4.8 to -0.4). The use of postoperative (oscillatory)
PEP now requires further corroboration with studies in other
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countries and other surgical contexts, utilising outcome
measures that include PPC incidence.

Two meta-analyses have compared prophylactic continuous
positive airways pressure (CPAF), to prevent postoperative
morbidity and mortality in patients following major abdominal
surgery, with standard care (including physiotherapy) (Ferreyra et
al 2008, Ireland et al 2014). Whilst no differences were found in
the effects of CPAP on mortality and hypoxaemia, both studies
showed significant reductions in atelectasis, pneumonia and re-
intubation rate with CPAP. Caution is required in extrapolating
these results as the included studies had substantial
heterogeneity, small sample sizes and a number were old with
poor methodological reporting. There is evidence to suggest
that CPAP and NIV are both effective in improving outcomes in
patients who have developed postoperative respiratory failure
although this is based on a small number of studies (Antonelli et
al 2000, Chiumello et al 2011, Kindgen-Milles et al 2005).

Other adjuncts

The use of an abdominal binder, a firm removable elastic girdle
placed around the abdomen, is popular in some countries
following abdominal surgery in attempting to prevent wound
dehiscence and improve postoperative pain and respiratory
function (Bouvier et al 2014). Its use has shown improvements
in postoperative walking distance following major UAS
{Cheifetz et al 2010), but only weak effects on reducing pain
{Rothman et al 2014) and no effect on pulmaonary function

or seroma formation (Fagevik Olsén et al 2009, Larson et

al 2009, Rothman et al 2014) or LOS (Larson et al 2009).
There is some evidence to suggest that abdominal binders
improve psychological distress in the early postoperative period
(Rothman et al 2014). Its use has yet to be related to PPC

rates but evidence suggests that binders can be worn without
compromising pulmonary function (Rothman et al 2014).

Key Points:
1. Incentive spirometry should not be routinely provided
following abdominal surgery.

2. The use of oscillatory PEP may assist in preventing PPCs.

3. Postoperative prophylactic CPAP/MNIY is efficacious in the
prevention of PPCs, although evidence is insufficient on the
potential for harm and the cost implications of providing
CPAPMIV prophylactically to all patients following UAS need
to be considered.

Post-discharge rehabilitation

Health-related quality of life {(HRQol) has become an important
end-point in the abdominal surgical literature. Delayed recovery
and persistent disability following UAS has been demonstrated
up to six months postoperatively (Lawrence et al 2004), with
complications in the immediate postoperative period being
independent predictors of poorer recovery and poor HRQol
{Davies et al 2013, Lawrence et al 2004). Itis unknown if
delays in functional recavery (or functional decline) following
UAS are related to increased health utilisation costs, morbidity
and mortality or if postoperative rehabilitation programmes
would hasten recovery and reduce disability. To our knowledge,
there are currently no studies investigating the impact of
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postoperative rehabilitation specifically for patients having
undergone UAS. There is, however, a plethora of emerging
literature demonstrating positive health benefits (including
disease-free survival) at all stages of treatment in cancer
survivors. Given that patients with cancer frequently present for
abdominal surgery, and the known delayed recovery from UAS
in some patients, the value of post-discharge rehabilitation for
patients following UAS warrants further exploration.

Key Point:

In the absence of any evidence regarding postoperative
rehabilitation programmes we are unable to make any
recommendations regarding post-discharge physiotherapy.

CONCLUSION

The research regarding physiotherapy in the perioperative
period for patients undergoing abdominal surgery is limited
and equivocal. Physiotherapy services rely not only on the
balance of evidence but on the balance of resources fo provide
these services. It is feasible that the potential high cost of PPCs

following abdominal surgery justifies the provision of low-

cost interventions such as physiotherapy. Until this has been
confirmed with good quality research and cost analysis studies,
physiotherapists should provide a service based on the best
available evidence. This study has attempted to summarise such
evidence, highlight the areas required for further research and
make balanced recormmendations for practice on the basis of
these factors.
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Table 3: PPC incidence rates in studies investigating physiotherapy interventions in major upper abdominal surgery published since systematic reviews of
Lawrence (2006) and Pasquina (2006)

Authorfyear Study type Abdominal surgery Sample PEDro Interventions PPC PPCrate, ARR % Conclusion
lcountry types and risk size score diagnostic criteria % (95% CI)
profiles (95% CI) NNT
Randomised controlled trials
(Zhang et al Randomised Theracic and 203 &M0  C: Standard ward care. No Any of the following:  Fever 17% Flutter use following
2015) controlled UAS (open and pre or postop physiotherapy  # Incidence of fever incidence  (4-29%) major thoracic and UAS
China trial laparoscopic) Rx: Postop flutter 5-10 reps, 3 » Abnormal CXR C:39% NNT= 6 halves fever incidence
Multi-centre Mixed risk profiles times daily, POD1-5 « WCC (30-49%) (31to022) and reduces LOS, but
* Antibiotic therapy Rx: 22% not abnormalities in CXR
(15-31%) or WCC, nor does it
reduce antibiotic usage.
(Baltieri et al Randomised Gastric bypass via 40 810  C: Physioc DB&C, incentive Atelectasis on CXR C: 20% Mot Inadequate sample
2014 controlled open laparotomy, BMI spirometry, early mobilisation (6-51%) significant  size to determine a
Brazil trial =40 Rx Az BIPAP 1 hr prior to Rx A conclusion.
Single centre  High-risk surgery 10%
Rx B: BiPAP 1 hr after surgery (2-40%)
Rx C: PEEP 10cmH20 Rx B: 0%
intraoperatively Rx C:
10%
(2-40%)
(S5amnani et al  Pseudo Low-rizk, non- 224 510  C: Basic preop education Modified Melbourne C:30% 22% Preop counselling on
2014) randomised smokers, ASA 1 Rx: Additional precp group scale with 3or  (22-39%) (13-32%)  expected postoperative
Pakistan controlled and 2, elective and education on early meore of the factors Rx: 7% NNT= 4 early ambulation leads
trial emergency, open ambulation (4-13%) (3to08) to earlier mobilisation
Single centre  upper and lower Postop all received early and significantly reduces
abdominal surgery ambulation > 10 minutes PPCs.
duration and those with
prolonged operation time
received “chest physio™ and
incentive spirometers.
(Silva et al Cluster High-risk elective UAS 86 7/10  C: Assisted ambulation with 3 ormore inthe same  C: 21% Mo Inadequate sample size
2013) randomised Excluded: AAA, Physic once daily at least RPE  day: (10-40%) significant  to determine a difference
Australia controlled oesophagectomy 6/10. = Auscultation RxA: 25% difference  in PPCs.
trial Rx&: As control + coached changes (13-43%) in PPC
Single centre DB&C (4 x 5 reps with 3 sec * Temp =38 RxB: 10% rates
inspiratory holds) ® CXR changes (3-26%)

RxB: Rest in bed for POD1
and 2 + coached DB&C as
above. Assisted ambulation
on POD3.

* Sputum changes
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(Barbalho- Randomised Elective open bariatric 32 7/10  C: Preop education on DB&C  One or more of: 0% n/a Inadequate sample size
Moulim et al controlled surgery in females of and early mobilisation. * Pneumania to determine a difference
2011) trial short LOS (<3days) Postop daily physio of DB&C,  » CXR atelectasis with in PPCs in this low risk,
Brazil Single centre incentive spirometry, early dyspnoea short LOS population.
mobilisation » Acute respiratory
Rx: Additional preop IMT, failure
15min, once daily, 6 daysfwk,
2-4 wks prior to surgery. 30%
MIP increasing twice weekly.
(Kulkarniet al  Randomised Major elective UAS 80 510  C: Mo treatment Chest infections C: 10% 15Q Inadequate sample size
2010) controlled Rxf: DB exercises requiring antibiotic (3-30%) to determine a difference
England trial RxB: Incentive spirometry treatment RxA: 5% in PPCs.
Single centre RxC: IMT, 20-30% MIP (1-249%)
All exercises performed RxB: 0%
15mins, twice daily, 7 days RxC: 0%
a week for 2 weeks prior to
surgery
{Dronkers Randomised High-risk AAA repairs 20 7110  C: Preop DB&C training, Atelectasis on CXR C: 80% 50% Preop IMT reduces
2008) controlled incentive spirometry. Postop (49-94%) (6-74%) postoperative atelectasis
Netherlands trial physio of coached DB&C, Rx: 30% NMNT=2 following AAA repairs
Single centre incentive spirometry and early (11-60%) (1-15)
mobilisation
Rx: IMT daily for 15min, &
days a week. 2 weeks prior
to surgery. 20% of MIP
and increasing resistance to
maintain RPE =5/10
Pre-post cohort studies
(Lunardi et al Pre-post Elective 70 n/a C: No physiotherapy Any of the following:  C:37% 21% Chest physio is likely to
2011) cohort Oesophagectomy Rix: 20 minutes daily DB&C, * Atelectasis on CXR (22-54%) (1-41%) reduce PPCs following
Brazil Single centre  High-risk early mobilisation * Pneumaenia Rx: 15% MNNT =5{2 ocesophagectomy
® Pleural effusion (7-29%) to 80)
(Lunardi et al Pre-post Oesophagectomy 40 n/a Rx&: Chest Physio only in ICU Any of the following:  RxA: 30%  Not Inadequate sample size
2008) cohort High nisk, elective RxB: Chest Physio in ICU and  » Atelectasis on CXR {14-529%) significant  to draw conclusions.
Brazil Single centre through to hospital discharge  * Pneumonia RxB: 10% Trend towards additional
# Pleural effusion (3-30%) Physiotherapy beyond

ICU reducing PPCs.
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Table 3: PPC incidence rates in studies investigating physiotherapy interventions in major upper abdominal surgery published since systematic
reviews of Lawrence (2006) and Pasquina (2006) (continued)

Author/year Study type Abdominal surgery Sample PEDro Interventions PPC PPCrate, ARR % Conclusion
lcountry types and risk size score diagnostic criteria %a (95% CI)
profiles (95% Cl)  NNT
(Nakamura et Pre-post Elective 184 n/a C: Open surgery, no Any of the following:  C: 27% 28% Patients who did not
al 2008) cohort oesophagectomy physiotherapy 1991-1955 s Bronchopneumonia  (14-46%) (15-42%)  receive pre and postop
Japan Single centre  High-risk Ryl VATS surgery, no » Aspiration RxA: 36% MNNT=4 physiotherapy were 4
physiotherapy 1996-2000 pneumonia (25-49%) (2to7) times more likely to get a
RxB: VATS or open surgery, * Acute respiratory RxB: 8% respiratory complication.
corticosteroid medication, failure (4-159%)
pre-and postoperative chest  » Pleural effusion
physiotherapy. 2001-2005
(Westwood et Pre-post All elective and 263 n/a C: Daily DB&C ex Presence of clinical C:17% 1% The addition of incentive
al 2007) cohort emergency UAS Rx: Daily DB&C ex + incentive features of collapse/ (11-25%) (3-20%) spirometry to chest
England Single centre  Mixed risk spirometry consolidation, plus Rx: 6% NNT=9 physioctherapy may
one of the following:  (3-12%) (5-35) reduce PPCs following
*Temp =38 major UAS
* Positive CXR
* Positive sputum
Observational studies
(Haines et al Prospective High-risk 72 n/a Daily postop physiotherapy Melbourne group 39% n/a PPCs were 3 times more
2013) observational  elective and of early mobilisation, DB&C scale (28-50%) likely for each POD they
Australia Single centre  emergency UAS exercises, +/- NIV for 7 days did not mabilise away
from the bed.
(Parry et al Prospective High-risk 50 n/a Daily postop physiotherapy Melbourne group 42% nfa Patients with a
2014) observational  elective and of early mobilisation, DB&C scale (29-56%) nasogastric tube > 1 day
Australia Single centre  emergency UAS exercises, +/- NIV for 7 days were 9 times more likely
to have a PPC
(Paizani et al Prospective Elective UAS 137 n/a Daily postop physiotherapy of  One or more of: 7% nfa PPCs increase LOS and
2012) observational  Mixed risk profiles early mobilisation and DB&C e Pneumonia (4-13%) mortality.
Brazil Single centre till hospital discharge * Tracheobronchitis
* CXR atelectasis with
dyspnoea
* Acute respiratory
failure
* Broncheconstriction
(Feeney et al Prospective Elective 37 n/a Mot specified Melbourne group 27% nfa
2011) observational  ocesophagectomy scale (15-43%,)
Ireland Single centre  High-risk
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(Chen et al Prospective Elective 68 n'a Not specified Any of the following:  35% n'a
2011) observational  oesophagectomy ® Acute respiratory (25-47%)
Talwan Single centre  High-risk failure
* Pneumonia
» Pleural effusion
(5choles et al Prospective All elective UAS 268 n/a All patients standardized to Melbourne group 13% n/a ICU admission, length
20089) observational  Mixed risk receive preop education and  scale (10-18%) of surgery, preoperative
Australia Multi-centre DB&C training and a single estimated VO2Zmax,
postop physiotherapy (early upper Gl surgery, and
robilisation and DB&C) smoking predict PPCs.
session on POD1
{Browning et al Prospective All elective UAS 50 nfa All patients standardised to Melbourne group 18% n/a Patients are upright for
2007) observational  Mixed risk receive preop education and  scale (10-31%) only 3-13 minutes a day
Australia Single centre DB&C training and a single for the first 3 postop
postop physioctherapy (early days. Time upright
maobilisation and DB&C) predicted LOS, but not
session on POD1 PPC risk.
(Kanat 2007) Prospective All elective UAS 60 n/a Not specified. 95% achieved  Any of the following:  58% n/a
Turkey cbservational  Mixed risk early mobilization as classified  » Atelectasis (46-70%)
Single centre as <48hr post-op. * Pulmonary emboli
* Bronchitis
* Pneumonia
* Pneumaonitis
® Acute respiratory
failure
(Serejo et al Prospective All emergency UAS 266 nfa Not detailed Any of the following:  28% n/a
z 2007) observational  Mixed risk = Atelectasis on CXR (23-34%)
Brazil Single centre * Pneumonia

 Pleural effusion
* Acute respiratory
failure

MNotes: ARR, absolute risk reduction; ASA, American association of anaesthesiologists; AAA, abdominal aortic aneurysm; BiPAP bi-level pasitive airway pressure; BMI, bady mass index; C, control;

by Cl, confidence interval; CXR, chest Xray; DB&C, deep breathing and coughing; G, gastrointestinal; ICU, intensive care unit; IMT, inspiratory muscle training; Intraop, intracperatively; LOS, length

surgery; WCC, white cell count.

]

of stay; MIP, maximal inspiratory pressure; nfa, not applicable; NNT, number needed to treat; NIV, non-invasive ventilation; PEP, positive expiratory pressure; POD, postoperative day; Postop,
postoperatively; PPC, postoperative pulmonary complication; Preop, preoperatively; RPE, rate of perceived exertion; Rx, treatment; UAS, upper abdominal surgery; VATS, video assisted thoracic
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Chapter 3

Preoperative physiotherapy to prevent postoperative

pulmonary complications

“Since vital capacity is lowered, the first principle of treatment is to train the patient to
use the lungs, especially the lower areas, fully. This is not easy if the patient is still hazy
from the anaesthetic and in some discomfort. It is important therefore to train good
breathing before the operation. Particular stress is laid on gaining good expiration and, on
the ability, to perform diaphragmatic and lower lateral costal breathing at will. An
understanding of the value of the correct breathing is essential, so that the patient will be
co-operative as soon as he recovers from the anaesthetic.”

(p.61. Cash JE, Physiotherapy in some Surgical Conditions. 1955)

“The patient should also realise the importance of starting his exercises as soon as he
recovers consciousness after surgery, and that physiotherapy is of the greatest importance
during the first few postoperative days.”

(p.40. Gaskell & Webber, The Brompton Hospital Guide to Chest Physiotherapy. 1960)

“The necessity for frequent and regular practice must be emphasised to all patients being
taught breathing exercises. Efficient progress will not be made if the patient only does his
exercises when the physiotherapist is present.”

(p.5. Gaskell & Webber. The Brompton Hospital Guide to Chest Physiotherapy 1960)

3.1 Introduction

These quotes from mid-20"" century textbooks written by respected cardiorespiratory
physiotherapists outline the belief of this time that initiating breathing exercises as soon as
possible after surgery is important and that the best time to enable a patient to be able to do this
is before surgery, not afterwards, when a patient’s performance may be impacted by anaesthesia,
pain, drowsiness, nausea, or anxiety (Cupples 1991). Clinical trials reviewed in Chapter 1 and 2
suggest that a perioperative physiotherapy regime that includes a single preoperative preparation
session where patients are educated about their risk of PPC and taught DB&C exercises to do

after surgery is an effective method to reduce PPC. However, it also appears that DB&C exercises
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coached by a physiotherapist after surgery appears to be no more effective than an early
ambulation program alone to prevent PPC. At first glance these summaries appear to be
conflicting. How can multiple sessions of coached DB&C sessions after surgery be less effective
than preoperative education and training?

This chapter presents a hypothetical framework to explain the possible effectiveness of
preoperative physiotherapy to prevent PPC after abdominal surgery and why the application of
coached DB&C exercises in the postoperative phase may be at a disadvantage. Firstly, the
pathophysiological effects to the lungs specifically induced by abdominal surgery is outlined.
This is followed by a discussion regarding the function of time in relation to interventions to
prevent PPC and the possibility that for DB&C exercises to be effective they need to be started
as soon as possible after surgery. The literature assessing the effectiveness of breathing exercises
and preoperative physiotherapy to prevent PPC is considered within the context of the hypothesis

that the timing of breathing exercises could be a factor influencing the outcome.

3.2 Pathophysiological effects of abdominal surgery to the lungs

The profound detrimental effects of abdominal surgery to the respiratory system have been
extensively reviewed in previous publications (Miskovic & Lumb 2017, Ball, Battaglini & Pelosi
2016, Marseu & Slinger 2016, Canet & Gallart 2014, Duggan & Kavanagh 2007, Tusman et al
2012, Magnusson & Spahn 2003) and in theses (Browning 2007a, Scholes 2005, Mackay 2003,
Denehy 2001a, Nteumonopolous 1994) and for this thesis, are briefly outlined below.

3.2.1 Reduction in lung volumes

General anaesthesia and supine positioning during major surgery reduce the lung’s functional
residual capacity (FRC) (Nunn 1997, Wahba 1991). FRC is the volume of air remaining in the
lung at the end of a normal tidal breath and is dependent on a complex dynamic relationship
between resting respiratory muscle tone, chest wall compliance, lung compliance, gravity, and
the pressure balance between the abdominal and thoracic cavities. The patency of alveoli and
small airways during normal tidal breathing are largely dependent on FRC. The lower the FRC,
the greater the possibility of atelectasis and small airway closure in the dependent regions of the
lung during normal tidal breathing. Compared to other surgery types, FRC reduction is greatest
during upper abdominal surgery (Alexander et al 1973) with lung volumes remaining well below
preoperative levels for up to ten days after surgery (Denehy et al 2001b, Wahba 1991, Craig 1981,
Alexander et al 1973). Recent preliminary electrical impedance tomography trials have repeated
findings of significant negative effects to ventilation during upper abdominal surgery (Schaefer

et al 2014). This technology has also confirmed the divergent effects to postoperative respiratory
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ventilation between abdominal surgery compared to peripheral surgery, with impaired dorsal
ventilation and reduced forced and resting lung volumes persistent up to the third postoperative
day following abdominal surgery, but not after peripheral surgery (Bauer et al 2019).

The heightened FRC reduction with upper abdominal surgery is attributed to the specific
influence of a supraumbilical incision on respiratory mechanics, diaphragm dysfunction, and
intraabdominal pressure (Hedenstierna & Edmark 2005, Sasaki, Meyer & Eikermann 2013,
Dureuil, Cantineau & Desmonts 1987). A higher, longer, and more midline incision, such as that
used for upper abdominal surgery, has greater detrimental effects to respiratory mechanics (Elman
et al 1981, Lindell & Hedenstierna 1976) and is associated with postoperative hypoxemia (Xue
et al 1999). Although other factors, such as impairment to surfactant production, are associated
with the development of atelectasis during surgery (Duggan & Kavanagh 2007), FRC reduction
is considered the most important factor for atelectasis genesis (Canet & Gallart 2014, Tusman et
al 2012, Duggan & Kavanagh 2007).

3.2.2 Atelectasis

Atelectasis is collapsed alveoli and small airways. Atelectasis occurs immediately on induction
of anaesthesia with 90% of upper abdominal surgery patients having computerised tomography
(CT) diagnosed atelectasis (Lundquist et al 1995, Strandberg et al 1986). Recent studies in
patients undergoing upper abdominal surgery in a modern perioperative environment show
similar degrees of postoperative atelectasis, with half of all patients continuing to exhibit
atelectasis 24hrs after abdominal surgery (Touw et al 2019, Pereira et al 2018) and up to 40% of
patients having atelectasis by the fifth postoperative day (Ireland et al 2014). The direct
consequence of significant atelectasis is rapid pulmonary shunt and impaired gas exchange with
hypoxemia occurring immediately on extubation and worsening in the first 24 hours following
surgery (Di Marco et al 2015, Rothen et al 1998, Lindberg et al 1992, Gunnarsson et al 1991).
Clinically significant hypoxemia occurs in 20% of upper abdominal surgery patients within one
hour of surgery, worsening to 30% of patients the morning of the first postoperative day (Futier
et al 2016).

Supplemental oxygenation to manage hypoxemia in the perioperative period can contribute to
further atelectasis formation (O’Brien 2013). Increasing the fraction of inspired oxygen (FiOz)
leads to a proportional reduction in the concentration of inspired nitrogen within the inhaled gas.
Oxygen is rapidly absorbed along a concentration gradient at the alveolar-capillary interface.
Nitrogen usually comprises 78% of inspired room air and cannot diffuse across the alveolar-
capillary interface due to its molecular size. This unabsorbed nitrogen provides gas pressure

within the alveoli which aids in maintaining full inflation. However, with an increase in FiO;
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there is a proportional decrease in the amount of nitrogen within the alveoli. Once the proportion
of oxygen is elevated above 40% it is hypothesised that there is not enough nitrogen gas pressure
to keep alveoli open as oxygen rapidly diffuses out of alveoli, causing alveoli to collapse (Edmark
et al 2003, Rothen et al 1995).

Atelectasis is a precursor to acute lung injury and/or pneumonia, systemic inflammatory response
syndrome, acute respiratory failure, acute respiratory distress syndrome (Duggan & Kavanagh
2007), with these conditions increasing the likelihood of septic shock and possible death (Jaber
et al 2016, Canet & Gallart 2014). Between 10-20% of patients with severe postoperative
hypoxemia develop respiratory failure requiring reintubation and mechanical ventilation within
the week following abdominal surgery (Futier et al 2016, Squadrone et al 2005) with a seven-day

mortality rate of 14% (Fernandez-Bustamente et al 2017).

3.2.3 Mucaociliary clearance

Mucaociliary clearance is significantly slowed after abdominal surgery, yet not after orthopaedic
surgery, with airway clearance slowest in areas of atelectasis (Gamsu et al 1976). Mucociliary
clearance returns to normal once atelectasis is rectified (van Kaam et al 2004, Gamsu et al 1976).
This evidence suggests that atelectasis alone can be responsible for bacterial stagnation increasing
the risk of pneumonia and bacteraemia (van Kaam et al 2004). Adding to the slower removal of
mucous and microbes out of the lung, some anaesthetic agents cause cilial hypokinesia and
dyskinesia (Bilgi et al 2011, Raphael & Butt 1997, Forbes & Gamsu 1979). Both anaesthetics and
atelectasis also impair alveolar macrophage activity, limiting the immune response to microbial
habitation (Kotani et al 1998, Shennib, Mulder & Chiu 1984). A combination of these factors can

lead to an opportune environment for microbial infection of the airways.

3.2.4 Respiratory muscle dysfunction

Respiratory muscles, both inspiratory and expiratory, are compromised following upper
abdominal surgery (Sasaki, Meyer & Eikermann 2013, Bellinetti & Thomson 2006). Respiratory
muscle weakness is evident with a restrictive breathing pattern occurring immediately after
surgery with dynamic lung volumes remaining at 50% of preoperative levels at least until the fifth
postoperative day (Treschan et al 2012, Denehy et al 2001b), reducing inspiratory lung volumes
and peak cough flows (Colucci et al 2015).

3.2.5 Anaesthesiology

Other factors associated with respiratory pathophysiology after abdominal surgery are

intraoperative mechanical ventilation parameters (Neto et al 2016, Neto, Schultz & Gama de
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Abreu 2015), the use of intraoperative neuromuscular blockade which can continue to inhibit
respiratory muscle activation postoperatively without the use of an appropriate reversal agents
(Ball et al 2019, Schepens et al 2019, McLean et al 2015), and reduced central drive to breathe
from the residual effects of intraoperative anaesthetics and postoperative opioid analgesia
(Marseu & Slinger 2016, Sasaki, Meyer & Eikermann 2013, Rigg et al 2002). Of these factors,
two in particular (intraoperative mechanical ventilation and neuromuscular blockade) have been

keenly investigated and debated over the past 10 years and are covered in more detail, as follows:

3.2.5.1 Intraoperative mechanical ventilation

A logical concept to prevent PPC is to prevent the development of atelectasis at the source. Using
positive end expiratory pressure (PEEP) during ventilation increases intrathoracic pressure and
increases FRC. A moderate PEEP level (7-9 cm H20) has been demonstrated to prevent atelectasis
during surgery compared to no PEEP (Ostberg et al 2018). However, mechanical ventilation can
also induce lung injury. Large swinging changes (tidal volumes) in positive pressure generated
lung volume can cause lung parenchymal damage and cytokine release compared to low tidal
volume ventilation (Guldner et al 2015). Even short periods (6 hrs) of ventilation with high tidal
volumes are related to increased risk of acute respiratory distress syndrome, pulmonary infection,
and atelectasis in both surgical and critical care patients (Serpa Neto et al 2012). Whilst the use
of use of low tidal volume ventilation is now accepted (Young et al 2019), the additional use of
high PEEP ‘open lung’ ventilation and recruitment manoeuvres to overcome atelectasis and
improve postoperative outcomes, without causing over-distension and possible barotrauma, is
less certain (O’Gara & Talmor 2018).

Lung parenchymal damage has also been reported to occur with static over-distension/stretch of
alveoli through the use of a high PEEP (Wrigge et al 2004). Although this theory has been
questioned with high PEEP (12cmH20) not appearing to result in over distension (D’ Antini et al
2018). It is possible that previous investigations into inflammatory damage caused by high PEEP
were confounded by the variations in tidal volume and driving pressures (Wiengarten et al 2010,
Wolthuis et al 2008, Wrigge et al 2004). High PEEP and recruitment manoeuvres in addition to
low tidal volume delivery was associated with an increase in one of seven inflammatory
biomarkers only, although this biomarker, CC-16, is a specific marker of epithelial lung injury
(Serpa Neto et al 2017). The influence of high PEEP and recruitment manoeuvres during
abdominal surgery to independently cause the precursor factors for ventilator induced lung injury

remains unclear.

The clinical benefits of ‘open lung’ ventilation and recruitment manoeuvres during abdominal

surgery to prevent PPC is conflicting (Yang et al 2016, Guldner et al 2015). Findings are limited
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by the confounding influence of different tidal volume protocols between groups which
independently influences PPC risk. Two trials (Hemmes et al 2014, Ferrando et al 2018) in
abdominal surgery have standardised tidal volumes to 8ml/kg/min in patients at moderate to high
risk of PPC and compared high PEEP (10-12cm H>O) with recruitment manoeuvres to those
ventilated with low PEEP (2-5cm H20). No difference in PPCs was found in either trial, yet more
patients in the high PEEP group had hypotension and required vasoactive drugs (Hemmes et al
2014). It cannot be determined if this harmful result was due to the recruitment manoeuvres or
the high PEEP, or indeed, the combination of both. Regardless, despite higher PEEP improving
lung compliance and gas exchange (Hartland, Newell & Damico 2015), these changes appear not

to carry over to reduce PPC following surgery.

Meta-analysis of data from all types of surgery finds an association with reduced PPC risk in
patients ventilated with lower tidal volume (6-8ml/kg/min) (Yang et al 2016, Neto, Schultz &
Gama de Abreu 2015) and lower driving pressure, but not with high PEEP (Neto et al 2016).

Research into the influence of recruitment manoeuvres alone to prevent PPC is nascent.

Further higher quality research into the benefits of high PEEP ventilation and/or recruitment
manoeuvrers during surgery may no longer be even appropriate. Unexpected, yet conclusive,
evidence of increased mortality (despite improvements in lung physiology) with high PEEP
ventilation and recruitment manoeuvres in addition to protective low tidal volume ventilation in
mechanically ventilated patients with severe acute respiratory distress syndrome; the Alveolar
Recruitment for Acute Respiratory Distress Syndrome Trial (ART) (Cavalcanti et al 2017), has
anaesthetists questioning the use of high PEEP and recruitment maneuverers during surgery
(Bluth et al 2019, Hemmes et al 2016). Although the mortality effect in the ART trial may not be
applicable to surgical patients with healthy lungs, even the slightest possibility of increased
mortality could outweigh the negligible benefit of reduced PPC. Currently the gains of increased
FRC and reduced atelectasis during surgery with high PEEP and recruitment manoeuvres are not
guaranteed to translate to improved postoperative clinical outcomes such as reduced PPC
(Hemmes et al 2016). At best, high intraoperative PEEP and recruitment manoeuvres are

ineffective in a majority of patients, at worst, they could possibly be harmful.

Although counterintuitive, prevention of atelectasis with low tidal volume ventilation appears
more effective than a high PEEP. The prevention of alveolar strain and the ensuing alveolar
inflammatory cytokine cascade and systemic inflammatory response may be more important to
preventing PPC than preventing atelectasis through large volume changes and/or high PEEP.
Another explanation for the failure of intraoperative ‘open lung’ ventilation to reduce PPC is that
FRC reverts to low levels immediately following extubation, providing only a temporary method

of atelectasis prevention (Weingarten et al 2010, Hedenstierna, Edmark & Perchiazzi 2015). It
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may be more suitable to consider ventilation strategies to prevent PPC in the early postoperative
period instead.

3.2.5.2 Neuromuscular blockade

The relationship between intraoperative neuromuscular blockade, appropriate reversal, and
PPCs has been extensively debated for at least 20 years (Cammu 2020, Ball et al 2019).
Intraoperative neuromuscular blockade with agents, such as rocuronium, are used to limit
patient dyssynchrony with mechanical ventilation during surgery. However, residual effects of
these pharmacological agents can cause ongoing muscular weakness postoperatively. Weakened
respiratory muscles have reduced ability to generate large dynamic lung volumes leading to
atelectasis and increased risk of a PPC. The use of a reversal agent, such as neostigmine, at the

end of surgery can rapidly counteract the effects of the initial neuromuscular blockade agent.

The ‘status-quo’ understanding that the risk of a PPCs is significantly increased in patients who
do not receive a neuromuscular blockade reversal agent (Bronsert et al 2017, Bulka et al 2016)
conflicts with findings that appear to suggest that neuromuscular blockade reversal agent use, in
particular neostigmine, after surgery is ineffective (Kirmeier et al 2019) or, worse, increases the
risk of hypoxemia (Grosse-Sundrup et al 2012). These conflicting results are opined as being
due to clinician error in inappropriate monitoring, incorrect dosage (McLean et al 2015), and
understanding of neuromuscular pharmacology, rather than a failure of the neuromuscular

blockade reversing agent itself (Prielipp et al 2010).

Recent studies have moved to determine that the fault was not the clinician but the reversing
agent, neostigmine. Neostigmine has been compared directly against an alternative
neuromuscular blockade reversing agent, sugammadex (Togioka et al 2020, Kheterpal et al
2020, Schepens et al 2019, Martinez-Ubieto et al 2016). The consistent finding from these
studies is that the use of sugammadex effectively reduced the risk of PPC are surgery and
should be considered for implementation as standard care to reverse neuromuscular blockade

after surgery (Leslie 2020).

3.2.6 Relationship between respiratory pathophysiology and onset of PPC

The combination of the factors described above; low FRC, slowed mucociliary clearance, weak
respiratory muscles, poor cough, and reduced central drive to breathe in the immediate period
following upper abdominal surgery produce an environment conducive to impaired gas exchange

and microbial infection. It is hypothesised that if these factors are not reversed in the early
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postoperative period that a PPC can occur (Ball, Battaglini & Pelosi 2016, Tusman et al 2012,
Duggan & Kavanagh 2005, Smith & Ellis 2000). See Figure 3.1 outlining a proposed timeline
and pathophysiological factors postulated to be related to the onset, signs, and symptoms of a
PPC.

3.3 Timing of PPC

The timing of interventions to prevent PPC may be crucial (Ball, Bos & Pelosi 2017, Ball,
Battaglini & Pelosi 2016). A majority of patients (up to 90%) have mild atelectasis in the
immediate 24 hours after major abdominal surgery (Touw et al 2019, Lundquist et al 1995) with
FRC becoming lowest (Denehy et al 2001b) with atelectasis becoming more extensive from the
second to the third day after surgery (Lindberg et al 1992).

If atelectasis could be reversed within the first 24 hours after surgery, this may prevent the
development of an eventual clinically important PPC. Atelectasis reduces lung compliance and
increases airway resistance (Nunn 1997). As atelectasis worsens in the 24 hours after surgery,
lung compliance will also become worse and greater physical work is required by respiratory
muscles to generate the pleural pressures needed to reverse moderate to severe atelectasis. The
immediate postoperative period when lung compliance is minimally affected may provide a
narrow window of opportunity to implement prophylactic lung expansion interventions. Delaying
lung expansion therapies to the first or second postoperative day when the lungs are stiffer and

less compliant may reduce their effectiveness (Ball, Bos & Pelosi 2017).

Fourteen percent (14%) of diagnosed PPCs, acute lung injury or acute respiratory distress
syndrome occur on the first postoperative day, increasing to 40% of diagnoses on the second day.
Overall, 80-85% of all PPCs occur within the first three postoperative days (Neto et al 2014,
Haines et al 2013).

It is feasible that if mild atelectasis is reversed in the very early postoperative period, this may
avert the progression of atelectasis to lobar collapse and eventually a clinically significant PPC.

Timing of intervention may be critical.

The next section will consider the evidence for breathing exercises to reverse respiratory
pathology after abdominal surgery and whether the timing of when these breathing exercises are

initiated could impact the outcome.
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Figure 3.1 Pathogenesis of PPC development after upper abdominal surgery
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3.4 Breathing exercises to prevent PPCs after abdominal surgery

Coaching patients to perform postoperative DB&C exercises has been the foundational technique
to re-expand lung tissue, improve ventilation, and aid in secretion removal after surgery since the
early 1900’s (MacMahon 1915). The terminology describing DB&C exercises varies including
terms such as thoracic expansion techniques, bilateral basal expansion, sustained maximal
inspiration, or diaphragmatic breathing, and directed coughing, forced expiratory techniques, or
huffing (Pryor & Prasad 2001). Regardless of terminology, the intended endpoint is the same; to
voluntarily increase inspiratory dynamic lung volumes and clear airway secretions with an aim to
reverse or prevent atelectasis and prevent bacterial stagnation in the airways after surgery. These
exercises were initially delivered by nurses and doctors until the mid-century when

physiotherapists started assuming this as one of their primary roles within hospitals (Cash 1955).

In modern times, physiotherapy is routinely provided across hospitals following surgery to
patients having upper abdominal surgery in Australia (Patman et al 2017), New Zealand (Reeve
et al 2019), and the Netherlands (van Beijsterveld et al 2019) with primary aims to prevent PPC
and improve physical recovery after surgery (Reeve et al 2019, Patman et al 2017, Browning
2007a). Although there is an absence of published surveys of practice from other countries the
author is aware anecdotally that the Australian, New Zealand, and Dutch surveys are closely
representative of the ubiquitous involvement of physiotherapists in the perioperative management
of patients undergoing major abdominal surgery in hospitals across most, if not all, developed
countries. Unfortunately, there is a paucity of data on the physiotherapy clinical practice for this

population in developing countries.

3.5 Effectiveness of breathing exercises

Assumptions from the beginning of the 20th century that DB&C improves respiratory outcomes
after surgery were eventually supported by physiological evidence. Deep breathing exercises are
associated with improvements in peripheral oxyhaemoglobin saturations (SpO.), dynamic lung
function volumes, diaphragmatic excursion, respiratory muscle strength, cough strength,
pulmonary shunt, and chest X-ray (CXR) signs (Grams et al 2012, Fiore et al 2008, Blaney &
Sawyer 1997, Ntoumenopoulos & Greenwood 1996). Breathing exercises have also been reported
to benefit longer term clinically relevant endpoints, such as atelectasis, pneumonia, and PPCs in
randomised trials from the 1980’s to the late 1990°s (Chumillas et al 1998, Fagevik-Olsén et al
1997, Roukema, Carol & Prins 1988, Celli, Rodriguez & Snider 1984, Morran et al 1983).

The combination of physiological and clinical evidence supporting DB&C exercises to prevent

PPCs following open abdominal surgery ensured that these exercises were routinely
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recommended in textbooks, guidelines, and reviews (Qaseem et al 2006, Lawrence, Cornell &
Smetana 2006, Pryor & Prasad 2001) and postoperative coached DB&C exercises have been
implemented as common practice (Reeve et al 2019, van Beijsterveld et al 2019, Patman et al
2017). However, following some negative randomised controlled clinical trials in cardiothoracic
surgery (Reeve et al 2010, Brasher et al 2003, Jenkins et al 1990, Jenkins et al 1989) and
abdominal surgery (Silva, Li & Rickard 2013, Mackay, Ellis & Johnston 2005), and persuasive
opinion papers by respected cardiorespiratory physiotherapists (Stiller & Munday 1992, Dean &
Ross 1992, Wallis & Prasad 1999), the foundational concept that DB&C exercises prevent PPC
following major surgery was challenged. Declarations that DB&C exercises provided no
additional benefit in reducing PPC over early ambulation alone were strongly made (Mackay,
Ellis & Johnston 2005, Jenkins et al 1990).

Systematic reviews that have evaluated the evidence for lung expansion techniques to prevent
PPC after open abdominal surgery have conflicting conclusions (Pasquina et al 2006, Lawrence,
Cornell & Smetana 2006, Overend et al 2001, Fagevik-Olsén 2000, Thomas & Mcintosh 1994)
providing little help in rationalising the conflict between negative clinical trials and positive
physiological evidence and clinical trials conducted in the mid-to-late 20" century.

In the face of equivocal reviews and conflicting evidence, an international group of experts in the
field of cardiorespiratory physiotherapy and abdominal surgery convened in 2011 to consider the
available evidence and construct a consensus statement to guide clinical practice for
physiotherapists working in this area (Hanekom et al 2012). These authors concluded that the
evidence is difficult to interpret due to the poor methodological quality of trials, variety of
interventions investigated, use of uncertain outcomes, and heterogeneity in populations.
However, they were also careful to highlight that considering the uncertainty in the research, there
is a risk of making a type Il error: that the absence of strong evidence does not mean that DB&C
exercises can be discarded. Although it cannot be concluded with confidence that DB&C
exercises are effective, conversely, it cannot be concluded that DB&C are ineffective.
Considering this, the authors recommend that on balance of risks versus benefit, coached DB&C
exercises should be provided as routine care after major abdominal surgery until proven
otherwise. This advice appears to be followed with current surveys of practice in Australia and
New Zealand reporting 80% to 90% of physiotherapists provide some type of DB&C intervention
in the postoperative period (Patman et al 2017, Reeve et al 2019). The rate is higher in the
Netherlands where almost all (98%) physiotherapists provide coached DB&C exercises as part of

postoperative care (van Beijsterveld et al 2019).
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One factor that has not yet been considered in published clinical trials and reviews is whether the
timing of when DB&C exercises are started could impact their effectiveness in preventing PPC.
As discussed in section 3.3 above the pathophysiological effects of abdominal surgery are likely
to be best reversed in the first 24 hours after surgery.

3.6 Breathing exercises in the immediate postoperative phase

Breathing exercises coached by physiotherapists in the immediate postoperative phase after major
visceral surgery in the recovery unit or in the ICU have been shown to immediately improve
atelectasis (Westerdahl et al 2005), pulmonary shunt (Ntoumenopoulos & Greenwood 1996), lung
function (Zoremba et al 2009), and oxygenation (Manzano et al 2008). However, the effectiveness
for breathing exercises performed in the early postoperative period to continue to be clinically
effective in the following days after surgery remains to be tested and it is unknown if they would
affect significant clinical endpoints such as pneumonia or other important types of PPCs.

The practical delivery of coached breathing exercises in the immediate postoperative period may
also be a limitation of this therapy. In many countries, patients having elective abdominal surgery
are rarely treated by physiotherapists in the recovery unit (Reeve et al 2019, van Beijstervel et al
2019, Patman et al 2017). Patient related factors, such as somnolence, pain, delirium, anxiety,
nausea and vomiting experienced in the immediate postoperative period may also limit the ability
of patients to remember to continue to perform the exercises as coached in the ongoing period

after the physiotherapist has finished the initial coached session.

In the absence of a regularly staffed physiotherapy service to abdominal surgery patients
immediately after the operation, a logical alternative would be to meet a patient prior to surgery
and provide education and training on how to perform self-directed breathing exercises as soon
as they wake from anaesthesia. This could enable and encourage a patient to perform efficacious
breathing exercises in the first 24 hours when these exercises may be most effective in reversing

atelectasis.

3.7 Preoperative physiotherapy

Prior to the early 2000’s patients used to be routinely admitted to surgical wards the day before
surgery (Cash 1955, Gaskell & Webber 1960, Mackay 2003). On this day, ward-based
physiotherapists routinely met patients and educated them on the benefit of DB&C exercises to
prevent pneumonia, taught them how to do the exercises, and instructed them to start these DB&C
exercises on waking from surgery. The expectation was that patients would be performing self-

directed DB&C exercises in the immediate postoperative period and patients would continue
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these hourly until the follow-up physiotherapy session which would normally occur on the first
postoperative day.

[See p.37 of Reeve & Boden 2016 in Chapter 2 of this thesis for a detailed summary of the
evidence related to preoperative physiotherapy education and training.]

The balance of evidence appears to support the hypothesis that preoperative education is
independently efficacious in reducing PPC incidence after major abdominal surgery compared to
the delivery of coached DB&C exercises after surgery. It is reasonable to consider that this is
because earlier initiation of breathing exercises immediately after surgery can reverse atelectasis
and prevent bacterial stagnation. Delaying the first DB&C session to more than 24 hours after
surgery may be too late, with 14% of patients already suffering from a clinically relevant PPC at
this point (Neto et al 2014, Haines et al 2013).

However, the current clinical application of preoperative physiotherapy does not reflect the
summary of the evidence. Less than 5% of patients in Australia and New Zealand are taught
breathing exercises before surgery by a physiotherapist (Reeve et al 2019, Patman et al 2017).
This is starkly different to practice in the Netherlands where 44% of hospitals surveyed had
patients routinely seen by physiotherapists preoperatively. Regardless, if preoperative
physiotherapy education is indeed an effective intervention to reduce PPC, this is still clearly
inadequate, with less than half of patients receiving this therapy.

How did a clinical practice ubiquitous in the mid to late 20" century become so uncommon by
2015 onwards? The answer may in part be due to hospital administrative changes. In the past two
decades hospital admission practices have changed significantly, with patients being admitted on
the day of surgery rather than on the day prior. Preoperative assessment and preparatory
information provided by health professionals, including anaesthetists, nurses, and surgeons, is
now provided in outpatient preadmission clinics usually within six weeks of the surgery date.
This logistical change in the timing and location of a patient’s pre-surgical preparation may have
proven difficult for ward-based physiotherapists to be able to service at the same time as
managing a full caseload on a surgical ward. Preoperative physiotherapy services in Australia and
New Zealand became uncommon, with physiotherapy now almost exclusively provided in the

postoperative phase (Patman et al 2017, Reeve et al 2019).

Another factor adding to service disinvestment could have been the lack of conclusive evidence
for the benefit of preoperative physiotherapy. Either physiotherapists have correctly interpreted
the available evidence, ceasing an ineffective treatment and have redirected these resources more

appropriately, or patients are missing out on a highly effective, low-risk, treatment that could
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significantly reduce a serious postoperative complication. Another option is that the available
evidence has not been analysed, interpreted, and reported in a way that specifically considers the
effect of DB&C exercises to independently minimise the risk of PPC. Systematic review results
are confounded by multimodal interventions and active therapy comparison groups, and do not
consider the possibility of preoperative physiotherapy as a stand-alone intervention. This then
may not be a failure of clinicians to evaluate the evidence as reported, but a failure of academics
and researchers to interrogate and report the evidence appropriately, considering the possible

confounding influences of preoperative physiotherapy and DB&C alone to minimise PPCs.

Almost all trials conducted prior to the mid 2000’s included preoperative physiotherapy within
the multimodal package of lung expansion techniques being tested. As such, it is not possible to
separate the individual effectiveness of each component of the treatment package. For example,
where the intervention was preoperative physiotherapy followed by a postoperative treatment
protocol of coached DB&C exercises and then compared against a no physiotherapy treatment
control, if a reduction in PPC is found, it is unknown if this was caused through the preoperative
physiotherapy or the coached DB&C exercises or indeed the outcome is dependent on receiving
the full combination of both.

The apparent lack of perspective in considering preoperative physiotherapy as a possible
independent active intervention is highlighted by how five clinical trials have been interpreted.
These trials tested the addition of postoperative chest physiotherapy to preoperative
physiotherapy alone (Laszlo et al 1973, Hallb6ok et al 1984, Bourn, Conway & Holgate 1991,
Condie, Hack & Ross 1993, Denehy 2001a). Some have interpreted the findings of these trials to
mean that DB&C exercises are ineffective in reducing PPC (Pasquina et al 2006, Wallis & Prasad
1999). Considering that all patients in the control group received preoperative physiotherapy and
were likely to be performing self-directed DB&C exercises as taught, a more correct interpretation
should have been that the addition of postoperative coached DB&C exercises to preoperative
physiotherapy may not be any more effective in reducing PPC than preoperative physiotherapy

alone.

Previous studies and systematic reviews have generally not considered the possible influence of
when DB&C exercises are started after surgery. With sound physiological benefits to respiratory
mechanics and the possibility of increasing the dosage of therapy there is a reasonable hypothesis
that preoperative physiotherapy directed education and training facilitates earlier performance of
postoperative DB&C exercises and this could enhance their effectiveness in reducing PPCs. The

literature needs to be systematically reviewed and synthesised to test this theory.
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3.8 Summary

Deep breathing exercises are known to successfully reverse the pathophysiological respiratory
effects of abdominal surgery. Initiation of these exercises immediately after surgery, rather than
on the day after surgery, could increase the effectiveness of these simple exercises to prevent the
onset of a serious PPC. Preoperative education and training by a physiotherapist on how to
perform breathing exercises after surgery could enable a patient to start breathing exercises much
sooner after surgery than if the first physiotherapy session occurs on the first day after surgery.
The next chapter tests this theory by conducting a systematic review and meta-analysis of RCTs
investigating DB&C exercises to prevent PPC after abdominal surgery. The evidence from these
trials are synthesised through the perspective that preoperative chest physiotherapy could be an
independent treatment strategy to reduce PPC.
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CHAPTER 4

A systematic review and meta-analysis of chest physiotherapy

to reduce PPC after abdominal surgery

4.1 Introduction

With approximately 175,000 operations annually, upper abdominal surgery is by far the most
common major surgery type performed in Australia. Following upper abdominal surgery,
significant deleterious pathophysiological effects to the respiratory system are evident and caused
through the combined effects of anaesthesia, intraoperative mechanical ventilation, recumbent
positioning, neuromuscular blockade, and abdominal incisions. Atelectasis occurs in most
patients immediately following surgery and if unresolved is associated with hypoxemia,
pulmonary shunt, and infection. Consequently, PPCs are unfortunately common in patients after
major upper abdominal surgery. In attempts to reduce PPCs, physiotherapy interventions are
ubiquitously provided to patients having abdominal surgery. These prophylactic interventions
range from preoperative education and teaching of DB&C, IMT, and postoperative interventions
such as early ambulation, coached DB&C, IS, PEP, and NIV.

Several systematic reviews of clinical trials investigating lung expansion techniques have been
conducted. Three early reviews (Overend et al 2001, Fagevik-Olsén 2000, Thomas & Mclntosh
1994) were flawed by narrow search strategies for trial selection and including multimodal
interventions and heterogeneous patient populations. Two later systematic reviews attempted to

overcome these identified flaws (Pasquina et al 2006, Lawrence, Cornell & Smetana 2006).

Pasquina and colleagues (2006) evaluated data from 35 clinical trials conducted up to 2005 that
contained data on 4,145 adult patients having open abdominal surgery and treated with a range of
lung expansion techniques including DB&C, PEP, NIV, IPPV, and IS. The authors separated
trials into two main analyses: intervention versus a no-treatment control group (true control), and
intervention versus another intervention (active control). However, on close inspection, two trials
were erroneously considered in the no-treatment control comparisons although all patients in the
control groups were provided with preoperative education and training on DB&C exercises with
a physiotherapist (Hallb6ok et al 1984, Laszlo et al 1973) thus these trials should have been

classified as an active comparison. Another included trial was not a randomised trial rather it was

45



Chapter 4: A systematic review and meta-analysis of chest physiotherapy to prevent PPC

a pre/post cohort design (Wiklander & Norlin 1957). It also appears that four clinical trials that
complied with the specified inclusion criteria were not included and it is unclear why this was the
case. These four trials all tested DB&C exercises alone and had a true no-treatment control group
(Fagevik-Olsén, Josefson & Lonroth 1999, Fagevik-Olsén et al 1997, Roukema, Carol & Prins
1988, Stein & Cassara 1970). Based on the presented analysis and these apparent errors in trial
classification, inclusions and exclusions, their conclusion that the “routine use of prophylactic
respiratory physiotherapy in patients after abdominal surgery does not seem to be justified” (p.

1897, Pasquina et al 2006) may not be based on accurate data.

Lawrence, Cornell & Smetana (2006), conducted a broad systematic and narrative review of all
types of interventions to reduce PPCs, including anaesthetic and surgical interventions. Due to
the extensive nature of this review, the section analysing the evidence for lung expansion methods
was briefer than Pasquina and colleagues’ systematic review (2006). The authors reconsidered
the combined meta-analyses results from previous reviews (Overend et al 2001, Thomas &
Mclntosh 1994), adding five additional trials: two investigated DB&C exercises alone versus a
no-treatment control (Chumillas et al 1998, Fagevik-Olsén et al 1997), two investigated 1S
compared to DB&C exercises (Hall et al 1996, Hall et al 1991), and one investigating the benefit
of NIV (Bohner et al 2002). Despite analysing similar trials to those reviewed in Pasquina et al
2006, Lawrence, Cornell & Smetana offer an alternative conclusion that, “For patients having
abdominal surgery, the evidence suggests that any type of lung expansion intervention is better
than no prophylaxis.” (p. 604, Lawrence, Cornell & Smetana 2006). However, due to the limited

search strategy utilised, this may again not accurately represent the data.

Previous chapters of this thesis have outlined that whilst there is expert consensus that
physiotherapy directed lung expansion techniques are likely to be beneficial in reducing PPC rates
after major abdominal surgery (Griffiths et al 2018, Hanekom et al 2012), the comparative
efficacy of the different modalities remain to be determined. A narrative review of these
prophylactic strategies presented in Chapters 1, 2 and 3 suggest that DB&C exercises are an
effective independent strategy to minimise PPCs following abdominal surgery, especially if
taught preoperatively with the aim for the patient to start them immediately after surgery. All
systematic and narrative reviews (Overend et al 2001, Fagevik-Olsén 2000, Thomas & Mclintosh
1994, Lawrence, Cornell & Smetana 2006, Pasquina et al 2006) have neglected to analyse the
published trials by comparing DB&C exercises alone against a true no-treatment control, or to
consider the effect of timing of the physiotherapy intervention. Other significant limitations to
these systematic reviews include uncertainty surrounding trial selection, misclassification of
comparators, inadequate management of the potential confounding influence of preoperative

physiotherapy, and heterogeneity of included lung expansion techniques.
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An updated systematic review and meta-analysis of clinical trials investigating DB&C exercises
alone to impact PPC after abdominal surgery is needed. This review should involve an extensive
search strategy, clear definitions of what comprises a no-treatment control and needs to consider
preoperative physiotherapy as an active comparator.

4.2 Objective

The primary objective for this systematic review and meta-analysis is to synthesise the evidence
of the effectiveness of DB&C exercises on PPC incidence in adults undergoing abdominal surgery

when compared to a no-treatment control group.

A secondary objective is to estimate the effect of preoperative education and DB&C training
alone, postoperative coached DB&C exercises alone, or the combination of both, on the incidence
of PPC following abdominal surgery as compared to a no-treatment control group. The effect on
PPC incidence of adding postoperative coached DB&C exercises to preoperative education and

training alone service will also be estimated.

4.3 Methods

This systematic review is reported in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement (Liberati et al 2009).

4.3.1 ldentification and selection of studies

All trials included within previous systematic reviews (Fagevik-Olsén 2000, Pasquina et al 2006,
Lawrence, Cornell & Smetana 2006) were reassessed for inclusion. Additional trials were
identified by searching the following electronic databases: PubMed, EMBASE, CINAHL,
Cochrane CENTRAL (Wiley InterScience), Google Scholar, and the Physiotherapy Evidence
Database (PEDro). Databases were searched in January 2016* for papers restricted to those
published in English from December 1950 to December 2015. The search strategy combined
population specific terms (e.g. abdominal, visceral, noncardiac surgery), intervention terms (e.g.
physiotherapy, physical therapy, chest physiotherapy, breathing exercises), and outcomes (e.g.
pulmonary complications, pneumonia, atelectasis) in both subject headings, keywords, titles,

abstracts, and MeSH headings. See Appendix Il for the PubMed search strategy as an exemplar.

1 See Chapter 10 for a full updated analysis including trials to June 2020
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Further eligible trials were identified through manually investigating the reference lists of

identified trials, a previous expert consensus article (Hanekom et al 2012), and within PhD theses
written by physiotherapists in this field published since 2000 (Denehy 2001a, Mackay 2003,

Scholes 2005, Browning 2007a). Titles and abstracts of identified articles were screened with

full-text articles retrieved from those possibly meeting inclusion eligibility or if the title or abstract

did not provide enough information to exclude. All full-text papers were evaluated according to

the inclusion criteria (Table 4.1).

Table 4.1 Inclusion criteria for eligible trials

Design

Randomised or pseudorandomised controlled trial

Language

English

Participants

Adults (aged 18 years and above)

Patients having elective or emergency abdominal surgery involving any
type of incision to the abdomen, including open upper, lower or
laparoscopic procedures. Where a trial also involved thoracic or cardiac
procedures the trial was included if the abdominal surgery data was able
to be isolated and analysed separately

Patients have no defined signs or symptoms of postoperative respiratory

deterioration on entry into trial

Interventions

Preoperative education and training on the performance of postoperative
DB&C without preoperative respiratory adjuncts e.g IMT, IS
Postoperative coached sessions of DB&C exercises without
augmentation from adjunctive devices e.g. PEP, IS, IPPV, NIV
Combination of both pre- and postoperative interventions as above
Where a trial involved respiratory adjuncts, the trial was included if data
specific to those who received DB&C exercises alone was able to be

isolated and analysed separately

Comparator e No treatment control
Outcome e Atelectasis
measures e Pneumonia

Acute respiratory failure
Hypoxemia

Composite measure of PPC

Comparisons

All interventions compared with the comparator and to each other
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4.3.2 Assessment of characteristics of studies

Quality

The methodological quality for each eligible trial was appraised using existing PEDro scores
extracted from the PEDro database (Sherrington et al 2000). The PEDro score was utilised as it
is the most used score for methodological quality in physiotherapy clinical trials (Moseley et al
2019a), is valid (de Morton 2009), and reliable (Maher et al 2003) in assessing trial
methodological quality. In the absence of an existing score, one was purposively calculated using
standardised scoring criteria (Moseley et al 2019b). See Appendix I. Each criterion and the overall

score for included trials was individually tabulated.

Participants
The country of recruitment, study sample size, and type of surgeries involved were extracted for
each included trial.

Intervention

For the purposes of this analysis “chest physiotherapy” was defined as: 1. preoperative education
and training of DB&C exercises and instruction to perform these exercises in the postoperative
period, and, 2. postoperative coached DB&C exercises without augmentation with respiratory
devices (e.g. IS, IMT, PEP, IPPV, NIV). To characterise the experimental interventions the
timing of the intervention (preoperative, postoperative), frequency (times per day), and duration
(days provided), and total number of face-to-face sessions provided were extracted and tabulated.
In circumstances where the total number of sessions not reported this was classified as “not

stated”.

Trials that also investigated DB&C exercises augmented with IS, PEP, IPPV, or NIV were
included if one group was provided with DB&C exercises alone and the data for this group could

be isolated and analysed separately.

The comparator, a no-treatment control group, was defined as participants receiving no pre- or
postoperative directed education or coaching in DB&C exercises, nor treatment with respiratory
adjuncts aimed at prophylaxis, e.g. IS, IMT, PEP, IBBV, or NIV.

Outcome measures
A PPC was defined as any of the following: atelectasis (as diagnosed from CXR, CT, or lung

ultrasound), pneumonia (any diagnostic construct), acute respiratory failure (any diagnostic
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construct), acute bronchitis, acute hypoxemia (arterial blood gases, pulse oximetry), or composite

PPC diagnostic tools (any diagnostic construct).

If a number of variants of PPC were reported in the same trial (e.g. atelectasis, pneumonia, and
acute bronchitis) the outcomes for comparison purposes were selected according to the following
hierarchy: total number of PPCs reported when it was clear that the diagnoses were not double
reported within participants, for example, a participant could only have one diagnosis of either
atelectasis, or pneumonia, or composite PPC. When it was not clear if outcomes were reported as
single events per participant report then the most severe PPC variant was extracted according to
the following structure: pneumonia, composite PPC, acute bronchitis, clinical atelectasis
(atelectasis on imaging with clinical symptoms), atelectasis detected on imaging, and, lastly,

hypoxemia.
4.3.3 Data analysis

Primary analyses were considered for:

1. Chest physiotherapy versus no chest physiotherapy (true no-treatment control).

This analysis was sub-grouped into:
a) chest physiotherapy provided in preoperative phase only,

b) chest physiotherapy provided in the postoperative phase only,
c) combination of both pre- and postoperative chest physiotherapy.

2. The addition of postoperative chest physiotherapy to preoperative chest physiotherapy alone

(active control).

The difference between interventions and comparators was calculated by comparing the incidence
rate of PPC (number of participants with a PPC/number of participants in the group) between-
groups using dichotomised risk ratios (RR) with 95% confidence intervals (95% CI). Pooled-
effects were estimated using Mantel-Haenszel random-effects methods where the heterogeneity
of studies was 12 > 50% or fixed-effects methods where the heterogeneity of studies was 12 < 50%.
Pooled-effects were represented graphically using forest plots. An outer boundary of 95% CI less
than or greater than 1.0 was regarded as statistically significant. Significant results were
additionally represented using pooled-effects absolute risk reductions and converted to equivalent
NNT with 95% CI.
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Statistical heterogeneity of results amongst the studies was assessed using the 12 inconsistency
test, where values <40% represent homogenous results, 40-60% moderate heterogeneity, 60-75%
high heterogeneity, >75% considerable heterogeneity (Huedo-Medina et al 2006).

Four sensitivity analyses were conducted to assess the possible influence of study methodological
quality, treatment dosage, and the use of additional manual therapies on overall RR in analyses
pools. Firstly, studies with PEDro methodological scores less than five were deleted from the
model. Poorer methodological quality studies are at higher risk of biasing and overestimating
results (Moseley et al 2011). Secondly, studies comparing chest physiotherapy to no-treatment
control group were grouped into those providing three or less chest physiotherapy treatment
sessions (low treatment dosage) and those providing more than three treatments sessions (high
treatment dosage). The pooled analysis for each cohort was calculated. This was conducted to
assess if a dose-dependent relationship existed with coached DB&C exercises. Thirdly, all studies
that provided adjunct manual therapies (postural drainage, chest percussions and/or vibrations)
were removed from analysis to consider the possibility of a confounding influence on effect.
Lastly, all trials that did not include preoperative chest physiotherapy in the intervention protocol
was removed from the pooled estimate to replicate the current clinical practice within Australia
and New Zealand.

Data were entered, analysed, and reported using Review Manager (RevMan). Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014.
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4.4 Results

4.4.1 Flow of studies through the review

The search strategy yielded 692 articles, from which 61 were considered possibly eligible for
inclusion. Full-text manuscripts were retrieved for consideration. Of these, 41 were excluded
according to the specified eligibility criteria (see Table 3.2 for all excluded trials and reasons for
exclusion). Figure 4.1 shows the flow of trial selection.

Records identified with database and reference list searches (n = 692)

Duplicates removed (n = 145)

Records screened by title and abstract (n = 547)

Records excluded (n = 486)

Full-text articles assessed for eligibility (n = 61)

Full-text articles excluded (n = 41)
* Ineligible control group (n = 19)

» Ineligible intervention (n = 17)

* Not a randomised trial (n = 3)
* Ineligible outcomes (n = 1)

* Ineligible participants (n = 1)

Trials included in analysis (n = 20)

Figure 4.1 Flow of studies for selection in review.
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Table 4.2 Details of trials excluded from analysis.

Reason for exclusion

Study

Details

Not randomised or
pseudorandomised
allocation

Martinez BP, Silva JR, Silva VS, Neto MG, Forgiarini Junior LA. Influence of different body positions
in vital capacity in patients on postoperative upper abdominal. Rev Bras Anestesiol. 2015 May-
Jun;65(3):217-21.

Cross over trial

Wiklander O, Norlin U. Effect of physiotherapy on post-operative pulmonary complications; a clinical
and roentgenographic study of 200 cases. Acta Chir Scand. 1957 Mar 28;112(3-4):246-54.

No random allocation. Pre/post cohort.

Neligan PJ, Malhotra G, Fraser M, Williams N, Greenblatt EP, Cereda M, Ochroch EA. Noninvasive
ventilation immediately after extubation improves lung function in morbidly obese patients with
obstructive sleep apnea undergoing laparoscopic bariatric surgery. Anesth Analg. 2010 May
1;110(5):1360-5.

Retracted manuscript

Ineligible participants

Squadrone V, Coha M, Cerutti E, Schellino MM, Biolino P, Occella P, Belloni G, Vilianis G, Fiore G,
Cavallo F, Ranieri VM; Piedmont Intensive Care Units Network(PICUN). Continuous positive airway
pressure for treatment of postoperative hypoxemia: a randomized controlled trial. JAMA. 2005 Feb
2;293(5):589-95.

Participants entered into the trial with existing
hypoxemia

Ineligible control group

Ali J, Serrette C, Wood LD, Anthonisen NR. Effect of postoperative intermittent positive pressure
breathing on lung function. Chest. 1984 Feb;85(2):192-6.

Postop coached DB&C v additional IPPV

Campbell T, Ferguson N, McKinlay RGC. The use of a simple self-administered method of positive
expiratory pressure (PEP) in chest physiotherapy after abdominal surgery. Physiotherapy. 1986
Oct;72(10):498-500.

Preop edu/postop DB&C v additional postop PEP

Christensen EF, Schultz P, Jensen OV, Egebo K, Engberg M, Grgn |, Juhl B. Postoperative pulmonary
complications and lung function in high-risk patients: a comparison of three physiotherapy regimens
after upper abdominal surgery in general anaesthesia. Acta Anaesthesiol Scand. 1991 Feb;35(2):97-
104.

Preop edu + postop DB&C v additional postop PEP
v additional postop PEP + IMT

Craven JL, Evans GA, Davenport PJ, Williams RH. The evaluation of the incentive spirometer in the
management of postoperative pulmonary complications. Br J Surg. 1974 Oct;61(10):793-7.

Preop edu + postop DB&C v incentive spirometry

Denehy L, Carroll S, Ntoumenopoulos G, Jenkins S. A randomized controlled trial comparing periodic
mask CPAP with physiotherapy after abdominal surgery. Physiotherapy Research International.
2001;6(4):236-250.

Preop edu + postop DB&C v additional CPAP

Forgiarini LA Jr, Carvalho AT, Ferreira Tde S, Monteiro MB, Dal Bosco A, Gongalves MP, Dias AS.
Physical therapy in the immediate postoperative period after abdominal surgery. J Bras Pneumol. 2009
May;35(5):455-9.

Postop chest PT immediately postop v Postop chest
PT start on ward

Outcomes: Lung function, respiratory muscle
strength
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Hall JC, Tarala R, Harris J, Tapper J, Christiansen K. Incentive spirometry versus routine chest
physiotherapy for prevention of pulmonary complications after abdominal surgery. Lancet. 1991 Apr
20;337(8747):953-6.

Postop DB&C v incentive spirometry

Hall JC, Tarala RA, Tapper J, Hall JL. Prevention of respiratory complications after abdominal
surgery: a randomised clinical trial. BMJ. 1996 Jan 20;312(7024):148-52.

Preop edu v incentive spirometry

Heisterberg L, Johansen TS, Larsen HW, Holm M, Andersen B. Postoperative pulmonary
complications in upper abdominal surgery. A randomized clinical comparison between physiotherapy
and blow-bottles. Acta Chir Scand.1979;145(8):505-7.

Preop edu + postop coached DB&C v preop edu +
self-directed Bubble PEP

Lindner KH, Lotz P, Ahnefeld FW. Continuous positive airway pressure effect on functional residual
capacity, vital capacity and its subdivisions. Chest. 1987 Jul;92(1):66-70.

Preop edu/postop coached DB&C v additional
CPAP

Lyager S, Wernberg M, Rajani N, Bgggild-Madsen B, Nielsen L, Nielsen HC,Andersen M, Mgller J,
Silberschmid M. Can postoperative pulmonary conditions be improved by treatment with the Bartlett-
Edwards incentive spirometer after upper abdominal surgery? Acta Anaesthesiol Scand. 1979
Aug;23(4):312-9.

Preop edu/postop coached DB&C v additional
incentive spirometry

Minschaert M, Vincent JL, Ros AM, Kahn RJ. Influence of incentive spirometry on pulmonary
volumes after laparotomy. Acta Anaesthesiol Belg. 1982;33(3):203-9.

Preop edu/postop coached DB&C v additional IS

O'Connor M, Tattersall MP, Carter JA. An evaluation of the incentive spirometer to improve lung
function after cholecystectomy. Anaesthesia. 1988 Sep;43(9):785-7.

Postop chest PT v preop edu and postop self-
directed incentive spirometry

Ricksten SE, Bengtsson A, Soderberg C, Thorden M, Kvist H. Effects of periodic positive airway
pressure by mask on postoperative pulmonary function. Chest. 1986 Jun;89(6):774-81.

Postop chest PT v preop edu and postop self-
directed CPAP or incentive spirometry

Schuppisser JP, Brandli O, Meili U. Postoperative intermittent positive pressure breathing versus
physiotherapy. Am J Surg. 1980 Nov;140(5):682-6.

Postop chest PT v IPPV

Schwieger |, Gamulin Z, Forster A, Meyer P, Gemperle M, Suter PM. Absence of benefit of incentive
spirometry in low-risk patients undergoing elective cholecystectomy. A controlled randomized study.
Chest. 1986 May;89(5):652-6.

No pre/post chest PT v preop edu + postop
incentive spirometry

Soares SM, Nucci LB, da Silva MM, Campacci TC. Pulmonary function and physical performance
outcomes with preoperative physical therapy in upper abdominal surgery: a randomized controlled
trial. Clin Rehabil. 2013 Jul;27(7):616-27.

Postop DB&C v additional preop edu, IMT, prehab

Stock MC, Downs JB, Gauer PK, Alster JM, Imrey PB. Prevention of postoperative pulmonary
complications with CPAP, incentive spirometry, and conservative therapy. Chest. 1985 Feb;87(2):151-
7.

Preop edu/postop coached DB&C v CPAP v
incentive spirometry.
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Tyson AF, Kendig CE, Mabedi C, Cairns BA, Charles AG. The effect of incentive spirometry on
postoperative pulmonary function following laparotomy: a randomized clinical trial. JAMA Surg. 2015
Mar 1;150(3):229-36.

Postop DB&C v additional incentive spirometers
Outcomes: Lung function

Ineligible intervention
group

Baltieri L, Santos LA, Rasera | Jr, Montebelo MI, Pazzianotto-Forti EM. Use of positive pressure in
the bariatric surgery and effects on pulmonary function and prevalence of atelectasis: randomized and
blinded clinical trial. Arq Bras Cir Dig. 2014;27 Suppl 1:26-30.

Postop coached DB&C + incentive spirometer v
additional NIV
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Physiotherapy management not described

Carlsson C, Sondén B, Thylén U. Can postoperative continuous positive airway pressure (CPAP)
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Usual care v postop CPAP
No descriptions of physiotherapy
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May;73(5):592-5.

Postop incentive spirometry v postop IPPV
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DB&C v additional preop IMT
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on postoperative pulmonary function following gastric surgery for obesity. Respir Med. 2002
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Incentive spirometry v NIV
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study of the prevention of pulmonary complications after thoracoabdominal resection by two different
breathing techniques. Br J Surg. 2002 Oct;89(10):1228-34.
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Joris JL, Sottiaux TM, Chiche JD, Desaive CJ, Lamy ML. Effect of bi-level positive airway pressure
(BiPAP) nasal ventilation on the postoperative pulmonary restrictive syndrome in obese patients
undergoing gastroplasty. Chest. 1997 Mar;111(3):665-70.

NIV v usual care
Outcomes: Lung function, SpO;

Jung R, Wight J, Nusser R, Rosoff L. Comparison of three methods of respiratory care following upper
abdominal surgery. Chest. 1980 Jul;78(1):31-5.

Preop edu + incentive spirometry v IPPV v blow
glove

Lederer DH, Van de Water JM, Indech RB. Which deep breathing device should the postoperative
patient use? Chest. 1980 May;77(5):610-3.

Incentive spirometer A v Incentive spirometer B v
Incentive spirometer C
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Lloréns J, Rovira L, Ballester M, Moreno J, Hernandez-Laforet J, Santonja FJ, Cassinello N, Ortega J.
Preoperative inspiratory muscular training to prevent postoperative hypoxemia in morbidly obese
patients undergoing laparoscopic bariatric surgery. A randomized clinical trial. Obes Surg. 2015
Jun;25(6):1003-9.

Usual care v preop IMT
Outcome: Arterial blood gases and respiratory
muscle strength
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positive airway pressure via the Boussignac system immediately after extubation improves lung
function in morbidly obese patients with obstructive sleep apnea undergoing laparoscopic bariatric
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CPAP immediately after extubation v CPAP in
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28;2014:250536.

No preop edu on postoperative early ambulation v
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Incentive spirometry v thoracic manipulation
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obese patients following gastric stapling. Chest. 1984 Dec;86(6):891-5.

IPPV + incentive spirometry + coached DB&C
exercises v additional manual chest PT
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expiratory pressure device reduced fever and length of hospital stay in patients after thoracic and upper
abdominal surgery: a randomised trial. J Physiother. 2015 Jan;61(1):16-20.

No chest PT v postop self-directed PEP

Ineligible outcome
measure
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Preop edu physio only v additional postop physio
DB&C
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Legend: CPAP: continuous positive airway pressure, DB&C: deep breathing and coughing, edu: education, IMT: inspiratory muscle training, IPPV: intermittent positive pressure
ventilation, NIV: non-invasive ventilation, PEP: positive expiratory pressure, postop: postoperative, prehab: prehabilitation, preop: preoperative PT: physiotherapy, SpO2: pulse oximetry,

V: Versus.
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Table 4.3 Characteristics of studies included in the review.

Author; Country; n PEDro  Pop Control Intervention Outcome Result: Relative risk Comparison Interpretation
year centres, n score Control v Intervention/s
Palmer England 82 4 LAS No preop chest PT Preop chest PT CXR 5/42 (12%) v 8/40 (20%) 1.7 (0.60 to 4.7) No PT v Postop coached
1952 Single No postop chest PT ~ Postop chest PT pre/postop chest DB&C may, or may
bd for 3d PT not, reduce CXR
abnormalities.
Underpowered for
PT sessions: 0 PT sessions: 6 observed effect.
Stein USA 8 3 OAS No preop chest PT Preop chest PT PPC 1/3 (30%) v 1/5 (20%) 0.60 (0.06 to 6.4) No PTv Underpowered. No
1970 Single No postop chest PT  Postop chest PT pre/postop chest  conclusion can be
+ PD, 1-3 x/d PT drawn.
PT sessions: 0 PT sessions: NS
Laszlo England 86 3 OAS  Preop chest PT Preop chest PT Bronchitis 8/42 (19%) v 10/44 (23%) 1.2 (0.52102.7) Preop chest PT  Additional postop
1973 Single Postop chest PT  Atelectasis 7142 (17%) v 1/44 (2%) 0.14 (0.02 to 1.0) v additional chest PT may reduce
+ percs bd 5d Pneumonia  4/42 (10%) v 8/44 (18%) 1.9(0.621t05.9) postop chest PT  atelectasis but not
Total PPC 19/42 (45%) v 19/44 (43%)  0.95 (0.59 to 1.5) PPC compared to
PT sessions: 1 PT sessions: 11 preop chest PT alone
Morran Scotland 102 5 UAS No preop chest PT Postop chest PT  Atelectasis 11/51 (22%) v 18/51 (35%) 1.6 (0.86t0 3.1) No PT v postop  Postop coached
1983 Single No postop chest PT ~ + chest vibes Pneumonia  19/51 (37%) v 7/51 (14%) 0.37 (0.17 to 0.80) chest PT DB&C prevents
daily 2d Total PPC 30/51 (59%) v 25/51 (49%)  0.83 (0.58 to 1.2) pneumonia, but not
atelectasis, compared
PT sessions: 0 PT sessions: NS to no chest PT.
Celli Venezuel 172 6 OAS  No preop chest PT Preop chestPT ~ CXR 9/44 (21%) v 15/41 (37%) 1.8 (0.88 to 3.6) No PT v Preop chest PT and
1984 a No postop chest PT  Postop chest PT ~ ARF 4/44 (9%) v 2/41 (5%) 0.54 (0.10 to 2.8) pre/postop chest  postop supervised
Single qgid 4d PPC 21/44 (48%) v 9/41 (22%) 0.46 (0.24 to 0.89) PT DB&C reduce PPC
PT sessions: 0 PT sessions: 17
Hallb6ok  Sweden 137 5 UAS  Preop chest PT As per control Atelectasis 11/45 (24%) v 19/92 (21%)  0.84 (0.44 to 1.6) Preop chest PT  Additional postop
1984 Single Postop early amb Postop chest Pneumonia  1/45 (2%) v 8/92 (9%) 3.9(0.5t030.3) v additional DB&C + PD is no

PT sessions: 1

PT+ PD bd 3d

PT sessions: 7

postop chest PT

more effective than
preop chest PT and
early ambulation in
reducing atelectasis or
pneumonia.
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Table 4.3 Characteristics of studies included in the review (cont)

Author; Country; n PEDro  Pop Control Intervention Outcome Result: Relative risk Comparison Interpretation
year centres, n score Control v Intervention/s
Giroux Canada 54 4 LAS No preop chest PT Postop chest PT  Atelectasis 5/27 (19%) v 8/27 (30%) 1.6 (0.60 to 4.3) No PT v postop  Postop supervised
1987 Single No postop chest PT ~ once/d for 3 d chest PT DB&C exercises may
not be necessary after
open hysterectomy.
PT sessions: 0 PT sessions: 3
Roukema  Holland 153 1 UAS  No preop chest PT Preop chest PT Mild PPC 21/84 (25%) v 10/69 (15%)  0.58 (0.29 to 1.1) Preop chest PT and
1988 Single No postop chest PT ~ x 2 Mod PPC 14/84 (17%) v 3/69 (4%) 0.26 (0.08 t0 0.87) intensive postop
Early ambulation Postop chest PT  Pneumonia  15/84 (18%) v 0/69 (0%) n/a coached DB&C
once day 0 Total PPC 50/84 (60%) v 13/69 (19%)  0.32 (0.19 to 0.53) reduce PPC and
bd POD1-2, pneumonia compared
once daily to early ambulation
POD3-5 alone.
PT sessions: 0 PT sessions: 10
Bourn England 48 4 UAS  Preop chest PT Preop chest PT ~ PPC 2/24 (8%) v 2/24 (8%) 1.0 (0.15t0 6.5) Preop chest PT  The addition of postop
1991 Single Postop chest PT v additional supervised DB&C
postop chest PT  exercises to preop
preparation may not
be necessary
following low risk
PT sessions: 1 PT sessions: NS cholecystectomy
Condie Scotland 310 6 OAS  Preop chest PT Preop chest PT PPC 12/152 (8%) v 5/158 (3%) 0.40 (0.14t0 1.1) Preop chest PT Postop supervised
1993 Multi; Postop chest PT v additional DB&C may, or may
n=6 once daily 3d postop chest PT  not, prevent PPC over
and above preop
education and training
alone. Underpowered
PT sessions: 1 PT sessions: 4 for observed effect.
Fagevik- Sweden 368 5 OAS  No preop chest PT Preop chest PT Desat RA 32/153 (21%) v 4/132 (3%)  0.14 (0.05 to 0.40) No chest PT v Preop education
Olsén Single No postop chest PT  Postop early preop chest PT DB&C training and
1997 amb early ambulation

PT sessions: 0

PT sessions: 2

prevents hypoxemia.
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Table 4.3 Characteristics of studies included in the review (cont)

Author; Country; n PEDro  Pop Control Intervention Outcome Result: Relative risk Comparison Interpretation
year centres, n score Control v Intervention/s
Chumillas  Spain 81 5 UAS  No preop chest PT Preop chest PT Bronchitis 1/41 (2%) v 2/40 (5%) 2.1 (0.19to 22) No chest PT v Pre/postop chest PT
1998 Single No postop chest PT ~ Postop chest Atelectasis 6/41 (15%) v 1/40 (3%) 0.17 (0.02 to 1.4) pre/post chest minimises CXR
Pneumonia  1/41 (2%) v 0/40 (0%) n/a PT changes postop and
CXR 16/41 (39%) v 6/40 (15%) 0.38 (0.17 to 0.88) may prevent PPC
Total PPC 8/41 (20%) v 3/40 (8%) 0.38 (0.11 t0 1.3) compared to early
ambulation alone.
Underpowered for
observed effect.
PT sessions: 0 PT sessions: 9
Fagevik- Sweden 40 5 LAS No preop chest PT Preop chest PT Desat RA 3/20 (15%) v 1/20 (5%) 0.33(0.04 t0 2.9) No PTv Chest PT may or may
Olsén Single No postop chest PT ~ Postop chest PT ~ Pneumonia  1/20 (5%) v 0/20 (0%) n/a pre/post chest not be effective in
1999 bd PT reducing PPC after
laparoscopic surgery.
Underpowered for
PT sessions: 0 PT sessions: 3 observed effect.
Denehy Australia 102 5 UAS  Preop chest PT Preop chest PT PPC 1/52 (2%) v 3/50 (6%) 3.1 (0.34 to 29.0) Preop chest PT ~ The addition of postop
2001a Single No postop chest PT  Postop chest PT v additional chest PT to preop
postop chest PT  education and DB&C
training may not be
necessary to reduce
PT sessions: 1 PT sessions: 5 PPC
Mackay Australia 52 8 UAS No preop chest PT Postop chest PT  PPC 3/21 (14%) v 6/29 (17%) 1.4(0.41t05.1) Postop early Coached DB&C
2005 Single No postop chest PT ambulation v exercises may not
additional minimise PPC further
postop chest PT if patients are
provided with intense
PT sessions: 0 PT sessions: 13 early mobilisation.
Manzano  Brazil 31 5 UAS No preop chest PT Postop chest PT  patient 1/16 (6%) v 0/15 (0%) n/a No PT v single A single session of
2008 single No postop chest PT ~ once reported postop chest PT  coached DB&C in the
PPCs recovery unit may not
PT session: 0 PT session:1 reduce PPC.
Kulkarni England 66 5 OAS No preop chest PT Preop chest PT PPC 2/17 (12%) v 1/17 (6%) 0.50 (0.05 to 5.0) No chest PT v Preop chest PT may or
2010 Single No postop chest PT  once additional preop  may not reduce PPCs.
chest PT Underpowered for

PT sessions: 0

PT sessions: 1

observed effect.
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Table 4.3 Characteristics of studies included in the review (cont)

Author; Country; n PEDro  Pop Control Intervention Outcome Result: Relative risk Comparison Interpretation
year centres, n score Control v Intervention/s
Carneiro Brazil 75 3 UAS  No preop chest PT Preop chest PT CXR 6/39 (15%) v 2/36 (6%) 0.36 (0.08 t0 1.7) Preop education and
2013 Single No postop chest PT ~ Postop chest PT  Atelectasis 2/39 (5%) v 1/36 (3%) 0.54 (0.05 t0 5.7) training and coached
once daily 2d Pneumonia  4/39 (10%) v 1/36 (3%) 0.27 (0.03 t0 2.3) postop DB&C may
Total PPC 12/39 (31%) v 4/36 (11%) 0.36 (0.13 to 1.0) prevent PPC
PT session: 0 PT sessions: 3
Silva Australia 86 7 UAS No preop chest PT No preop chest PPC 6/28 (21%) v 7/28 (25%) v 0.80 (0.33 t0 1.99) Early Coached DB&C may
2013 Single Post op early amb PT 3/30 (10%) ambulation v not minimise PPC
Postop early additional further if patients are
amb + chest PT postop chest PT  provided with early
OR v rest in bed + ambulation. For
Rest in bed + postop chest PT  patients resting in bed
chest PT coached DB&C may
reduce PPCs.
Underpowered for
PT sessions: 0 PT sessions: NS observed effect.
Lunardi Brazil 70 5 UAS  No preop chest PT No preop chest PPC 0/35 (0%) v 8/35 (23%) n/a No PT v postop  Postop coached
2015 Single No postop chest PT ~ PT chest PT DB&C exercises may

PT sessions: 0

Postop chest PT
tds day 5d

PT sessions: 15

not minimise PPC risk

Legend: amb = ambulation, ARF = acute respiratory failure, bd = twice daily, CXR = chest xray, d = days, DB&C = deep breathing and coughing, desat = desaturation, LAS = lower abdominal surgery, mod =
moderate, multi = multicentre trial, n = number, NS = not stated, OAS = open abdominal surgery, PD = postural drainage, PEDro = physiotherapy evidence database, percs = chest percussions, POD =
postoperative day, pop = population, PPC = postoperative pulmonary complication, postop = postoperative, preop = preoperative, PT = physiotherapy, qid = four times daily, RA = room air, single = single centre

trial, tds = three times daily, UAS = upper abdominal surgery, v = versus, vibes = chest vibrations

Statistically significant results are in bold font
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Table 4.4 Methodological quality of included trials.

Study Random Concealed Baseline Participant Therapist Assessor <15% Intention-to- Between- Point estimate Total score
allocation allocation comparability blinding blinding blinding dropouts treat analysis group (0to 10)
difference

Stein 1970 Y N N N N N Y N Y N 3
Morran 1983 Y N Y N N N Y N Y Y 5

Hallbook 1984 Y Y Y N N N N N Y Y 5

Roukema 1988 N* N N N N N N N Y N 1

Condie 1993 Y N Y N N Y Y N Y Y 6

Fagevik-Olsén 1997 Y N Y N N N Y N Y Y 5

Denehy 2001a Y Y Y N N Y Y Y Y Y 8

Manzano 2008 Y N Y N N N N Y Y Y 5

Silva 2013 N* Y N Y N N Y Y Y Y 6

Lunardi 2015 Y N Y N N N N Y Y Y 5

(o]
e
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4.4.2 Characteristics of included studies

The 20 included studies involved a total of 1919 participants having major abdominal surgery.
Table 4.3 summaries the characteristics of included studies. Fifteen studies investigated the effect
of chest physiotherapy against a true no-treatment control. Of these, two studies assessed the
effectiveness of preoperative chest physiotherapy alone (Fagevik-Olsén et al 1997, Kulkarni et al
2010), six trials assessed the benefit of chest physiotherapy solely provided in the postoperative
phase (Morran et al 1983, Giroux et al 1987, Mackay, Ellis & Johnston 2005, Manzano et al 2008,
Silva, Li & Rickard 2013, Lunardi et al 2015), and seven assessed combined pre- and
postoperative chest physiotherapy services (Palmer & Sellick 1952, Stein & Cassara 1970, Celli,
Rodriguez & Snider 1984, Roukema, Carol & Prins 1988, Chumillas et al 1998, Fagevik-Olsén,
Josefson & Lonroth 1999, Carneiro et al 2013). Across these 15 trials, 615 participants were
allocated to an intervention (149 preoperative chest physiotherapy alone, 215 postoperative chest
physiotherapy alone, and 251 with combined pre- and postoperative chest physiotherapy) and 621
participants allocated to a no-treatment control group.

For the analysis comparing the addition of postoperative chest physiotherapy to preoperative chest
physiotherapy alone, five trials assessed the benefit of adding postoperative chest PT to
preoperative chest PT (Laszlo et al 1973, Hallb6ok et al 1984, Bourn, Conway & Holgate 1991,
Condie, Hack & Ross 1993, Denehy 2001a). These trials involved 368 participants allocated to
receiving additional chest physiotherapy in the postoperative phase and 315 participants who

received preoperative physiotherapy alone.

Quality

Most included studies had fair to moderate methodological quality with an average PEDro score
of 4.8 (standard deviation (SD) 1.7). A high risk of bias exists regarding group allocation and
assessment of the outcome, with only 25% of trials using concealed allocation techniques
(Hallbook et al 1984, Denehy 2001a, Mackay, Ellis & Johnston 2005, Kulkarni et al 2010, Silva,
Li & Rickard 2013) and 30% utilising blinded assessors (Laszlo et al 1973, Celli, Rodriguez &
Snider 1984, Giroux et al 1987, Condie, Hack & Ross 1993, Denehy 2001a, Mackay, Ellis &
Johnston 2005). See Table 4.4 for total and criterion scores for included trials using the PEDro

scale.

Participants

Trials involved adult participants having either open lower abdominal surgery (Palmer & Sellick
1952, Giroux et al 1987), laparoscopic bariatric surgery (Fagevik-Olsén, Josefson, Lonroth 1999),
open upper abdominal surgery (Morran et al 1983, Hallbddk et al 1984, Roukema, Carol & Prins
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1988, Bourn, Conway & Holgate 1991, Chumillas et al 1998, Denehy 2001a, Mackay, Ellis &
Johnston 2005, Manzano et al 2008, Carneiro et al 2013, Silva, Li & Rickard 2013, Lunardi et al
2015), or a combined population of open upper and lower abdominal surgery (Stein & Cassara
1970, Laszlo et al 1973, Celli, Rodriguez & Snider 1984, Condie, Hack & Ross 1993, Fagevik-
Olsén et al 1997, Kulkarni et al 2010). Trials originated predominately from developed countries
(Britain, n=6; Scandinavia/Europe, n=5; Australia, n=3; USA/Canada, n=2) with two trials from
developing countries (Brazil, n=3, and Venezuela, n=1). The median sample size was 82

participants (interquartile range (IQR) 54 — 111).

Interventions

In trials of preoperative chest physiotherapy alone this intervention comprised of a single session
only, provided most often the day before surgery, and comprising of education on the need to
perform DB&C exercises after surgery and training in the performance of these exercises (Laszlo
et al 1973, Hallbook et al 1984, Bourn, Conway & Holgate 1991, Condie, Hack & Ross 1993,
Fagevik-Olsén et al 1997, Denehy 2001a, Kulkarni et al 2010).

Postoperative chest physiotherapy treatments all involved coached sessions of DB&C exercises,
without augmentation with devices (IS, PEP, IMT, IPPV, or NIV). A small number of older trials
employed additional manual therapy techniques such as postural drainage (Stein & Cassara 1970,
Hallbook et al 1984), chest percussion (Laszlo et al 1973), or chest vibrations (Morran et al 1983).
The most common treatment frequency of coached DB&C exercises was once (Morran et al 1983,
Giroux et al 1987, Condie, Hack & Ross 1993, Chumillas et al 1998, Fagevik-Olsén et al 1997,
Manzano et al 2008, Carneiro et al 2013, Silva, Li & Rickard 2013) or twice daily (Palmer &
Sellick 1952, Laszlo et al 1973, Hallbook et al 1984, Roukema, Carol & Prins 1988, Fagevik-
Olsén, Josefson, Lénroth 1999). The other trials provided chest physiotherapy three times daily
(Mackay, Ellis & Johnston 2005, Lunardi et al 2015), four times a day (Celli, Rodriguez & Snider
1984), or at the discretion of the physiotherapist (Stein & Cassara 1970, Denehy 2001a). The first
postoperative chest physiotherapy session was predominately provided the day after surgery, with
only two trials initiating coached DB&C exercises immediately following surgery (Roukema,
Carol & Prins 1988, Manzano et al 2008).

The number of postoperative days that chest physiotherapy treatments were provided was also
quite varied, with trials providing chest physiotherapy for one day only (Fagevik-Olsén et al 1997,
Fagevik-Olsén, Josefson, Lénroth 1999), two days (Morran et al 1983, Carneiro et al 2013), three
days (Palmer & Sellick 1952, Hallbtok et al 1984, Condie, Hack & Ross 1993), four days (Celli,
Rodriguez & Snider 1984), or five or more (Laszlo et al 1973, Roukema, Carol & Prins 1988,
Chumillas et al 1998, Mackay, Ellis & Johnston 2005, Lunardi et al 2015). Due to this variance
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in frequency and duration in postoperative physiotherapy treatments, total dosage differed
amongst included trials: ranging from 1 to 17 treatment sessions, with a median total number of

treatment sessions across all trials of 6 (IQR 3 — 10).

Outcome measures

A majority of trials (70%) reported on PPCs using composite symptom-based diagnostic tools
(Laszlo et al 1973, Morran et al 1983, Celli, Rodriguez & Snider 1984, Roukema, Carol & Prins
1988, Condie, Hack & Ross 1993, Denehy 2001a, Mackay, Ellis & Johnston 2005, Silva, Li &
Rickard 2013) or according to the composite incidence of different respiratory diagnoses (Stein
& Cassara 1970, Bourn, Conway & Holgate 1991, Chumillas et al 1998, Kulkarni et al 2010,
Carneiro et al 2013, Lunardi et al 2015). Others reported on specific diagnoses such as pneumonia
(Hallbook et al 1984, Fagevik-Olsén, Josefson, Lonroth 1999) or clinical outcomes such as
desaturation on room air (Fagevik-Olsén et al 1997), CXR abnormalities (Palmer & Sellick 1952),
atelectasis (Giroux et al 1987), or patient-reported PPCs (Manzano et al 2008).

4.4.3 Synthesis of results: Meta-analysis

Effect of chest physiotherapy versus no chest physiotherapy

The pooled-effect across 15 studies on the incidence of PPC after abdominal surgery comparing
chest physiotherapy, either preoperatively, postoperatively, or a combination of both, to no chest
physiotherapy is shown in Figure 4.2. Individual trial results varied significantly between the 15
studies (1 = 75%).

The pooled RR estimate of 15 trials finds that chest physiotherapy significantly reduced PPC
compared to no chest physiotherapy (RR 0.86, 95% CI 0.81 to 0.91), equivalent to a NNT of 7
(95% CI 5 to 11). The pooled estimated PPC incidence was 29% (95% CI 25% to 32%) in the
621 control group participants who did not receive chest physiotherapy, 3.3% (95% CI 1.4% to
7.6%) in the 149 participants provided with preoperative physiotherapy alone, 27% (95% CI 21%
to 33%) in 215 participants who received only postoperative physiotherapy, and 15% (95% ClI
11% to 20%) in the 251 participants who were treated with a combination of both pre- and

postoperative chest physiotherapy.

No substantial changes to the pooled RR estimate occurred with removal of trials with low
methodological quality (PEDro < 5) or those involving manual therapy. The pooled estimate of
effect in trials with low treatment dosage (three or less sessions) was 0.87 (95% CI1 0.81 to 0.93)
and similar to the estimate of effect of 0.84 (95% CI 0.76 to 0.93) in high treatment dosage trials

(six to 17 sessions). This sub-group analysis is presented in Figure 4.3.
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Trials (n=9) where preoperative physiotherapy was provided as part of the perioperative regime
(preoperative chest physio alone or combined preoperative and postoperative service) had a
significant estimated risk reduction in PPC incidence with a pooled RR of 0.79 (0.74 to 0.85),
equivalentto a NNT of 5 (95% CI 4 to 7).

Effect of preoperative chest physiotherapy alone versus no chest physiotherapy

As shown in Figure 4.2, 1.1.1, there was significantly less risk of a PPC in those provided with
preoperative chest physiotherapy alone compared to patients who received no chest physiotherapy
with the true result being between 10% to 24% less risk in the treatment group (RR 0.83, 95% ClI
0.76 to 0.90) providing a NNT of 6 (95% CI 4 to 10). There was good homogeneity within results
(17 = 31%). A sensitivity analysis was not indicated as the two included studies had similar

methodological scores, and treatment dosages, and did not employ manual techniques.

Effect of postoperative chest physiotherapy alone versus no chest physiotherapy on PPCs
The incidence of PPC was not significantly different when patients were provided with

postoperative chest physiotherapy only (RR 1.04, 95% CI1 0.93 to 1.16) as shown in Figure 4.2,

Control Chest PT Risk Ratio (Non-event) Risk Ratio (Non-event)
Study or Subgroup Events Total Events Total M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.1.1 Preop chest PT only
Fagevik-Olsen 1997 32 1483 4 132 0.82[0.75 0.89] 19497 -
Kulkarni 2010 2 17 1 17 0.94 [0.76,1.16] 2010 .
Subtotal (95% Cl) 170 149 0.83 [0.76, 0.90] ‘
Total events 34 ]

Heterogeneity: Chi*=1.44, df =1 (P=023;F=31%
Test for overall effect; Z=4.58 (P = 0.00001)

1.1.2 Postop chest PT only

Marran 1983 kli] a1 24 a1 0.81[0.53,1.23] 1983 — 1
Giroux 1987 i a7 a 27 1.16[0.85,1.47] 1987 e
Mackay 2004 3 21 fi 28 1.08[0.684,1.39] 2005 [ E—
Manzano 2008 1 16 il 15 0.94 079, 1.12] 2008 1

Silva 2013 B 28 10 ] 095076, 1.19] 2013 1T
Lunardi 20145 1] 35 a 34 1.29[1.07,1.49] 2015 E—
Subtotal (95% Cl) 178 215 1.04 [0.93, 1.16] <

Total events 45 ar

Heterageneity: Chif=910, df =4 (P=011); F= 45%

Test for averall effect Z= 062 (P =0.53) Risk Ratio (Non-event)

1.1.3 Both pre and postop chest PT M-H, Random, 95% CI

Palmer 1952 i 42 a 40 1100081, 1.33] 1952 T
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1.1.2. There was moderate heterogeneity between trial results (1> = 45%). Outcomes were not

altered in sensitivity analyses according to methodological quality, treatment dosage, or

additional usage of manual therapies.

Figure 4.2 Meta-analysis of the effect of chest physiotherapy compared to no-treatment control
on PPC risk after abdominal surgery, sub-grouped into preoperative, postoperative, or combined

pre- and postoperative treatment regimes.
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Figure 4.3 Meta-analysis of the effect of chest physiotherapy compared to no-treatment control

on PPC risk after abdominal surgery, sub-grouped into high or low treatment dosage.

Effect of combined pre- and postoperative chest physiotherapy versus no chest physiotherapy

The RR estimate of 0.80 favoured participants provided with a combination of both pre- and

postoperative chest physiotherapy (i.e. the risk of PPC was 20% lower). However, the 95% CI of

0.65 to 1.00 is wide. With the upper limit including 1.00, the possibility that combined pre- and

postoperative chest physiotherapy is no better than no-treatment cannot be excluded (Figure 4.2,
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1.1.3). There was a high degree of heterogeneity in individual trial RR estimates (1> = 83%).
Sensitivity analyses did not alter the results.

Effect of adding postoperative chest physiotherapy to preoperative chest physiotherapy alone

Adding postoperative chest physiotherapy to preoperative education and breathing exercise
training did not significantly influence the estimate of PPC risk compared with participants who
received preoperative chest physiotherapy alone (RR 1.07, 95% CI 0.71 to 1.60, Figure 4.4). The
individual trial results were homogenous (1> = 29%). Sensitivity analyses found no substantial

change to the pooled estimates.

Preop physio alone  Additional postop physio Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total M-H, Fixed, 95% Cl Year M-H, Fixed, 95% Cl

Laszlo 1973 19 42 19 44 1.05 0645, 1.68] 1973 ——

Hallbook 1984 1 45 8 42 0.26[0.03,1.98] 1984 e

Baourn 19591 2 24 2 24 1.00[0149, 6.53] 1991 . E—

Condie 1993 12 152 ] 158 2.49[0.90,6.91] 1993 B —

Denehy 2001 1 52 3 50 0.32[003, 298] 2001

Total (95% CI) 315 368 1.07 [D.71, 1.60] -

Total events 35 ar

Heterogeneity: Chi®= 5.67, df=4 (P=0.23); F=20% o oh e oo

Testfor averall effect £=0.31 (F = 0.76) Favours preop alone Favours additional postop

Figure 4.4 Meta-analysis of the effect of additional postoperative chest physiotherapy compared
with preoperative physiotherapy alone on PPC risk after abdominal surgery.

4.5 Discussion

This meta-analysis of 1236 participants having abdominal surgery from 15 trials, conducted 1950
to 2016, finds that compared to no treatment, chest physiotherapy of coached DB&C exercises
significantly reduced PPC risk by approximately 14% with a true value between 9% and 19%.
This is equivalent to a NNT of 7 (95% CI 5 to 11). However, confidence in this estimate may be
dependent on when the patient is first seen by a physiotherapist. Sub-group analysis of these trials
finds a statistically significant impact to PPC evident only in trials employing preoperative chest
physiotherapy as part of the perioperative regimen, with a reduction in PPC risk 95% certain to
be between 15% and 26%, giving a NNT of 5 (95% Cl 4 to 7).

The effect of chest physiotherapy provided only in the postoperative phase is less certain. The
sub-group meta-analysis of six RCTs finds that providing postoperative physiotherapy alone may
not minimise PPC risk after abdominal surgery. With wide confidence intervals, however, there
is not enough evidence to rule postoperative chest physiotherapy in, or out, as an effective method
of PPC prophylaxis. This may be due to the delay in initiating DB&C exercises to the day after
surgery. Forgiarini et al (2009) randomised 36 patients via concealed allocation into receiving

physiotherapy in the immediate postoperative period and compared this to first receiving chest
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physiotherapy the next day on the surgical ward. No preoperative physiotherapy had been
provided to participants. Postoperative lung function was significantly less affected in those
treated immediately after surgery, compared with those where the first physiotherapy session was
the day after surgery. Although lung function may have benefited, it remains to be tested if chest
physiotherapy in the recovery room immediately after surgery reduces PPC incidence in the

absence of a preoperative physiotherapy service.

In trials testing a combined service of both pre- and postoperative chest physiotherapy, a
significant reduction in PPC was detected, although the risk reduction was of a similar magnitude
to a preoperative alone service. This raises the question whether adding a postoperative chest
physiotherapy service of coached DB&C exercises confers any additional benefit over and above

preoperative physiotherapy alone.

A meta-analysis of five trials conducted from 1973 to 2001 involving 683 participants finds that
the addition of postoperative coached DB&C exercises to a preoperative physiotherapy service
may not confer an additional benefit in reducing PPCs after abdominal surgery, compared with
preoperative physiotherapy alone. However, with very wide confidence intervals this estimate
lacks some precision. The possibility that PPC risk could be reduced with additional postoperative
coached DB&C exercises cannot be excluded, nor that additional DB&C exercises could confer
some harm by increasing the risk of PPC.

Grouping trials into high total dosage (6 to 17 treatment sessions) and low total dosage (3 or less
sessions) of physiotherapy sessions finds pooled RR estimates are similar in both groups. This
suggests that ‘more’ may not be necessarily better in minimising the risk of PPC. However, these
data may be confounded by other factors of dosage, such as daily repetitions, frequency of
delivery, and patient compliance, that have not been adequately explored with this analysis.
Additionally, this sub-group analysis arbitrarily sets a total dosage cut-off of three sessions. A
single-centre RCT has reported that patients instructed preoperatively to perform 30 reps of
breathing exercises hourly for 2 days with a PEP device immediately after open cardiac surgery
had improved oxygenation levels, compared with patients instructed to perform 10 reps per hour.
(Urell et al 2011). Further RCTs are needed to test the influence of DB&C exercise dosage in

preventing clinically relevant PPCs.

This systematic review of randomised controlled trials appears to support a physiological
construct and preliminary clinical trials that timing of initiation of DB&C, rather than treatment
dosage, may confer an advantage in minimising PPC after abdominal surgery. Atelectasis is

present in almost all patients immediately following abdominal surgery (Lundquist et al 1995,
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Strandberg et al 1986), with protracted postoperative atelectasis leading to hypoxemia and airway
infection (van Kaam et al 2004, Duggan & Kavanagh 2005, Tusman et al 2012). Coached
breathing exercises performed immediately after surgery have been shown to successfully reduce
atelectasis (Westerdahl et al 2005), pulmonary shunt (Ntoumenopolous & Greenwood 1996),
improve oxygenation (Manzano et al 2008), and limit deterioration in dynamic lung function
(Zoremba et al 2009). Preparing and training a patient prior to surgery on the importance of
performing breathing exercises immediately on waking from surgery could enable DB&C
exercises to be initiated at a time when atelectasis is thought to be most malleable to prophylactic
lung expansion efforts (Ball, Battaglini & Pelosi 2016, Baltieri et al 2014). It is feasible that if a
patient initiates breathing exercises early and is motivated to continue to perform them self-
directed and hourly over the following days that this could lead to reduced risk of PPC, without

need for additional postoperative chest physiotherapy input.

A single preoperative education and DB&C training session has been found to ameliorate lung
function deterioration by the second postoperative day (King & Tarsitano 1982) and is more
effective in improving lung function than postoperative chest physiotherapy after abdominal
surgery (Crawford, Blunnie & Elliott 1990). One of the earliest trials in physiotherapy was a non-
randomised trial by Thoren (1954) who found that patients who received no chest physiotherapy
after open cholecystectomy had a PPC rate of 42%. The addition of postoperative coached DB&C
exercises reduced the PPC rate by a third to 27%. Adding preoperative physiotherapy reduced
PPC incidence further again down to 12%. However, this non-randomised, non-blinded trial is
likely to overestimate the benefit. Warren & Grimwood (1980) reported a prospective blinded
observational trial of 194 patients having open cholecystectomy. Patients who did not receive
preoperative physiotherapy were one to 3.5 times more likely to contract a PPC in the
postoperative phase (RR 2.0, 95% CI 1.2 to 3.5). In 1985, Castillo & Haas completed a non-
randomised trial of 280 participants having lung, cardiac, and abdominal surgery, where adding
preoperative physiotherapy to a postoperative physiotherapy alone service significantly reduced

atelectasis.

Given the results of this systematic review, it might be a concern that current physiotherapy
practice for abdominal surgery patients is predominantly a postoperative alone service (Patman
et al 2017, Reeve et al 2019, van Beijsterveld et al 2019). If these meta-analysis findings are
generalizable to current populations and modern perioperative practices, this would suggest that
current models of physiotherapy for abdominal surgery are ineffective in reducing PPC incidence
after abdominal surgery. However, there are significant limitations to this systematic review and
the included studies that would indicate that no firm conclusions can yet be made and predicate a

cautionary approach to practice change.
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The quality of included studies was generally limited by methodological weaknesses, multiple
confounders, and poorly defined or uncertain endpoints. Only a fifth of included studies had a
PEDro score of six or greater, and only one was a multicentre study. Most concerning was the
risk of assessor bias with only six trials employing a blinded assessor to measure PPC incidence
postoperatively. This could increase the likelihood of an overestimate of effect. Trials were also
limited to those published in English. The primary PPC outcome was determined by a wide range
of variants and definitions, which may or may not be valid in accurately detecting a clinically
important complication (Abbott et al 2018). Other factors limiting the generalisability of findings
to current practice are that most trials were conducted prior to 2010. Since this time there have
been significant changes to perioperative surgical and anaesthetic practices. It is unknown if
preoperative chest physiotherapy would be effective within Enhanced Recovery after Surgery
(ERAS) frameworks (Gustafsson et al 2018), minimally invasive surgery techniques, and same
day surgical admissions. All preoperative interventions studied in these included trials provided
preoperative physiotherapy on the day before surgery. Preoperative physiotherapy may not be
effective if it is moved to an outpatient pre-admission clinic conducted in the two to six weeks
before surgery. It is possible that the impact of preoperative physiotherapy may be lost by not
being delivered immediately before surgery, or if provided within the context of enhanced
recovery pathways. Additionally, only two studies investigated a preoperative physiotherapy
alone service compared to a no treatment control group, and most of the patients included in that
sub-group meta-analysis came from a study that is now 33 years old. Moreover, the systematic
review for this thesis was conducted by a single reviewer only. This could lead to biased trial
selection, reporting, and interpretation (Page et al 2014). To improve the quality of this systematic
review to a publishable standard would require an independent second reviewer to replicate the

methods and reporting, with a third reviewer adjudicating any differences.

There are several strengths of this systematic review compared to others (Odor et al 2020,
Pasquina et al 2006, Lawrence, Cornell & Smetana 2006). Firstly, included data were strictly
limited to interventions only involving DB&C exercises without augmentation from incentive
spirometers, PEP devices, or NIV. This ensures that the results are not confounded by the potential
additive effect of these devices, with findings largely limited to the effect of DB&C exercises
alone. Secondly, the search strategy included a broad range of databases, including modern
indexing such as Google Scholar, and extensive hand-searching of reference lists and ‘grey’
literature sources, such as peer-reviewed PhD theses. This systematic review also carefully
restricted trials to those with a true no-treatment control group. This provides a ‘clean slate’ in
order to answer important clinical questions with confidence: in the absence of a current chest

physiotherapy service “If I provide chest physiotherapy to patients having abdominal surgery
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what effect will it have on PPC incidence?”, or, conversely, if already provided as standard care,

“What’s the risk if I don’t provide chest physiotherapy to patients having abdominal surgery?”.

The divergence between current clinical practice and these meta-analysis findings strongly
warrants an adequately powered, multicentre, randomised controlled trial with blinded assessors
of a valid PPC endpoint, along with standardised early ambulation, an integrated health economic
analysis conducted within modern perioperative practices of outpatient preadmission clinics,
ERAS frameworks, and minimally invasive surgery techniques. This will confirm or discount the
value of preoperative physiotherapy to reduce PPC after major abdominal surgery and provide
clinicians and administrators with the information required to either reinstate preoperative

physiotherapy or confidently know that this service is ineffective within the modern context.

The following three chapters present the protocol, primary results, and qualitative analyses from

such a trial, all of which have been peer reviewed and published.
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LIPPSMAck POP trial: study protocol
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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, Mo 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
(LIPPSMACKk POF) 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 MNew Zealand hospital will be randomised using
concealed allocation to receive either i) an information booklet or i) an information booklet, plus one additional
pre-operative physiotherapy education and training session. The primary outcome is respiratory complication incidence
wsing 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 healtherelated quality of life, This trial is
currently recruiting,
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Trial registration: Australian MNew Zealand Clinical Trials Registry number ACTRMNT 2613000664741,

19 June 2013,

Keywords: Physiotherapy, Abdominal surgery, Breathing exercises, Post-operative pulmonary complication,
Fre-nperative education, Prevention, Randomised controlled trial

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 wvariability in PPC rates following UAS may be
explained by the differing studied patient risk profiles and
PPC definitions utilised.

Respiratory pathophysiclogical 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 eificacious
37, 42]. Specifically, when post-operative ambulation is
standardised, the addition of DBE&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-
idonally, 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 vears |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 LUAS,

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 [CU admissions, tme
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 DBE&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
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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: HO011911), 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://wwwanzctr.orgau):
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;
(i) 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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All patients seheduled for elective abdominal surgery expected te invalve an
open incision above, or extending above the umbilicus

| I
Informed consent and Randomized
44| patients

| !

INTERVENTIONMN CONTROL
Asseszment and an Infarmation Aszessment and an Information
boolklet Booklet
+ Pre-operative education and
DB&C training
B o .
' v

Standardized postoperative early ambulation program.
Mo coached respiratory physiotherapy
Discharge frem assisted ambulation assessed using set eriteria

¥

Post-operative follow up
PPC: Daily up te pesteperative Day 7 and then as indicated till hespital discharge.
Ocher daca daily uncil hespital discharge. Patient reperted pest discharge
complications and HRQOL at & weeks.

I )

Analysis

Fig. 1 CONSORT flow diagram of the LIPPSMACk POP clinical trial. DBEC deep breathing and coughing, PPC post-operative pulmonary com plications,
HRQOL health-related quality of [ife

extra paper or aluminium foil [56]. Allocation sequence Local investigators will screen elective surgery and
is determined by a web-based computer generated PAC lists daily for eligible patients who will be met face
(hetp://'www.randomizer.org/) blocked random number to face by local investigators at their PAC appointment.
table (7 blocks of 63; 1 = intervention, 2 = control). The  Informed consent will be obtained from potential partic-
randomisation tables are then sealed in an opaque enve-  ipants; each eligible participant will be provided with a
lope, locked within the research institute, and made un-  trial information sheet which is explained verbally to
available to trial personnel. The number of consecutively  them and will be invited to participate. Those agreeing
numbered envelopes provided to each site will be will sign a consent form as required by local ethics
dependent on funding agreements (that is, funded to committees and in accordance with the Declaration of
recruit one block of 63 participants or, on a per patient  Helsinki Where the local investigator or eligible patient
recruit basis, until the end of the trial). is unable to attend PAC, the latter will be contacted by

76



Chapter 5: Methodological protocol for LIPPSMAck-POP

Boden et al Trals (2015) 16:573

Page 5 of 15

Table 1 World Health Qrganisation (WHO) Trial Registration Data Set for LIPPSMACk POP tial

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 querias

Public title

Scientific title

Countries of recruitment
Health condition(s) ar problem(s) studied

Interventions)

key inclusion and exclusion criteria

Study type

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

key secondary outcomes

Australian New Zealand Clinical Trials Registry number ACTRN 126130006647 41
19/6/2013

na

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

Clifford Craig Medical Research Trust ($60,000 AUD)

University of Tasmania, virtual Tasmanian Academic Health Precinct ($50,000 ALUDY
Waitemata District Health Board and Three Harbours Health Foundation (520000 NZD)
Tasmanian Health Senice - Northern Region (§120,000 AUD)

Tasmanian Health Senice - Northern Region

Waitemata District Health Board

B, ianthe boden@ths.tas.govau

B, ianthe_bodend@ths tas.gov.au

Pre-operative physiotherapy education for the prevention of chest infections following major
abdominal surgeny

LIPPSWACk POP trial - Pre-operative physiotherapy education for the prevention of post-operative
pulmonary complications following major upper abdominal surgery: a binational, multi-centre,
randomised, double-blinded placebo controlled trial

Australia, New Zealand

Pulmaonary complications following major upper abdominal surgery
Active comparator: Pre-operative physiotherapy education and training
Placebo comparator Education booket

Ages eligible for study: = 18 years

Sexes eligible for study: both

Accepts health volunteers: No

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

Bclusion 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.

Type: Investigator initiated, interventional, non-pharmacological pragmatic, study
Allocation: Concealed randomisation

Intervention modet parallel assignment

Masking: patient and assessor blinded

Primary purpose: Prevention

Phase: Phase Il

24/6/2013

441

Recruiting

Post-operative pulmonary complications during the first 14 days of the hospital stay

Prneumonia, length of hospital stay, hospital costs, day of ambulation =10mins, length of 1ICU stay,
ICU readmission, post-operative adverse events, day to discharge from post-operative physiotherapy
services, patientreported complications, heatth-related quality of life, and physical capacity at

& weeks following discharge from hospital
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Table 2 List of eligible uppar abdominal surgical procedures

Surgical category

Procedure

Caolorectal Anterior resection

AP resection

Hartmanns

Hemicoledomy

Low anterior resection

Laparoscopic (+/—hand) assisted colectomy
Fartial colectomy

Frodocolectomy

Reversal of Hartmanns

Slgmold colecomy

Small bowel resection

Subtotal colectomy

Total colectormy

Upper gastrointestinal Gastrectomy

Liver resection
Oesophagectomy

Open cholecystectomy
Open hiatus hemia repair

Pancreatic surgery

Whipples
Urology Adrenalectomy
Cystic duct excision
Mephrectomy
Laparoscopic +/— hand assisted nephrectonmy
Fyeloplasty
Radical cystectomyy -/~ ileal conduit
Radical cystoprostatectomy
Other Explorative laparotamy

Splenectomy

telephone and invited to enter the wial. 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 opague 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.
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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 i) 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 (5F-36 V2) [59] to
measure HROoL (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
detailled 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,
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As it is frequentdy 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 DBE&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 additon, have a review
of the education session and the DB&C exercises re-
peated over the phone.
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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 spotiwalk away from

bedside 1-3 min

Stage 4 (Ambulation) March on spot/walk away from

bedside 3-6 min

Walk away from bedside 6-10 min
Walk away from bedside 10-15 min
Walk away from bedside =15 min

Stage 5 (Ambulation)
Stage 6 (Ambulation)

Stage 7 (Ambulation)

79



Chapter 5: Methodological protocol for LIPPSMAck-POP

Boden et al Trals (2015) 16:573

Table 4 Discharge from physiotherapy scoring tool [62]

Waobility Score
Reached pre-operative ambulation status 3
Requires supervision, status has plateaved 2
Requires assistance, status is improving 1
Unable to ambulate 0

Breath sounds
Reached pre-operative levels and within expectations for 3
that patient
Slightly decreased breath sounds or presence of a few 2
added sounds

Markedly abnormal breath sounds and/or significant 1
added sounds

Secretion clearance
Able to clear secretions independently OR at pre-operative status 3
Requires assistance to Clear secretions 1

5pCu% (on room air or pre-op oxygen levels)

SpCy 292 % (no respiratory condition) OR 5p0. 2 88 % 3
(existing respiratory condition)
Sply < 92 % (no respiratory condition) OR 5p0. <88 % 2

(existing respiratory condition)
Respiratory rate {at rest and during activity)
Within normal expectations 3
Outside acceptable range for the individual 2
Total score {min &, max 15)

A score 214 =discharge from physiotherapy

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
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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 partcipants.

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 (i) 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 wvalid 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 untl 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 XN-ray (CXR),
white cell count (WCC), sputum microbiology) are
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Table 5 MGS PPC diagnostic aiteria with modifications®
Dizgnosis confimmed when four or mare of the following are present

Clinical factors

« News abnomal breath sounds on auscultation different to pre-operative
assessment

« Produdion of yellow or green sputum different to pre-operative
assessment

« Pulse aximetry coovgen saturation (Spa) <50 % on room air on maore
tham one consecutive post-operative day

« Raised maximum oral temperature »>38 °C maore than one
consecutive day

Diagnostic factors

« Chest radiograph report of collapse/consolidation. "When a CXR has
besn taken but no report is available, a ward medical officer ora
senior respiratory physiothempist with more than 10 yvears’ experience
will be asked to report

- An unexplained WCC greater than 11 x 10°%/L

« Presence of infection on sputum culture report

- Physician’s diagnosis of *pneumnconia, URTI, or an undefined chest
infection, or prescription of an antibictic for a respiratory infection

* modification made to original criteria

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 wial.

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;
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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 thanl( 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 5F-36 and functional capacity
using SAC) [58, 67] at 6 to 8 weeks following day
of surgery.

Post-hospital discharge follow-up of self-reported
complications, 5F-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/cm®), 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 ofa daily productive
cough), cough strength and presence of sputum (patient is
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Listed for Pri= POD 8
TIMEPOINT | wisctive | Admission SO to pop | Hospital | fellawing
surgery elinle to POD 7 H oe date of
surgery
Enrolmant x
Eligibility screen X
ENROLMENT:
Informed consant X
Ramdom allecaticn X
CONTROL: Assessment + bookief X
INTERVENTIONS: INTERVENTION: Preoperative education and DE&C "
training
Demographics, medical history, Functional ¥
Camorbidify Index, RAPA, Grip strangth
VARIABLES: Intracparative variables X
Postaperative variables X - -
PPC X +— X
Praumania, ICU admission and LOS, X - . X
Total LOS
. Tima to ambulate =1min, and =10min
CUTCOMES: h —
Days to die from physiotherapy service X X
HRQOL SF-36 and 5AQ x X
Patiant reporied complications X
Fig. 2 LIPPSMACK FOP participant timeline and schedule of events. Describes LIPPSMAck POP participant timeline and schedule of procedures.
Abbreviations: POD postoperative day, DVC 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, HROOL health-related quality of life, SAQ Specific Activity Questionnaire

asked to cough forcibly, the physiotherapist makes a sub-
jective scoring of strength, effectiveness, and presence of
sputum), sputum class (mucoid, mucopurulent, puruent)
and colour using a validated colour chart tool [68] of any
observed or patient reported regularly produced bronchial
secretions, patent-reported history of a chest infection in
the previous 14 days and i antibiotics had been
prescribed, smoking history (non-smoker, current smoker,
or ex-smoker having ceased more than 8 weeks pre-
operatively), smoking pack vears (1 pack year = 20 ciga-
rettes per day for 1 year), years since smoking cessation,
Sp0; (%) 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 (SACQ) [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 posiion. 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 ventilaion parameters including mode of
ventilation, level of pressure/volume control, and PEEP;
average FiD, during surgery; type and amount of intraop-
erative fluid delivered (ml/kg/h); numbers of blood
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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; davs and tvpes 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: ime 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 wsing inference for propor-
tions comparing two independent samples with a 0.05
two-sided significance level and will have B0 % power to
detect a 10 % absolute difference in PPC between Pre-
Op festimated 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
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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 directy 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 wrial 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 mult-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, 9% % confi-
dence intervals, P-values). Graphic representation of this
analysis will be performed using the Kaplan-Meier method.

Binomial secondary outcomes, including pneumonia,
unplanned [CU 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) esii-
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 vet 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 conduect,
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 consideraton 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.
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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 & %, 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
vears 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,
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5.3 Supplementary material

Script order of educational items
Explain why they are seeing a physiotherapist.
“We help you to recover following your operation. We help you get your physical
strength back and importantly help you to prevent getting pneumonia after this
operation.”
Explain risk of pneumonia
- Upto50% (1 in 2) of patients get a respiratory complication following these types of
operations.
- Give individualised risk (high — “at least 1 in 3” or low “as high as 1 in 5”)
Explain that it is preventable
- This can be reduced to less than 1 in 10 if they get walking as soon as possible and do
breathing exercises immediately after surgery.
“I’m going to teach you how to do these breathing exercises today. Your job will be to
start do them as soon as you wake up after the operation.”
Explain why it is possible to get pneumonia after surgery
- Presence of dust (mainly skin flakes) and bacteria (attached to skin flakes) in the air
- Unavoidable to breathe it in with every breath.
- Itis normal to breathe in about 250,000 bits of bacteria every day.
- Biological daily fact for all humans. We have 24 hours to clear it out or we get a chest
infection
- Explain mucociliary clearance using diagram in booklet.
- Explain how the ‘mucous factories’ and ‘the hairs’ work to create a conveyor belt.
- This ‘conveyor belt” when functioning well clears airways of bacteria within 4-6 hours
- Why is it important for them to know this before surgery?
- Anaesthetic drugs switch the mucociliary “conveyor belt” off
- It remains off until the patient gets out of bed and active following the operation,
switching the conveyor belt back on.
- So, from the moment they become unconscious till the moment they are up and walking
after the operation, mucous is stagnating and the bacteria are breeding in their lungs
- That is why we make such an effort to assist people to walk within 24 hours of the
operation
- BUT, no matter how hard we try, there are more often than not many reasons why it is

just not possible for this to happen (low blood pressure, pain, etc)
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This often means that many people remain in bed for more than 24 hours after the
operation.

Any bacteria in their lungs are effectively stuck in there and multiplying as their
“conveyor belt” is still off.

SO, need to do breathing exercises from the moment they wake up from the operation to
the moment they get moving out of bed

This will clear the bacteria out during this time spent in bed and protect the lungs from

pneumonia during the time that their lungs are the most vulnerable.

Teach breathing exercises as per the booklet

Include end inspiratory sniffs at the end of each DB. Call it a “sniff stack”. Breathe in to
TLC. Hold breath briefly then perform 2-3 inspiratory sniffs on top of TLC to “jack” up
the lungs even further. Hold this now for 5 seconds. Let the air out in a rush — like a
huff — to facilitate expiratory flow to move mucous.

Remind patients that they need to do these from the moment they wake up and until

they are ambulant and that they may not be reminded to do this by anyone.

Give memory cues

Every time nurses do the hourly obs (BP, temp, pain) patient to do 20 reps.

Ask them to practise before surgery to get into the ‘swing’ of how to do them.
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Self-administered physical activity questionnaire (Rankin et al 1996)

SELF-ADMINISTERED PHYSICAL ACTIVITY
QUESTIONNAIRE (SAQ)

Can you complete the following activities at a normal rate?
Circle YES or NO

a. Walk down a flight of stairs unassisted and VES NO
without stopping? :
b. Carry an F‘i’kg weight (e.g. a load of wet washing) YES NO
up 8 steps?
c. Do m(rdcratc gardening like weed or rake the YES NO
leaves?
P - 1elilv « « 1 M
d. Walk briskly around an oval’ VES NO
e. Carry at least 10kg (e.g. a suitcase) up 8 steps? VES NO
f. Carry objects that weigh at least 35kg (e.g. an 11 .
y ovjees g g (eg YES NO
vear old child)?
g. Do t)utd.:mr work like split wood or dig in the VES NO
garden’
h. Participate in moderate activities like walk at a
normal pace (4km/hr) or play golf and carry the YES NO
clubs?
i. Participate in vigorous activities like swimming
(crawl), jogging (8km/hr), cycling (17km/hr) or YES NO
singles tennis?
J- Do moderate work around th.(,- r::Just.- like vacuum, VES NO
sweep floors, or carry groceries?
k. Do heavy work around the house like strip and e
y . . YES NO
make the bed, hang out washing, or wash the car?
ish ¢ | ectric o o Yo >
I. Push an electric or petrol mower on level ground? VES NO
. Dress with s ing because of sy s? .
m. Dress without stopping because of symptoms YES NO

* If you answered “NO™ to any of the above questions, what stops you doing
these activities? (e.g. shortness of breath, angina, recent surgery ete.)
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HOW TO CALCULATE VO, USING SELF ADMINISTERED

ACTIVITY QUESTIONNAIRE (SAQ) SCORE:

Step 1: Instruct patient to complete SAQ

Step 2:

Determine the individual, highest MET value for that patient to calculate

their SAQ according to the following table: e.g. if the patients highest

scoring question was question e. then their SAQ=7.00

(8km/hr), cyeling (17km/hr) or singles tennis?

Can you complete the following without symptoms? MET value
m. Dress without stopping because of symptoms? 200
j- Do moderate work around the house like vacuum, sweep floors, or » 50
carry groceries? o
a. Walk down a flight of stairs unassisted and without stopping? 3.00
k. Do heavy work around the house like strip and make the bed. hang 3935
out washing, or wash the car? T
c¢. Do moderate gardening like weed or rake the leaves? 405
. Push an electric or petrol mower on level ground? 450
h. Participate in moderate activities like walk at a normal pace (4km/hr) -
i . ) . 4.75
or play golf and carry the clubs?
d. Walk briskly around an oval? 5.00
g. Do outdoor work like split wood or dig in the garden? 550
b. Carry an 8kg weight (c.g. aload of wet washing ) up 8 steps? 6.00
e. Carry at least 10kg (e.g. a suitcase) up 8 steps? 700
f. Carry objects that weigh at least 35kg (e.g. an 11 year old child)? 750
i. Participate in vigorous activities like swimming (crawl), jogging 9.00

MET = metabolic equivalent

Step 3:

Step 4:

kilograms.

Record the patient’s age in years, height in centimetres and weight in

To calculate VO,; substitute these values into the following equation:

IVO,= 2.36(SAQ) + 0.35(HEIGHT em) — 0.19(AGE yrs) — 0. 16(WEIGHT kg) - 33,89
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PPC risk calculator (Scholes et al 2009)

. POST-OPERATIVE
- PULMONARY
—~ COMPLICATION (PPC)
| Tasmania RISK ASSESSMENT

UAS PPC RISK PREDICTION MODEL
Step |: Upper abdominal surgery (UAS) is defined as “an indsion above or extending above the
umbilicus”. To predict the risk of the development of post-operative pulmonary complications (PPC)
following LIAS; you must access the patient's admission notes and operation report. According to your
assessment findings; tick the corresponding value in each of the following five categories:
(tick one box in each category only)

|. Duration of Anaesthetic . Surgical Category

2
] < &0 mins b,=23.265 n} Hepatobilary & Upper Gl b= 1.191
0 60-119mins b, = 2.046 n} Colorectal & Lower Gl b,=2.225
0 [20-179 mins b,=1.953 n} Renal & Urology b,=2.740
o 180-23% mins b=0214 n] Wascular b,=20.797
0 240-299 mins b,=0.176 n] Cther b,=0.000
Q Z 300mins b,=0.000
3. Diagnosis of Respiratory co morbidity 4. Current Smoker

] Yes b,=-0.591 ] Yes b,=-0.99%
] Mo b, =0.000 n ] Mo b,=0.000

5. VO, max score as calculated from pre-op questionnaire
0 VO, < 19.37mlkg.min b =-0.962
o VO, 2 19.37mlkg.min b =0.000

Automatically score <19.37mlkg.min if

no pre-op questionnaire performed

Step 2: Select the corresponding “b" value to your tick from each category and enter into this
equation:

SCORE=0490+b +b +b +b *+b =

Step 3: Circle calculated risk and post-operative respiratory physiotherapy input

SCORE =2.023 HIGH RISK OF PPC SCORE = 2.013 LOW RISK OF PPC
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Treatment fidelity and impact of preoperative

physiotherapy before major abdominal surgery
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Abstract

Objectives To (1) assess memorability and treatment fidelity of pre-operative physiotherapy education prior w elective upper abdominal
surgery and, (2) to explore patient opinions on pre-operative education.

Design Mixed-methods analysis of a convenience sample within a larger parallel-group, double-blinded, randomised controlled trial with
concealed allocation and intention-to-treat analy sis.

setting Tertary Auvstralian hospital.

Participants Twenty-nine patients having upper abdominal surgery attending pre-admission clinic within six-weeks of surgery.
Intervention The control group received an informaton booklet about preventing pulmonary complications with early ambulation and
breathing exercises. The experimental group received an addigonal face-to-face 30-minute physiotherapy education and training session on
pulmonary complications, early ambulation, and breathing exercises.

Outcome measures Primary oulcome was proportion of participants who remembered the taught breathing exercises following surgery.
Secondary outeomes were recall of information sub-items and attainment of early ambulation goals. These were measured wsing standardised
scoring of a semi-serpted digitally-recorded inerview on the 5th postoperative day, and the attainment of early ambulation goals over the
first two postoperative days.

Results Experimental group participants were six-limes more likely to remember the breathing exercises (95%CI 1.7 to 22) and 1 1-times
more likely (95%CI 1.6 to 70) to report physiotherapy as the mostmemorable part of pre-admission clinic. Participants reported physiotherapy
education conient to be detailed, interesting, and of high value. Some participants reported not reading the booklet and professed a preference
for face-to-face information delivery.

Conclusion Face-to-face pre-operative physiotherapy education and training prior to upper abdominal surgery is memorable and has high
reatrnent fidelity.

Trial Registration: ACTRN-12613000664741.
2017 Chartered Society of Physiotherapy. Published by Elsevier Lid. All rights reserved.
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Introduction

A postoperative pulmonary complication (PPC) is the
most common complication following upper abdominal
surgery (UAS) [1], increasing mortality [2] and hospital
costs |3]. Preventing PPC is a key component of acute-care
physiotherapy [4]. Breathing exercises can reverse respira-
tory pathophysiological effects of anaesthesia and surgery
[5], although their overall effectiveness to prevent PPC is
uncertain [6]. This paradox may possibly be due to inade-
quate dose-response or delayed initiation following surgery
[7]. The first physiotherapy session is commonly more than
30hours after surgery [8], which may be too late as 15%
of PPC have occurred within this time [2,8]. Conceivably,
timeliness of initiation and dose frequency could improve 1f
patients are educated and trained before surgery to perform
hourly breathing exercises immediately following surgery.
Pre-operative education is strongly recommended within
Enhanced Recovery After Surgery guidelines [9] although
little evidence exists demonstrating that pre-operative edu-
cation 15 understood by patients, translates into behavioural
change, and results in improved postoperative outcomes.

Lung Infection Prevention Post Surgery Major Abdom-
inal with Pre-Operative Physiotherapy (LIPPS MAck-POP)
is a randomised controlled trial [10] rigorously testing the
hypothesis that pre-operative physiotherapy education and
training prevents PPC following UAS. The intervention is a
behavioural intervention. A positive outcome could only be
expected if the intervention is differentiable from standard
care, 1s memorable, and adhered to by the patient [11]. This
is referred to in the literature as treatment fidelity [ 12].

Treatment fidelity has four components [13]: (1) Integrity;
was the treatment delivered as intended? (1) Differentiation.
did two treatments differ from one another as intended? (iii)
Receipt, does the patient understand the treatments provided
and are they equipped to perform them as intended”; and
(iv) Enactment; does the patient enact the learnt skills and
perform the intervention as intended?

We designed a nested study within LIPPSMAck-POP
to test three treatment fidelity components of pre-operative
physiotherapy educationand training: di fferentiation, receipt,
and enactment. The primary research questions were:

l. How memorable is physiotherapy education when pro-
vided within a multi disciplinary pre-admission clinic?

2. Is there a difference in recall of information when deliv-
ered by a physiotherapist compared to a booklet alone?

3. Does pre-operative education affect early postoperative
ambulation performance?

A secondary aim was to conduct a preliminary exploration
of patients’ opinions on pre-operative information delivery.

Method
Design

This mixed-methods study was designed as a concurrent,
nested, parallel-group, blinded (patient, assessor, analyst),
randomised-controlled study within the larger LIPPSM Ack-
POP trial [10]. A convenience sample of consecutive
LIPPSMAck-POP participants were concurrently recruited
to participate in the mixed-methods study. Written informed
consent was obtained for both trials.

Participants attended a multi disciplinary pre-admission
clinic within six-weeks of surgery at an Australian
sovernment-funded tertiary regional hospital. Participants
were seen by a nurse, surgeon, anassthetist, physiothera
pist, and, if required, a stomal therapist. Following surgery,
mixed-methods trial participants were interviewed using
semi-scripted open-ended questions at their bedside on the
fifth postoperative day, or on day of hospital discharge,
whichever occurred first. As opioid analgesia could affect
mental clarity [14], interviews were deferred until this was
ceased.

Interview questions were purposively developed for this
trial by the lead author using expert clinical knowledge
obtained from 16 years of educating and assisting abdominal
surgery patients in postoperative recovery. (Questions were
designed to assess ability to recall and distinguish physiother-
apy education from other health—professional interactions
at pre-admission clinic, Questions progressively probed for
degree of recall (repetition and dosage) and purpose for
the prescribed breathing exercises. To prevent biasing inter-
view responses, interviewers were unknown to participants,
wore plain clothes without any physiotherapy professional
identifying features, and introduced themselves as from the
Department of Surgery requesting an interview about the
participant’s experience at pre-admission clinic.

Interviews were digitally recorded then transcribed ver-
batim by an independent assistant. Content was verified for
accuracy, de-identified and then analy sed viaquantitative and
qualitative methods by two physiotherapists not previously
involved in the trial. Participants, postoperative physiother-
apists, nursing and medical staff, interviewers, transcribers,
and data analysts were masked to pre-operative group allo-
cation.

Characteristics of participants and research staff

Participariis

Inclusion and exclusion criteria are published elsewhere
[10]. An additional mixed-methods study a-priori exclusion
criterion was inability to be interviewed postoperatively.

Therapists, interviewers, and analysts

All researchers were femnale. Pre-operative interventions
were delivered by a postgraduate qualified physiotherapist
with 16-years acute-care experience or a fourth-year phys-
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iotherapy student. Postoperatively, two research assistants
with acute-care experience interviewed participants. Quan-
titative categorising, scoring, and qualitative analyses of the
transcribed interviews were performed by two independent
researchers purposively selected to include a physiotherapist
with surgical experience and another with expertise outside
Surgery.

Tnterventions

Interventions are described thoroughly elsewhere [10].
Briefly, all participants received a standardised physiother-
apy assessment and information booklet{e-Supplement). The
experimental group received an additional 30-minute edu-
cation session about the effect of anaesthesia and UAS on
muco-ciliary clearance, lung volumes, and individualised risk
of PPC. The importance of participating in an early post-
operative ambulation program and performing self-directed
breathing exercises was emphasised as a means to prevent
PPC. Participants were coached in at least three repeti-
tions of the prescribed breathing exercises. Postoperatively
a standardised early ambulation program (Box 1) [10] was
delivered once daily to all participants starting the day after
surgery by ward physiotherapists masked to pre-operative
group allocation.

Chitcome measures

Quantitative

Primary outcome was proportion of participants who
remembered the breathing and coughing exercises pro-
vided pre-operatively (treatment receipt). Secondary out-
comes were, proportion of participants who could recall
pre-operative  physiotherapy education sub-items (early
ambulation, lung physiology, preventing pneumonia) and
memorability of pre-operative physiotherapy information
in context of other health-professional information pro-
vided at pre-admission clinic (treatment differentiation). To
determine these outcomes, interview responses were cate-
gorised and counted wsing standardised quantitative scoring
schema purposively devised for this study (see Supplemen-
tary Appendix A). Treatment enactment was estimated by
attainment of early ambulation goals: (1) proportion of par-
ticipants ambulant past Stages 3 and 6 of the ambulation
protocol (Box 1) on the first postoperative day; and, (2)
median stage achieved on the first and second postoperative
day. Ambulation attainment was recorded daily by treating
physiotherapists on standardised case report forms.

Cualitative

Qualitative data were derived from the transcripts of the
recorded interviews using three rounds of inductive thematic
analysis with triangulation [15]. The first round was inde-
pendent data evaluation by the second and third authors who,
following familiarisation with data, coded each interview into
concepts. Similar concepts were colour-coded then collapsed

Box 1: LIPPSMAck PO ambulation protocol | 1],

Stage Definition

Stage 1 (Safety) Sitover edge of bed/sit in chair
minimum of 2 minutes

March on spot O to I minute
March on spotfwalk away from
bedside 1 to 3 minutes

March on spot'walk away from
bedside 3 to G minutes

Walk away from bedside & 1o
10 minutes

Walk away from bedside 10 to
IS minutes

Walk away from bedside > 15minutes

Stage 2 (Safety)
Stage 3 (Ambulation)

Stage 4 (Ambulation)
Stage 5 (Ambulation)
Stage 6 (Ambulation)

Stage 7 (Ambulation)

Frequency: Once daily starting as soon as possible on
the first postoperative day.

Intensity: Minimum 3/10 on the Borg visual analogue
scale.

Duration: Patient effort dependent with no time limit.
Delivered by a physiotherapist until patient attains Stage
3 or greater. Next session delivered by an Allied Health
Assistant if safe to do so.

Each session patient is progressed sequentially through
the stages with a goal to attain Stage 6 (10 to 15 minutes)
or greater.

Rest periods (interval training) were allowable. Once
rest ime exceeded the preceding to work time (work
to rest ratio became greater than 1:1) that ambulation
session was considered finished.

Patients were discharged from the assisted ambulation
service according to a standardised discharge criteria
assessed daily.

into key themes, Supportive quotes were extracted to support
each theme. These authors met for second round analysis
to review and discuss original findings and reach consensus
on themes. The first three authors then met to review final
themes and anal ysis. The first author acted as arbiter where
consensus was not met.

Data analvsis

Cuantitative data

Sociodemographic and clinical data were anal ysed using
descriptive statistics. Sample selection bias and represen-
tativeness was assessed by comparing descriptive data
of interviewed participants to: (1) those excluded or
lost-to-follow-up from the mixed-methods tral; (2) all
other LIPPSMAck-POP participants. Categorised inter-
view responses were compared between-groups (control vs
experimental ) using unadjusted relative risk estimated by
mixed-effects general linear Poisson modelling. Where zero
events occurred Fisher’s exact test was used. Between-group
differences in early ambulation attainment on the first post-
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operative day were estimated using simple risk-ratio tables
tested with Fisher’s two-tailed exact test. Median ambula-
tion stages achieved were analysed with ordered logistic
regression. Analyses were performed intention-to-treat using
commercially available soft ware.'

Statistical power

Literature on grading treatment fidelity is limited [16].
Expert opinion considers high treatment fidelity as >80% of
patients enacting health information and low fidelity as <50%
[12]. To determine this required a total sample of 28 patients
(one-sided, power 80%, alpha 0.05). A sample =20 is suf-
ficient to determine certainty in qualitative analysis within
mixed-methods design [17].

Results
Flow of participants

From November 2013 and March 2014, 55 eligible
consenting LIPPSMAck-POP participants attending pre-
admission clinic were randomised to the experimental or
control group. Following surgery, 31 participants were eligi-
ble for inclusion in the additional mixed-methods study. Two
participants (6.5%) were missed by research staff and lost
to follow-up, leaving 29 participants who were interviewed
and data analysed. No participant was discharged home ear-
lier than the fifth postoperative day. Five participants (control
group n= 2, intervention group n=3) were interviewed after
the fifth postoperative day due to opioid-based analgesia:
these participants had a mean day of interview of 6.7 days
(SD1.2).

Baseline characteristics

There was between- group imbalance in two baseline char-
acteristics. The control group had older participants and were
all educated pre-operatively by the senior physiotherapist
(Table 1). There were no baseline differences between inter-
viewed participants and those excluded or lost to follow-up
{e-Supplement, Table 15}, suggesting that selection bias was
unlikely. The mixed-methods sample differed from other
LIPPSMAck-POP participants by having more senior phys-
iotherapist interventions (86% vs 64% ) and none residing in
a metropolitan location (0% ws 19% ) (e-Supplement, Table
15).

Cuantitative resulis
Primary outcome

Participants receiving pre-operative physiotherapy educa-
tion and training were six-times more likely to remember the

! Stata Version 14.1, StataCorp, College Station, USA.

breathing and coughing exercises compared to those receiv-
ing a booklet alone (94% vs 15%; RR 6.1, 95%CI 1.7 to 22)
(Table 2). A 94% recall rate indicates a very high treatment
receipt.

Secondary outcomes

Both groups remembered meeting a physiotherapist at
pre-admission clinic (RR 1.4, 95%CI 0.6 to 3.1). However,
experimental group participants were |1-times more likely
(RR 11,95%CI 1.4 to 80.7) toreport physiotherapy informa-
tion as the most memorable part of the entire pre-admission
clinic {Table 3) and were more likely to recall education
content sub-iterms compared to those that received a book-
let only (Table 2). A greater proportion of the experimental
group ambulated longer than one-minute on the first postop-
erative day (1005 vs 699 ) although this effect wassmall (RR
1.4 95%CI 1.01 to 2.08). No difference in other ambulation
outcomes was found (Table 4).

Cualitative results

Patients” views about pre-operative information were syn-
thesized into two themes and five sub-themes.

Theme 1: information delivery

Character qualities of physiotherapist. Participants com-
mented on the pleasant nature of the physiotherapist they
interacted with at pre-admission clinic. Some commented
that the information was more readily received because of
this friendliness.

“The gin who did it was very friendly and explained it to me
very well. " (E6S)

Detail of information. Experimental group participants
expressed appreciation in the degree of detail provided by
the physiotherapist with many finding it fascinating and
intriguing. Because of this, they reported it easy to remem-
ber and differentiable from other information provided that
day. Participants liked the use of pictures and this assisted in
information recall.

“Just interesting, she went into what happens in vour lungs
and the little hairs and how they do their little Mexicanwave,
that really intrigued me that And how [ need to keep that
working because the stuff from clogging up fromthere, and so
the deep breathing exercises were important for that reason,
to keep preumoniaat bay, I suppose yvou seem to focus on the
things that sort of stick out, and the more mundare suff that
vou're up to speed with, you put that aside and think, well I
know that.” (E83)

“Just the way she explained thing s and she did a little diagram
in the little booklet she gave me. That sort of thing, so just
reviewing that over the period between then andwhen I came
int for my op was helpful cos I could then remember much of
what she said. I'tend to sort of deal a bit in pictures in my
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Table 1
Baselne characteristics of participants.

I. Boden et al. / Physiotherapy 104 (201 8) 1 94-202

Characteristc

Embedded mixed-methods study participants (n=29)

Experimental (n=14) Contol (n=13)

Age (yr), median (1QR)
Male, n (%)

Residential location, n (%)
Metropolitan
Regional
Rural/remote

Surgery type, n (%)
Colorectal
Upper gasrontestinal
Urology/other

Expertise of pre-operative phyvsiotherapist/student
Senior, n (%)
Student, n (%)

Days from pre-operative physiotherapy to day of surgery, median (10R)

Length of hospital stay, days, median (1QR)

58 (48 1o 66) 7064 o 76)"

11 i) 9 (69
0 Oy
(50 Bi(62)
B (50) 5(38)
6 (38) H2i62)
G (38) 3(23)

4 (25) 210(15)
12 (75) 13 ¢ 1000
4 (25) O gn®

6 (210 13)
(8 o 10)

G2 to 30
98 w15)

1QR—mnterquartile range.

Penotes characteristic imbalanced between groups,

Tahle 2

Recall of specific information items from pre-operative phy siotherapy session.

Outcome, n (%)

Groups Relative risk between groups

Ex perimental (n=16) Control (n=13) Experimental relative @ control

RR 95% Cl P-value
Recall of breathing and coughing exercises 15 (9 2015) £ 1.7 w022 <0001
Breathing exercises 13 (81) 2015) 5.3 1.4 w19 <(.001
Early ambulation 12(75) 2(15) 49 1.3 o 18 0.001
Lung physiology, mucociliary clearance B (507 00y 0.003
Coughing & (500 1 (8) 6.5 08 w45 0015
Preventing pneumonia 5030 0 0028
Nothing 0 5 (38) 0.006
The research project 1 (&) 5(38) 0.z 00w l.2 NS
Booklet & (50) 4(31) 1.6 06 wd2 NS
Table 3
Memorability of the pre-operative physiotherapist encounter,
Outcome, n (%) CGroups Relative risk between groups

Experimental (n=16G) Control (n=13) Experimental relative to control
RR 95% CI P-value

Participants reporting that 13 (81} 18] 106 L6 o 70 <0001
physiotherapy information was the
most memorable from all provided at
pre-admission clinic
Participants who remembered 15 (54) 96 6 6o 3] (.08

meeting a physiotherapist

POD = postoperative day, IQR = nter-quartile range.

mind so. . .she went into a bit of detail and so on and that
helped me to remember, and the se days the memory’s not as

good as it used to be.” (ES3)

Mode of delivery. Many patients admitted to not reading
the booklet with some saying they received so much writ-

ten literature it was difficult to differentiate one booklet from
another. Additionally, a number of participants reported diffi-
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Table 4
Early mobilisation outcomes achieved on postoperative days 1 and 2.
Oucome Cirou ps Difference between groups
Experimental Control Experimental relative to contral
n=16) n=13) RR or OR 95% Cl Pvalie
Propartion that mobilised > 1 minoie on PO, n (%) 16y (1000) EN(EE)] 1444 1LOT - 2.08 Q.03
Proportion that mobilised > 10 minutes on PODL, n (%) 4025) 4031} 0.81" 0.25 - 2.64 1.0
Mobilisation stage (0= 7) achieved on PODN, median (10R) 4.5(1.5) 3id4) 2,530 0.54-11.9 0.24
Mobilisation stage (00— 7) achieved on PODZ, median (10R) 5i(1.5) 5(2.5) 3200 0.77-13.32 011
POD = postoperative day, 10QR = interquartile range.
! Relative risk between groups.
b (3dds ratio between groups.
culty reading and preferred personal delivery of information Discussion
with pictorial content.
This randomised-controlled, triple-blinded, mixed-

“I'had a lot of literature. I believe that there would be a lot
of good readers around. . . there'd be a lot of people that are
good listeners. . .and there’s alot of people that have only got
to see it once and they can remember it. . Yeah. And if vou
sorta see ff, you. . .this is me. But if I read it, well. . .fwasn't
very good eaucated at school so. . .. 'mnot a reader. . .(but)
if I see something [ say well gee that's going to help if I do
this. . It helps me a lot.” (C77)

“No, can’t remember what was in that booklet. But I still do
have It Got it in me bag. Yeah. I think it helped thar [ met
one-on-one with her. Like it would have been no good if | just
got a bit of paper in the mail saving vou know this and this
and this. . . meeting face-to-face was a lot better(E101)

Theme 2: impact of information between groups

Information overload. A number of control group partici-
pants felt overwhelmed during a long pre-admission clinic
and attributed this to not being able to remember information.

“And[l had five hours in that pre-op. . .as you can appreciate
there’s that much that happens up here, a lot goes straight
over vour head. . .and a lot’s forgotten.” (C77)

“You have so much to take in, vou know, in a few hours, and
really. . you're in a state of shock.”(C97)

Value of information. Experimental group participants
placed high value on the respiratory and early ambulation
education and appreciated that they could have a role in their
postoperative recovery.

“{ Preumonia ) that was the one thing [ really didn’t want to
have. . I thowght the whole process of giving you that infor-
mation and making sure that you're aware that these are the
steps vou need to take post-surgery to make sure that vou
get up and get poing and aid vour recuperation. . it’s very
important” {ES])

methods  study finds that face-to-face physiotherapy
education and fraining prior to UAS has fidelity in the
domains of treatment receipt, differentiation, and enact-
ment. Pre-operative education leads to significantly better
postoperative information recall and a small improvement
in ambulation on the first postoperative day when compared
to patients who received information via a booklet alone.
The pre-operative physiotherapy education was highly
memorable standing out from all other pre-admission
clinic information. Qualitative results attribute this to the
personal delivery of detailed, interesting, and practical
information that patients place high value upon. Patients rate
pre-operative counselling and avoiding infection as the two
most important strategies for improving recovery after UAS
[ 18], preferring personalised delivery of detailed information
| 19] which meets their need for control over their disease
and surgery [20]. These factors tend to be underestimated
by health-professionals [21]. The high memorability and
fidelity of pre-operative physiotherapy could be because
it successfully met components desired by patients. This
then strengthens self-efficacy via adult-learning principles
enabling a person to enact positive health behaviours [22].

Although we measured a significant effect, the 95% con-
fidence intervals are wide. To attain more certainty requires a
larger sample. This was not feasible with our chosen research
method within finite resources. A semi-scripted recorded
interview was chosen to measure our main outcome as this
was considered least likely to introduce reporting bias and
obtain true unsolicited information recall. Likert-scale or
multiple-choice questionnaires, although less resource inten-
sive, could prompt recall through the formatting nature of
questions. The semi-scripted interview and quantitative scor-
ing schema were not tested nor validated prior to use in
this trial so there is a possibility that measurement error
and reporting bias could exist due to the unknown measure-
ment properties of this tool. Further research is required to
determine an accurate, sensitive, and cost-effective method
to assess information attainment in surgical populations.
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Research in pre-operative education [23-25] is limited by
methodological flaws, such as non-randomisation and uncon-
trolled interventions. Controlling for Hawthorme effects is
vital, as physiotherapist character quality can independently
improve clinical outcomes [26]. To control for the patient-
therapist relationship all participants in our study were
met by a physiotherapist. Most participants, including con-
trol participants, remembered meeting a physiotherapist and
commented on her friendliness highlighting the importance
of having an active control arm in physiotherapy trials. In our
trial the superior recall rate is most likely dependent on the
type and mode of information provided rather than on the
personality of the therapist who provided it. It is also possi-
ble that the training component of the intervention, which we
could not control for, may provide an additional Hawthorne
effect and could explain a degree of the memorability of the
intervention.

To the authors’ knowledge, this study is singular in
this field to have rigorously assessed for selection bias,
representativeness within a larger population, and baseline
comparability. Our mixed-methods sample had more senior
physiotherapist’s interventions and rural residents compared
to the larger LIPPSMAck-POP population. It may be pos-
sible that educational attainment is superior when delivered
by an experienced physiotherapist although there is no pub-
lished literature that supports this. Another factor that could
influence recall of pre-operative information is health liter-
acy. Rural area residents may have lower health literacy than
city residents. Although we did not measure this formally, a
number of participants reported poor reading skills. 60% of
Australian adults have inadequate health literacy [27]. In our
study, information attainment through written material alone
was inadequate with most participants reporting that they did
not read the booklet and were given too many written materi-
als. Patients find written materials complex to understand and
difficult to remember without oral explanation [25]. Booklet
information could be adequate for people with high health
literacy levels although this remains to be determined.

Within the mixed-methods study there was a 12 year mean
age difference which could favour the experimental group
if older age reduces ability to recall information. However,
age is an insensitive estimate of cognition. A majority of
community-dwelling adults do not have significant mem-
ory decline between the ages of 60 and 80 [28]; however,
cognitive decline accelerates over a 10 year period follow-
ing a single surgical episode or following diagnosis of a
mild cognitive impairment [29]. Our study could have been
strengthened with assessment of cognitive function and inci-
dence of surgery within the preceding decade.

Our primary aim was to measure treatment fidelity
(receipt, differentiation, and enactment) of pre-operative
physiotherapy education. Although there were strong effects
to receipt and differentiation, there was only a small differ-
ence in our proxy measure of treatment enactment; early
ambulation. This measure was used as it was concurrently
measured within LIPPSMAck-POP. Early ambulation fol-

lowing UAS has many performance barriers [5]. Patient
knowledge and motivation may be one ofthem. Pre-operative
early ambulation education has been shown to improve
ambulation performance [30]. Owr intervention focused
predominantl yon respiratory information and breathing exer-
cises to prevent pneumonia and contained a small component
about early ambulation. The information about early ambula-
tion may not have been sufficiently strong enough to engender
a large postoperative response. A more sensitive measure of
treatment enactment for our study would have been to specif-
ically measure breathing exercise adherence. We could have
recorded performance with a diary; however, the expecta-
tion that patients could complete an entry each time they
performed them, especially when emerging from anaesthetic
is unreasonable and unreliable. A diary could also act as
a reminder of pre-operative information and confound the
independent recall of information being tested. A more reli-
able measurement of breathing exercise adherence requires
future exploration. Another reason we may not have found a
difference in early ambulation performance was that it was
provided by blinded physiotherapists using a standardised
protocol. Our findings could be a measure of standardisation
success rather than a lack of treatment effect.

Another domain of treatment fidelity, integrity (how con-
sistently the information was delivered), was purposively not
assessed. Tightly controlled protocols may improve reliabil -
ity, however, as physiotherapists deliver information with
varying styles, tone, and, authority, LIPPSMAck-POP was
deliberately pragmatic in design. The delivered information
was guided by a semi-scripted list although degrees of free-
domin personalisation and answering patient questions were
allowed. This improves generalisability to other physiother-
apists as providers of this type of education.

This study finds that physiotherapy education and train-
ing prior to UAS is a high fidelity intervention. Pre-operative
physiotherapy education and training provides highly memo-
rable information about the risk ofa PPC and the self-directed
breathing exercises and early ambulation program that may
prevent it. These exercises were recalled by almost all
patients who received them directly from a physiothera-
pist, whereas, information delivered solely via a booklet
was inadequate with a recall rate of just 15%. Results
of this nested mixed-methods study will inform interpre-
tation of LIPPSMAck-POP primary results. It remains to
be determined if this memorable high fidelity pre-operative
physiotherapy intervention translates into aclinicall y relevant
reduction in PPC.
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Key messages

# A single 30-minute face-to-face physiotherapy edu-
cation and training session at a multi disciplinary
outpatient clinic prior to elective upper abdominal
surgery has high treatment fidelity and stands out
from all other health professional interactions.

e An information booklet is not sufficient to pro-
vide information on early ambulation and breathing
exercises to be performed following elective upper
abdominal surgery.

e This paper provides novel evidence that pre-operative
physiotherapy education and training is remembered
and enacted following surgery. This memorable, high
fidelity intervention could prevent postoperative pul-
monary complications.
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6.3 Supplementary material

Published online as supplementary information for the published manuscript
https://www.sciencedirect.com/science/article/abs/pii/S0031940617300871

Box.1: Postoperative interview

Hi, my name is ; ’'m from the Department of Surgery and would like to ask
you some questions about the preparation you received from the hospital before you came in

for your operation.

I know that before your operation you came in to the Pre-Operative Assessment Unit where

you were seen by an anaesthetist, nurses, surgical staff and a physiotherapist.

What pieces of information you received that day really stand out in your memory?

Do you remember meeting (insert name here), the physiotherapist?

What do you remember about the information that (insert name here) gave you that day?

You were provided with a booklet at this session, tell me what you remember about the

information in that booklet.

Thinking back to the information (insert name here) gave you, tell me what remember about

walking after your operation.

Tell me what you remember about deep breathing and coughing exercises. How many deep

breaths in a row are you supposed to do and how often should you do them?
Tell me why these things are important.
Do you think way you received the information helped you to remember it?

As you know, being part of this trial means you either received the normal amount of
information or a lot more information when you met the physiotherapist at the Pre-Operative

Assessment Clinic before your surgery. Which do you think you received?

Why do you think that?

103


https://www.sciencedirect.com/science/article/abs/pii/S0031940617300871

Chapter 6: Treatment fidelity of preoperative physiotherapy

Table 6 Characteristics of participants in embedded mixed-methods study, those recruited for

mixed-methods study then excluded or lost to follow-up, and all other LIPPSMAck POP

participants

Characteristic

Groups

Embedded mixed-methods

Excluded/lost to follow-

All other LIPPSMAck POP

study participants up from embedded study participants
(n=29) (n=24) (n=379)

Age (yr), median (IQR) 64 (5310 71) 68 (57 to 75) 66 (55to 74)
Male, n (%) 20 (69) 15 (63) 231 (61)
Caucasian, n (%) 29 (100) 23 (96) 364 (96)
Residential location, n (%)

Metropolitan 0 (0)* 0 (0) 72 (19)

Regional 16 (55) 10 (42) 159 (42)

Rural/remote 13 (45) 14 (58) 148 (39)
Surgery type, n (%)

Colorectal 14 (48) 12 (48) 187 (49)

Upper 9 (31) 4(17) 93 (25)

gastrointestinal/hepatobiliary

Urology/other 6 (21) 8 (32) 99 (26)
Control / Intervention, n (%) / n (%) 13 (45) / 16 (55) 15 (62) /9 (38) 186 (49) / 193 (51)
Expertise of preoperative
physiotherapist

Senior, n (%) 25 (86)* 20 (83) 241 (64)

Junior, n (%) 4 (14) 4 (17) 138 (36)
Days from preoperative 6 (2 to 20) 6 (310 24) 9(3t017)
physiotherapy to day of surgery,
median (IQR)
Length of hospital stay (days), mean 13 (15) 12 (10) 11 (11)

(SD)

IQR — interquartile range, *denotes characteristic imbalanced between groups
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The LIPPSMACcK-POP trial.
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ABSTRACT

OBJECTIVE

To assess the efficacy of a single preoperative
physiotherapy session to reduce postoperative
pulmonary complications (PPCs) after upper
abdominal surgery.

DESIGN

Prospective, pragmatic, multicentre, patient and
assessorblinded, parallel group, randomised placebo
controlled superiority trial.

SETTING
Multidisciplinary preadmission clinics at three
tertiary public hospitals in Australia and New Zealand.

PARTICIPANTS

441 adults aged 18 years or older who were within
sixweeks of elective majoropen upper abdominal
surgery were randomly assigned through concealed
allocation to receive either an information booklet
(n=219; control) or precperative physiotherapy
(n=222; intervention) and followed for 12 months.
432 completed the trial.

INTERVENTIONS

Preoperatively, participants received an
information booklet (control) oran additional 30
minute physiotherapy education and breathing
exercise training session (intervention). Education
focused on PPCs and their prevention through
early ambulation and self directed breathing
exercises to be initiated immediately on regaining
consciousness aftersurgery. Postoperatively, all
participants received standardised early ambulation,
and no additional respiratory physiotherapy was
provided.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Pulmonary complications are among the most serious negative outcomes after
upper abdominal surgery and are associatedwith high mortality and costs

Trials have indicated that these complications might be prevented by
preoperative physiotherapy education and breathing exercise instructions alone

This evidence is limited by methodological weaknesses and poor generalisability
within the context of modern advances in perioperative surgical practice

WHAT THIS STUDY ADDS

This trial provides strong evidence that a single preoperative physiotherapy
session that educates patients on the reason and necessity to do breathing
exercises immediately after surgeny halves the incidence of postoperative
respiratory complications

The number needed to treat to avoid postoperative pulmonary complications,
including hospital acquired pneumaonia, is 7 (95% confidence interval 5 to 14)
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MAIN OUTCOME MEASURES

The primary outcome was a PPCwithin 14
postoperative hospital days assessed daily using the
Melbourne group score. Secondary outcomes were
hospital acquired pneumonia, length of hospital stay,
utilisation ofintensive care unit sewvices, and hospital
costs. Patient reported health related quality of life,
physical function, and post-discharge complications
were measured at six weeks, and all cause mortality
was measured to 12 months.

RESULTS

The incidence of PPCs within 14 postoperative
hospitaldays, including hospital acquired

pneumon ia, was halved (adjusted hazard ratio 0.48,
95% confidence interval 0.30 to 0.75, P=0.001) in
the intervention group comparedwith the control
group, with an absolute risk reduction of 15% (95%
confidence interval 7% to 22%) and a number needed
to treatof 7 (95% confidence interval 5 to 14). No
significant differences in other secondary outcomes
were detected.

CONCLUSION

Ina general population of patients listed for elective
upper abdominal surgery, a 30 minute preoperative
physiotherapy session provided within existing
hospital multidisciplinary preadmission clinics
hales the incidence of PPCs and s pecifically hos pital
acquired pneumonia. Further research is required to
investigate benefits to mortality and length of stay.

TRIAL REGISTRATION
Australian Mew Zealand Clinical Trials Registry ANZ CTR
12613000664741.

Introduction

Upper abdominal surgery is the most frequent major
surgical procedure performed in developed countries.'
A postoperative pulmonary complication (PPC) is the
most common serious complication after this type of
surgery.” The reported incidence is between 10% and
50% of patients.”'* The variahility in reported PPC
rates after upper abdominal surgery can be explained
by the differing patient risk profiles studied and PPC
definitions utilised. A PPC is strongly associated with
increased mortality, morbidity, and healthcare costs, **
Pulmonary complications (including pneumonia
and severe atelectasis) are caused by postoperative
pathophysiological reductions in lung volumes,
respiratory muscle function, mucociliary clearance,
and pain inhibition of respiratory muscles."”
Breathing exerises may prevent PPCs by reversing
these problems, although evidence is inconclusive.'
Findings may be limited by confounding combinations
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of both preoperative and posto perative interventions.
Timing may be a key factor in reversing posto perative
atelectasis.'® The time point of initiation of breathing
exercises could be improved if patients were educated
and trained before surgery to perform their breathing
exercises immediately after surgery, rather than
waiting for the first physiotherapy session, which is
commonly not provided until the day after surgery.'®

Preoperative education and breathing exercise
training alone is reported to be associated with a 75%
relative risk reduction and absolute risk reduction
of 20% in PPCs' '* although this effect could be
exaggerated by methodological hbiases of single
centre trals, nonmasked assessors, and low risk
surgical cohorts. Non-reporting of PPC risk factors
and non-standardisation of early ambulation and
physiotherapy are additional confounders that limit
conclusions. Additionally, preoperative education
to prevent PPCs has not been tested in the context of
recent advances in perioperative management, such as
minimally invasive surgery or enhanced recovery after
surgery pathways,'” or where preoperative education
is provided at outpatient clinics many weeks before
surgery and by physiotherapists of different ex perience
levels; both confounders of typical current practice at
public and private hospitals.

The Lung Infection Prevention Post Surgery
Major Abdominal with Pre-Operative Physiotherapy
(LIPPSMAck-POP) trial tested the hypothesis that
preoperative  education and breathing exercise
training delivered within six weeks of surgery by
physiotherapists reduces the incidence of PPCs after
upper abdominal surgery. We tested this pragmatically
with physiotherapists of varying levels of experence
providing  the intervention  within  existing
multidisciplinary preadmission clinics and within
the context of modem advances in perioperative
management.

Methods

The trial was a pragmatic, intemational, multicentre,
patient and assessor blinded, parallel group,
randomised placebo controlled tral, powered for
superiority and conducted at three Australian and
New Zealand public hospitals. Siteinstitutional review
boards and ethics committees approved the study,
and an independent data safety and monitoring board
(see appendix) oversaw the trial’s safety and ethical
conduct. Full details of the trial's rationale, design,
protocol, and interventions are published elsewhere.™

Participants

Eligible patients were English speaking adults 18 years
or older who were awaiting elective upper abdominal
surgery that required general anaesthesia, a minimum
overnight hospital stay, and a 5 cm or longer incision
above, or extending above, the umbilicus, and who
attended an outpatient preadmission assessment
clinic. We excluded patients if they were current
hospital inpatients, required omgan transplants,
required abdominal hernia repairs, were unable to

amhbulate for more than one minute, and were unahle
to participate in a single physiotherapy preoperative
session within six weeks of surgery. Site investigators
screened preadmission clinics daily and invited
eligible patients to participate in the trial. Written
informed consent was gained before randomisation.

Randomisation

Preoperative physiotherapists randomly assigned
consecutive  participants to  either intervention
(information booklet plus preoperative physiotherapy
education and training) or control (information
booklet alone) wusing sequentially numbered
sealed opague emvelopes containing allocation
cards wrapped in aluminium foil. An independent
administrator who took no further part in the trial
preprepared these envelopes. Randomisation occurred
before the preoperative physiotherapy assessment.
Patient details were marked on envelopes to record
that randomisation was in order of recruitment.
The allocation sequence was determined by a web
based computer generated blocked random number
table (1:1), which was unavailable to trial staff until
completion of the trial.

Masking

Site investigators and preoperative physiotherapists
aware of goup allocation had no contact with
patients postoperatively. The patients, postoperative
physiotherapists, hospital staff, and statisticians
were unaware of group assignment. We assessed the
success of patient masking in a convenience sample of
29 consecutive participants®' (see appendix). Primary
and secondary outcome assessors were masked to
group allocation and not involved in postoperative
clinical management. Data were entered into locked
electronic databases. These were unsealed for initial
analysis after the final participant had reached the six
week follow-up. Databases were resealed until thefinal
12 month follow-up.

Interventions and procedures

At participating centres, as per accepted standard
care, patients listed for upper abdominal surgery
are required to attend a hospital multidisciplinary
outpatient clinic for presurgical evaluation within six
weeks of surgery. At these clinics patients are seen
by a nurse, anaesthetist, doctor, and, if required, a
stomal therapist. Consenting eligible patients were
entered into the trial and provided with an additional
physiotherapy session at these clinics.

The preadmission physiotherapy session for
control and intervention participants consisted of a
standardised physical and subjective assessment.”
The physiotherapist gave participants an information
booklet containing written and pictorial information
about PPCs and potential prevention with early
ambulation and breathing exercises. Within this
booklet, breathing exercises were prescribed and
consisted of two sets of 10 slow deep breaths followed
by three coughs, to be performed howly and starting
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immediately after surgery. No physiotherapy related
information other than that contained within
the booklet was provided to contwol participants
Physicians and nurses at the preadmission clinic
provided information to participants at their discretion
and thiswas expected to contain the standard amount
of education, information, and preparation from these
other professions.

Participants randomised to the intervention group
received an additional single 30 minute education
and breathing exercise coaching session with the
physiotherapist immediately after the standardised
physiotherapy assessment and delivery of the booklet.
During this session, participants were educated
about the possibility of PPCs after surgery and given
an individualised risk assessment.” The effect of
anaesthesia and abdomina surgery on mucociliary
clearance and lung volumes was explained.
Consequences of bacterial stagnation in the lungs
were highlighted, utilising the booklet's diagram
of mucociliary clearance. The participants were
informed that although PPCs were preventable with
early ambulation it was often not possible to ambulate
at the intensity and duration thought to prevent
PPCs until the first or second postoperative day. The
participants were educated that self directed breathing
exercises were vital to protect their lungs during this
inactivity phase and to commence them immediately
on regaining consciousness and to continue them
hourly until fully ambulant. The physiotherapist
then trained the intervention participants on how to
perform the prescribed breathing exercises, as detailed
in the booklet, and they were coached for at least three
repetitions. To help patients remember to perform
the exercises howrly in the postoperative period,
memory cues were provided. Pragmatically, when we
were unable to provide interventions face to face, the
booklet was mailed to patients and assessment and
education were provided by telephone.

Eleven physiotherapists with varving levels of
experience provided the preoperative interventions
Thephysiotherapistsincludedstudents, new graduates,
senior physiotherapists, through to a physiotherapist
with 15 years of acute surgical practice and extensive
experience in patient education. To ensure consistency
in delivery, all physiotherapists viewed an audiovisual
recording of the most experienced physiotherapist
providing a preoperative intervention and were
provided with a semi-scripted guide to the education
session.

From the first postoperative day both control and
intervention participants received a physiotherapy
directed standardised assisted early ambulation
programme™ (see appendix). Ward physiotherapists
assessed the participants daily using standardised
criteria®(seeappendix)anddischarged the participants
from the assisted ambulation service once a threshold
score was met. At the first ambulation session, ward
physiotherapists provided participants with a walking
aid if needed, an abdominal support pillow for use
during coughing, and a brief reminder to perform the
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breathing exercises as described within theinformation
booklet provided preoperatively. Other than the
daily assisted ambulation programme and the brief
breathing exercise reminder on the first postoperative
day, no additional respiratory physiotherapy was
provided to either control or intervention participants.
Site investigators monitored and reported divergence
from this protocol. If nursing staff provided respiratory
devices (eg, incentive spirometry or positive expiratory
pressure devices), site investigators removed these and
recorded the incidence (see appendix). If a participant
was diagnosed as having the primary PPC end point, a
site investigator informed the ward physiotherapist,
and respiratory physiotherapy was subsequently
delivered at the attending physiotherapist’s discretion.
No attempt was made to standardise the way medical
or nursing staff encowaged participants to perform
breathing exercises as this was considered unfeasible
and not reflective of pragmatic ward practice. All
other aspects of perioperative patient care, including
the type of anaesthesia, postoperative analgesia,
surgical techniques, and postoperative clinical care
were provided at the discretion of the anaesthesia
and surgical teams and according to routine clinical
practice at each centre,

Outcome measures

The primawy outcome was incidence of a PPC
within 14 postoperative days, or hospital discharge,
whichever came sooner. Assessors masked to group
allocation assessed participants prospectively and
daily until the seventh postoperative day. From the
seventh postoperative day additional assessments
were performed only as clinically suspected until day
14 when signs or symptoms of respiratory system
deterioration were reported in the medical record.
Participants were screened using a standardised
validated diagnostic tool”™'® '® ** consisting of eight
symptomatic and diagnostic criteria (see box 1). A PPC
was diagnosed when four or more of these eight criteria
were present at any time from midnight to midnight
each postoperative day.

Secondary outcomes incduded pneumonia,”’
defined as the presence of new chest infiltrates
on radiography with at least two of the following
criteria: temperature >38°C, dyspnoea, cough and
purulent sputum, altered respiratory auscultation,
and leukocytosis »14 000/mL or leucopenia <3000/ mL
within the first 14 hospital days, length of hospital stay
(acute and subacute inclusive), readiness for hospital
discharge®® within the first 21 hospital days, number
of days in an intensive care or high dependency unit,
all cause unplanned admissions to an intensive care or
high dependency unit, and hospital costs. Additional
secondary outcomes measured at six weeks were self
reported health related quality of life and physical
function using the SF-36 version 2°° and specific
activity questionnaire,” hospital readmissions, and
self reported complications that required medical
review (respiratory, thromboembolic event, cardiac,
gastrointestinal, wound infection, fatigue, or
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RESEARCH

Box 1: Postoperative pulmonary complication diagnostic tool: Melbourne group

score

Diagnosis confirmed when four or more criteria are present in a postoperative day:

* New abnormal breath sounds onauscultation different from in the preoperative
assessment

* Produdion of yellow or green sputum different fromin the preoperative assessment

* Pulse aximelry oxygen saturation [SpDi]-:QU% anroam airon maorethan one
consecutive postoperative day

¢ Maximumoraltemperature »38°C on more than one consecutive posto perative day

* Chest radiography reportof llapseor consolidation

* Anunexplained white cell count greaterthan 110" L

* Presence of infection on sputum culture report

* Physician's diagnosis of pneumaonia, lower or upper respiratory tractinfection, an
undefined chest infection, or prescription of anantibiotic for a respiratory infection

weakness). Following newly published meta-analysis
data showing a strong association between mortality
and PPCs* we added a further secondary outcome of
12 month all cause mortality one year into the trial.
Assessors masked to group assignment retrieved these
data for all participants from government databases.

To assess standardisation of postoperative
ambulation we measured hours from surgery until
participants were ambulant with a physiotherapist
for longer than one minute, days until ambulant for
longer than 10 minutes, and days until discharged
from assisted ambulation.

Statistical analysis

Sample size

The study was powered based on two rationales:
absolute risk reduction in PPCs of 20% as reported
by previous trials of preoperative education,'” '* and
a PPC rate of 38% (95% confidence intewal 26% to
52%)at the primary participating institution identified
by retrospective audit of consecutive patients requiring
upper abdominal surgery (n=50, unpuhblished data,
2008). For the purposes of this trial, conservative
goals (minimum 109 absolute risk reduction from
a 20% baseline PPC risk) were set considering time
passed since previous audits and trials, known
improvements in perioperative care during this time,
and methodological limitations of previous research.
A priori we estimated a sample of 398 patients would
have 80% power to detect a significant difference
between groups (P=0.05, two sided) with an 119
inflation to account for drop-outs, non-compliance,
and uncertainty of baseline risk, providing a final
sample size of 441.

Baseline comparability and adjustment factors
Results were adjusted using backwards stepwise
regression for specificbaseline covariates considered a
priori*® to affect primary outcome, These prespecified
covariates were respiratory comorbidity, smoking
history, physical activity, age, obesity, duration of
operation, surgical category, incision type, admission
to intensive care, intraoperative ventilaton, fluid
delivery, blood transfusions, postoperative analgesia
mode, and prophylactic antibiotics

Analysis of primary and secondary outcomes

To estimate primary outcome efficacy and binomial
secondary outcomes we used multivariate robust
random effects Poisson generalisedlinear regression. We
compared the time effect of day the PPCwas diagnosed
(to day 14) and mortality (to 12 months) between
groups using Cox proportional hazards regression with
or without adjustment for covariates and graphically
illustrated using Kaplan-Meier methods. Analysis
of hospital length of stay and readiness for hospital
discharge (to 21 days) was prespecified®” using mixed
effects ordered logistic regression. However, as these
time points are truncated in patients who died, we also
performed a sensitivity analysis using Cox proportional
hazards regression with or without adjustment for
covariates, where deaths were treated as censored
times without failure.

For all outcomes we estimated differences in effect
size between groups on an intention-to-treat basis.
We recruited patients with an anticipated surgical
procedure complying with the trial protocol. At times
this planned procedure was changed intraoperatively
to lower abdominal or laparoscopic swgery. We
also performed a prespecified per protocol analysis
excluding participants operated on through an incision
wholly below the umbilicus or by laparoscope alone,™
These participants were not provided with assisted
ambulation physiotherapy as this was not standard
care at participating sites for this patient cohort. In
these participants we therefore did not assess days to
discharge from assisted ambulation. We excluded from
all analyses those participants who failed to progress
to suwrgery or withdrew their consent.

Exploratory analyses
We performed exploratory post hoc sensitivity
adjusted analyses of the per protocol population to
determine the effect of specific covariates (experience
grade of treating physiotherapist—experience less
than five vears versus experience more than five
vears; surgical group—upper gastrointestinal/
hepatobiliary, colorectal, renal/urology, preoperative
respiratory complication risk score,” age, and sex)
across all primary and major secondary outcomes.
These covariates were selected to assist in hypothesis
generation according to known factors influencing the
incidence of PPCs and the successful provision of an
education based intervention.

The statistical analysis plan was prespecified” and
we used STATA (version 14.1) for all analyses.

Patient involvement

Oualitativestdiesreportthat patientsratepreoperative
counselling and the avoidance of infection as the two
most im portant strategies for improving recovery after
upper ahdominal surgery,” preferring personalised
delivery of detailed information.” This meets patients’
need for control over their disease and surgery.”
However, health professionals tend to underestimate
these factors™ Before designing the current study,
the corresponding author invited patients who had
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Patients listed for open UAS and attending PAC (p=504)

Excluded (n=63):

Were unable to attend physiothem py at PAC (n=26)
Weme asugical waitlistentry ermr n=11)

Declined to participate (n=5)

Were unable to understand English (n=8)

Had a cognitive impalrment (n=4)

Had a major mobility limitation (n=3)

Had already participated inthe trial (n=2)

Randomised (n=441)
I

'

'

Assigned to precperative
physiotherapy education (n=222)

Withdrawn (n=4):
F—= Mever had surgery (n=3)
Withdrew consent (n=1)

Assigned to preoperative
information booklet (n=21%)

Withdrawn (n=5):
F—= Mever had surgery (n=4)
Withdrew consent (n=1)

Provided with standardised
postoperative early ambulation (n=191)

Included in intention to-treat ana ysis:

14 days fallow- up (n=218)
& week follow-up (n=198)
Lost to fallow-up (n=15)
Died (n=5)

12 month follow-up (n=218)

Had nan-eligible surgery (n=27):
——= Laparoscopic only (n=15)
Lower abdominal only (n=12})

L)
Mot provided with early
ambulation (n=27)

Had nan-eligible surgeny (n=31):
= Laparcscopic only (n=22)
Lower abdaminal anly (n=9)

L}
Mot provided with early
ambulation (n=31)

Provided with standardised
postoperative early ambulation (n=183)

- -1
I——

Included in intention-to treat analysis
14 days follow-up (n=214)

aweek follow-up (n=193)
Losttofollow-up (n=15)

Died (n=6)

12 month follow-up (n=214)

Fig 1 | Flow of patients through trial. UAS=upper abdominal surgery. PAC=preadmission

clinic

abdominal surgery within six months at the primary
participating site to participate in a focus group. These
patients reviewed the information booklet intended to
be provided to all trial participants and were asked to
comment on the type of information about respiratory
complications, breathing exercises, and postoperative
physiotherapy and recovery they would have liked
to have been provided with before their own surgery.
Within the first six months of the trial we interviewed
acomvenience sample of participants in the week after
their surgery.”! This wasto explore further participants’
opinions on preoperative education and to assess the
feasibility of delivering a memorable and impactful
preoperative intervention that had the potential
to change behaviour. At the primary participating
centre the consent form contained a section where
participants could elect to receive a newsletter where
updates on the trial would be provided and results
disseminated.

Results

From June 2013 to August 2015, we assessed 504
patients listed for elective upper abdominal surgery
for eligibility. Of these, 441 met the inclusion criteria
and were randomly assigned to receive either an
information booklet (n=219; control) or precperative
physiotherapy (n=222; intervention). Nine (2%)
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patients were withdrawn from the trial, leaving 432
(989%) included for primary analysis (fig 1). Tables 1
and 2 list the baseline and clinical characteristics of
the participants.

Primary outcome

Overall, 85 of the 432 participants (20%) were
diagnosed as having a PPC. Intention-to-treat
unadjusted results showed statistically significantly
fewer PPCs in the physiotherapy group (27/218,
129) compared with control group (58/214, 279%);
{absolute riskreduction 15%, 95% confidence interval
7% to 22%, P<0.001; table 3). The incidence of PPCs
remained halved (hazard ratio 0.48, 95% confidence
interval 0.30 to 0.75, P=0.001) in the intervention
group when adjustments were made for baseline
imbalances in three of the prespecified covariates—
age, respiratory comorbidity, surgical procedure
(table 3, fig 2), with a number needed to treatof 7 (95%
confidence interval 5 to 14).

Secondary outcomes

The incidence of hospita acquired pnewmonia was
halved in the physiotherapy group in the adjusted
analyses (table 3), with a number needed to treat of
9 (95% confidence intewal 6 to 21). No differences
were detected in the other secondary measures
of hospital length of stay, readiness for hospital
discharge, unplanned readmissions or length of stay
in intensive care, hospital readmissions at six weeks,
and all ambulation attainment measures (table 3 and
appendix). No adverse events were attributable to the
preoperative physiotherapy education sessions or to
the assisted ambulation protocol. Detailed modelling
of specific costs and health economics supporting this
clinical efficacy report will be published later.

Five participants (19%) died during the primary
hospital stay. Four participants (two each in both
groups) acquired a PPC in the first three postoperative
days, progressing to respiratory sepsis, multi-organ
failure, and then death. The ffth death occurred
in a participant who developed a PPC on the 11th
postoperative day and later died of a thromboembolic
event. A PPC within the first 14 postoperative days
was associated with increased mortality at all time
points after surgery (unadjusted 12 month mortality:
24% (20/85) in participants with PPCs v 6% (20/347)
without PPCs; P<0.001; adjusted data figure 15:
appendix). Nodifference in all cause mortality between
groups was seen at sixweeks and 12 months, although
a sustained separation between groups favouring the
intervention group starting at four months was evident
{adjusted hazard ratio 0.78, 95% confidence interval
0.41to 1.48, P=0.45; fig 3a).

Sensitivity analyses

Planned per protocol sensitivity analysis removing
participants who had lower abdominal and
laparoscopic surgery found strengthening of effect in
the primary and most secondary outcomes in favour of
physiotherapy (see appendix). After surgery, 15 (3%)

110



Chapter 7: LIPPSMAck POP — a multicentre randomised controlled trial

Table 1 | Baseline demographic and clinical characteristics of the study population. Values are numbers (percentages) unless stated otherwise

Characteristics
Madian (interguartile mnge) age (years)

Preoperative physiothempy (n=218)

63.4(51.5-71.9)

Information booklet (n=214)
67.5(56.3-75.3)

Men 132(61) 134(61)
Mean (50) body mass indesx 285 (5.9) JB3(6.2)
Body mass index =35 25(132) 30 (14)
ASA physical health status:
1-2 150 (69) 124 (58)
3-4 67 (31) 90 (42)
Comarbiditi es:
Respimtory disease 42119 55 (26)
Diabetes mellitus 33615) 41(159)
Cancer 148 (68) 148 (69)
Cardiac disease 2612 34 (16)
Median (interquartile rarge) functional comorbidity inde: 2 (1-5) 2(1-4)
Preoperative respiratory status
Chronic daily sputum typology:
Mucoid 44 (20) 46 (23
Mucopunilent or pumnilent 281(13) 2019)
Recent chest infection® 208 503
Smoking status:
MNever smoked 76(35) 711(33)
Former smokert 93 (43) 86 (400
Curment smokerk 49 (21) 57027

Mean (50) average packyears

18.11(23.7)

2006 (24.7)

Preoperative strength and activity levels

Mean (50) handgrip strength (kg) 35.1(11.4) 3380109
Mean (50) estimated VO ,max§ (mL/kg min) 16.116.9) 15317.0)
Mean (5D) self reported maximum METS§ 65 20) 630(2.1)
Provision of interventions
Physiothempist experience grade:
Student 31 (14) 30 (14)
Recent graduate 47 (23) 54 (25)
Senior 16 [7) 11105)
Specialist respiratory 124 (57) 119 (56)
Provided by telephone 18 (8) 24 (11)
Median (interquartile range) days from precperative physiotherapy to surgery 8 (3-16) 9 (4-20)
Surglcal category and pocedure
Cobrectal: 108 (50) 101 (47)
Hemicole ctomy 330(15) 37 Q7
Anterior and anteropost erior resection 33 (15) 36(17)
Hartmann's (including reversals) 13 (8) 9 (4)
Other bow el resections 259 (13) 19 (9]
Hepatobiliary/ upper gastrointestinal: 42 (22) 59(28)
Oesophagectomy/gastrectomy 12 (&) 21(10)
Liver surgery 17 (8] 1417)
‘Whipples/pancreadectomy 13 (6) 12 16)
Other 73] 2(6)
Renalfumology/ather: 61 (28) 54 (24)
Nephrectomy 35 (16) 31014
Cystoprostat ectomy oy stectomy 91(4) 7(3)
Adrenalectomy/ pyeloplasty 5(2) 9 (4)
Other 12 (&) 7 (3
Incision type:
Midline laparotomy 109 (50) 103 (48)
Bilateral or unilateral subcostal 40(18) 38 (18)
Tramsverse abdominal 33(15) 341018)
Abdominal+thoracotomy 6(3) 713
Other upper abdominal incision 3(1) 1(0)
Laparoscopic or lower abdominal 27 (12) 31014)
Lergth of procedure (mins):
<120 21 (10) 15 17)
120-179 40 (18) 40(19)
180-239 62 (28) 64.(30)
240-299 37 (17) I6(17)

(Continued)
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Table 1 | (Continued)

Characteristics Preoperative physiotherapy (n=218) Information booklet (n=214)

2300 58 (27) 59 (28)

Intraoperative management

Mechanical ventilation:

Mean (SO) F 02 0.54 (0.14) 0.5610.13)

Median (interquartile range) PEEP (cm H 0} 5 (5-6) 5 (4-6)

Mean (50 tidal volume imL kgl 6.21(1.3) 6.2(1.3)
Mean (S0 intraoperative Auid delivery imL/ kg’ hrl 9.104.5 9.0 (4.6)
Type af intrroperative fluid:

Crystalbid 213 (9B) 202 (54)

Colloid 5(2) 1(0)
Mo of transfusion units:

1-2 73] 6 (3]

>2 2{1 4(2)
Intragperative epidural 47 (22) 44(21)

Postoperative management

Immediate postoperative location:

Surgical ward 124 (57) 115 (54)
ICL 24 (43 99 (46)
|C with mechanical ventilation 21 (10) 23(11)
Mean (SD) Auid delivery postoperative day 1 (mL/kg/min 1.4 (0.8) 15(1.1)
Antibiotic delivery before PPC, discharge from hospital, or day 14, whichever came first:
Prophylactic during surgery 212 (97) 209 (98)
All types of B lactamase inhibitor 191 (B8) 183 (B6)
Penicillins and 1st-2nd generation cephalosporins 186 (85) 180 (84)
3rd generation cephalosporins/macrolides 16 (7) 20 ()
Other 33 (15) 35 (16)
Analgesia management:
Oral 210 (96) 211 (8%)
Patient controlled intravenous 159 (73) 176 (83)
Patient controlled epidural 22 (10) 20 ()
Continuous epidural 45 (21) 38 (18)
Continuous infusion pump 26(12) 261012)

.ﬂ-Sﬂ--\Aan_.Jn Sac Ht'.ﬂrmdsﬂldsuuluglsls smrawheara 1 isa normal healthy patient, 2 is a patientwith mild systemic JI‘:—'-JsJ 3 isa patient with severa systamic disease, 4 is a patient
a5 athatisa J.'Il'litnl'll thrdnttu lifa, and 5 is a moribund putu'lt wha isnot expactad
expi ¢ pressure; ICU=intens ive care unit; PPC=
ghwith new of malaise, fever, or dysp nosa within two v
ing mare than perative assessment.
ceo regularky within eight wesks o |ds“=-_"|‘=lll-’l'l1
EDerived from specific activity guestionnaire,

rative pul
ks of preo perativ

-U&‘EESIII'—."ITI.

J.'lnsurnr_‘tlun MET5=metabalic aquivalants;

Table 2 | Postoperative clinical events and complications between groups

No (%)

Clinical events or complications Preoperative physiotherapy (n=218) Information booklet (n=214)
Bloodvolume complications:

Hypovolemia 26 (12) 26 (12)

Fluid overload FllE)] 402
Surgical complications:

Surgical lacerations 22(10) 12106

Haemormhage 16(7) 13108

Weund dehiscence 503 8 (4)

Anagomosis leaks 301 2(1
Infection type

Wound 22(10] 250100

Urinary tract 12 (6) 18108

All others 16(7) 2005)

Sepsis B4 14 (7)
Other events:

Delirium 17 (8] 221(10)

Re-intubation 04 115

Cardiac event 11 (5) 7 (3

Fall 0(0) 2101)
Other specific respiratory events:

Pneumaothorax 11 (5 & (4)

Pleural effusion 10 (5] 115

Pulmanary embolisms 301 42

Acute respiatory failure 5{2) 12 (8)
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Table 3 | Primary and secondary outcomes, Values are numbers (percentages) unless stated otherwise

Adjusted analysis Unadjusted analysis
Preoperative Information
physiotherapy booklet HR, OR, IRR HR, OR, IRR
Intention to treat (h=218) (n=214) (95% CI) Pvalue (B5% CN Pvalue
Primary outcome
PPC 27 (12) 58 (27) 048(03010075 0001  043(0.27 o 067) <0001
Secondary outcomes
Pneumonia 18 (8) 42 (20) 045 (0. 26t0 078 0.008 0.40(0.23 to 0.65) <0001
Hospital utilisation:
Median (interguartile range) length of hospital stay (days* A6 11 9 (7-13) 08s (061101180 038 077 (05610 1L07) 013
Sensitivity analysist 1.12(094t01.34) 022 1191055910 1.43) 06
Ready for hospital discharge ([days):
Median (interquartile range)* 6 (5 10) 7 (5-11) 0.85(0.61to1,18 033 70560108 013
Sensitivity analysist 107 (0.90to 128 045 1150961t 1,38) 014
Median (interguartile range) ICL length of stay (days) 1.3(2.9) 1.5(2.7) 097 (067 to1.42)  0Q&S Q83(0.57tp 1.18) 029
Unplanned ICU readmissions 15 (7) 19 (9 093 (047 to 1,85 084 OF8(03910 1.53)  0.46
Hospital readmission at six weeks 16/1597 (18) 33199 (17) 114 071to184) 059 1100690 1.77) 069
Mabilityt:
Median (interquartile range) time from operation to ambulation 23 (20-44) 22 (20-39) 1.03 (D& tol30) 081 108 (D86t 1.37) 050
=1 min (hours)
Median (intemquartile mnge) postopemtive day achieved =10 3(1-5) 3(1-5) 099 DEIt0l1l17) 080 1.05 (08Bto 1.25) 058
mins of ambulation (days)
Median (interquartile range) postoperative day discharged from 3(2-5) 4 (2-5) 105 (D86 to 1.28) 060 1.14(09410 1.39) 0,19
assisted ambulation (days)
Patient reported complications at & weeks:
Ary complications Faf192(39) 79197 (40 090(06Sto1.24 050 089 (06510 1.22) 065
‘Wound infection A6/192(19) 40/197 (20) OBBIDSEt01.3% 050 092 (05910 1.45) 073
Fatigue 291192 (14) 33/197 (14) 1000610166 089 090 (05510 1.48) 0.65
Mauseajvomiting/gastrointestinal 270192 (14) 20197 (14) 098(0.58t01.67) 094 0,96 (0,57 to 1.61)  0.86
Respiratory 8/192 (4) 21/197 (9) 045020t01.03) 0059 0,39 (0,17 o 0.88)  0.024
Cardiac 10/192(5) 3197 (2) 4,06 (109 10151 0036 3420009410 12.4) 0.062
Venothromboambalic events 2/192(1) &/ 197 (3) 0.37 (0.OF to 1.85) 023 Q340007 to 1.69) 0,19
Mean (S0) mortality:
In hospital 3(1.4) 3(14) 17204210701) 045 125 (0.26 10 5.96) 078
At 6weeks 4 (1.8) 3(1.4) 147 03210672) 62 131 (02910 5.83) 072
At 12 months 16 (7.3) 23(11) 078 (0.41to 1.48) Q67 (0350 1,27) 022

PPE=postoperative pulrranary complication; |0U=intensive Gre unit; HR=haz ard ratio; OR=0dds ratio; IRR=incidence rate ratio,
Analyses are adjusted for baseline age, previous respiratory disease, and hepatobiliary /upper gastrointestinal surgary. Point estirates are HR: for all outcomes excapt for ORs for prespacified
analksis of hospital langth of stay and readiness to discharge, unplanned admission to an 10U, langth of stay an an 10U, and hospital readmissions at sixweeks, and |RRs for patiant reported

carmplications.

*Prespecified analysis involved a rank ordered comparison of lengt h of stay [days), using mixed effects ordered logistic regression. OR <1.00 indicates an earlier discharge fom

hes pital,

1Time-to-event analysis with median (interquartile range) number of days reported and estimation of HR using Cox proportion hazards regression. HR =100 indicates an inc reased |ikelihood

of earlier discharge from hospital.

$No mability measures are available for p atients who did not have upper abd ominal surgery.

breaches to the postoperative protocol occurred (see
appendix). Removal of these patients from analysis did
not affect the reduction in PPCs (hazard ratio 0.48, 95%
confidence interval 0.3 to 0.7). To explore variations of
effect and to validate the main results, we performed
further exploratory post hoc adjusted analyses of
subgroup effects (experience level of preoperative
physiotherapist, site, and participantage, sex, surgical
category, and predicted PPCrisk score)in PPCs, hospital
stay, and 12 month mortality. There was a gradient in
PPC reduction according to surgical category, with the
greatest response to preoperative physiotherapy in
colorectal surgery, then upper gastrointestinal surgery,
with the least difference between groups for urology
(fig 4). A similar pattern according to type of surgery
was seen with length of stay and mortality (fig 5 and
fig 6). PPC reduction attributable to the precperative
intervention was greatest in paticipants educated
by an experenced physiotherapist, men, and those
vounger than 65 years (fig 4). In particular, education

— Canitrel
=== |nteventian

Propaortion developing PPC
(=]
n

Hazard ratio: 0,48 (0,30 to 0.75)

. P=0, 001
0 2 4 6 8 10 12 14
Time from s urgen (days)
No at risk

Control
214 198 172 167 162 160 156 156

Intervention
218 207 200 196 192 192 192 192

Fig 2 | Time to diagnosis of a postoperative pulmonary
complication after surgery. Data are onan intention-to-
treat basis and adjusted for age, previous respiratory
disease, and surgical category. PPC=postoperative
pulmonary complication
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(a)
0.08

Hazard ratio: 0.78 (0.41 to 1.48)
P=0.45

Proportion who died

— Cantral
=== |ntervention

9 12

Time from surgery (months)
No at risk
Cantral
214 205 196 193 191

Intemention
218 210 207 203 202

{b)
016
Hazard ratio: 0.29 (0.09 to 0.90)
P=0.032

0.08

Proportion who died

0,04

o
i} 2 4 6 8 10 12
Time from surgery (months)
Nao at risk
Control
101 97 2 90 88 86 86
Intenvention

107 106 105 104 103 103 103

Fig 3 | (a) 12 month mortality between groups; (b) 12
month mortality between groupsin subgroup treated
by experienced physiotherapists. Data are per protocol
and adjusted for age, previous respiratory disease, and
surgical category

provided by experienced physiotherapists was
associated with shorter length of stay (fig 5) and lower
all cause 12 month mortality (adjusted hazard ratio
0.29, 95% confidence interval 0.09 to 0.90, P=0.032;
fig 3b).

At the New Zealand site, the reduction in PPCs
was less than at Australian sites. Exploratory
between site covarate analysis found that the New
Zealand site provided fewer interventions with
experienced physiotherapists (0% v 68%, P<0.001),
less intraoperative fluid (mean 5.1 v 9.8 mL kg hr,
P<0.001), more epidurals (50% v 12%, P<0.001), and
later commencement of postoperative ambulation (52
hours v28 hours, P<0.001). There were no statistically
significant differences between sites in the proportion
of participants who had colorectal surgery, were male,
orwere younger than 65 years

Discussion

In this multicentre trial conducted in two countries we
found that a single 30 minute face-to-face preoperative
physiotherapy educationand training session provided

thebmyj | BMT 201836055916 | doi: 101136,/bmj j5916

within six weeks of surgery halved the incidence
of postoperative pulmonary complications (PPCs),
including hospital acquired pneumonia, after major
upper abdominal surgery compared with information
provided by a booklet alone This association was
stronger in patients having colorectal surgery, those
vounger than 65 years, men, or where an experienced
physiotherapist provided the education.

Hypothesis of effect

Atelectasis is inevitable in the early postoperative
period because of the pathophysiological effects of
anaesthesia,” mechanical ventilation,* and changes
in thoracoabdominal pressure.'*  Postoperative
breathing exercises performed by patients might
reverse this atelectasis, although breathing exercises
coached by physiotherapists postoperatively appear
less effective in reducing PPCs' compared with
preoperative interventions.'” '* **** One explanation
for the effectiveness of preoperative physiotherapy to
reduce PPCs is that the preparation, motivation, and
training of patients before surgery brings the timing of
breathing exercise initiation forward to immediately
after regaining consciousness after surgery. Commonly
in apostoperative only physiotherapy service, coaching
begins on the first or second postoperativeday '*; which
mav be too late, as most PPCs have already occurred
by this time."® Timing of initiation could be critical.
Breathing exercises during the first 24 hows after
surgery could prevent mild atelectasis extending to
severe atelectasis, at which point breathing exercises
are less effective in re-expanding non-compliant
collapsed lung tissue.'® Earlier initiation may also
increase the total dose of breathing exercises. Pain,
nausea, analgesia, anxiety, and persisting sedation
can also compromise a patient's ability to comprehend
instructions when first contact with physiotherapy is
only in the postoperative phase. In this trial, a sample
of intervention patients reported that preoperative
physiotherapy education was memorable and
engaging.?' These patients reported that preoperative
physiotherapy empowered them to treat themselves
and placed high value on its role in improving their
postoperative recovery.”!

Comparison with other studies

Our PPC reduction of an adjusted 52% relative risk
reduction is less than thatreported in methodologically
weaker trials with limitations on generalisability.'” '*
A Pakistani trial'® of 224 patients who were young
(mean age 37), having minor surgeries and of a
reasonably healthy premorbid status, reported that
preoperative education by medical registrars resulted
in earlier postoperative mohbilisation and a 76%
relative reduction in PPCs. Similarly, a single centre
Swedish trial of 368 patients" reported a 78% PPC
risk reduction after open abdominal surgery where
participants were met by experienced physiotherapists
the day before surgery, taught postoperative breathing
exercises, and educated about early ambulation.
Despite the large effect sizes, the generalisability

9

114



Chapter 7: LIPPSMAck POP — a multicentre randomised controlled trial

RESEARCH

All patients
Intention to treat
Perprotocol
Experencelevel of phy sioth erapists
Experienced
Inexpe rienced
Surgical category
Colorectal/lower gastrolntestinal
Hepatobillary/ upper gastrolntestinal
Renal/vascular/ather
Tralsite
Australia
New Zealand
Agelyears)
165
=65
Sex
Women
Men
Preoperative PPCrisk score
Low
High

PPCs (Al cases (%)

Preopermtive
physiothe mpy
27/218(12.4)
26/191(13.6)

15/107 (14.0)
11/84 (13.1)

6/92(6.5)
12/48(25.0)
8/51(15.7)

221159 (13.8)
4(32(12.5)

11/102 (10.8)
15/89 (16.9)

10/761(13.2)
16115 (13.9)

791 (7.7)
19/100 (19.0)

Booklet

58/214 (27.1)
56/183 (30.6)

36/101 (35.6)
20/82 (24.4)

19/89 (21.3)
26/54 (48.1)
11140 (27.5)

52/154 (33.8)
429 (13.8)

2774 (36.5)
29/109 (26.6)

15/68 (22.1)
41/115 (35.7)

1270 17.1)
44/113 (38.9)

Favours preoperative
physiotherapy

Hazard ratio
(95% CI)

P —

[ —

_—

JR—

0.25 0.5 1 2.5

Fawours
booklet

Hazard ratio
(95% CI)

0,51 (0.32 to 0.80)
0,49 (0.30 to 0.78)

0,43 10.23 to 0.81)
0.57 0.29 to 1.13)

0.31(0.12 to 0.79)
0.55 (0.29 to 1.06)
0.65 0,26 10 1.62)

0.47 (0.28 to 0.79)
0,78 (0.21to 2.82)

0,33 0,16 to 0.68)
0.63 0,35 o 1.15)

0.76 (0.34 to 1.69)
0.38 (0,22 to 0.68)

0,44 .17 1 1.14)
0,45 (0.26 to 0.76)

P value

0.004
0,003

0,03
0.30

0.06
0.08
040

0.004
070

0.01
0,42

0.51
0.004

0.18
0.003

Fig &4 | Sensitivity analysis of subgroup effects on incidence of postoperative pulmonary complications (PPCs). Data are
adjusted for age, respiratory comorbidity, and upper gastrointestinal surgery
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Fig 5 | Sensitivity analysis of subgroup effects on hospital length of stay. Data are adjusted for age, respiratory

comorbidity, and upper gastrointestinal surgery. PPC=postoperative pulmonary complication
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Cases|Total (%)

Preopemtive Booklet Hazard ratio Hazard ratio P value
All patients physlatherapy {95% CI) {95% CI)
Intention to treat 16/218(7.3) 23/214 (10.7) — 083 044 o 1.56) 0.56
Perpratacal 15/191 (7.9) 21/183 (11.5) —— 0.84 (04410 1.62) 061
Experence level of phy siotherapists
Experienced 41107 (3.7) 15/101 (14.8) ———a— 0,30 (0,10 10 0.92) 011
Inexperenced 11/84(13.1) 6/82 (7.3) T 2,24 084 to 6,00) 032
Surgical category
Colomctal/lower gastrointestinal 3/92(3.3) 6/89 [6.7) e e 0.64 (0,15t 2.64) 053
Hepatobillary/upper gastrointestinal — 6/48 (12.5) 11/54 (20.4) —_— 0.65 (0,23 t0 1.79) 041
Renal fvascular/ ather 6/51(11.8) 4140 (10.0) _— 1.55 (043 to 5.56) 0.50
Tral site
Austr@lla 8/159 (5.0) 211154 (13.6) — 042 0,18 1o 1.00) 0.05
New 7 ea land 7132(21.9) 0/29 (0.0) — — 8.13 (loto66.25) 005
Age (years)
65 50102 (4.9) 5/74 (6.8) I S 0,98 (02910 3.34) 097
=65 10/89(11.2) 16109 (14.7) — 074 (0,33 to 1.64) 009
Sex
Wamen 576 (6.6) S/68 7.4) —_—— 1.16 (034 to 3.97) 0.81
Men 10/115(8.7)  16/115 (13.9) —_— 0.74 (0.33 10 1.64) 0.46
Preoperative PPCrisk score
Lo 491 (4.4) 4/70(5.7) _a— 0.88 (0.23 to 3.45) 0.86
High 11/100 (11.0)  17/113 (15.0) —— 0,80 0,37 tv 1.73] 0.57
0.1 0.25 1 25 7.5 25100
Favours preoperative Favours
phy siotherapy booklet

Fig 6 | Sensitivity analysis of subgroup effects on 12 month all cause mortality. Data are adjusted for age, respiratory
comorbidity, and upper gastrointestinal surgery. PPC=postoperative pulmonary complication

and wvalidity of these trals are reduced by the low
risk populations, single centre designs, non-masked
assessors, and interventions only by experienced
practitioners.

Our results areimportantin the context of considering
existing evidence for other methods to prevent
PPCs. These include preoperative inspiratory muscle
training, “prehabilitation,” incentive spirometry, and
postoperative chest physiotherapy. Considering how
effective precperative education is in independently
reducing PPCs, the benefit attributed to inspiratory
muscle training™ may come from just educating the
patients preoperatively on breathing exercises rather
than the effect of the training device itself. Inspiratory
muscle training could provide an additive effect
to preoperative education, although this currently
remains untested. Future research into preventing PPCs
will need to standardise the provision of preoperative
physiotherapy education to both treatment arms.

Strengths of the trial
Our trial was specifically designed and powered to
address methodological limitations in previous studies
We included most types of upper gastrointestinal,
colorectal, and renal procedures involving traditional
full length open incision approaches or via modern
minimally invasive methods where smaller length
incisions are preferred. From this population, 88%
of eligible patients were entered into the trial, with a
98% follow-up rate. The three participating sites were

the bmj | BMT 201836045916 | dai: 101136/bmj j5916

representative of the variety of public hospitals in
developed countries; a small rural hospital, a medium
sized regional tertiary referral hospital, and a large
major metropolitan university affiliated hospital.
Given this, our cohort is closely representative of the
heterogeneous population having upper abdominal
surgery. To further promote generalisability of results
the intervention was delivered by physiotherapists of
varying grades of experience and conducted within
an environment reflecive of modern perioperative
practice where patients attend an outpatient
assessment clinic weeks before surgery rather
than admission the day before surgery. Assessors,
postoperative physiotherapists, and participants were
masked to group allocation. To our knowledge we are
one of few trials to assess the success of masking (see
appendix). We also recorded most known perioperative
confounders, including preoperative functional status,
intraoperative fluid administered, transfusions,
ventilation strategies, and postoperative analgesia
and anfibiotic management, and we adjusted the
results for baseline imbalances in variables known to
influence PPCs. To establish efficacy of preoperative
education alone, we standardised early mobilisation
and successfully removed all postoperative chest
physiotherapy modalities.

Implications of findings
Considering the standardisation of postoperative

practice, the most plausible reason for PPC reduction

1
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in our trial is that the participants performed the
breathing exewises as taught preoperatively. This
cannot be proved in this study as we opted not to
measwre postoperative performance of breathing
exercises.  We considered that measuring such
performance could have resulted in a Hawthorne
effect by artificially reminding patients to adhere
to the prescribed breathing exercises, and results
would not be reflective of the pragmatic nature of the
intervention. As a proxy measure of compliance, a
convenience sample of 29 patientswas interviewed on
the fifth postoperative day, with 949% of intervention
participants remembering the breathing exercises
compared with just 15% in those who received the
hooklet alone.”' We extrapolate that a threshold
proportion of intervention participants implemented
the acquired knowledge provided by the preoperative
physiotherapists and performed deep breathing
exercises immediately on regaining consciousness
from surgery and continued to perform them at a dose
necessary to reverse the respiratory pathophysioclogical
changes from surgery, thus preventing PPCs.

Postoperative assisted ambulation in our trial was
carefully standardised, as improvements in hospital
length of stay are independently attributed to early
mohilisation programmes after major surgery.”” Early
ambulation is also espoused as a possible intervention
to prevent PPCs,* although this is not supported at
systematic review level, ™ Our findings, incombination
with those of Schaller et al,” suggest specificity of
therapy, early ambulation to improve functional
recovery, ™ and respiratory therapy to prevent PPCs
Given the cwrent evidence, postoperative early
ambulation cannot be confidently supported as the
only method to prevent PPCs; rather, preoperative
physiotherapy  education should be considered a
primary step in PPC prophylaxis for all patients
awaiting upper abdominal surgery.

Observational studies associate PPC incidence
with increased hospital length of stay.”'® In our
study, despite the incidence of PPCs being halved,
a statistically significant reduction in length of
stay was not detected in the overall population.
Possible explanations for this apparent paradox are
that previously reported associative data between
PPCs and length of stay is unadjusted for other
factors that may influence both outcomes, such as
surgical category, age, comorbidites, and other
concurrent complications. The independent impact
of PPCs to affect length of stay may be less than
previously reported when accounting for confounding
factors. Hospital stay is an outcome with complex
multifactorial reasons for determination, and after
abdominal surgery the standard deviation iswide. For
our population the average length of stay was 11.4 (SD
11.0)days, with arange of 1 to 105 days To determine
a statistically significant difference in length of stay
requires a larger sample size or meta-analysis to
confirm effect. It may also be that we measured total
combined acute and subacute length of stay. Specific
subset effects may apply to acute length of stay only.

RESEARCH

Despite these limitations, exploratory subgroup
analysis of our population revealed that in cohorts
with stronger reductions in PPCs attributable to the
intervention there was also a comesponding stronger
signal to a reduction in length of stay. This suggests
that our length of stay findings may be limited by
sample size and heterogeneous response rates rather
than by alack of effect fromthe intervention. Similarly,
point estimates across almost all other secondary
outcomes in our trial favoured the intervention group,
with sensitivity analyses strengthening these relations
further. Subgroups with the greatest reduction in PPCs
had a consistent signal towards improved secondary
outcomes favouring the intervention group. Again
this may be an indication that secondary outcome
results are limited by sample size rather than by a lack
of effect.

Our study has repeated the reported association
between PPCs and in-hospital and 30 day mortality, ™
and to ow knowledge is the first prospective study
to show an association between PPCs in the early
postoperative period to 12 month all cause mortality.™
Our tral is also the first to find a signal of improved
suwival attributable to an intervention that reduces
the incidence of PPCs although, considering the low
event rates, our study was not adequately powered,
nor was it intended to, mortality being an exploratory
secondary outcome. The 12 month mortality effect
size in our trial was an absolute risk reduction of
59 (129 v 79). This would require more than 1000
participants to confirm the effect of preoperative
physiotherapy to reduce 12 month mortality. Future
studies in prophylactic interventions to prevent PPCs
could consider being powered a priori to detect these
small, yet arguably dinically important, differences in
mortality.

Recommendations for future research

We recommend that future research is directed
towards, fistly,  investigating the improved
postoperative outcomes dependent on the experience
level of physiotherapists providing the preoperative
education; for example, is it the way an experienced
physiotherapist delivers the intervention, or is it due to
repetition and practice of delivering the intervention?
The experienced physiotherapist provided the
intervention 124 times, compared with a maximum
25 for one of the junior physiotherapists Many
practitioner dependent interventions have a leaming
curve, including surgery, where surgeon experience is
associated with improved morhidity and mortality.*
A similar relationship might exist in preoperative
education. Preoperative education provided by two
physiotherapists, including the most experienced,
was found to be highly memorable and impactful for
patients.”! The treatment integrity of the education
and training provided by other physiotherapists in
this trial was not checked or graded. Considering the
effect gradient according to experience level, further
research is required to assess the repeatability of this
intervention to ensure thatitis provided with a similar
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degreeof rigour across all treating therapists. Secondly,
preoperative education needs to be validated in other
elective swrgical populations such as camdiothoracic
surgery and neurosurgery.

Considering the strong association between PPCs
and mortality and the consistent findings across
three trals, four countries and 1000 patients'” '*
that preoperative education significantly reduces
PPCs; we recommend that future studies should
investigate additional PPC prophylactic interventions
to augment preoperative physiotherapy education,
particularly targeting high risk patients. The PPC
rate in high risk patients in our intervention group,
although halved, was still 19%. Considering the high
mortality association with PPCs, more urgently needs
to be done to prevent PPCs in high risk patients, over
and above preoperative physiotherapy education and
postoperative ambulation alone.

Limitations of this trial

Despite concerted methodological efforts to ensure
intemal validity of the trial, baseline imbalances did
exist between the groups. This could just be a chance
bias or a failure of true randomisation. Mathematical
modelling finds that even with true randomisation,
there is a 72.4% probability of two or more uneven
covariateshetween groups if 50Ocovariatesareincluded.
Therefore, there is a moderate to high likelihood that
maldistributions between groups occurred simply
by chance. It is also possible, although unlikely, that
physiotherapists opened envelopes and deliberately
randomised patients prone to PPCs to the control
group.*' Methods of random allocation less prone to
selection bias include telephone or web based systems.
We chose to use sealed envelopes as our trial was
minimally funded and clinician initiated, and reliable
intemet access at all sites was not always ensured.
Envelopes were considered the most feasible, low tech,
and cost effective option to conceal the randomisation
order. An independent audit of ow randomisation
process found no evidence of a failure in sequential
allocation (see appendix). Our results were adjusted
to control for prespecified confounders imbalanced at
baseline; however, our trial could have been further
improved by using stratified randomisation according
to known confounders—for example, surgical category
and respiratory comorbidity. This would have ensured
equal distribution at baseline.

Several aspects of our trial also limit generalisability.
Weexcluded non-English speakers and only conducted
our trial in developed Western countries. It cannot
be extrapolated that preoperative education would
be effective with the use of interpreters, in a different
social-cultural context, through different modes such
as visual recordings or group sessions, or with health
professionals other than physiotherapists.

Additionally, despite our trial being multicentred,
a large proportion of participants were recruited at a
single hospital in Australia. Our trial could have been
strengthened with equal distribution of representation
from other sites and involvement from other countries.
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At the New Zealand site, the reduction in PPCs was less
than at Australian sites. It is possible that this was due
to the difference in experience level of the preoperative
physiotherapists, although the 95% confidenceinterval
is within the bounds of PPC risk reduction at the other
sites, and may rather be a function ofa limited sample.
The New Zealand site also had established enhance
recovery after surgery pathways," unlike the two
Australian sites, which could explain the difference
in intravenous fluid amounts, epidural usage, and
the lower PPC incidence in the control group (13.8%).
Despite the lower PPC baseline risk, subgroup analysis
suggests that across the whole trial sample both
high and low risk patients have a similar relative risk
reduction of PPCs given preoperative physiotherapy
education.

Conclusions and implications for practice

Ow trial provides strong evidence that preoperative
education and training delivered within six weeksof open
upper abdomina surgery by a physiotherapist reduces
the incidence of PPCs including hespital acquired
pneumonia, within the first 14 days after swgery. Our
format of preoperative physiotherapy education and
training was a single 30 minute intervention with
minimal potential to hamm and provided within existing
multidisciplinary hospital clinics that patients are
already required to attend before swgery. These results
are directly applicable to the tens of millions of patients
listed for elective major abdominal surgery worldwide.
This service could beconsidered for all patients awaiting
upper abdominal swgery.
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TIDieR (Hoffmann et al 2014) description of LIPPSMAck POP interventions

Table 1S

TIDieR criterion

Intervention

Standard care

Item 1. Brief name: Provide the name or a
phrase that describes the intervention

Preoperative physiotherapy respiratory education and training + booklet

Preoperative information booklet alone

Item 2. Why: Describe any rationale,
theory, or goal of the elements essential to
the intervention

Postoperative breathing exercises can reverse respiratory pathophysiological effects
of anaesthesia and surgery although the timing of initiation may be a key factor.
Breathing exercises may be ineffective if delayed until the day after surgery when
the first physiotherapy session is commonly provided. The time point of initiation
and dosage of breathing exercises could be improved if patients are educated and
trained before surgery to perform their breathing exercises immediately upon
waking from surgery.

Our intervention is an education-based intervention aimed at educating patients
about the possibility of getting a postoperative pulmonary complication, the
physiological effects of anaesthesia and surgery on respiratory mucociliary
clearance, the effect this has on lung bacterial stagnation, and postoperative
breathing exercises required to overcome these problems and preventing the onset of
postoperative pneumonia.

The aim of the intervention is to educate and motivate patients to engender a
behavioural response that will result in patients starting breathing exercises
immediately upon waking from surgery and for patients to continue to perform these
breathing exercises independently and hourly until frequently ambulant out of bed.

The intervention also included being taught and coached how to perform the
prescribed breathing exercises.

Memory cues were also provided to assist patient to remember to perform the hourly
breathing exercises independently following surgery.
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Item 3. What (materials): Describe any
physical or informational materials used
in the intervention, including those
provided to participants or used in
intervention delivery or in training of
intervention providers.

Participant information materials:
A bookilet (as per standard care group) was provided to accompany the education
and training intervention to consolidate the learnt knowledge.

Physiotherapists training materials:

To ensure consistency in delivery, physiotherapists were required to view an audio-
visual recording of the most experienced physiotherapist providing a preoperative
intervention and were provided with a semi-scripted guide to the education session.
Physiotherapists were instructed to adhere to the overall themes and premises of
information delivery as included within the protocol script and video

Participant information materials:

A booklet containing written and pictorial information
regarding PPC and their potential prevention with
early ambulation and breathing exercises.

Within this booklet, written prescribed breathing
exercises are of two sets of ten slow deep breaths
followed by three coughs, to be performed hourly
starting immediately following surgery.

Item 4. What (procedures): Describe each
of the procedures, activities, and/or
processes used in the intervention,
including any enabling or support
activities

Preoperative phase:

Standardised physical and subjective assessment and provision of booklet as per the
control group.

Intervention participants received an additional single education and training session
of approximately 30 minutes duration with a physiotherapist. Participants were
given an individualized estimate of their likelihood of a PPC based on a risk
prediction tool, and educated about the effect of anaesthesia, abdominal surgery, and
bed-rest on mucociliary clearance and lung volumes. To ameliorate these factors
and prevent bacteria stagnation the importance of participating in an early
postoperative ambulation program and performing self-directed breathing exercises
was emphasised.

Participants were educated on the necessity of performing self-directed breathing
exercises to protect their lungs following surgery. They were instructed to perform
the breathing exercises 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 were not ambulant.

The breathing exercises consisted of two sets of 10 slow-flow breaths to maximum
inspiratory capacity with two to three inspiratory sniff breath stacking manoeuvres.
Each breath was instructed to be held for three to five seconds. Each set of 10
breaths were followed by three coughs, or a forced expiratory technique with an

Preoperative phase:

Standardised physical and subjective assessment
conducted by a physiotherapist consisting of:
questioning on current health co-morbidities, mobility
and functional status, smoking history, lung
auscultation, subjective assessment of cough quality
and strength, sputum production and colour, hand grip
strength, current activity and fitness levels, and Short
Form 36 to measure health related quality of life.

Participants were then provided with an education
booklet. This colour booklet contained written and
pictorial information about abdominal surgery,
expected types of pain management, medical lines and
drains, postoperative recovery process, and how to
prevent postoperative respiratory complications with
early ambulation and self-directed breathing exercises.
The booklet included detailed written instructions to
perform breathing exercises for two sets of 10 deep
breaths followed by three coughs every hour during
waking hours. Participants were instructed to bring the
booklet to hospital for reference following the
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open glottis called a “huff”, with a small firm pillow pressed over on the abdominal
incision to support the wound.

The physiotherapist coached each participant in at least three repetitions, and as
many as required to master technique as judged by the physiotherapist. Participants
were encouraged to practice these exercises prior to their operation to develop
familiarity.

Patients were taught that a physiotherapist would assist them to walk as soon as
possible on the first postoperative day, aiming for a duration longer than 10-minutes
and at a pace causing mild breathlessness. Outside these assisted sessions,
participants were advised to walk or exercise by their bedside as frequently as they
are able.

Postoperative phase:

Standardised early ambulation program (protocol, Boden et al, Trials, 2015)

No coached respiratory physiotherapy

operation. The contents of the booklet were not
discussed with participants in the control group.

Postoperative phase:
Standardised early ambulation program (protocol,
Boden et al, Trials, 2015)

No coached respiratory physiotherapy

Item 5. Who provided: For each category
of intervention provider (for example,
psychologist, nursing assistant), describe
their expertise, background and any
specific training given

11 physiotherapists of varying experience levels: students, new graduates, senior
physiotherapists, through to a physiotherapist with 15 years of acute surgical
practice and extensive experience in patient education.

To ensure consistency in delivery, all physiotherapists viewed an audio-visual
recording of the most experienced physiotherapist providing a preoperative
intervention and were provided with a semi-scripted guide to the education session.

11 physiotherapists of varying experience levels:
students, new graduates, senior physiotherapists,
through to a physiotherapist with 15 years of acute
surgical practice.

Item 6. How: Describe the modes of
delivery (such as face to face or by some
other mechanism, such as internet or
telephone) of the intervention and whether
it was provided individually or in a group

Face-to-face, individual sessions

Pragmatically, when interventions were unable to be provided face-to-face, the
booklet was mailed and assessment and education were provided via telephone.

Face-to-face, individual sessions

Pragmatically, when assessment unable to be provided
face-to-face, the booklet was mailed and assessment
were provided via telephone.

Item 7. Where: Describe the type(s) of
location(s) where the intervention
occurred, including any necessary
infrastructure or relevant features

Outpatient hospital-located multidisciplinary pre-admission clinics at three
government funded, university affiliated, teaching hospitals:

1. Launceston General Hospital (Launceston, Tasmania, Australia), 330-bed inner-
regional, primary referral hospital

2. North Shore Hospital (Auckland, New Zealand), 600-bed metropolitan, primary
referral hospital.

Outpatient hospital-located multidisciplinary pre-
admission clinics at three government funded,
university affiliated, teaching hospitals:

1. Launceston General Hospital (Launceston,
Tasmania, Australia), 330-bed inner-regional, primary
referral hospital
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3. North West Regional Hospital (Burnie, Tasmania, Australia), 240-bed rural 2. North Shore Hospital (Auckland, New Zealand),
secondary referral hospital. 600-bed metropolitan, primary referral hospital

3. North West Regional Hospital (Burnie, Tasmania,
Elective upper abdominal surgical patients at the participating centres attend an Australia), 240-bed rural secondary referral hospital.

outpatient Pre-Admission Clinic session one to six-weeks prior to their operation
where they are assessed by a multi-disciplinary team consisting of, as a minimum, a | Elective upper abdominal surgical patients at the

registered nurse, anaesthetist, and doctor from the admitting surgical team. participating centres attend an outpatient Pre-
Information about the surgical process, pain management, postoperative drips and Admission Clinic session one to six-weeks prior to
drains, and expected recovery process are provided as standard care. 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, postoperative
drips and drains, and expected recovery process are
provided as standard care.

Item 8. When and how much: Describe Within six-weeks of the planned surgical procedure. Within six-weeks of the planned surgical procedure.
the number of times the intervention was
delivered and over what period of time The education and training session was provided once only. The booklet was provided once only.

including the number of sessions, their

schedule, and their duration, intensity or If a participant’s operation is delayed and the time from intervention to day of

dose surgery becomes greater than 42 days, a physiotherapist will contact the participant Ifa p;_mmpam_ s operation is delayed and the time
. . from intervention to day of surgery becomes greater
by phone for a review assessment and to remind them to read the booklet as . A
. . . . . . than 42 days, a physiotherapist will contact the
provided at the pre-admission clinic and a review of the education session and the .. .
. . participant by phone for a review assessment and to
breathing exercises repeated over the phone. . .
remind them to read the booklet as provided at the pre-
admission clinic.
Item 9. Tailoring: If the intervention was | Participants were given an estimate of their individualized likelihood of a None.
planned to be personalised, titrated or postoperative pulmonary complication based on an existing risk prediction tool.
adapted, then describe what, why, when,
and how
Item 10. Modifications: If the intervention | No modifications No modifications

was modified during the course of the
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study, describe the changes (what, why,
when, how)

Item 11. How well (planned): If
intervention adherence or fidelity was
assessed, describe how and by whom, and
if any strategies were used to maintain or
improve fidelity, describe them

Treatment fidelity was measured and published in full (Boden et al, Physiotherapy,
2017)

Treatment fidelity was measured and published in full
(Boden et al, Physiotherapy, 2017)

Item 12: How well (actual): If
intervention adherence or fidelity was
assessed, describe the extent to which the
intervention was delivered as planned

Proxy measure of adherence (memorability of delivered information) was measured
and published in full (Boden et al, Physiotherapy, 2017)

Proxy measure of adherence (memorability of
delivered information) was measured and published in
full (Boden et al, Physiotherapy, 2017)
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LIPPSMACck-POP ambulation protocol

Table 2S
Stage 1 (Safety) Sit over edge of bed/sit in chair minimum of 2 minutes
Stage 2 (Safety) March on spot 0-1 minute

Stage 3 (Ambulation)
Stage 4 (Ambulation)
Stage 5 (Ambulation)

Stage 6 (Ambulation)

Stage 7 (Ambulation)

March on spot/walk away from bedside 1-3 minutes
March on spot/walk away from bedside 3 — 6 minutes
Walk away from bedside 6 — 10 minutes

Walk away from bedside 10 — 15 minutes

Walk away from bedside > 15 minutes

PROTOCOL

Provide assisted early ambulation as soon as possible on the first postoperative day.

At each session progress through each stage in sequence. Time achieved in the session is accumulative.

Aim to achieve rating of perceived exertion of greater than 3/10.

Aim to assist patient to ambulate more than 10 minutes (Stage 6 or greater).

Once patient able to ambulate past Stage 3, patient can be assisted to ambulate with a Physiotherapy

Assistant, as long as safe to do so as determined by the ward physiotherapist.

Interval training is permissible to obtain target walking time. Each interval of rest time must not exceed

the preceding work time. Total session time is the accumulative work time.

Provide assisted early ambulation once a day until discharged according to the discharge scoring tool.
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Standardised discharge from assisted ambulation scoring tool

Table 3S: Discharge from Physiotherapy scoring tool*

Mobility

Reached preoperative ambulation status

Requires supervision, status has plateaued

Requires assistance, status is improving

Unable to ambulate

Breath Sounds

Reached preoperative levels and within expectations for that patient

Slightly decreased breath sounds or presence of a few added sounds

Markedly abnormal breath sounds and/or significant added sounds

Secretion clearance

Able to clear secretions independently OR at preoperative status

Requires assistance to clear secretions

Sp02% (on room air or pre-op oxygen levels)

SpO;, > 92% (no respiratory condition) OR SpO, > 88% (existing respiratory condition)
SpO; < 92% (no respiratory condition) OR SpO, < 88% (existing respiratory condition)
Respiratory Rate (at rest and during activity)

Within normal expectations

Outside acceptable range for the individual

TOTAL SCORE (min 6, max 15)

A score >14 = discharge from Physiotherapy

Score

w

o N

SpO,=pulse oximetry oxygen saturation.

!Brooks D, Parsons J, Newton J, et al. Discharge criteria from perioperative physical therapy. Chest 2002;

121: 488-94.
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Table 4S: Per-protocol primary and secondary outcomes
Preoperative physiotherapy  Information booklet Adjusted analysis Unadjusted analysis
education and training (n=183)
(n=191)
HR, OR, IRR (95% CI) p-value HR, OR, IRR (95% CI) p-value
Primary outcome
Postoperative pulmonary complication 26 (14%) 56 (31%) HR 0.46 (0.29 t0 0.73) 0.0010 HR 0.43 (0.27 to 0.67) 0.0002
Secondary outcomes
Pneumonia 18 (8%) 42 (20%) HR 0.41 (0.23t0 0.73) 0.0022 HR 0.40 (0.23 to 0.69) 0.0009
Hospital utilisation
Hospital LOS, days
Prespecified analysis® 8(7-12) 9 (7-15) OR0.75 (0.52 t0 1.07) 0.11 OR 0.77 (0.56 t0 1.07) 0.13
Alternative analysis™ HR 1.19 (0.94 to 1.34) 0.080 HR 1.26 (1.03 to 1.54) 0.023
Ready for hospital discharge, days
Prespecified analysis® 7(5-10) 8(5-13) OR 0.74 (0.52 to 1.05) 0.093 OR 0.67 (0.47 to 0.95) 0.025
Alternative analysis™ HR 1.15 (0.94 to 1.39) 0.17 HR 1.15 (1.00 to 1.49) 0.046
ICU LOS, days 1.4 (2.9) 1.7 (2.9) OR 0.92 (0.62 to 1.36) 0.66 OR0.78 (0.53t0 1.14) 0.20
Unplanned ICU readmissions 14 (7%) 19 (10%) OR 0.86 (0.43t0 1.74) 0.68 OR0.71 (0.35t0 1.41) 0.68
Hospital readmission at 6-weeks 34/181 (19%) 30/178 (17%) OR 1.16 (0.68 to 1.82) 0.67 OR 1.11 (0.68 to 1.82) 0.67
Mobility
Time from operation to ambulation > 1min, hours 23 (20 - 44) 22 (20 - 39) HR 1.03 (0.82 to 1.30) 0.81 HR 1.08 (0.86 to 1.37) 0.50
Day achieved >10 mins of ambulation, days 3(1-5) 3(1-5) HR 0.99 (0.83t0 1.17) 0.90 HR 1.05 (0.88 to 1.25) 0.58
Discharged from physiotherapy assisted ambulation, 4 (2-5) 3(2-5) HR 1.05 (0.86 to 1.28) 0.60 HR 1.14 (0.94 to 1.39) 0.19
days
Patient reported complications at 6-weeks*
Any complications 72/175 (41%) 74/164 (45%) IRR 0.92 (0.66 to 1.27) 0.60 IRR 0.91 (0.66 to 1.26) 0.58
Wound infection 35/178 (20%) 38/177 (21%) IRR 0.87 (0.55 to 1.38) 0.55 IRR 0.92 (0.58 to 1.45) 0.71
Fatigue 28/178 (16%) 32/177 (18%) IRR 0.98 (0.59 to 1.64) 0.94 IRR 0.87 (0.52 to 1.44) 0.59
Nausea/vomiting/gastrointestinal 26/178 (15%) 271177 (15%) IRR 0.99 (0.57 t0 1.72) 0.98 IRR 0.96 (0.56 to 1.64) 0.88
Respiratory 8/178 (4%) 20/177 (11%) IRR 0.47 (0.21 to 1.09) 0.079 IRR 0.40 (0.18 to 0.90) 0.028
Cardiac 10/178 (6%) 21177 (1%) IRR 6.37 (1.37 t0 29.7) 0.018 IRR 4.97 (1.09 to 22.7) 0.038
Venothromboembolic events 2/178 (1%) 6/177 (3%) IRR 0.36 (0.07 to 1.80) 0.21 IRR 0.34 (0.07 to 1.69) 0.18
Mortality
Death, in hospital 3 (1.5%) 3 (1.6%) HR 1.74 (0.40 to 7.68) 0.47 HR 1.40 (0.30 to 6.60) 0.67
Death, 6-weeks 4 (2.1%) 3(1.6%) HR 1.44 (0.31 to 6.64) 0.64 HR 1.28 (0.29 to 5.70) 0.75
Death , 12 months 15 (7.9%) 21 (11.5%) HR 0.79 (0.41 to 1.54) 0.49 HR 0.67 (0.35 to 1.31) 0.24

Data are n (%), mean (SD), or median (IQR). Analyses are adjusted for baseline age, prior respiratory disease, and hepatobiliary/upper gastrointestinal surgery unless specified otherwise. LOS=length of
stay, ICU=intensive care unit, HR=hazard ratio, IRR=incidence rate ratio
Mean difference is intervention group value minus control group value; Point estimates are HR for the primary outcome
#Prespecified analysis involved a rank-ordered comparison of LOS days, using mixed effects ordered logistic regression. OR <1.00 indicates an earlier discharge from hospital
# Time-to-event analysis with median days (IQR) reported and estimation of HR using Cox proportion hazards regression. HR >1.00 indicates an increased likelihood of earlier discharge from hospital.
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Figure 1S: Twelve-month mortality according to diagnosis of PPC (intention-to-treat)
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Hazard ratio: 4.18; 95%CI 2.14 to 8.16; P<0.0001

Data adjusted for baseline age, respiratory comorbidity, and surgical category
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Assessment of standardisation of early ambulation provision

Table 5S. Mobilisation stage achievement per-protocol

Cases Successes Failures Comparison:
Intervention vs Control

Int! Cont! Int Cont Int Cont  RR? 95%ClI p-value®
Unable to ambulate 26 22
Stage 1 (sit over edge of bed) 16 17 159 156 26 22 0-98 (0-91-1-06) 0-65
Stage 2 (march 1 min) 14 10 143 139 42 39 0-99  (0-89-1-11) 0-90
Stage 3 (walk 1-3min) 25 22 129 129 56 49 096  (0-84-1-10) 0-64
Stage 4 (walk 3-6min) 21 30 104 107 81 71 0-94  (0-79-1-11) 0-46
Stage 5 (walk 6-10min) 28 15 83 77 102 101 1.04  (0-82-1-31) 0-83
Stage 6 (walk 10-15min) 38 49 55 62 130 116 0-85  (0-63-1-15) 0-31
Stage 7 (walk >15min) 17 13 17 13 168 165 1.26  (0-63-2-51) 0-57
Physio/patient unavailable 11 7

Int=Preoperative physiotherapy education and training, Cont= Information booklet

Relative risk estimated using Mantel-Haenszel method; each RR was estimated separately
p-value calculated using Fisher’s exact test

Each stage was evaluated separately, with each case assigned to success or failure at that stage

A W N e

Figure 2S: Time to postoperative ambulation longer than 10 minutes (per-protocol)
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Control 183 119 66 40 22 14 12 11 7 6 5]
Intervention 191 136 75 30 18 13 9 5 4 3 3

Control ———-—- Intervention
Intervention vs Control: HR 1.04 (95%CI 0.87 to 1.24) P=0.65
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Methodological note on the analysis of duration outcomes and covariates in patient
management

These data (e.g. hospital length of stay, time to ambulation >10minutes) are usually handled by
estimating group means (with standard deviations and 95% confidence intervals), with or without
logarithmic transformation, or using a non-parametric equivalent. This provides approximate
estimates of durations that might be expected to be seen for patients with a usual successful

progress to resolution of their treatment.

However, those patients whose course of recovery is not usual (e.g. those who die, are transferred
to another hospital, or are managed outside the confines of the planned protocol) may not
contribute data comparable to the majority of patients. A short length of stay may be a measure
of success, and a long stay a measure of failure. However, a person who dies early has not had a
successful course of treatment (unless you are only concerned with costs, and not cost-utility).
Any outcome measure must have a progressive meaning across its range of values, and these

durations do not.

The alternative is to treat the outcome being measured as a survival (time-to-event) analysis. What
is measured is the time to achieve a successful outcome (e.g. the patient is discharged from
hospital having recovered from their surgery). Patients who die do not achieve a successful
outcome, and they contribute their accumulated time until they die, at which point they are
censored from the analysis without achieving an event. Those who fall outside the trial protocol
are managed in the same way. Those who are not discharged until beyond a defined follow-up
period (determined by the logistics of the conduct of the trial) will also not be successful and will
have a censored time-to-event; such prolonged lengths of stays will be uncommon events, and
could cause sample size difficulties unless censored in some way. The statistic used is estimation

of hazards ratios using Cox proportional hazards regression.

Figure 1 illustrates how this analysis would be described. Over 95% of patients achieve success
(post-perative time to ambulation longer than 10 minutes). Despite a progressive loss to follow-
up of patients who develop PPC unevenly in the two trial groups (recording of ambulation is less
reliable in the PPC group) or who die, it is still possible to perform a numerical comparison where
the measured outcome means the same thing across the range from best to worse in all patients.
The Kaplan-Meier plot is a visual illustration, and the Cox proportional hazards regression is a
numerical illustration, of what is going on. It is clear that the two methods and results are

consistent with each other, showing little if any difference between the groups.
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Assessment of participant blinding

Method

A convenience sample of 29 consecutive participants were interviewed on the fifth postoperative day
individually and at their bedside by an interviewer masked to group allocation. A semi-scripted interview
was used and interviews recorded?. Participants were reminded that they were involved in a clinical trial
investigating preoperative education by physiotherapists, one group where the standard amount of
information was given, and the other where a lot more was provided. They were then asked to guess which
group they had been allocated to. Participants were required to provide one of only two answers; “a lot

more” or “the standard amount”. They were unable to answer “don’t know”.

Statistical methods

The intervention group was arbitrarily provided with the label ‘positive’. The control group was labelled
‘negative’. A 2x2 sensitivity/specificity table was constructed based upon the participant report, with a true
positive allocated with accurate identification of group allocation in a participant in the intervention group,
similarly a true negative when there was accurate identification of group allocation in a participant in the
control group. Using mathematical conventions, the sensitivity, specificity, and positive prediction value
were calculated. Simple Chi square analysis was utilised to determine if there was a significant difference
between the trial participant’s accuracy levels and the assumed ideal of perfect masking set at 50%

accuracy.

Results and discussion:

Table 6S
Patient belief of group True group allocation (n=29)
allocation Intervention Control
Intervention 11 5
Control 6 7
TOTAL 17 13

Analysis gives a sensitivity of 69% and a specificity of 54%. That is, 69% of intervention group participants
believed that they had been provided with the intervention and 54% of control group participants believed
that they had been provided with the control. Overall, participants had a positive predictive value of 65%

to accurately determine their group allocation.

If it is assumed that a 50% positive predictive value would reflect ideal blinding, comparison with our trial
value of 65% (n=29) gives a non-significant difference (p=0.25, two-tailed). It can be estimated that our

participants were sufficiently blinded.

Further exploratory analysis finds no significant difference (p=0.42, two-tailed) between the intervention

group and control group participants in accurately determining their group allocation.
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Protocol deviations in the postoperative period

Table 7S:
Intervention 3 x coached breathing exercises

(n=8) 1 x patient had an acute myocardial infarct on POD7. Following an immediate
angioplasty they were transferred to coronary care unit where a ward
physiotherapist unfamiliar with the trial protocol provided two sessions on
PODS.

1 x provided with two sessions over POD 1 and POD2.

1 x transferred to a medical ward on POD2 and was provided with a single
session with a ward physiotherapist unfamiliar with the trial protocol.

1 x provided with single session on POD3 by a weekend physiotherapist
unfamiliar with trial protocol

3 x nurse provided Bubble PEP device
1 x on morning of POD2. Removed that afternoon by research team.

1 x on morning of POD3. Removed that afternoon by research team
1 x on morning of POD1 (on a weekend). Removed on POD3 by research
team

2 x additional ambulation sessions
1 x two sessions of ambulation provided on POD1 and POD 2

1 x additional session provided on POD4

Control 3 x nurse provided PEP device
(n=7) 1 x on morning of POD2. Removed that afternoon by research team.
2 x on morning of PODL1 (on a weekend). Removed on POD3 by research
team.
coached breathing exercises
2 x additional ambulation sessions
1 x two sessions of ambulation provided on POD1
1 x two sessions of ambulation provided on POD4 and POD7
1 x additional advice about reason for ambulation was provided to patient by ward
physiotherapist on POD2.
1 x patient diagnosed with a respiratory complication. No physiotherapy treatment

provided for 4 days due to communication error.

POD=postoperative day. PEP=positive expiratory pressure
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Audit of trial recruitment and random allocation

All fortnight periods during the trial were coded in temporal numerical order (n=52) and entered
into a computerised random number generator. A fortnight period was randomly selected by an
external auditor who assessed the accuracy of allocation based on the temporal order of patient
eligibility. This audit found that all patients recruited into LIPPSMAck POP during the randomly
selected time period (Monday 8™ April — Friday 25" April 2014) were entered into the trial

sequentially in order of presentation to the pre-admission clinic.

Members of the Data Safety Management Board
Dr Dane Blackford!, MD
Prof Linda Denehy?, PhD
Dr lain Robertson®, PhD

Affiliations:
1. Department of Anaesthesia, Launceston General Hospital, Launceston, Tasmania, Australia
2. Department of Physiotherapy, The University of Melbourne, Victoria, Australia

3. School of Health Sciences, University of Tasmania, Newnham, Tasmania, Australia

Duties of the Data Safety Management Board were to monitor ethical conduct of trial and adjudicate
adverse events possibly associated with the ambulation protocol as needed. No interim stopping rules
were predetermined due to the minimal risk considered to be associated with the intervention and the

control was standard care at all participating sites.
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7.4 Response to critical appraisal of LIPPSMACck-POP trial

7.4.1 Background

Following publication of the LIPPSMACck-POP trial, it was selected to be scrutinised by the
Journal of Physiotherapy, as the subject of a ‘Super Critically Appraised Paper’, where an editor
summarises the trial and three international experts in the field are invited to provide a
commentary on the trial. The authors of the paper are invited to provide a response.

7.4.1 Published letter

Boden I. Critically appraised paper: Preoperative physiotherapy education halved postoperative
pulmonary complications in patients after upper abdominal surgery [commentary]. J Physiother.
2018 ;64(3):195-196.

This is an open access journal. The content is unchanged from the published letter.

136



Chapter 7: LIPPSMAck POP — a multicentre randomised controlled trial

journal of Physiotherapy 64 (2018] 194

Journal of
W

AL TRALLAN
PHYSIOTHERAPY
ASS0CIATION

PHYSIOTHERAPY

journal homepage: www. alsevier.com/locate/jphys

Appraisal

Critically appraised paper: Preoperative physiotherapy education halved postoperative
pulmonary complications in patients after upper abdominal surgery

Synopsis

Summary of: Boden [, Skinmer EH, Browning L, Reeve ], Anderson L,
Hill C, et al. Preoperative physiotherapy for the prevention of respiratory
complications after upper abdominal surgery: pragmatic, double blinded,
multicentre randomised controlled trial. BM). 2018;360:j5916.

Question: Does preoperative physiotherapy reduce postoperative pulmo-
nary complications in adults after elective, major, open upper abdominal
surgery? Design: Randomised, controlled trial with concealed allocation and
blinding of participants and assessors, Setting: Three tertiary public hospi-
tals in Australia and Mew Zealand. Participants: Adults (= 18 years) within
6 weeks of elective upper abdominal surgery requiring general anaesthesia,
aminimumovernight hospital stay, anincision > 5 cm abowve the umbilicus,
and attendance at an cutpatient preadmission clinic. Key exclusion criteria
were: current hospital inpatients, organ transplant recipients, abdominal
hernia repairs, being unable to walk > 1 minute, or unable to attend the
preoperative physiotherapy session. Randomisation of 441 participants
allocated 222 to the intervention group and 219 to the control group.
Interventions: Both groups attended the preadmission clinic and received
preoperative physiotherapy comprising a standardised assessment and a
booklet containing information about postoperative pulmonary co mplic a-
tions, potential prevention with early ambulation and breathing exercises,
and a prescription for deep breathing exercises starting immediately after
surgery, In addition, the intervention group received a 30-minute education
and breathingexercise coaching sessionwit ha physiot herapist immediately
after the preoperative session, This included: details o nrisk of postope rative

pulmonary com plications, individualised risk assessment, education about
the impact of surgery, instructionson breathingexercises, and me mory cues,
Outcome measures: The primary outcome was presence of postoperative
pulmonarycomplications within 14 postoperative days assessed daily using
the Melbourne Group Scale. Secondary outcomes were: hospital-acquired
prneumaonia, length of hospital stay, use of intensive care services, hospital
costs, health-related quality of life (at 6 weeks), and all-cause mortality (at
12 months). Results: A total of 432 participants completed the trial. The
incidence of postoperative pulmonary complications was halved { adjusted
hazard ratio 0.48, 95% C1 0.30 to 0.,75) in the intervention group compared
with the controlgroup, with an absolute risk reductionof 15%({95% C1 7 to 22)
and a number needed to treat of seven (95% CI 5 to 14). No significant
differences in other secondary outcomes were detected. Conclusion: In
adults undergoing upper abdominal surgery, adding a single preoperative
physiotherapy session, which comprised education and breathing exercise
coaching, to a standardised assessment and delivery of information on
postoperative physiotherapy via a booklet halved the incidence of postop-
erative pulmonary complications,

Provenance: Invited, Mot peer reviewed.

MNora Shields
School of Allied Health, La Trobe University, Australia

https//dolorg'10.1016/] jphys. 201804 D0E

1B36-9553 /0 2008 Published by Elsevier BN, an behalf af Australian Plysiotherapy Association. This is an open access article under the CC BY-MNC-ND¥ leense (hip://

creativecommaons.org/licenses (lhy-ne-nd (4.0/).

Commentary

The positive effects of breathing exerciseson the recovery of wounded
soldiers was reported in 1915 The need to prevent postoperative
pulmonary complications was well noted in the 19505, and the role of
chest physiotherapy in the prevention of postoperative pulmonary
complications was first acknowledged in 1954.” The association between
postoperative pulmonary complications, mortality and length of hospital
stay has led to a multitude of reports on a varety of interventions, and
heen the pathophysiological basis for the prevention of postoperative
pulmonary complications after thoracic and abdominal surgery,

The Lung Infection Prevention Post Surgery Major Abdominal with
Pre-Operative Physiotherapy (LIPPSMAck-POP) trial is the first multi-
centre, international, randomised, controlled trialtoinvestigatethe effect
of the ‘guality’ of preoperative physiotherapy intervention on postopera-
tivie pulmonary complications. This well-designed study by Boden and
colleagues addressed many of the factors that confound postoperative
pulmonary complication data, and demonstrated that a control group
that receivied an information booklet provided preoperatively, together
with postoperative physiotherapy management, had a postoperative
pulmonary complication rate of 27% However, the addition of a
30-minute  preoperative  physiotherapy  consultation, clearly
targeting breathing and coughing technigue, with an emphasis on
breathing tec hnique i mmediatelyafter regaining consciousness, reduced
theincidence of postoperative pulmonarycomplications by 50%, Further,
this study also suggested that the experience of the physiotherapist

conducting the preoperative session may influence the intervention
outcome, This study conveyed an important message that preoperative
physiotherapy should target not only optimal breathing technique, but
also empower the patient to conduct self-directed breathing techniques
as early as practicable after surgery. The appreciation that prevention of
postoperative pulmonary complications relies upon the principle of
maintenance ofalveoli and airway patency, rather than the re-expansion
of collapsed alveoli, is easily understood but may be clinically neglected,
The fidelity of the communication between the physiotherapist and the
patient affects the outcome of the intervention. It is our role as
physiotherapists to deliver optimal care to our patients., This study
provides objective evidence that the calibre of preoperative respiratory
instructions and immediacy of postoperative implementation directly

impacts postsurgical patient recovery.
Provenance: Invited, Not peer reviewed. Alice Jones
Discipline of Physiotherapy, Faculty of Health Sciences, The University
of Sydney, Svdney, Australia

References
I. MacMahon O Lancet, 1915; 186: 769-770.
2, Thoren L Acta Chir Scand. 1954, 107:193 <205,

https//dolorg'10.1016/] jphys. 201804 D06

1836-9553 /0 2018 Australian Physiothera py Association. Published by Elsevier BV, Thisis an open access article under the ©C BY-NC-ND license (hiip: ((creativecommaons

orgllicensesby-nc-nd 4.0/

137



Chapter 7: LIPPSMAck POP — a multicentre randomised controlled trial

[ournal of Physiotherapy 64 (2018) 195-196

Journal of

PHYSIOTHERAPY

journal homepage: www .elsevier.com/locate/jphys

Commentary

Surgery is a stressor that causes large physiological changes
ranging from tissue trauma, immobility, and systemic effects, to
psychological distress. After upper abdominal surgery, patients
present with respiratory changes, including atelectasis, diaphragm
dysfunction and reduced lung volumes. This leads to postoperative
hypoventilation, which is associated with a high risk of pulmonary
complications. Preoperative physiotherapy interventions, includ-
ing exercise training' and breathing therapy strategies,” aim to
increase alveolar stability and mobilise secretions. These inter-
ventions usually take around 20 minutes to complete, Several
protocols having been tested but none have been found to reduce
postoperative pulmonary complications,”

I commend the authors for this well designed and reported trial
that satisfied all possible criteria of the PEDro scale, and recruited a
large number of patients. The interve ntion included patienteducation
about postoperative pulmonary complications and training patients
how to perform breathing exercises. The intervention was provided
either face toface orby tele phone, The simple interve ntion halved the
incidence of postoperative pulmonary complications, including
pneumonia, within 14 postoperative hospital days and the effect
was maintained at 12 months. It seems amazing how such a simple
intervention was more effective than other interventions previously

Commentary

described and delivered directly to patients while in hospital. The
effect could be explained by the fact that most patients were well
educated and seen within 6 weeks before surgery. Another
consideration is that most patients (around 70%) had cancer and it
is possible that these patients were motivated to take greater care of
their health postoperatively. In many developing countries, it might
be difficult to implement this type of intervention because of a lack of
routine preadmission clinics, However, this trial will encourage
clinicians to re-consider their preoperative care.

Provenance: Invited, Not peer reviewed,
Celso RF Carvalho

Department of Physical Therapy, School of Medicine, University of Sdo
Paule, 5do Paulo, Brazil
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The trial results point towards aneffective inte rvention inwhich a
single 30-minute preoperative coaching session from a physiother-
apiston breathingexercises can halve the incidence of postoperative
pulmonary complications after upper abdominal surgery. However,
there were several imbalances in the randomised groups that might
explainsome of the effect. The intervention group: was younger; had
lower American Society of Anaesthesiology scores; had fewer
respiratory, diabetes and cardiac co-morbidities; had fewer current
smokers and had a lower pack-year history. Additionally, the
intervention group reportedly had higher preoperative handgrip
strengthand estimated VOzmax. Further, less upper gastrointestinal/
hepatobiliary surgeries were performed in the intervention group,
Are any of these large enough to create an unbalanced risk profile
between intervention and control groups, and therefore cast doubt
on the results? Probably not in isolation, but collectively? The
investigators undertook adjustments to their results for some
baseline variables considered to potentially affect the primary
outcome, but it is speculative whether this was sufficient, What is
known is that presently, preadmission education by physiothera-
pists for those undergoing upper abdominal surgery is not usualcare
in Australian and New Zealand hospitals.! Therefore, for clinical
practice change tooccur, results have to pass the ‘water cooler test'. It
intuitively seems too good to be true that such a minimal-risk
preoperative intervention of ‘shock and awe' education on risks of

Commentary

postoperative pulmonary complications along with coaching on
simple breathing exercises would have the profound impact of
halving complications in the upper abdominal surgery cohort.
Implementation challenges could occur if decision-makers were not
fully convinced by or committed to the results. Anecdotally,
physiotherapy preoperative assessment and education of those
undergoing ‘at-risk' surgery, such as cardiac, lung lobectomy and
upper abdominal surgery, was prevalent in the later partof the 20th
century” but funding for preoperative education, in the absence of
evidence, has long been directed elsewhere., This trial is generating
much conversation, but needs replicating across jurisdictions before
the water cooler chatter can settle and practice change ensues.

Provenance: Invited Not peer reviewed,
Shane Patman
School of Physiotherapy, The University of Notre Dame Australia,
Perth, Australia
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strong claims require strong evidence, The Lung Infection
Prevention Post Surgery Major Abdominal with Pre-Operative
Physiotherapy [ LIPPSMAck-POP) is the latest and most robust trial

(PEDro 9/10) demonstrating that a single preoperative physiothera-
py session halves respiratory complications after major abdominal
surgery. Previous trials have reported very large effects: a 70 to 80%

1B36-9553 /% 2018 Published by Elsevier B, on behall of Australian Plysiotherapy Association. This Is an open access article under the CC BY-NC-ND license (hitp://

creativecommaonsorglicenses (bhy-ne-nd j}4.0/).

138



Chapter 7: LIPPSMAck POP — a multicentre randomised controlled trial

196 Appraisal

reduction.' Is this too good to be true? Maybe ifbased on a single trial,
but three positive trials across four countries with a combined
sample size of close to 1000 provide very strong evidence.

In our trial, group imbalances were present at baseline.
Mathematical modelling indicates that imbalances are statistically
like by {=70% likelihood ) to occur when =50 variables are reported.
In accordance with recommendations,” it is important to specify
a priori key variables known to influence postoperative pulmonary
complicationsand to adjust results for these if required. Rather than
speculation, this is a deliberate measure to ensure that results are a
true reflection of independent treatment effects. Additionally, the
imbalances are small in absolute numbers; at most, baseline
covariate balance differed by eight people. Considering the large
effect size, robusttrial methods, and detailed statistical analysis, it is
unlikely that these small imbalances affected the overall outcome.

LIPPSMAck-POP confirmed the findings of previous trials:
preoperative education, in addition to early ambulation, prevents
postoperative pulmonary complications.! Most importantly, tim-
ing is wvital Patients should commence breathing exercises
immediately after surgery, not a day or two later as per usual
physiotherapy service in Australia. Preadmission clinics are the
opportune time to train patients on these breathing exercises.

While physiotherapy in preoperative clinics is still common
practice in Europe, Australian physiotherapists have disinvested
from this highly effective therapy over the past 20 years.
Considering the mounting evidence also supporting preoperative
exercise training,” it is time for physiotherapists to turn back the
clock and get back into preop!

Provenance: Invited. Not peer reviewed.

lanthe Boden

on behalf of the LIPPSMAck POP investigators

Physiotherapy Department, Allied Health Services, Tasmanian Health
Services, North Launceston General Hospital, Australia
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8.3 Abstract

The LIPPSMACk-POP trial was a multicentre randomised controlled trial involving 432 patients
having elective upper abdominal surgery. It found that a single preoperative education and
breathing exercise training session delivered in preadmission clinics by a physiotherapist halved
the incidence of postoperative pulmonary complications compared to an information booklet
alone. Specific effects on other important clinical outcomes such as antibiotic prescriptions, and
oxygen requirements are unknown. This post hoc analysis of prospectively collected data from
the LIPPSMACck-POP trial explored treatment effects to postoperative antibiotic prescriptions,
hypoxemia, sputum cultures, chest imaging, auscultation, leukocytosis, pyrexia, oxygen therapy,
and diagnostic coding. Outcomes were assessed daily for 14 postoperative days. Analyses were
intention-to-treat by adjusted generalised multivariate linear regression.

Intervention participants required fewer antibiotic prescriptions specific for a respiratory infection
(RR 0.52; 95% CI 0.31-0.85, p=0.009), had less purulent sputum on the third and fourth
postoperative days (RR 0.50; 95% CI 0.34-0.73, p=0.01), fewer positive sputum cultures from
the third to fifth postoperative day (RR 0.17; 95% CI 0.04 to 0.77, p=0.01), and required less
oxygen therapy (RR 0.49; 95% CI 0.31 to 0.78, p=0.002). Differences detected in chest imaging,

hypoxemia, pyrexia, leukocytosis, or auscultation were not statistically significant.

Preoperative physiotherapy that prepares a patient to perform self-directed breathing exercises
immediately after major abdominal surgery is associated with the minimisation of signs and
symptoms specific to pulmonary collapse/consolidation and airway infection resulting in reduced

oxygen therapy and antibiotic prescriptions.
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8.4 Introduction

Pathophysiological effects of anaesthesia and the abdominal incision during major abdominal
surgery cause deleterious effects on lung volumes, mucociliary clearance, and cough strength [1].
Atelectasis is almost inevitable in the immediate postoperative period, with up to 90% of patients
having under-aerated lung tissue occupying up to a quarter of lung fields in the first hour after
surgery [2], despite advances in perioperative surgical and anaesthetic practices [3].
Approximately 50% of patients continue to have notable atelectasis 24 hours after surgery [4].
Unresolved atelectasis is considered a primary pathogenic precursor for microbial contamination
[5] predicating pneumonia and acute respiratory distress syndrome [6]. Postoperative pulmonary
complications (PPC) are common after upper abdominal surgery and have considerable impacts
on morbidity, mortality, and hospital costs [1, 7-9].

The Lung Infection Prevention Post Surgery Major Abdominal with Pre-Operative Physiotherapy
(LIPPSMACck-POP) study was a phase-three, binational, multicentre, randomised placebo-
controlled trial [9] that found preoperative physiotherapy independently halves PPC rates,
including pneumonia, after major abdominal surgery. The primary focus of the intervention was
to educate, enable, and motivate participants to perform hourly sets of deep breathing and
coughing exercises immediately upon waking from surgery. The hypothesis was that repetitive
independent performance of breathing exercises in the early postoperative period would reverse
atelectasis and improve sputum clearance resulting in reduced risk of a PPC. In a deliberate effort
to minimise Hawthorne effects the performance of breathing exercises was not directly measured
[9-11]. Consequently, it cannot be stated with absolute certainty that the mechanism of effect for
PPC reduction in the LIPPSMACck-POP trial were self-directed breathing exercises. Additionally,
the primary outcome was a PPC identified using a diagnostic screening tool, the Melbourne Group
Score [8-10]. There is some debate surrounding the validity of generic PPC diagnosis tools and
their relationship with clinical outcomes [8]. Specific effects on chest imaging, sputum cultures,
antibiotic prescriptions, oxygen requirements, and administrative coding from the LIPPSMAck-
POP trial have not been reported. This information would be vital for perioperative health
professionals and hospital administrators to consider the relative value that physiotherapy has on
important postoperative clinical outcomes. Positive effects to physiological outcomes would also
provide concurrent validity to the primary results and support the hypothesis that preoperative

physiotherapy enables patients to perform breathing exercises after surgery.

The first aim of these exploratory secondary analyses were to investigate the distribution and
occurrence of common postoperative clinical signs and symptoms related to respiratory pathology

using a priori prospectively collected data and acquired administrative clinical coding. The

142



Chapter 8: LIPPSMAck POP — secondary analyses

hypotheses to be tested were; preoperative physiotherapy that reduces PPCs as assessed using the
Melbourne Group Score should also affect clinical outcomes specifically related to pulmonary
collapse and infection, such as oxygen therapy usage and antibiotic prescriptions; yet should not
affect complications physiologically unlikely to be prevented with breathing exercises such as
pulmonary emboli [9] or non-respiratory related infections. The second aim was to test the
hypothesis that if self-directed breathing exercises are the primary method of effect, benefits in
patients sedated and mechanically ventilated after surgery should not be expected due to their

inability to perform these exercises.

8.5 Methods

LIPPSMACck-POP was a multicentre, parallel-group, double-blinded (assessors and patients),
randomised controlled trial conducted at three hospitals in Australia and New Zealand. It tested
the effectiveness of a single preoperative respiratory education and coaching session delivered by
a physiotherapist, compared to an information booklet alone, to reduce PPCs following major
abdominal surgery [9]. LIPPSMACck-POP was prospectively registered (ANZCTR
12613000664741), approved by local ethics committees, with participants providing written
informed consent. Design, methodology, primary results, qualitative findings, and health

economic outcomes are published in detail elsewhere [9-12].

As reported previously, 432 adults attending an outpatient pre-admission clinic within six-weeks
of elective major abdominal surgery were block randomised without stratification via concealed
allocation to receive preoperative physiotherapy (intervention, n=218) or an information booklet
(control, n=214). Intervention participants were provided with the booklet and a single 30-minute
education session about the effect of anaesthesia and abdominal surgery on mucociliary clearance,
lung volumes, and the consequences of bacterial stagnation in the lungs. Patients were educated
that self-directed breathing exercises were vital in preventing pneumonia and were directed to
commence these exercises immediately after surgery. Participants were coached in the breathing
exercises and provided with memory cues to prompt hourly postoperative performance. Control
participants received a placebo information booklet. Following surgery, all participants received
standardised postoperative ambulation and no additional prophylactic chest physiotherapy or

incentive spirometers were provided.

The median age of participants was 65 (range 52-75) and proportionally more were males (61%).

Surgery was mainly of curative intent for cancer (69%), requiring major colorectal (49%), renal
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(26%), or upper gastrointestinal/hepatobiliary procedures (24%). Operations were generally
longer than two hours (64%) via open upper midline (49%) or subcostal (18%) incisions [9].

This post-hoc exploratory secondary analysis was not pre-specified within the original trial
registration. It utilises prespecified a priori data collected prospectively by masked assessors.
Patients, postoperative physiotherapists, nurses, surgeons, anaesthetists, and clinical coders were

unaware of group allocation.

Participants were assessed daily for a PPC using a modified Melbourne Group Score [9, 10] over
the first 14 hospital days. This was the LIPPSMACcK-POP trial’s primary outcome. The Melbourne
Group Score consists of eight clinical criteria; abnormal chest auscultation, abnormal sputum
colour, hypoxemia on room air, pyrexia, collapse/consolidation on chest x-ray (CXR) or
computerised tomography (CT), leukocytosis, infected sputum culture, and a medical diagnosis
of a pulmonary complication or antibiotic prescription specific for a pulmonary infection (see
Appendix for detailed description and standardised collection rules). The concurrent presence of

four or more of these criteria in a calendar day triggered a PPC diagnosis.

For the purposes of these secondary analyses each criterion within the Melbourne Group Score
was considered separately for between-group differences. Prescription of antibiotics specific for
a respiratory infection was determined by probing medication charts for antibiotics prescribed in
direct response to respiratory deterioration documented in the medical record by a physician. The
medical team was contacted for clarification if required. The first day of antibiotic initiation was
recorded. Auscultation abnormalities, sputum colour abnormalities, peripheral oxyhaemoglobin
(SpO.) desaturation <90% on room air, and temperature over 38°C were assessed daily and
purposively for this trial. White blood cell counts, sputum sampling, and chest imaging were not
ordered purposively and daily for this trial rather the collection of these criteria was based on
pragmatic clinical practice as required by masked surgical or anaesthesia teams.
Collapse/consolidation on CXR and CT, and abnormal pathology tests were reported by
independent blinded radiologists or pathologists and these results were extracted from hospital
databases by the trial’s assessors. A physician diagnosis of a PPC was documentation within the

medical record of pneumonia, upper or lower respiratory tract infection, or atelectasis.

Mode of oxygen therapy and mechanical ventilation was collected daily until the 14" hospital
day. At participating hospitals, supplemental oxygen therapy was mandatory during
administration of opioid-based intravenous analgesia. For the purposes of this study, this was not
counted as oxygen therapy required to manage a respiratory deterioration [8] if the oxygen therapy
was delivered in the absence of signs or symptoms of respiratory dysfunction (hypoxemia, chest
imaging abnormalities, or physician documentation) and only for the purposes of the

administration of intravenous analgesia.
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As per standard hospital administrative practices, masked clinical coders assessed the medical
record and classified each participant’s episode of care for postoperative complications according
to the World Health Organisation (WHO) International Classification of Diseases (ICD-10)
coding set [13]. Diagnostic coding is used to assist governmental administrative reporting and for
case-mix calculated activity-based funding of hospital services. Clinical coding was extracted and
collated by masked trial assessors from hospital databases. Codes were grouped into
intraoperative complications, non-respiratory postoperative complications, and respiratory
postoperative complications. Respiratory complication coding was further divided into those
related to atelectasis and airway infection, such as pneumonia, and those not related, such as a
pneumothorax [8]. See Appendix for full listing of relevant codes, diagnostic labels, and cohorting

rules.

The time from end of anaesthesia to extubation from mechanical ventilation was collected a priori
[10]. For this secondary analysis, participants were separated into two cohorts for sub-group
analysis of the treatment effect to the primary PPC endpoint; those sedated and continuously
mechanically ventilated immediately after surgery, and those participants extubated on cessation
of anaesthesia.

An a priori power calculation was not performed for these exploratory secondary analyses.
Categorical values are presented as counts and percentages. Event rates for oxygen usage and
mechanical ventilation are a single positive occurrence anytime within the first 14 postoperative
days. Clinical signs and symptoms are reported two ways. Firstly, the proportion of participants
who had a single positive occurrence anytime within the first 14 postoperative days, and secondly,
a daily event rate where the daily proportion of participants with a positive incidence on each of
the first seven postoperative days is represented graphically with 95% confidence intervals.
Clinical criteria event rates were compared using adjusted generalised linear Poisson modelling.
Diagnostic coding total event rates for each coding category were compared using adjusted
multivariate robust random effects binary logistic generalised linear regression. The mean
difference in total number of respiratory specific codes was assessed using adjusted multivariate
linear regression. PPC incidence according to postoperative ventilation status and differences in
antibiotic prescriptions was analysed using survival-time regression analysis and graphically
illustrated using Kaplan-Meier methods. All data are intention-to-treat, relative risk, or mean
difference between-groups with 95% confidence intervals and two-tailed p-values, adjusted for
known baseline imbalances between groups in age, respiratory comorbidity, and surgical category
[9]. Detailed description of the statistical analysis plan, covariates, and adjustment modelling are
available open access [9, 10]. Analyses were performed using SPSS (V23, IBM) and STATA
(V14.1, Stata Corp).
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8.6 Results

From 2013 to 2015, 441 participants (intervention, n=218; control, n=214; withdrawn, n=9) were
recruited in this double-blinded, multicentre randomised controlled trial across two countries.
Baseline, clinical characteristics, and flow through trial are previously published [9]. Over the
whole sample (n=432) an auscultation abnormality was the most common positive finding on
postoperative day one (58% of all participants; see Figure A in Appendix), followed by
leukocytosis (52%), hypoxemia on room air (21%), abnormal sputum colour (14%), and chest
imaging findings of collapse/consolidation (10%). Daily rates of fever and positive sputum
cultures were < 5%. Auscultation abnormalities, leukocytosis, and hypoxemia became less
prevalent over time. The rate of change in daily purulent sputum production was notably different,
elevating from 14% of all participants to 22% over the first three days.

Between the two groups (Figure 1), intervention participants had approximately half the risk of
purulent sputum being detected on the third day (RR 0.54, 95% CI 0.33 t0 0.90; p = 0.017; Figure
1(b)), and had an estimated 80% less risk of a positive sputum culture result from the third to the
fifth days (RR 0.12, 95% CI 0.02 to 0.72; p = 0.02; Figure 1(g)) when compared to control
participants. Although a separation between groups favouring the intervention group is
graphically evident in other daily criteria, statistical significance was not found. These criteria
had low daily event rates (pyrexia and physician diagnosis; Figure 1(d) & (h)) and small effect
sizes (auscultation changes and hypoxemia on room air; Figure 1(a) & (c)), limiting the statistical

power for these secondary endpoints.

When considering the proportional occurrence of criteria at any time in the first 14 postoperative
days (Table 1), intervention participants were an estimated 40% less risk of being prescribed
antibiotics specific for a respiratory infection (RR 0.60, 95% CI 0.40 to 0.91, p = 0.016; Table 1)
when compared to the control group. Differences in antibiotic prescriptions rates were evident
from the second day (Figure 2). No statistically significant treatment effects between-groups were
detected in the event rate of other criteria occurring at least once anytime over the first 14 days
(Table 1).

Intervention participants were at less risk of requiring oxygen therapy during the first 14
postoperative days (RR 0.49, 95% CI 0.31 to 0.78, p = 0.002; Table 1) with half as many
intervention participants requiring standard supplemental or high-flow oxygen therapy. No
statistical difference was detected for non-invasive or invasive mechanical ventilation

requirements with a low event rate of 5% per group.

Intervention participants had fewer counts overall of diagnostic coding for pneumonia, pulmonary

collapse, acute respiratory failure, and other respiratory diagnostic codes related to atelectasis and
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airway infection when compared to control participants (Table 2). A difference between groups
was not detected in the administrative diagnostic coding of respiratory complications unrelated to
atelectasis or airway infection (pleural effusion, pneumothorax, pulmonary emboli), nor in the
incidence of intraoperative or non-respiratory postoperative complications (Table 2).

A large treatment effect in the primary outcome of PPC was found only in the sub-group of
participants who were extubated immediately after surgery (RR 0.33, 95% CI 0.17 t0 0.64; p =
0.001; Figure 3) with no difference detected in PPC incidence between-groups in participants

who remained sedated and mechanically ventilated on completion of surgery.
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Table 1: Treatment effects to postoperative clinical criteria and oxygen therapy requirements. Values are number (proportion).

Control Intervention Adjusted RR (95%  p value
(n=214) (n=218) Cl)
Clinical criteria 14-day event rates
Auscultation abnormal 161 (75%) 151 (69%) 0.94 (0.84 to 1.06) 0.35
Sputum colour abnormal 90 (42%) 81 (37%) 0.94 (0.74 t0 1.18) 0.57
Hypoxemia 74 (35%) 64 (29%) 0.93 (0.71t0 1.23) 0.63
Pyrexia 27 (13%) 28 (13%) 1.04 (0.63 10 1.73) 0.87
Collapse/consolidation on CXR/CT 57 (27%) 39 (18%) 0.74 (0.52 to 1.05) 0.09
Leukocytosis 134 (63%) 141 (65%) 1.05 (0.92 t0 1.22) 0.43
Sputum culture positive for infection 15 (7.0%) 9 (4.1%) 0.67 (0.30 t0 1.48) 0.33
Physician diagnosis of PPC in medical record 37 (17%) 28 (13%) 0.86 (0.51t0 1.35) 0.51
Respiratory antibiotics prescribed 53 (25%) 29 (13%) 0.60 (0.40 t0 0.91) 0.02
Oxygen therapy and mechanical ventilation
No oxygen therapy 129 (60%) 172 (79%) 0.49 (0.31t0 0.78) 0.002
Standard oxygen therapy 48 (22%) 24 (11%)
High flow oxygen therapy 25 (12%) 10 (4.6%)
Invasive or non-invasive mechanical ventilation 12 (5.6%) 12 (5.5%)

Data are event rates within the first 14 postoperative hospital days compared using mixed effects general linear Poisson regression reported as relative risk
with 95% ClI, adjusted for age, respiratory comorbidity, and surgical category, with exposure time as the time to cessation of observations.

Oxygen therapy was classified as the most intensive therapy provided to a patient, a rank-order scale, with comparison estimated as odds ratio using ordered
linear regression adjusted as above.

Abbreviations: RR=relative risk; Cl=confidence interval, PPC=postoperative pulmonary complications; CXR=chest X-ray; CT=computerised tomography
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Table 2: Clinical coding of postoperative complications. Values are humber (proportion) or

mean (SD).

Adjusted RR or mean
difference p value
(95% CI)

Control Intervention
n=214 n=218

Clinical coding (ICD-10) event rates of intraoperative and non-respiratory postoperative complications
Intraoperative complications

Laceration 12 (5.6%) 22 (10%) 1.71 (0.84 to 3.50) 0.14
Haemorrhage 13 (6.1%) 16 (7.3%) 1.26 (0.61t0 2.62) 0.53
Postoperative complications - surgical
Wound infection 25 (12%) 22 (10%) 0.90 (0.52 to 1.55) 0.70
Wound dehiscence 7 (3.3%) 6 (2.8%) 0.92 (0.29 to 2.89) 0.89
Anastomosis leak 1 (0.5%) 3 (1.4%) 3.16 (0.26 to 37.5) 0.36
Postoperative complications - general
Paralytic ileus 42 (20%) 36 (17%) 0.87 (0.58 to0 1.31) 0.50
Hypovolemia 26 (12%) 26 (12%) 1.04 (0.62 to 1.75) 0.87
Delirium/altered conscious state 25 (12%) 21 (9.6%) 1.01 (0.60 to 1.71) 0.97
Other infections 24 (11%) 18 (8.5%) 0.84 (0.47 to 1.51) 0.56
Urinary tract infection 18 (8.4%) 12 (5.5%) 0.85(0.44t0 1.64) 0.63
Sepsis 13 (6.1%) 7 (3.2%) 0.63 (0.26 to 1.57) 0.33
Acute kidney injury 10 (4.7%) 8 (3.7%) 0.85 (0.33 t0 2.20) 0.74
Pressure ulcer 12 (5.6%) 3 (1.4%) 0.31 (0.09 to 1.09) 0.07
Cardiac 7 (3.3%) 10 (4.6%) 1.72 (0.65 to 4.58) 0.28
Hypervolemia 4 (1.9%) 7 (3.2%) 1.96 (0.57 t0 6.71) 0.28
Deep vein thrombosis 2 (0.9%) 3 (1.4%) 1.69 (0.30 to 9.60) 0.56

Clinical coding (ICD-10) event rates of respiratory postoperative complications
Coding of respiratory complications hypothesised to be preventable with breathing exercises

Nonspecific pulmonary problem* 26 (12%) 11 (5.0%) 0.48 (0.24 t0 0.95) 0.03
Pulmonary collapse 21 (9.8%) 16 (7.3%) 0.83 (0.45t01.54) 0.56
Pneumonia 19 (8.9%) 15 (6.9%) 0.94 (0.49 t0 1.79) 0.84
Acute respiratory failure 11 (5.1%) 5 (2.3%) 0.54 (0.19 t0 1.49) 0.23
Mean number of codes per participant 0.36 (0.48) 0.22 (0.41) 0.71(0.41t0 1.22) 0.22
Coding of respiratory complications unlikely to be preventable with breathing exercises
Pleural effusion 12 (5.6%) 8 (3.7%) 0.75(0.31t0 1.76) 0.50
Pneumothorax 8 (3.7%) 12 (5.5%) 1.42 (0.59 to 3.43) 0.43
Nonspecific pulmonary problem 6 (2.8%) 11 (5.0%) 1.74 (0.64 to 4.70) 0.28
Pulmonary emboli 2 (0.9%) 4 (1.4%) 2.57 (0.47 t0 14.2) 0.28
Mean number of codes per participant 0.13(0.34) 0.16 (0.37) 1.30 (0.71 to 2.36) 0.40

Data compared using relative risk or mean difference with 95% CI adjusted for age, respiratory comorbidity,
and surgical category.

Abbreviations: RR=relative risk; Cl=confidence interval; ICD-10=International Classification of Diseases
Version 10

*non-specific coding of a pulmonary problem/symptom in conjunction with coding specific to pulmonary
collapse or infection (see Appendix)

Tnon-specific coding of a pulmonary problem/symptom in absence of coding specific to pulmonary collapse or
infection (see Appendix)
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Figure 2 Cumulative rate of antibiotic prescriptions specific for a respiratory infection. Data
are proportions. Intervention (dotted line); control (solid line).
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Figure 3: Time to PPC diagnosis sub-grouped to ventilation status immediately after
surgery: (a) conscious and extubated; (b) sedated and mechanically ventilated. Data are
proportions.
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8.7 Discussion

This exploratory secondary analysis of prospectively collected a priori clinical data within an
international, multicentre randomised controlled trial [9] finds that preoperative physiotherapy is
associated with the minimisation of clinical signs and symptoms related to postoperative
atelectasis and airway infection. Intervention participants were less likely to be prescribed
antibiotics specific for a respiratory infection, require oxygen therapy, develop purulent sputum,
have positive sputum cultures, or have their episode-of-care coded for a respiratory diagnosis
specific to pulmonary collapse or airway infection. Furthermore, the preoperative physiotherapy
intervention did not have any effect on complications that have no conceivable physiological basis
for breathing exercises to prevent, such as wound infections or pulmonary emboli. Additionally,
preoperative physiotherapy was only effective in participants who were extubated and conscious
immediately after surgery and therefore more likely to be able to perform self-directed breathing

exercises.

These new data provide concurrent validity to the original trial findings of a large significant
reduction in PPC incidence following major abdominal surgery in those participants met by a
physiotherapist in pre-admission clinics [9]. These patients were educated on their risk of a PPC
and taught breathing exercises to start performing immediately on waking from surgery. In the
absence of direct breathing exercise compliance data, the hypothesis that preoperative
physiotherapy engenders the performance of efficacious breathing exercises in the early

postoperative period is supported.

Atelectasis is present in almost all patients immediately after major abdominal surgery [4-6].
Extensive atelectasis predicates pulmonary shunt, hypoxemia, and microbial contamination [5,
6]. Expert opinion considers that atelectasis is best addressed in the early postoperative period
[14]. At this time simple lung expansion techniques, such as breathing exercises, may more easily
overcome collapsed small airways and the elastic resistance required to re-expand them. If
atelectasis progresses to full lobar collapse, breathing exercises may not be effective as greater
reductions in lung compliance require significantly more respiratory muscle work to generate the
pleural pressure change needed to overcome greater elastic resistance across the lung. The first
24 hours may be a vital window where breathing exercises might be most effective [14]. There is
some evidence supporting this theory. Breathing exercises performed immediately
postoperatively are reported to reduce atelectasis [15] and pulmonary shunt [16], improving lung
function [17], and oxygenation [18], whereas multiple coached breathing exercise sessions
initiated on the first postoperative day may not be effective in reducing PPCs [19, 20].
Confirmation that early postoperative breathing exercises can effectively enhance alveolar

recruitment is required to further investigate this hypothesis. This could be conducted using point-
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of-care ultrasound. Ultrasound is more sensitive in detecting atelectasis than CXRs [21, 22],
arguably less onerous and harmful to the patient, and could confirm in real-time the proposed
physiological and timing of initiation effects of postoperative breathing exercises [23, 24].

The aim of preoperative physiotherapy is to enable a patient to starting performing breathing
exercises immediately after surgery, rather than the day after surgery, which is normally when
the first physiotherapy session provided [25, 26]. Bringing the time point of these exercises
forward a day could also introduce a possible dose-dependent relationship benefit. An additional
200 repetitions (20 repetitions, hourly, for 10 hours) of deep breathing and coughing exercises
are possible if initiated immediately on waking from surgery compared to starting the next day.
Preliminary reports find that increased repetitions of breathing exercises augmented with either a
positive expiratory pressure device [27], or an incentive spirometer with an electronic hourly
reminder [28], significantly improve oxygenation [27] and reduce atelectasis [28] following open

cardiac surgery.

Atelectasis traps bronchial secretions creating an environment conducive for microbial
contamination [5, 6]. In this study, purulent sputum and positive sputum cultures occurred
significantly more often in control participants, starting from the second postoperative day.
Respiratory infection symptoms take between 24-48 hours to manifest [29]. This suggests that
the pathogenesis of these increased rates of purulent infected sputum evident on the second
postoperative day may have originated in the immediate postoperative period. Breathing exercises
performed by intervention participants may have reversed atelectasis in this period thus reducing
the risk of airway infection by the second day. It is not surprising that control participants were
twice as likely to be prescribed antibiotics specific for a respiratory infection. Sputum colour is
the most common reason to trigger an antibiotic prescription by doctors [30]. Prescribing
antibiotics purely on suspicion of hospital-acquired pneumonia appears routine practice [31] and
contrary to guidelines advising that antibiotics in ward-based patients should only be prescribed
on empirical evidence, such as infection on sputum culture [32]. That preoperative physiotherapy
independently reduced not only the onset of purulent sputum and positive sputum cultures, but
also reduced antibiotic prescriptions has significant implications in assisting efforts to limit

antibiotic over-prescription and combating the development of antibiotic resistant bacteria [33].

No difference between-groups was observed for hypoxemia, pyrexia, leukocytosis, auscultation
changes, or CXR changes, however given the inherent reduction in statistical power for secondary
outcomes, the lack of observed effects in criteria with low event rates should not be unexpected.
Furthermore, these individual criteria are not strongly associated with clinically relevant PPCs.
Although common after abdominal surgery, episodic hypoxemia does not appear to be associated

with clinically relevant complications rates [34]; leukocytosis is a general sign of an immune
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response and lacks specificity to pulmonary infection alone [35]; auscultation has poor sensitivity
and reliability as a stand-alone measure of respiratory dysfunction [36]; and the association
between fever and atelectasis is hotly contested [37]. As discussed earlier, preliminary research
is finding that ultrasound, rather than CXR or CT, could be a more sensitive measure of
respiratory dysfunction after surgery [21-24]

Hospitals routinely collect clinical coding for billing and epidemiology purposes. For this trial,
clinical coding outcomes add concurrent validity to primary results. The increased documentation
in the medical record of respiratory complications specific to pulmonary collapse and airway
infection in control participants were clinically significant enough to be detected by masked
coders analysing only the medical record. A differences between groups was only detected in
respiratory complications considered responsive to breathing exercises, and not for
pneumothorax, pulmonary emboli, and pleural effusions, and all other general intra-operative and
non-respiratory postoperative complications with no conceivable physiological basis for
breathing exercises to effect. These data should be considered with caution, however, as coding

under-report true event rates and lack reliability [38].

Early self-directed breathing exercises most likely minimise signs and symptoms of atelectasis
and pulmonary infection after surgery but only if patients remember the exercises and perform
them as instructed. The memorability of this intervention has been previously demonstrated with
94% of intervention participants recalling the breathing exercises taught compared to 15% who
received the instructions in written form only [11]. Furthermore, these secondary analyses
demonstrate that no benefit was achieved from having received preoperative physiotherapy in
patients who remained mechanically ventilated and sedated after surgery. This is likely due to

their inability to perform the breathing exercises as taught.

In LIPPSMACck-POP, the only prophylactic respiratory physiotherapy participants received was
a single session of preoperative education and breathing exercise training. This simple
intervention reduced PPCs by half (RR 0.48, 95% CI 0.30 to 0.75) [9]. A superior result to
multiple sessions of postoperative coached breathing exercises [19, 20] and incentive spirometer
use [39]. It also delivered comparative PPC reduction benefits to modern perioperative surgical
and anaesthetic practices such as lung protective ventilation, prophylactic non-invasive

ventilation, goal directed fluid therapy, and epidural analgesia [40].

Although systematic reviews find that physiotherapy is an effective modality to reduce the risk
of PPCs the most efficacious and cost-effective physiotherapy technique is unknown [40, 41].
Most physiotherapy trials were conducted more than 10 years ago, were of low quality, tested
multimodal interventions, and did not adequately control or measure known confounders, such as

early ambulation and other perioperative practices aimed at PPC minimisation. LIPPSMAck-POP
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rigorously demonstrated that a single preoperative physiotherapy session conducted in the context
of standardised early ambulation, enhanced recovery pathways, and modern perioperative
anaesthetic and surgical practices independently minimises PPCs without the use of additional
postoperative coached breathing exercises or devices and is cost-effective [12]. Trials are now
required to determine if the addition of other interventions such as inspiratory muscle training,
prehabilitation, or, postoperative coached breathing exercises and non-invasive ventilation confer
any additional clinical benefit or are cost-effective compared to providing preoperative

physiotherapy alone.

These secondary analyses contribute to original primary findings that a single preoperative
session with a physiotherapist halves the risk of a PPC after major abdominal surgery. This paper
reports associated clinical benefits to signs of airway infection, oxygen therapy use, and antibiotic
prescription rates. In developed countries, preoperative physiotherapy is currently not standard
practice [25, 26]. This new evidence, in conjunction with cost-effectiveness [12] and consumer-
lead preference for this service [11], may now encourage hospitals to consider embedding a
preoperative physiotherapy service within pre-admission clinics for all patients listed for elective
upper abdominal surgery.

156



Chapter 8: LIPPSMAck POP — secondary analyses

8.8 References

10.

11.

12.

13.

14.

15.

Miskovic A, Lumb AB. Postoperative pulmonary complications. British Journal of Anaesthesia
2017; 118: 317-334.

Lundquist H, Hedenstierna G, Strandberg A, Tokics L, Brismar B. CT-assessment of dependent
lung densities in man during general anaesthesia. Acta Radiologica 1995; 36: 626-632.

Pereira SM, Tucci MR, Morais CCA, et al. Individual positive end-expiratory pressure settings
optimize intraoperative mechanical ventilation and reduce postoperative atelectasis.
Anesthesiology 2018; 129: 1070-1081.

Touw HR, Schuitemaker AE, Daams F, et al. Routine lung ultrasound to detect postoperative
pulmonary complications following major abdominal surgery: a prospective observational
feasibility study. The Ultrasound Journal 2019; 11:20. doi: 10.1186/s13089-019-0135-6

van Kaam AH, Lachmann RA, Herting E, et al. Reducing atelectasis attenuates bacterial growth
and translocation in experimental pneumonia. American Journal Respiratory Critical Care
Medicine 2004; 169:1046-53.

Tusman G, Bohm SH, Warner DO, Sprung J. Atelectasis and perioperative pulmonary
complications in high-risk patients. Current Opinion in Anaesthesiology. 2012; 25:1-10.

Fleisher LA, Linde-Zwirble WT. Incidence, outcome, and attributable resource use associated with
pulmonary and cardiac complications after major small and large bowel procedures. Perioperative
Medicine (London). 2014; 3:7.

Abbott TEF, Fowler AJ, Pelosi P, et al; StEEP-COMPAC Group. A systematic review and
consensus definitions for standardised end-points in perioperative medicine: pulmonary
complications. British Journal of Anaesthesia 2018; 120:1066-1079.

Boden I, Skinner EH, Browning L, et al. Preoperative physiotherapy for the prevention of
respiratory complications after upper abdominal surgery: pragmatic, double blinded, multicentre
randomised controlled trial. BMJ 2018; 360:j5916. doi: 10.1136/bmj.j5916.

Boden I, Browning L, Skinner EH, et al. 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: 573. doi: 10.1186/s13063-015-1090-6

Boden I, EI-Ansary D, Zalucki N, Robertson IK, Browning L, Skinner EH, Denehy L.
Physiotherapy education and training prior to upper abdominal surgery is memorable and has high
treatment fidelity: a nested mixed-methods randomised-controlled study. Physiotherapy 2018;
104: 194-202.

Boden I, Robertson IK, Neil A, et al Preoperative physiotherapy is cost-effective for preventing
pulmonary complications after major abdominal surgery: a health economic analysis within a
binational multicentre randomised controlled trial. Journal of Physiotherapy. 2020; accepted for
publication in press.

International Classification of Diseases (ICD-10) [World Health Organisation web site]. 2018.
www.who.int/classifications/icd/icdonlineversions/en/ (accessed 10/08/2018).

Ball L, Battaglini D, Pelosi P. Postoperative respiratory disorders. Current Opinion in Critical
Care 2016; 22: 379-385.

Westerdahl E, Lindmark B, Eriksson T, Friberg O, Hedenstierna G, Tenling A. Deep-breathing
exercises reduce atelectasis and improve pulmonary function after coronary artery bypass surgery.
Chest 2005; 128: 3482-3488.

157


http://www.who.int/classifications/icd/icdonlineversions/en/

Chapter 8: LIPPSMAck POP — secondary analyses

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Ntoumenopoulos G, Greenwood K. Effects of cardiothoracic physiotherapy on intrapulmonary
shunt in abdominal surgical patients. Australian Journal of Physiotherapy 1996; 42: 297-303.

Zoremba M, Dette F, Gerlach L, Wolf U, Wulf H. Short-term respiratory physical therapy
treatment in the PACU and influence on postoperative lung function in obese adults. Obesity
Surgery 2009; 19: 1346-1354.

Manzano RM, Carvalho CR, Saraiva-Romanholo BM, Vieira JE. Chest physiotherapy during
immediate postoperative period among patients undergoing upper abdominal surgery: randomized
clinical trial. Sao Paulo Medical Journal 2008; 126: 269-273

Reeve J and Boden I. The physiotherapy management of patient undergoing abdominal surgery.
New Zealand Journal of Physiotherapy. 2016; 44(1): 33-49.

Lunardi AC, Paisani DM, Silva CCBMD, Cano DP, Tanaka C, Carvalho CRF. Comparison of
lung expansion techniques on thoracoabdominal mechanics and incidence of pulmonary
complications after upper abdominal surgery: a randomized and controlled trial. Chest. 2015;148 :
1003-1010

Ford JW, Heiberg J, Brennan AP, et al. A pilot assessment of 3 point-of-care strategies for
diagnosis of perioperative lung pathology. Anesthesia and Analgesia 2017; 124: 734-742.

Touw HR, Parlevliet KL, Beerepoot M, et al. Lung ultrasound compared with chest X-ray in
diagnosing postoperative pulmonary complications following cardiothoracic surgery: a
prospective observational study. Anaesthesia 2018; 73: 946-954.

Song IK, Kim EH, Lee JH, Ro S, Kim HS, Kim JT. Effects of an alveolar recruitment manoeuvre
guided by lung ultrasound on anaesthesia-induced atelectasis in infants: a randomised, controlled
trial. Anaesthesia 2017; 72: 214-222.

Monastesse A, Girard F, Massicotte N, Chartrand-Lefebvre C, Girard M. Lung ultrasonography
for the assessment of perioperative atelectasis: a pilot feasibility Study. Anesthesia and Analgesia
2017; 124: 494-504.

Reeve J, Anderson L, Raslan Y, Grieve C, Ford J, Wilson L. The physiotherapy management of
patients undergoing abdominal surgery: A survey of current practice. New Zealand Journal of
Physiotherapy 2019; 47: 66-75.

van Beijsterveld CA, Heldens AF, Bongers BC, van Meeteren NL. Variation in preoperative and
postoperative physical therapist management of patients opting for elective abdominal surgery.
Physical Therapy 2019; 99: 1291-1303.

Urell C, Emtner M, Hedenstrom H, Tenling A, Breidenskog M, Westerdahl E. Deep breathing
exercises with positive expiratory pressure at a higher rate improve oxygenation in the early period
after cardiac surgery--a randomised controlled trial. European Journal of Cardiothoracic Surgery
2011; 40: 162-167.

Eltorai AEM, Baird GL, Eltorai AS, et al. Effect of an incentive spirometer patient reminder after
coronary artery bypass grafting: a randomized clinical trial. JAMA Surgery 2019; 154: 579-588.

Ottosen J, Evans H. Pneumonia: challenges in the definition, diagnosis, and management of
disease. Surgery Clinics North America 2014; 94: 1305-1317.

Butler CC, Kelly MJ, Hood K, et al. Antibiotic prescribing for discoloured sputum in acute
cough/lower respiratory tract infection. European Respiratory Journal 2011; 38: 119-125.

Torres A, Ferrer M, Badia JR. Treatment guidelines and outcomes of hospital-acquired and
ventilator-associated pneumonia. Clinical Infectious Diseases 2010; 51 Suppl 1:548-53.

158



Chapter 8: LIPPSMAck POP — secondary analyses

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

American Thoracic Society: Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. American Journal Respiratory
Critical Care Medicine 2005; 171: 388-416.

Guitor AK, Wright GD. Antimicrobial resistance and respiratory infections. Chest 2018; 154:
1202-1212.

Bojesen RD, Fitzgerald P, Munk-Madsen P, Eriksen JR, Kehlet H, Gégenur I. Hypoxaemia during
recovery after surgery for colorectal cancer: a prospective observational study. Anaesthesia. 2019;
74:1009-1017

Alazawi W, Pirmadjid N, Lahiri R, Bhattacharya S. Inflammatory and immune responses to
surgery and their clinical impact. Annals of Surgery 2016; 264: 73-80.

Xavier G, Melo-Silva CA, Santos CE, Amado VM. Accuracy of chest auscultation in detecting
abnormal respiratory mechanics in the immediate postoperative period after cardiac surgery.
Jornal brasileiro de pneumologia : publicacao oficial da Sociedade Brasileira de Pneumologia e
Tisilogial 2019; 45: €20180032.

Crompton JG, Crompton PD, Matzinger P. Does atelectasis cause fever after surgery? Putting a
damper on dogma. JAMA Surgery 2019; 154 :375-376.

Koch CG, Li L, Hixson E, Tang A, Phillips S, Henderson JM. What are the real rates of
postoperative complications: elucidating inconsistencies between administrative and clinical data
sources. Journal of American College of Surgeons 2012; 214: 798-805.

do Nascimento Junior P, Mddolo NS, Andrade S, Guimardes MM, Braz LG, El Dib R. Incentive
spirometry for prevention of postoperative pulmonary complications in upper abdominal
surgery. Cochrane Database Syst Rev. 2014; 2014:CD006058.

Odor PM, Bampoe S, Gilhooly D, Creagh-Brown B, Moonesinghe SR. Perioperative interventions
for prevention of postoperative pulmonary complications: systematic review and meta-
analysis. BMJ. 2020; 368: m540.

Hanekom SD, Brooks D, Denehy L, et al. Reaching consensus on the physiotherapeutic
management of patients following upper abdominal surgery: a pragmatic approach to interpret
equivocal evidence. BMC Medical Informatics and Decision Making. 2012; 12: 5.

159



Chapter 8: LIPPSMAck POP — secondary analyses

8.9 Secondary analysis appendix

Box 1S Postoperative pulmonary complication diagnostic criteria.

Table 1S Methodological instructions for collection of clinical criteria within the Melbourne

Group Score postoperative pulmonary complication diagnostic tool.
Table 2S List of International Classification of Diseases (ICD-10) clinical codes extracted

Figure 1S Proportion of participants with positive clinical criteria on each postoperative day.

Box 1S: Postoperative pulmonary complication diagnostic criteria.

Diagnosis confirmed when 4 or more of the following were present in a calendar day:
CLINICAL CRITERIA
1. New abnormal breath sounds on auscultation different to pre-operative assessment
2. Production of yellow or green sputum different to pre-operative assessment
3. SpO, <90% on room air, two episodes over two consecutive postoperative day
4. Maximum temperature >38°C, two episodes over two consecutive postoperative day

DIAGNOSTIC CRITERIA
5. CXRI/CT report of collapse/consolidation

6. An unexplained WCC greater than 11 x 101
7. Presence of infection on sputum culture report

CLINICIAN RESPONSE CRITERION; either of below

8. a) Physician’s diagnosis documentation in the medical record of pneumonia, URTIL, LRTI, or
respiratory problem, OR,
b) Prescription of an antibiotic specific for a respiratory infection

Abbreviations: SpO,=pulse oximetry oxygen saturation, CXR=chest x-ray, CT=computerised
tomography, WCC=white cell count, URTI=upper respiratory tract infection, LRTI=lower respiratory

tract infection
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Table 1S: Methodological instructions for collection of clinical criteria within the Melbourne
Group Score postoperative pulmonary complication diagnostic tool.

Auscultation

Sit patient in upright position if possible. Auscultate all zones of the
lungs, apical, basal, anterior, and posterior.
Record any of the following findings:

- Reduced air entry

- Bronchial breath sounds or rales

- Crackles or creps

- Any added sounds that are abnormal
If any of these sounds are worse than the preoperative record, record as
positive.

Sputum change

Review medical record for any record of coloured sputum being coughed
or suctioned since time of last assessment.

Question participant about any production of coloured sputum since last
assessment and, if possible, visualise a sample.

If the participant is mechanically ventilated interrogate the colour of the
last suctioned secretions.

Compared colour to documentation of preoperative findings using the
standardised colour chart provided.

Any new yellow-green-brown sputum or change of colour from
preoperative reports in each postoperative 24hrs (midnight to midnight),
documented in the medical record or measured directly, is recorded as
positive.

SpO; on room air

Review medical record for any desaturation events since time of last
assessment. If medical record of desaturation in the time from last
assessment to midnight of that day, record as a positive for that
postoperative day.

For each daily assessment, sit patient in upright position if possible.
Remove supplemental oxygen, or in ventilated patients reduce fraction
of inspired oxygen (FiO;) to 0.21.

Measure pulse oximetry oxygen saturation (SpO;) continuously for two
minutes.

If SpO, became less than 90% immediately reapply oxygen and monitor
patient for another two minutes or until back to baseline SpO.. If SpO,
remains below baseline, contact site investigator and record as an
adverse measurement event. Continue monitoring for a further 2
minutes. If remains <92% after this time contact Senior Nurse.

Any desaturation event in the 24hrs (midnight to midnight) either
documented in the medical record or measured directly is recorded as
positive.

Temperature

Review observation chart and medical record for any febrile events
>38C since time of last assessment. If medical record of pyrexia in the
time from last assessment to midnight of that day, record as a positive
for that postoperative day.
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Table 2S: List of International Classification of Diseases (ICD-10) clinical codes extracted

Code Description
A41.9 Sepsis, unspecified
E86 Volume depletion
E87.7 Fluid overload
E87.0 Hyperosmololity and hypernatremia
E87.6 Hypokalemia
E87.7 Fluid overload
F05.9 Delirium, unspecified
1211.1 Acute transmural mycocardial infarction of inferior wall
126.0 - 126.9 + Pulmonary embolism
1440 AV block
146.0 Cardiac arrest with successful resusitation
148.9 Atrial fibrillation and flutter, unspecified
182.8 Embolism and thrombosis of other specified veins
JO0 — JO6 *  Acute upper respiratory infections, including pharyngitis, sinusitis, rhinitis, tonsillitis
JO6 *  Acute upper respiratory infections of multiple and unspecified sites
J06.9 * Acute upper respiratory infection, unspecified
J09 —J18 * Influenza and pneumonia
J20 - J22 *  QOther acute lower respiratory infections
J22 * Unspecified acute lower respiratory infection
J30 -J39 *  Other diseases of upper respiratory tract including rhinitis, pharyngitis, nasal polyps,
J40 —J47 Chronic lower respiratory diseases
Ja4 Other chronic obstructive pulmonary disease
J44.0 * Chronic obstructive pulmonary disease with acute lower respiratory infection
Ja4.1 * Chronic obstructive pulmonary disease with acute exacerbation, unspecified
J60 —J70 + Lung diseases due to external agents
J69.0 + Pneumonitis due to food and vomit
J80 —J84 + Other respiratory diseases principally affecting the interstitium
J80 + Adult respiratory distress syndrome
J81l + Pulmonary oedema
J84.0 -J84.9 + Other interstitial pulmonary diseases
J90 - J94 + Other diseases of pleura
J90 + Pleural effusion, not elsewhere classified
J93 - + Pneumothorax
J93.8
J94 + Other pleural conditions
J95 Post procedural respiratory disorders, not elsewhere classified
J95.2 + Acute pulmonary insufficiency following nonthoracic surgery
J95.8 + Other post procedural respiratory disorders
J95.9 + Postprocedural respiratory disorder, unspecified
J96 * Respiratory failure, not elsewhere classified
J96.0 * Acute respiratory failure, type |
J96.1 * Acute respiratory failure, type I
J96.9 * Respiratory failure unspecified
J96.90 * Respiratory failure unspecified, type |
J96.09 * Acute respiratory failure, type unspecified
J96.99 * Respiratory failure unspecified, type unspecified
J98 Other respiratory disorders
J98.0 * Diseases of bronchus, not elsewhere classified
J98.1 * Pulmonary collapse
J98.8 * Other specified respiratory disorders
J99 + Respiratory disorders in diseases classified elsewhere

Includes rheumatoid lung disease and connective tissue disorders related lung disease
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K56.7
K59.0
K91.3

L23.8
L89.1

N17.9
N39.0

R00.0 -
R00.8
RO5
RO6
R06.0
R06.8
R09.3
R09.89
R40-R46
R40.0 —
R40.2
R41.0
R44.0 -
R44.8
R45.1
R44

R53
R55
R58
R65.0 —
R65.9

T81.0
T81.2
T81.3
T81.4
T81.41
T857.8

Other
infection
Wound
infection

* + + + +

lleus, unspecified
Constipation
Postprocedural intestinal obstruction

Decubitus ulcer and pressure area, unspecified
Stage Il decubitus ulcer and pressure area

Acute kidney failure
Urinary tract infection, site not specified

Abnormalities of heart beat

Cough
Abnormalities of breathing
Dyspnoea
Other and unspecified abnormalities of breathing
Abnormal sputum
Other specified symptoms and signs involving the respiratory system
Symptoms and signs involving cognition, perception, emotional state, and behaviour
Somnolence, stupor, and coma

Disorientation, unspecified
Other symptoms and signs involving cognitive functions and awareness

Restlessness and agitation

Other symptoms and signs involving general sensations and perceptions including
hallucinations

Malaise and fatigue

Syncope and collapse

Haemorrhage, not elsewhere classified

Systemic inflammatory response syndrome

Haemorrhage and haematoma complicating a procedure, not elsewhere classified
Accidental puncture and laceration during a procedure, not elsewhere classified
Disruption of operation wound, not elsewhere classified

Infection following a procedure, not elsewhere classified

Wound infection following a procedure

Infection and inflammatory reaction due to other internal prosthetic devices, implants,
and grafts

Cystitis N30.9, Candidiasis of skin and nail B37.2, cellulitis of upper limb L031.0

Candidal stomatitis B37.0

*codes classified as respiratory diagnoses related to pulmonary collapse or airway infection
+ codes classified as respiratory diagnoses not directly related to pulmonary collapse or airway infection
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Figure 1S: Proportion of all trial participants with positive clinical criteria on each postoperative day.
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9.3 Abstract

Question: Is preoperative physiotherapy cost-effective in reducing postoperative pulmonary
complications (PPC) and improving quality adjusted life years (QALYS) after major abdominal

surgery?

Design: Cost-effectiveness analysis from the hospitals’ perspective within a binational,
multicentre, blinded, randomised, placebo-controlled trial with concealed allocation and

intention-to-treat analysis.

Participants: Four-hundred-and-forty-one adults awaiting elective upper abdominal surgery

attending pre-anaesthetic clinics at three public hospitals in Australia and New Zealand.

Interventions: An information booklet (control) or an additional face-to-face 30-minute

physiotherapy respiratory education and breathing exercise training session (intervention).

Outcome measures: The probability of cost-effectiveness and incremental net benefits were
estimated using bootstrapped incremental PPC and QALY cost-effectiveness ratios plotted on
cost-effectiveness planes and associated probability curves through a range of willingness-to-pay
amounts. Cost-effectiveness modelling utilised 21-day postoperative hospital cost audit data and

QALYs estimated from Short Form-Six Domain health utilities and mortality to 12 months.

Results: Preoperative physiotherapy had 95% probability of being cost-effective with an
incremental net benefit to participating hospitals of $4,958 (95% CI $10 to $9,197) for each PPC
prevented given the hospitals were willing-to-pay $45,000 to provide the service. Cost-utility for
QALY gains were less certain. Sensitivity analyses strengthened cost-effectiveness findings.
Improved cost-effectiveness and QALY gains were detected when experienced physiotherapists

delivered the intervention.

Conclusions: Preoperative physiotherapy aimed at preventing PPCs was highly likely to be cost-
effective from the hospitals’ perspective. For each PPC prevented, preoperative physiotherapy is
likely to cost the hospitals less than the costs estimated to treat a PPC after surgery. Potential

QALY gains require confirmation.

Trial registration: ANZCTR-12613000664741.
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9.4 Introduction

With 300-500 operations per 100,000 people annually, abdominal surgery is the most common
major surgery type performed in developed countries with volumes increasing at 2-5% per
annum®3, Patients having surgery represent a quarter of hospital bed days, yet account for half of
all hospital costs*. Existing large volumes, high costs, and increasing need for surgery suggest
that methods to minimise hospital costs, whilst maintaining or enhancing service quality, are
important to ensure long-term sustainability of hospital funding. Reducing postoperative
complications could be one method. Complications after abdominal surgery are the principal
driver for increased costs with higher expenditure on pharmaceutical needs, diagnostic testing,
intensive care unit (ICU), and surgical ward length of stay (LOS)?>.

One of the most common complications after major abdominal surgery is a postoperative
pulmonary complication (PPC)>8 with typologies ranging from mild atelectasis to severe hospital-
acquired pneumonia and respiratory failure®. PPCs independently increase costs following major
colorectal’, upper gastrointestinal®, and renal surgery®. Even mild PPCs are associated with
increased hospital utilisation®!°. PPCs are strongly associated with poorer mortality®*! and health
related quality of life (HRQoL)*. A recent multicentre randomised controlled trial*!, Lung
Infection Prevention Post Surgery Major Abdominal with Pre-Operative Physiotherapy
(LIPPSMACck-POP), replicated previous findings®® confirming that a single preoperative
physiotherapy education and training session halves PPC incidence with a number needed to treat
of seven. Patients place a high priority on preventing pneumonia after surgery, value preoperative
physiotherapy, and prefer individual face-to-face sessions!*. Yet despite strong effectiveness'**3,
patient preference!®, and international consensus that preventing PPC should be a key feature of
perioperative care®, preoperative physiotherapy is seldom provided'®¢. Uncertainty surrounding
the economic cost/benefit of preoperative physiotherapy may be preventing the implementation

of this highly efficacious patient-centred intervention.

This planned within-trial health economic analysis aimed to answer; compared to providing an
information booklet; is preoperative physiotherapy cost-effective in reducing PPC and improving

quality adjusted life years (QALYS) after major abdominal surgery?
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9.5 Methods

Design

This planned health economic evaluation was conducted within a multicentre parallel-group,
double-blinded, pragmatic, randomised controlled trial involving three diverse (rural, regional
and metropolitan) government-funded hospitals in Australia and New Zealand*! and reported in
accordance with Consolidated Health Economic Evaluation Reporting Standards*’ (see eAddenda
Appendix 1).

Detailed design and methodology descriptions are available!**® and briefly outlined here.
Participants were randomly assigned via sealed opaque envelopes. Independent audit confirmed
appropriate randomisation!. Participants, outcome assessors, postoperative physiotherapists,
doctors, nurses, hospital administrators, and statisticians were unaware of group assignment.

Participant masking was successfully achieved®*.

Participants

Eligible patients were English speaking adults (> 18years) attending a pre-anaesthetic assessment
clinic within six-weeks of elective major abdominal surgery. Immobile patients and those having
organ transplantation or hernia repair were excluded. Detailed participant characteristics have
been published!!. Median age was 66 (interquartile range 47—85), proportionally more were male
(61%), having surgery for cancer (69%) requiring major colorectal (49%), urological (26%), or
upper gastrointestinal/hepatobiliary procedures (24%). Operations were generally longer than two

hours (64%) via upper midline (49%) or subcostal (18%) incisions.

Interventions

At the pre-anaesthetic clinic all participants were seen by a physiotherapist for a 30 minute
standardised assessment of social, functional, and respiratory status and provided with a booklet
containing information about postoperative pneumonia risk and prevention with early ambulation
and breathing exercises. Control participants received no further information or training from the

physiotherapist.

Intervention participants received an additional one-on-one 30 minute physiotherapy education
and training session about the effect of anaesthesia and surgery on mucociliary clearance, lung
volumes, and the consequences of bacterial stagnation in the lungs. They were educated that self-
directed postoperative deep breathing and coughing exercises were vital to reduce the risk of
pneumonia after surgery and directed to commence these immediately upon regaining

consciousness and to perform 30 repetitions hourly until fully ambulant.
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Preoperative interventions were delivered by physiotherapists with experience ranging from new
graduates through to over 10 years practicing in acute care and surgery ward settings.
Postoperative early ambulation was standardised and no additional prophylactic respiratory
physiotherapy was provided.

Outcome measures

The cost-effectiveness of preoperative physiotherapy to prevent PPC and improve QALY after
major abdominal surgery was assessed using an incremental cost/utility analysis conducted from
the hospital perspective as payer of the service. Incremental cost-effectiveness ratios were
determined by dividing the difference between the intervention and control groups in net mean
hospital costs per participant by the differences in PPC rates 14 days after surgery and QALY's

12 months from surgery.

Cost-effectiveness model inputs: Net 21-day hospital costs
Hospital costs for each treatment comprised the costs of providing preoperative physiotherapy
protocol and the costs of hospital resource use in the first 21 days after surgery.

Preoperative physiotherapy costs were estimated using salary rates in 2018 Australian dollars
individualised to the experience level of each treating physiotherapist and costed to the maximum
level within band (see eAddenda, Appendix 2). Overheads of 25% were added (e.g.
superannuation, professional development, training, administration, backfill). New Zealand
dollars were converted to Australian dollars using December 2018 exchange rates. Costings were
based on control participants receiving a 30-minute physiotherapy session and intervention
participants receiving 60 minutes. Booklet costs and clinic room hire was added (see eAddenda,
Appendix 2). Administration costs to process referrals or coordinate bookings were not

incorporated, as all participants attended an established clinic with existing infrastructure.

Postoperative downstream hospital costs were estimated using a detailed patient-level costings
model. Units of hospital activity were counted prospectively and daily by blinded trial assessors
using the written and electronic medical record until 21 days after surgery or hospital discharge,
whichever occurred first. Hospital activity included bed days and location (ICU, surgical ward,
or residential rehabilitation), mechanical and non-invasive ventilation hours, antibiotic
prescriptions, modes and days of oxygen therapy, number and type of imaging and pathology
tests, and medical consultations outside standard rounds. These items of hospital activity were
chosen as their consumption is associated with PPC®>!L, Duration of hospital stay was cross
validated using hospital databases. Tariffs for items of hospital activity were derived from

Australian healthcare authorities (see eAddenda, Appendix 2) and converted to 2018 Australian
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dollars using consumer price indices 2013 to 2018 as listed by the Australian Bureau of Statistics.

Discounting of costs was not necessary as follow up was within 12 months?’.

Cost-effectiveness model inputs: Quality adjusted life years

QALYs were estimated using health utilities converted from HRQoL measures assessed with the
Short-Form 36-item questionnaire (SF-36), a valid and responsive patient-reported outcome after
abdominal surgery®®. HRQoL data acquisition started from the 79" participant following receipt
of funding for research assistant activities. Baseline responses were measured at the preoperative
clinic within six weeks of surgery then repeated by phone with a masked assessor at six to eight
weeks post-surgery. Postoperatively, if patients were unable to be contacted, a standardised letter,
the questionnaire, and self-addressed return paid envelope were posted. Forms not returned within
two-weeks were considered lost to follow up. Acquired SF-36 scores were converted to SF-six
domains  (SF-6D)  health  utilities using  commercially  available  software
(licensing.sheffield.ac.uk/i/software) providing values from 0 (death) to 1 (full health)?. The SF-
6D is valid and reliable for estimating health utilities after abdominal surgery?..

The typical trajectory of HRQoL after major elective colorectal and upper gastrointestinal surgery
is of an immediate postoperative deterioration with a return to baseline HRQoL at two to six
months and remaining stable within presurgery HRQoL levels to at least one year after surgery?"-
2 Therefore, baseline preoperative HRQoL scores were used to estimate each participant’s 12
month health utility values as an alternative to reassessing HRQoL at 12 months directly from
participants?®. QALYs were calculated by multiplying the reported health utility state by the
number of weeks spent in this health state (see eAddenda, Appendix 3 for detailed descriptions
of QALY calculations). For participants who died, QALY estimates were censored to this date®®.
Two time periods were calculated using the linear change area-under-the curve method?: baseline
to six weeks (direct value) and six weeks to one year (estimated value). These values were
summed to obtain 12-month QALY's. Maximum QALY for this study is 1, representing full health

over the entire year.

Cost-effectiveness

A cost-effectiveness analysis considers the additional cost of a new intervention relative to the
improvement in outcomes gained when compared to providing usual care or an alternative
intervention. This incremental cost-effectiveness ratio is calculated by dividing the net cost
difference between-groups by the differences in treatment effects (e.g. Hcosts between groups /

Oabsolute risk reduction in PPC)?7 28,
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To manage fundamental heterogeneity in hospital costs, health utilities, and reduced statistical
power regarding secondary outcomes, bootstrapping statistical techniques are considered
essential in estimating cost-effectiveness within randomised controlled trials?” 28, All simulated
bootstrapped cost-effectiveness ratios are then graphed on a cost-effectiveness plane (figure 1a).
The cost-effectiveness plane has four quadrants. The quadrant in which the cost-effectiveness
ratios predominantly fall in contributes to the decision by the purchaser of the intervention on
whether or not it is cost-effective and provides value for money. Interventions where all cost-
effectiveness ratios fall into the southeast quadrant (i.e. net cost savings and improved outcomes
compared to an alternative treatment or control) are always considered cost-effective?®. However,
hospital resource cost accounting has high variance resulting in low statistical power and lack of
precision in estimating the true cost differences between interventions. Consequently, cost-
effectiveness ratios of an intervention may be scattered across a number of quadrants. This reflects
the statistical possibility that in some circumstances the intervention could be more effective yet

comes at a greater net cost than usual care/control (northeast quadrant).

Additional costs required by a hospital to fund a new treatment can be considered worthwhile if
the improvement in clinical outcome is valued enough to pay more for?’. This is known as the
willingness-to-pay amount?®. Willingness-to-pay is an arbitrary figure regarded by the payer (e.g.
self-funded patient, hospital, or government) as the amount of money considered worthwhile to
pay for each unit of improvement in a desired outcome. For example, 1,000 surveyed Australians
were willing-to-pay $82,000 (95% CI $77,000 to $88,000; 2007 data adjusted to 2018 Australian
dollars) from their own funds for a hypothetical treatment if it improved their QALYs*’. From
an Australian government perspective, although there is no explicit willingness-to-pay threshold
currently stated, all new medications approved for public funding cost less than $75,000 per
QALY gain (2003 data adjusted to 2018 Australian dollars)3.

Whereas the literature discussing willingness-to-pay for QALY improvements is extensive, there
is no published opinion available on what is considered a reasonable amount by a hospital to
spend on PPC prevention. For the specific purposes of estimating the cost-effectiveness of
preoperative physiotherapy in this trial it is hypothesised that a hospital would be willing-to-pay
for a service to prevent PPC as long as it costs less than the treatment costs of a PPC. The
additional cost burden independently attributed to PPCs in a 2008 study involving 46,000 major
colorectal surgery patients across 600 US hospitals was $45,000 (2008 US dollars adjusted to
2018 Australian dollars)’. This is currently the most methodologically robust assessment of

additional hospital costs directly attributable to PPCs.
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Due to the statistical chance of a new intervention costing more than usual care and the lack of
certainty surrounding a hospital’s willingness-to-pay to prevent PPC or improve QALYS, cost-
effectiveness is best determined using a cost-effectiveness acceptability curve®. This method
provides the probability of an intervention being cost-effective over a range of willingness-to-pay
amounts. The threshold on how much money is worthwhile spending on improving a clinical
outcome will vary from hospital to hospital depending on the value placed on improving the target
outcome and the extensive heterogeneity in the processes for funding new services. A cost-

effectiveness acceptability curve provides information to the decision maker to guide this choice.

Due to the uncertainty surrounding an agreed willingness-to-pay for PPC, the return on
investment for a hospital paying for a preoperative physiotherapy service was calculated as an
alternative measure of cost-effectiveness (net A cost between groups / cost of intervention). In
circumstances where the mean incremental cost-effectiveness ratio indicates improved outcomes
with cost savings, the incremental net benefit®? to the hospital was also calculated (incremental
net benefit = (willingness-to-pay x A treatment effects) — A costs between groups). A higher value
equals greater cost-effectiveness.

Data analysis

This study was primarily powered to detect a treatment effect on PPC! 8 For this health
economic analysis bootstrapping methods were employed to manage the inherently limited power
to detect significant differences in secondary outcomes, including costs and QALY's. To manage
missing HRQoL data, characteristics of participants with complete data were compared to those
with missing data. Fully conditional specification and predictive mean matching were used to
make multiple imputations with chain equations, assuming data were missed at random®, and

adjusted for baseline utility to account for regression to the mean.

Costs of hospital activity for individual items and the aggregate total were compared between-
groups using adjusted mixed-effects linear regression analyses with logarithmic transformation
of skewed data. Within- and between-group differences for HRQoL, health utility, and QALYs
were analysed using adjusted repeated measures mixed-effects linear regression. All outcomes
were assessed by intention-to-treat. Bootstrapping of 5,000 paired incremental cost-effectiveness
ratio estimates were performed and graphed on a cost-effectiveness plane and mean differences

and confidence intervals calculated.

Exploratory sub-group analyses were conducted by considering effects and costs separately in
participants seen by experienced physiotherapists (>10 years) or less-experienced

physiotherapists. This was to analyse if the possible benefit of improved PPCs and mortality
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reduction detected when preoperative education was delivered by an experienced
physiotherapist*! is outweighed by the increased costs of employing a more experienced clinician.

Two sensitivity analyses were conducted. Cost-effectiveness analyses involve several
assumptions and value judgements in constructing models for determining hospital costs and
QALYs. Sensitivity analyses consider the stability of health economic findings by assessing the
variation in results when areas of uncertainty are changed. This provides confidence in the
primary findings or suggest areas requiring further research!”%’. Firstly, government hospital
episode-of-care costs were used to compare groups. These costs were independently generated by
hospital administrators and incorporate all direct (e.g. theatre time, personnel, equipment,
medications) and ancillary costs (e.g. cleaning, catering, building overheads) for the whole
hospital episode-of-care from admission to hospital discharge. This is the primary process of
hospital cost accounting in Australia®. Secondly, only health utilities where a full set of
preoperative and postoperative HRQoL data were collected directly from a patient, were

considered to calculate QALYS.

All outcomes, including costs and HRQoL, were adjusted for imbalances in age, respiratory
comorbidity, and surgical category detected at baseline!!. Analyses? were conducted by the trial’s
statistician. Methodology, data, results, and interpretation was validated by two independent

health economists.

9.6 Results

Flow of participants

From June 2013 to August 2015, 504 patients were eligible for inclusion with 441 (88%)
randomly assigned; 219 received the information booklet and 222 received preoperative
physiotherapy*. Nine (2%) participants were withdrawn. Data for PPC, mortality, and hospital
costs was available for all 432 participants. Baseline characteristics of the cohort and treatment
effects for PPC and mortality are published previously!. The flow diagram of HRQoL data
acquisition is shown in Appendix 4 eAddenda. Preoperative HRQoL was obtained in 315
participants (73%). Missing preoperative HRQoL was proportionally higher in the experienced
physiotherapist sub-group (Table 1, eAddenda) as HRQoL acquisition did not start until the 79
participant when only experienced physiotherapists were actively recruiting. There was a 69%
(217/315) follow-up rate six weeks after surgery. Follow-up was similar between groups (114/160
(71%) intervention group; 103/155 (66%) control group) and between sub-groups. Participants
who acquired a postoperative complication or had an extended hospital stay were more likely to

have missing six-week postoperative HRQoL data (Table 1, eAddenda).
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Cost-effectiveness model inputs: 21-day hospital costs

Across the whole cohort primary cost contributors for the first 21 postoperative hospital days
were surgical ward (64%), ICU bed days (19%), and diagnostic testing and imaging (7%) as
shown in Table 2. The cost of the intervention inclusive of salary, overheads, room hire, and
consumables was an additional $52 (95% CI $51 to 53) per participant compared to control group
participants, or $27 (95% CI $26 to $28) when using available clinic rooms. Following surgery,
intervention participants consistently tended to consume fewer postoperative hospital resources
across all assessed items compared to control participants (Table 2). Individual items with a 95%
confidence interval estimate closest to statistically significant cost saving were usage of oxygen
therapy, sputum cultures, blood cultures, and antibiotics prescribed for respiratory complications.
The difference between-groups in adjusted total 21-day hospital costs was $458 saved (95% CI -
$4,490 costs to $4,697 saved) favouring the intervention group. This mean estimate of net savings
provides a return on investment of approximately 800% ($8 saved by the hospital for every $1
spent on physiotherapy to provide education and breathing exercise training to patients before
surgery) although considering the wide confidence intervals the precision of this single-trial

estimate is low.

Cost-effectiveness model inputs: Quality adjusted life years

Adjusted within- and between-group HRQoL are reported in Table 3 (eAddenda). Six weeks
following surgery, physical domains had declined up to 30% in both groups, whilst emotional and
mental health domains were unaffected. No differences were detected between-groups in HRQoL
at six-weeks or QALYs at 12-months (mean difference, 0.020; 95% CI -0.008 to 0.045).
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Table 2: Net 21-day hospital costs and effects of preoperative physiotherapy versus standard care

Whole cohort Intervention Control Difference between-groups
n=432 n=218 n=214 Intervention minus control
Parameter Costs/unit ~ Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (95% CI) p value
of use units costs units costs units costs

Costs
Preoperative physiotherapy

Physiotherapist salary $45-55/hr  0.75 (0.25) $41 (17) 1(0) $52 (10) 0.5 (0) $25 (1) $27 ($26 to $28) <.0001

Room hire $50/hr 0.75 (0.25) $38 (13) 1(0) $50 (0) 0.5 (0) $25 (0) $25 ($25 to $25) <.0001

Booklet $5/booklet 1(0) $5 (0) 1(0) $5 (0) 1(0) $5 (0) $0 ($0 to $0) 1.0
Hospital ward use

ICU/HDU stay $3000/day 1.4 (2.8) $4,188 (8,438) 1.3(2.9) $3,867 (8,633) 1.5(2.7) $4,514 (8,242) -$647 (-$2,244 to $950) 0.43

Surgical ward stay $1500/day 9.5(8.5) $14,153 (12,710) 9.2 (8.5) $13,728 (12,774) 9.7 (8.4) $14,586 (12,554) -$858 (-$3,254 to $1,538) 0.55

Sub-acute stay $800/day 1.0 (5.4) $779 (4,292) 0.82 (4.5) $659 (3,630) 1.1(6.1) $902 (4,879) -$243 (-$1,055 to $569) 0.55
Ventilation support

Mechanical ventilation $1500/day  0.25 (1.4) $377 (2,057) 0.22 (1.2) $330 (1,727) 0.28 (1.6) $425 (2,349) -$95 (-$484 to $294) 0.63

Non-invasive ventilation ~ $500/day 0.04 (0.3) $21 (143) 0.04 (0.3) $18 (135) 0.05 (0.3) $23 (151) -$5 (-$32 to $22) 0.72

High-flow oxygen $100/day 0.18 (0.9) $36 (130) 0.16 (0.9) $33 (124) 0.20 (1.0) $40 (136) -$7 (-$32 to $18) 0.54

Standard oxygen $20/day 3.0(2.8) $60 (57) 2.8(2.7) $56 (53) 3.2(3.0) $65 (60) -$9 (-$20 to $2) 0.11
Imaging and pathology

Sputum cultures $50/test 0.3(0.8) $14 (40) 0.22 (0.6) $11 (32) 0.33(0.9) $17 (47) -$6 (-$14 to $2) 0.13

Blood cultures $50/test 0.3(1.1) $17 (55) 0.25 (0.9) $12 (46) 0.42 (1.3) $21 (63) -$9 (-$19 to $1) 0.11

All other pathology $30/test 40.4 (55.5) $1,213 (1,666) 38.0 (58.3) $1,139 (1749) 43.0 (52.6) $1,289 (1578) -$150 (-$465 to $165) 0.35

Chest X-rays $70/test 2.0(3.2) $142 (231) 1.8 (2.8) $129 (214) 2.2(3.5) $155 (247) -$26 (-$70 to $18) 0.24

Chest CT’s $450/test 0.1 (0.4) $42 (162) 0.07 (0.3) $31 (122) 0.12 (0.4) $53 (195) -$22 (-$53 to $9) 0.17

All other imaging $100/test 1.1(2.8) $110 (278) 1.0(3.2) $104 (326) 1.2(2.2) $116 (219) -$12 (-$65 to $41) 0.63
Antibiotics

Respiratory indication $100/day 1.2 (3.0) $121 (297) 0.94 (2.8) $94 (286) 15(3.1) $149 (309) -$55 (-$111 to $1) 0.05

All other indications $100/day 29(4.49) $169 (311) 1.8(3.4) $181 (335) 1.6 (2.8) $156 (285) $25 (-$40 to $84) 0.42
Medical visits

Out of round visits $300/visit 1.9 (2.8) $573 (854) 1.8(2.7) $544 (817) 2.0(3.0) $603 (891) -$59 (-$221 to $103) 0.43

MET calls $1000/call  0.12 (0.5) $116 (493) 0.11 (0.5) $106 (473) 0.13 (0.5) $127 (513) -$21 (-$114 to $72) 0.55
Total net 21-day costs- unadjusted $22,201 (24,142) $21,143 (24,290) $23,282 (23,998)  -$2,139 (-$6,706 to $2,428) 0.19

Targeted costs model — adjusted” $21,867 (24,455) $22,325 (21,724) -$458 (-$4,697 to $4,490) 0.42

Sensitivity analysis — whole episode-of-care costs” $31,829 (26,845) $30,900 (25,165) $32,767 (28,469)  -$1,867 (-$6,946 to $3,212) 0.47
Effects
Pulmonary complications” 27 (12%) 58 (27%) -10% (-14% to -5%) 0.001
12-month mortality” 16 (7%) 23 (11%) -1.6% (-4.5% to 3.7%) 0.46
QALY, imputed data set - unadjusted 0.671 (0.19) 0.642 (0.19) 0.029 (0.002 to 0.055) 0.015
QALY, imputed data set - adjusted™ 0.667 (0.19) 0.647 (0.19) 0.020 (-0.008 to 0.045) 0.08
Sensitivity analysis - QALY complete cases only™* 0.656 (0.22) 0.659 (0.20) -0.003 (-0.05 to 0.04) 0.89

All costs are in 2018 Australian dollars. Raw unadjusted cost data are mean (SD) and mean difference (95% confidence interval) with p-values estimated using mixed effects linear regression.
*Adjusted for age, respiratory comorbidity, surgical category using multiple regression and Poisson regression.

*Adjusted for baseline utility.

ICU=intensive care unit, HDU=high dependency unit, CT=computerised tomography, MET=medical emergency team, QALY=quality adjusted life year
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Figure 1 a) and b). Cost-effectiveness plot and cost-effectiveness acceptability curve of preoperative physiotherapy versus information booklet to reduce
postoperative pulmonary complications
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Figure 2 a) and b). Cost-utility plot and cost-effectiveness acceptability curve of preoperative physiotherapy versus information booklet to improve quality

adjusted life years
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Cost-effectiveness for PPC reduction

As previously reported!!, preoperative physiotherapy halved PPC incidence (27% v 13%, adjusted
hazard ratio 0.48, 95% 0.30 to 0.75). A large proportion of incremental cost effectiveness ratios
fall in the south-east quadrant of the cost-effectiveness graph (Figure 1a) giving a 60% probability
that the preoperative intervention was at least cost-neutral or cost-saving to the hospitals (Figure
1b). At a willingness-to-pay of $45,000 (the estimated additional cost to the hospital to treat
patients with PPC’) preoperative physiotherapy had a 95% probability of being cost-effective to
prevent PPC giving an incremental net benefit to the hospitals of $4,958 saved (95% CI $10 to
$9,197, Figure 1b). At a lower willingness-to-pay of $18,000 there was an 80% probability of
cost-effectiveness See Appendix 5 in eAddenda for graphed incremental net benefits for
willingness-to-pay amounts from $0 to $60,000.

Cost-utility for QALY improvement

Bootstrapped estimates indicated that preoperative physiotherapy was likely to improve QALY's
12-months from surgery, however due to the spread of incremental cost-effectiveness ratios across
both the south-east and north-east quadrants (Figure 2a), there is uncertainty if this comes at an
additional cost, or is cost saving, to the hospital. Given a willingness-to-pay of $50,000 per one
QALY gain, preoperative physiotherapy had 73% probability of being considered value for
money (Figure 2b) with an incremental net benefit favouring the intervention group of $1,458
(95% CI -$3,490 to $5,697).

Sub-group analyses

Within the experienced physiotherapist sub-group (see Table 4 eAddenda) the mean adjusted
hospital cost savings favouring the intervention were stronger ($1,156 saving per participant, 95%
Cl $5,300 costs to $6,937 savings) with an 80% probability of cost-effectiveness at a willingness-
to-pay of $10,000 (Figure 2b). Large significant 12-month QALY gains were also detected in the
intervention group treated by more experienced physiotherapists (adjusted mean difference 0.051,
95% CI 0.015 to 0.088, p=0.01) with a 90% probability of improving QALYs within a
willingness-to-pay of $50,000 (figure 2a & b).

Sensitivity analyses

Government episode-of-care costings were $31,829 (SD $26,845) per participant with the
adjusted between-group cost differences favouring the intervention group more strongly than the
targeted costing model (Table 2). Preoperative physiotherapy was 95% certain of being cost-
effective in preventing PPC at a willingness-to-pay $45,000 giving an incremental net benefit to
hospitals of $6,367 (95% CI $1,288 to $11,446). When QALY were calculated using health
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utilities from complete cases only, cost-utility was reduced giving an incremental net benefit of
$308 (95% CI -$4,640 to $4,547) per QALY gained.

9.7 Discussion

A PPC is a high-cost postoperative complication with severe negative consequences to patients
and hospitals*°. A PPC is more than 15 times more common than a cardiac complication, has
similar effects on in-hospital mortality, and is responsible for more than doubling the baseline
cost of abdominal surgery costing a hospital approximately $45,000 to treat’. Large randomised
controlled trials find that a single preoperative physiotherapy education and training session
reduces PPC incidence by between 25% to 75%*13. This within-trial health economic analysis
finds that when accounting for the cost of introducing the service there is a 60% likelihood that
preoperative physiotherapy would lead to an overall cost-saving to the hospital through reductions
in downstream hospital resource use. In circumstances where a net cost may be incurred to
provide preoperative physiotherapy to prevent PPCs, it is reasonable to consider that hospitals
would be willing-to-pay for this as long as it costs less than treating a PPC. This trial finds that if
a hospital is willing-to-pay $18,000 to prevent one PPC, less than half the cost of a PPC,
preoperative physiotherapy is 80% likely to be cost-effective.

Respiratory physiotherapy has been associated with reduced hospital LOS®®, antibiotic usage®,
and reintubation rates®’, through the reduction in PPC risk after major abdominal surgery.
However, this is the first multicentre randomised controlled trial with a detailed audit of hospital
resource use and a thorough health economic analysis. A consistent signal of reduced costs of
downstream hospital resource use was found in intervention participants with an estimated return
on investment of $8 saved postoperatively for every $1 spent on preoperative physiotherapy.
Given the inevitable wide confidence intervals in a cost-benefit analysis based on a single trial,
the level of precision around this estimate is low. A recent pre-habilitation trial that halved
postoperative complication rates following high risk major abdominal surgery®® reported wide
variance in costing data and a non-significant difference in postoperative hospital costs favouring
the intervention group ($536 net saving, 95% CI -$1,626 to $3,113; costs converted to Australian
dollars at 2018 exchange rates)**. Randomised controlled trials rarely have large enough sample
sizes to overcome the wide variance in patient-level resource use and costs and are generally
unable to detect primary significance in cost measures. A cost-benefit analysis (simple
comparison in net costs between a new intervention and usual care/control) not only requires

exceptionally large clinical trials to definitely prove a fiscal benefit from a new intervention, but
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also does not incorporate societal or consumer beliefs on the value of incurring additional costs

for improved benefits?’.

A cost-effectiveness analysis considers the relative relationship between treatment costs and how
effective the treatment is in improving the desired outcome. This value is then placed in the
context of how much a consumer would be prepared to pay in order to gain an improvement in
the desired outcome. For this trial most cost-effectiveness ratios fell in the south-east quadrant of
the cost-effectiveness plane indicating an overall mean cost saving to hospitals and reduced risk
of PPC for patients when compared to usual care. The probability that preoperative physiotherapy
is cost-neutral or entirely cost-saving to the hospitals was 60% (Figure 1b). However, due to the
very wide standard deviations in hospital costings, the statistical chance of preoperative
physiotherapy costing the hospital more than is saved in downstream ward costs cannot be
discounted. If the benefit gained in reducing PPC incidence and improving QALYSs after major
surgery are important to a hospital they may be willing-to-pay to instigate a preoperative
physiotherapy service to achieve this. Within this trial there was only a 5% chance that the
preoperative physiotherapy service cost the hospitals more to prevent one PPC than the estimated
$45,000 it costs to treat a PPC. The chance of a preoperative physiotherapy service being cost-
effective to prevent PPC at a reasonable cost is 95% certain. The consistent signal of individual
hospital activity savings favouring the intervention group and independent hospital episode-of-
care costings demonstrating a stronger reduction in costs strengthens the likelihood that
preoperative physiotherapy truly reduces downstream hospital costs and constitutes a dominant

strategy in preventing PPC.

Improved value for money appears to be gained by hospitals if experienced physiotherapists
provide the intervention with greater PPC reductions®!, reduced postoperative mortality*!, large
significant QALY gains, and a stronger signal towards reducing downstream hospital costs. Even
when accounting for the additional costs of employing a more experienced physiotherapist, the
probability of cost-effectiveness was 80% certain at willingness-to-pay less than a quarter of the
estimated cost of treating a PPC’ with a possible return on investment is in the order of 1800%
($18 saved for every $1 spent on an experienced physiotherapist). Further research is required to
confirm these experiential effects, to determine what qualities and attributes regarding treatment
from an experienced practitioner may make it more effective, and if these factors are trainable in

others.

Although the probability of cost-effectiveness for preoperative physiotherapy to prevent PPC is

strong, there is less certainty surrounding its ability to improve HRQoL and QALYSs at a
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reasonable cost. Sensitivity analysis of complete QALY data indicated fragility around the result.
There are some limitations to the trial that could explain this. HRQoL data acquisition started
after a fifth of all patients had been recruited. This incomplete baseline data set and a 31% missing
six week follow-up rate led to imputed measures comprising 50% of all health utility results. As
a consequence the trial’s HRQoL estimates have inherent uncertainty and may not truly represent
the whole population. Countering this concern, the large declines detected in HRQoL physical
domains but not mental health domains within two months of surgery are congruent with other

studies!? 3°,

Patients who develop postoperative complications tend to have poorer HRQoL compared to
patients without complications'2. An intervention that halves PPC after major abdominal surgery
could benefit HRQoL trajectory at six weeks. This was not detected in this trial with findings
possibly limited by inherently reduced power within this secondary outcome and/or a response
bias. Participants who suffered a postoperative complication were more likely to be missed to
follow-up, minimising power to detect a treatment response of preventing PPC on short-term
HRQoL. Whilst the imputed data set demonstrates an improved signal towards improvements
these findings are uncertain and need to be confirmed in a trial with adequate follow-up and

power.

The time point of data collection could also impact the sensitivity of detecting an impact to
HRQoL. After major abdominal surgery HRQoL tends to normalise around two months?-2,
Assessment of HRQoL at an earlier time point (e.g. four weeks) may have more sensitivity at
detecting possible differences associated with prevention of postoperative complications.
Improvements in four week postoperative SF-36 physical domains have been reported following
an intensive preoperative exercise and behavioural therapy intervention that halved postoperative
complications®. A multimodal intervention targeting physical fitness might impact postoperative
HRQoL physical domains more than a unimodal intervention targeting a single postoperative

complication, as studied in this trial.

This study was conducted in Australia and New Zealand. Currently the best estimate of costs to
hospitals attributable to a PPC after abdominal surgery is derived from a large US-based study’.
To the authors’ knowledge this is the most methodologically robust data in this field, however,
US costs might not be directly comparable to hospitals operating within a universal public
healthcare system. Cost-effectiveness interpretations could be improved if comparative PPC costs
from similar healthcare funding structures in the LIPPSMAck-POP trial were available.

Additionally, this health economic analysis also does not include the costs of the additional
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physiotherapy required if participants contracted a PPC, hospital costs beyond 21 days, or medical
and societal costs following hospital discharge, including primary healthcare use, hospital
readmissions, and productivity. It is possible that the intervention could have better cost-
effectiveness if these outcomes were included. Providing some support for this assumption is that
the sensitivity analysis whole episode-of-care cost data demonstrated a mean cost difference
favouring the intervention group four times the magnitude of the trial’s restricted cost accounting
modelling.

The decision on whether or not something is cost-effective comes down to the purchaser or
consumer (i.e. the hospital) deciding if the benefit (i.e. a reduction in PPC or an improvement in
QALY) is worth paying a certain amount to achieve. The determination of cost-effectiveness will
be a valuation made by each hospital based on local ideals to prevent PPC and improve patient
QALYs after surgery, available budgets, whilst considering the strength of evidence, consistency
of results, generalisability to a local context, and the reported probabilities of cost-effectiveness.
The LIPPSMACk-POP trial finds a 60% probability that preoperative physiotherapy was cost-
neutral or entirely cost-saving in preventing PPCs. In Europe, Australia, and the US, at least 50
million patients undergo abdominal surgery every year'3, At this estimate, millions of dollars of
health care funding could be saved if preoperative physiotherapy is instigated as standard care to
all patients awaiting major abdominal surgery. Alternatively, there is a 40% probability that
reducing the PPC rate and improve QALY after surgery with preoperative physiotherapy would
require additional funding over and above standard care. In this case preoperative physiotherapy
is 95% certain of being cost-effective if a hospital is willing-to-pay anywhere up to $45,000 for
the service to prevent one PPC with an incremental net benefit of $4,958 (95% CI $10 to $9,197)
in the hospital’s favour for each PPC prevented.

This is the first multicentre randomised controlled trial investigating PPC prophylaxis with a
comprehensive analysis of postoperative hospital use and a robust integrated health economic
analysis. Preoperative physiotherapy is a highly efficacious treatment that halves the incidence of
a serious postoperative complication'**3, is valued by patients4, is non-harmful®, and is highly
likely to be cost-effective from a hospital’s perspective in preventing PPC after major abdominal

surgery.
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9.9 Health economic analysis appendix

Published online as supplementary information to accompany published manuscripts

Appendix 1: Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) checklist

Section/item

Title and abstract

Title

Abstract

Introduction

Background and
objectives

Methods

Target population
and subgroups

Setting and location

Study perspective

Comparators

Time horizon

Discount rate

Choice of health
outcomes

Item
No

o~

10

Recommendation

Identify the study as an economic evaluation or
use more specific terms such as “cost-
effectiveness analysis”, and describe the
interventions compared.

Provide a structured summary of objectives,
perspective, setting, methods (including study
design and inputs), results (including base case
and uncertainty analyses), and conclusions.

Provide an explicit statement of the broader
context for the study.

Present the study question and its relevance for
health policy or practice decisions.

Describe characteristics of the base case
population and subgroups analysed, including
why they were chosen.

State relevant aspects of the system(s) in which
the decision(s) need(s) to be made.

Describe the perspective of the study and relate
this to the costs being evaluated.

Describe the interventions or strategies being
compared and state why they were chosen.

State the time horizon(s) over which costs and
consequences are being evaluated and say why
appropriate.

Report the choice of discount rate(s) used for
costs and outcomes and say why appropriate.

Describe what outcomes were used as the
measure(s) of benefit in the evaluation and
their relevance for the type of analysis
performed.

Reported on page
No/ line No

Title

Abstract

p.4, para 1.

p.4, para 2-3

p.5, para 2; p.8 para 4

p.5 paral

p.5 paral

p.5 “Procedures”

PPC, HRQoL,
mortality - p.6
“Assessments and
outcomes”

Costs - p.6
“Assessments and
outcomes”

QALY - p.7
“Assessments and
outcomes”

p.7 “Assessments and
outcomes”

PPC, HRQoL, costs -
p-4 “Introduction”
p.6 “Assessments and
outcomes”
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Measurement of

. 11a
effectiveness

Measurement and
valuation of
preference based
outcomes

Estimating

13a
resources and costs

Currency, price
date, and 14
conversion

Choice of model 15

Assumptions 16

Analytical methods | 17

Results

Study parameters | 18

Single study-based estimates: Describe fully the
design features of the single effectiveness study
and why the single study was a sufficient source
of clinical effectiveness data.

If applicable, describe the population and
methods used to elicit preferences for
outcomes.

Single study-based economic

evaluation: Describe approaches used to
estimate resource use associated with the
alternative interventions. Describe primary or
secondary research methods for valuing each
resource item in terms of its unit cost. Describe
any adjustments made to approximate to
opportunity costs.

Report the dates of the estimated resource
quantities and unit costs. Describe methods for
adjusting estimated unit costs to the year of
reported costs if necessary. Describe methods
for converting costs into a common currency
base and the exchange rate.

Describe and give reasons for the specific type
of decision-analytical model used. Providing a
figure to show model structure is strongly
recommended.

Describe all structural or other assumptions
underpinning the decision-analytical model.

Describe all analytical methods supporting the
evaluation. This could include methods for
dealing with skewed, missing, or censored data;
extrapolation methods; methods for pooling
data; approaches to validate or make
adjustments (such as half cycle corrections) to a
model; and methods for handling population
heterogeneity and uncertainty.

Report the values, ranges, references, and, if
used, probability distributions for all
parameters. Report reasons or sources for
distributions used to represent uncertainty

p-4 “Methods”
p-11 “Discussion”

p.7 “Quality Adjusted
Life Years”

p.6 “Intervention
costs”

p.6 “Postoperative
hospital costs”
EAddenda, table 2S

p.6 “Intervention
costs”

p.6 “Postoperative
hospital costs”
EAddenda, table 2S

No decision making
model used

Cost-effectiveness -
p.8 “Analysis of
outcomes”

QALY - p.7 “Quality
Adjusted Life Years”

p. 7 “Statistical
analysis”
Adjustments - p.7
“baseline
comparability and
adjustment factors”
QALY calculation
methods - p.7
“Quality Adjusted
Life Years” EAddenda
Figures 1S a-d.
Uncertainty - p.8
“Analysis of
outcomes”,
“sensitivity analyses”
Willingness to pay -
p.8 “Analysis of
outcomes”,
EAddenda 3S a-b

p.9 “flow through
study and baseline
characteristics.
Table 1
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Incremental costs
and outcomes

Characterising
uncertainty

Characterising
heterogeneity

Discussion

Study findings,
limitations,
generalisability,
and current
knowledge

Other

Source of funding

Conflicts of interest

19

20a

21

22

23

where appropriate. Providing a table to show
the input values is strongly recommended.

p.9 “costs and
return on
investment”;
p.10 “treatment
effects: PPC,
mortality, HRQoL,
health utility and
QALYs”; “cost-
effectiveness for
PPC reduction;
“Cost-utility for

For each intervention, report mean values for
the main categories of estimated costs and
outcomes of interest, as well as mean
differences between the comparator groups. If
applicable, report incremental cost-
effectiveness ratios.

QALY
improvement
Table 1, Figures 1
&2
Single study-based economic p.10-11
evaluation: Describe the effects of sampling “sensitivity
uncertainty for the estimated incremental cost | analysis”
and incremental effectiveness parameters, p. 12 “Limitations
together with the impact of methodological of the study and
assumptions (such as discount rate, study future direction of
perspective). research”

If applicable, report differences in costs,

outcomes, or cost-effectiveness that can be

explained by variations between subgroups of | p.10 “sub-group
patients with different baseline characteristics | analyses”

or other observed variability in effects that are

not reducible by more information.

Summarise key study findings and describe how

they support the conclusions reached. Discuss

limitations and the generalisability of the p.11-13
findings and how the findings fit with current
knowledge.

Describe how the study was funded and the role
of the funder in the identification, design,
conduct, and reporting of the analysis. Describe
other non-monetary sources of support.
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Appendix 2: Individual item costs for each parameter within the targeted costing

model.

Parameter Cost

Intervention
Physiotherapist*

Grade 4 Clinical supervisor with postgraduate qualifications $55/hour
Grade 2, Physiotherapist, Year 6 $45/hour

Room hire at pre-anaesthetic clinic $50/hour

Printed colour booklet $5
Hospital bed day?

ICU/HDU, non-ventilated bed $3000/day

Surgical ward $1500/day

Rehabilitation/sub-acute hospital $800/day
Ventilation support®

Mechanical ventilation $1500/day

Non-invasive ventilation $500/day
Oxygen therapy

Standard oxygen $20/day

High-flow oxygen $100/day
Pathology tests*

Sputum culture $50/test

Blood culture $50/test

All other tests, average $30/test
Radiology tests*

Chest X-rays $70/test

Computerised tomography scan, non-contrast $450/test

All other tests, average $100/test
Antibiotics®

Respiratory antibiotic $100/day

All other antibiotics, average $100/day
Medical visits®

Out of round surgical team doctor visit $300/visit

Medical emergency team call out $1000/visit

1Salary costs are taken from Tasmanian Department of Health and Human Services Allied
Health Professional salary rates for 2018 Australian dollars using consumer price indices.

2Bed day costs are estimate averages taken from the Australian Independent Hospital Pricing
Authority National Weighted Activity Unit calculators for 2017-2018. The Diagnosis Related
Group (DRG) identifier for each type of upper abdominal surgery included in this trial was
individually extracted. All corresponding length of stays were pooled and the mean taken.
(www.ihpa.gov.au)

SHospital administrative costings were derived according to the Australian Hospital Costing
Standards Version 4.0. Independent Hospital Pricing Authority. February 2018

“Diagnostic imaging and pathology test costings were taken from 2018 Medical Benefits
Scheme listed payments and increased by 140% to account for added infrastructure and
overheads for public hospitals (www.mbsonline.gov.au)

SAntibiotic therapy costs were taken from the 2018 Australian Government Pharmaceutical
Benefits Scheme listed payments and increased by 140% to account for added infrastructure and
overheads for public hospitals. (www.pbs.gov.au)
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EAddenda Table 1. Baseline characteristics between participants that provided at least one
HRQOL response and those where no HRQOL data were available.

Complete HRQOL  Incomplete HRQOL p value

(n=205) (n=227)
Age, years 63.6 (14.1) 62.6 (15.4) 0.45
Male gender 131 (64%) 135 (60%) 0.37
BMI, (wt (kg)/ht (cm)2) 28.4 (5.8) 28.5(6.2) 0.89
Preoperative co-morbidities
Respiratory 33 (16%) 52 (23%) 0.09
Diabetes 30 (15%) 44 (19%) 0.20
Cancer 148 (72%) 148 (65%) 0.12
Cardiac disease 28 (14%) 32 (14%) 1.00
Current smoker* 44 (22%) 62 (27%) 0.18
Experienced physiotherapist at preop 98 (48%) 163 (72%) <0.0001
Surgical category
Colorectal 107 (52%) 106 (47%) 0.29
Hepatobiliary/upper gastrointestinal 46 (22%) 60 (26%) 0.37
Renal/urology/other 52 (25%) 61 (27%) 0.74
Operation >3hrs 55 (27%) 62 (27%) 0.91
ASA 3-5 67 (33%) 89 (39%) 0.16
Postoperative Complications
PPC 33 (16%) 52 (22%) 0.09
Wound infection 45 (22%) 31 (14%) 0.03
Delirium 10 (5%) 29 (13%) 0.004
Sepsis 6 (2.9%) 16 (7.0%) 0.08
Cardiac 4 (2.0%) 9 (4.0%) 0.27
Pulmonary embolism 2 (1.0%) 5 (2.2%) 0.45
Hospital utilisation
ICU admission 91 (44%) 103 (45%) 0.85
Hospital LOS 10.3 (7.6) 12.6 (13.4) 0.026
Hospital costs $20,293 (21,974) $23,918 (25,871) 0.12
12-month mortality 13 (6.3%) 27 (12%) 0.07

Data are mean (SD) or n (%)

p-values are two-tailed

BMI=Body Mass Index, ASA=American Society Anaesthesiologists, ICU=intensive care unit,
PPC=postoperative pulmonary complications

#current smoker defined as having smoked tobacco regularly within 8 weeks of assessment

Cases were considered complete when HRQOL questionnaires were collected for both pre- and post-
surgery periods. Note that no questionnaires were collected in 2013, 62 of 131 (47.3%) were collected in
2014, and 137 of 185 (74.1%) were collected in 2015: Questionnaires were only collected for cases with
upper abdominal incisions (199 of 374 (53.2%), and from none of cases with lower abdominal incisions
and laparoscopic surgery (n=58)

190



Chapter 9: LIPPSMAck POP — health economic analysis

Table 3. Between-group health-related quality of life (SF-36) and health utilities at baseline and at six-weeks.

Baseline Post (six-weeks) Difference within groups Difference between groups
Control Intervention ~ Control  Intervention Control Intervention Intervention - Control
Imputed cases (n=214) (n=218) (n=214) (n=218) A 95% ClI %diff P-value A 95% ClI %diff P-value A 95% ClI P-value
SF-36total 66.2(19.9) 65.7 (19.6) 62.9(21.2) 62.4(20.6) -3.3 (-6.2t0-0.4) -5.0% 0.078 -3.3 (-6.2t0-0.4) -5.0% 0.072 0.0 (4.1t04.1) 0.77
SF-36 Physical domain  60.8 (21.2)  61.2(20.8) 56.0 (22.6) 55.3(22.1) -48 (-7.8t0-1.9) -7.9% 0.0042 -5.9 (-8.8t0-3.0) -9.6% 0.0002 -1.1 (-5.2t03.1) 0.73
SF-36 Mental domain  68.1 (19.2) 67.9(18.8) 66.6 (21.0) 66.7 (20.6) -1.4  (-4.3to1.4) 21% 099 -12 (-40t0l.6) -18% 100 0.2 (-3.8t04.2) 0.98
Physical Function 72.0(25.1) 71.7(24.7) 659(289) 65.2(284) -6.1 (-9.9t0-2.4) -85% 0.0043 -6.5 (-10.2t0-2.7) -9.1% 0.0021 -0.3 (-5.6t05.0) 0.80
Role Physical 52.8(41.2) 51.5(39.2) 36.8(34.4) 34.8(349) -16.0 (-21.7t0-10.3) -30% <0.0001 -16.7 (-22.4t0-11.0) -32% <0.0001 -0.7 (-8.8t07.4) 0.58
Body Pain 63.4 (27.7)  64.2(275) 70.9(23.9) 66.3(26.9) 75 (3.2t011.8) 12%  0.0017 2.1 (-2.2t06.3) 3.3% 068 -55 (-11.5t00.6) 0.06
General Health 62.0(18.1) 65.3(18.8) 60.2(23.3) 62.0(21.5) -18 (-4.6t01.0) -29% 041 -33 (-6.0t0-0.5) -5.1% 0.044 -14 (-5.4t02.5) 0.34
Vitality 53.2(23.9) 54.0(23.2) 49.8(24.9) 49.1(248) -34 (-6.7t00.0) -64% 015 -48 (-8.2t0-1.5) -8.9% 0.013 -15 (-6.2t03.3) 0.76
Social Function 78.2 (26.2) 74.7(26.9) 715(295) 716(29.9) -6.7 (-11.0to-2.4) -8.6% 0.0064 -3.1 (-7.3t01.2) -41% 047 36 (-24t09.7) 0.96
Role Emotion 735(354) 71.0(36.7) 78.3(29.4) 740(33.2) 48 (-0.8t010.4) 6.5% 0.28 29 (-2.6t0 8.5) 4.1% 0.60 -1.8 (-9.7t06.0) 0.18
Mental Health 72.8 (18.5)  74.0(17.0) 72.7(19.2) 74.0(18.0) -0.2 (-2.7t02.4) -03% 090 0.0 (-2.5t02.5) 0.0% 1.00 0.2 (-3.4103.8) 1.00
Health Utility, SF-6D  0.72 (0.14)  0.71(0.13) 0.69(0.13) 0.69(0.14) -0.03 (-0.05t0-0.01) -42% 0.029 -0.02 (-0.04t00.00) -2.8% 0.14 0.01 (-0.02t00.03) 0.77
Complete cases (n=98) (n=107) (n=98) (n=107) A 95% ClI %diff P-value A 95% ClI %diff P-value A 95% ClI P-value
SF-36 total 66.9 (21.9) 66.5(21.7) 63.4(20.1) 615(224) -35 (-7.4t00.4) -52% 016 -49 (-87t0-1.2) -74% 0.030 -14 (-6.9t04.0) 0.51
SF-36 Physical domain  61.4 (23.4) 62.3(22.8) 55.9(21.9) 54.4(235) -54 (-9.5t0-1.3) -8.8% 0.028 -7.9 (-11.8t0-3.9) -13% 0.0003 -2.4 (-8.1t03.2) 0.60
SF-36 Mental domain  68.8 (20.9)  68.3(21.1) 68.4(20.0) 66.5(225) -04 (-4.2t03.5) -06% 085 -1.8 (-5.4t01.9) -26% 100 -14 (-6.7t03.9) 1.00
Physical Function 72.5(26.6) 72.8(27.3) 65.6(28.3) 63.8(28.7) -6.9 (-122t0-17) -9.5% 0.020 -89 (-14.0t0-3.9) -12% 0.0016 -2.0 (-9.3t05.3) 0.63
Role Physical 55.6 (45.6) 52.1(44.1) 35.2(41.4) 30.7(41.1) -204 (-29.2t0-11.6) -37% <0.0001 -21.4 (-29.8t0-12.9) -41% <0.0001 -1.0 (-13.2t011.2) 0.44
Body Pain 63.2(31.1) 65.2(30.6) 66.5(27.1) 66.3(29.9) 3.3 (-2.9t09.4) 5.2% 090 11 (-4.8t07.1) 1.7% 1.00 -21 (-10.7t06.4) 0.97
General Health 61.6 (19.9) 65.8(20.6) 63.4(23.4) 63.0(23.0) 1.8 (-2.0t05.7) 2.9% 069 -28 (-6.5t00.9) -43% 027 -46 (-9.9t00.7) 0.88
Vitality 54.1(25.7) 55.1(25.9) 51.1(244) 49.2(26.9) -30 (-7.5t01.6) -55% 041 -59 (-10.3t0-1.5) -11%  0.026 -2.9 (-9.3t03.4) 0.56
Social Function 79.2 (28.4) 754(30.2) 725(31.2) 719(331) -6.7 (-127t0-0.7) -85% 0.084 -35 (-9.2t02.3) -46% 071 33 (-5.0to11.6) 0.89
Role Emotion 76.2(38.8)  70.7(41.7) 81.2(33.3) 742(39.0) 50 (-3.41t013.3) 6.6% 049 35 (-4.5t011.6) 5.0% 039 -14 (-13.0t010.2) 0.36
Mental Health  73.1(20.8)  745(19.1) 74.8(18.8) 75.1(19.8) 1.7 (-1.6t05.1) 2.3% 095 0.6 (-2.6t03.8) 0.8% 1.00 -11 (-5.7t03.5) 0.91
Health Utility, SF-6D  0.71 (0.15)  0.71(0.14) 0.69(0.12) 0.69(0.15) -0.02 (-0.05t00.01) -28%  0.25 -0.02 (-0.05t00.00) -2.8%  0.29 0.00 (-0.04t00.04) 0.70

Data are mean (SD), mean with group differences (95% CI), mean between group differences (95% CI), estimated using adjusted repeated measures mixed effects linear regression.
SF-36=Short form 36, SF-6D= Short form six domains, METS=Metabolic equivalents, *derived from the Specific Activity Questionnaire
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Table 4. Sub-group analysis: Net hospital costs and effects of preoperative physiotherapy versus standard care according to experience level of physiotherapist.

Experienced physiotherapist (>10 years)

Physiotherapists (<10 yrs experience)

Parameter Intervention Control Mean diff (95% CI) Intervention Control Mean diff (95% CI)
n=135 n=125 n=83 n=89
Costs
Intervention $116 (4) $60 (1) $56 ($55 to $57) $106 (1) $56 (0) $50 ($50 to $50)
Hospital stay
ICU/HDU stay $3728 (9420) $4488 (7702) -$760 (-$2871 to $1351) $4098 (7188) $4551 (8990) -$453 (-$2914 to $2008)
Surgical ward stay $13579 (14478)  $14256 (10000) -$677 (-$3739 to $2385) $13976 (9366) $15051 (15702) -$1075 (-$5002 to $2852)
Sub-acute stay $356 (1917) $1086 (5814) -$730 (-$1771 to $311) $1170 (5388) $647 (3177) $532 (-$798 to $1844)
Ventilation support
Mechanical ventilation $303 (1736) $367 (1842) -$64 (-$501 to $373) $376 (1722) $507 (2927) -$131 (-$860 to $598)
NIV $18 (112) $36 (192) -$18 (-$56 to $20) $18 (166) $6 (53) $12 (-$25 to $49)
High-flow oxygen $26 (108) $49 (155) -$23 (-$55 to $9) $43 (147) $28 (102) $15 (-$23 to $53)
Standard oxygen $51 (52) $64 (63) -$13 (-$27 to $1) $65 (55) $65 (55) $0 (-$17 to $17)
Pathology tests
Sputum cultures $11 (33) $14 (37) -$3 (-$12 to $6) $10 (30) $21 (58) -$11 (-$25 to $3)
Blood cultures $11 (36) $18 (48) -$7 (-$17 to $3) $15 (60) $24 (79) -$19 (-$61 to $23)
All remaining tests $1171 (2036) $1380 (1620) -$209 (-$661 to $243) $1085 (1130) $1161 (1516) -$76 (-$481 to $329)
Radiology tests
Chest X-rays $127 (216) $174 (236) -$47 (-$102 to $8) $133 (211) $129 (262) $4 (-$68 to $76)
Chest CT’s $30 (125) $50 (173) -$20 (-$57 to $17) $33 (118) $56 (223) -$23 (-$77 to $31)
All remaining tests $120 (401) $126 (248) -$6 (-$88 to $76) $77 (126) $103 (172) -$26 (-$72 to $20)
Antibiotics
Respiratory indication $79 (269) $162 (330) -$47 (-$120 to $26) $117 (307) $130 (277) -$13 (-$102 to $75)
Al other indications $162 (306) $125 (228) $37 (-$29 to $103) $212 (378) $199 (342) $13 (-$95 to $121)
Medical visits
Out of round visits $463 (676) $715 (1030) -$252 (-$463 to -$41)t $669 (996) $448 (627) $221 (-$28 to $470)
MET calls $103 (390) $179 (628) -$76 (-$203 to $51) $108 (585) $56 (276) $52 (-$84 to $188)
Total net costs
Targeted costs model - unadjusted $20451 (27268)  $23313 (20733) -$2862 (-$8812 to $3089) $22291 (18418) $23237 (28074) -$946 (-$8147 to $6255)
Targeted costs model — adjusted* $20391 (27960)  $21547 (16729) -$1156 (-$6937 to $5300) $23513 (20269) $22844 (25823) $668 (-$6428 to $6247)
Sensitivity analysis
Government episode of care costs* | $31316 (27904)  $33522 (30927)  -$2206 (-$9391 to $4979) | $30195 (19804)  $31705 (24739) -$1510 (-$8286 to $5260)
Effects
Pulmonary complications* 16 (12%) 38 (30%) -13% (-17% to -6%)++ 11 (13%) 20 (22%) -5.7% (-12% to 5.6%)
12-month mortality* 6 (4.4%) 17 (14%) -6.4% (-8.7% to -0.7%)T 10 (12%) 6 (6.7%) 5.6% (-0.9% to 22%)
QALY, imputed data sets* 0.670 (0.124) 0.619 (0.171) 0.051 (0.015 to 0.088)} 0.659 (0.154) 0.684 (0.116) -0.025 (-0.066 to 0.015)
Sensitivity analysis n=90 n=74 n=70 n=81
QALY, complete cases only* 0.674 (0.167) 0.643 (0.223) 0.031 (-0.016 to 0.078) 0.643 (0.173) 0.679 (0.121) -0.036 (-0.080 to 0.008)

All costs are in 2018 Australian dollars. Raw cost data are mean (SD) and mean difference (95% confidence interval)
*Total costs, PPC, mortality and QALY comparisons are adjusted for age, respiratory comorbidity, surgical category using multiple regression and Poisson regression. QALY also adjusted for baseline
utility. T p=0.04, +1p=0.03,  p=0.01. All p-values two-tailed.
ICU=intensive care unit, HDU=high dependency unit, NI\V=noninvasive mechanical ventilation, CT=computerised tomography, MET=medical emergency team, QALY =quality adjusted life year
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Appendix 3: Quality of life years calculation methods with examples

Figure 1S (a)

Patient deteriorates over first 6 weeks. Alive at 12 months.
Baseline utility = 0.923

1 -

0.9
= 0.8
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0.4
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0.2
0.1
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Health utility (SF6D

* 0923

6 week utility = 0.437

B.o23

QALY - baseline to 6 weeks
= area of the square of lowest health utility value during 6 weeks + area of triangle of highest to lowest

health utility value during 6 weeks

Weeks after surgery

= (0.437 x 6/52) + (((0.923-0.437) x 6/52)/2) = 0.078

QALY - 6 weeks to 12 months
= area of square from lowest health utility value at 6 weeks by the remaining 46 weeks + area of triangle

of lowest to highest health utility.

= (0.437 x 46/52) + (((0.923-0.437) x 46/52)/2) = 0.387 + 0.215

=0.602

Total QALY for the 12 months from baseline =0.078 + 0.602 = 0.680

Figure 1S (b)

Patient improves over first 6 weeks. Alive at 12 months. Baseline utility = 0.599 6 week utility = 0.894
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Weeks after surgery

QALY 6 weeks = (0.599 x 6/52) + (((0.894-0.599) x 6/52)/2) = 0.086
QALY 6 weeks to 12 months = (0.599 x 46/52) +(((0.894-0.599) x 46/52)/2) = 0.791
Total 12 month QALY =0.877
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Figure 1S (c)
Patient dies 16 days after surgery
Baseline utility = 0.577
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QALY = Last taken utility x weeks from this utility to death
=0.577 x 16/7/52
=0.025

Figure 1S (d)
Patient dies 167 days after surgery
Baseline utility = 0.810 6 week utility = 0.852
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QALY 6 weeks = (0.810 x 6/52) + (((0.852-0.810) x 6/52)/2) = 0.096
QALY 6 weeks to death at 167 days = (0.810 x 167/7/52) +(((0.852-0.810) x 167/7/52)/2) = 0.292
Total 12 month QALY =0.381
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Appendix 4. CONSORT flow diagram for health-related quality of life acquisition

UAS=upper abdominal surgery, PAC=pre-anaesthetic clinic, QoL=Quality of Life, PPC=postoperative
pulmonary complication, CONSORT=Consolidated Standards of Reporting Trials
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Appendix 5. Incremental net benefit of preoperative physiotherapy to prevent postoperative
pulmonary complications for a range of willingness-to-pay thresholds

a) Targeted hospital cost model

20000 -

upper limit95%
confidence interval

lower limit95%
confidence interval

40000 50000 0000 70000

:

all physicthe rapists
j?,"% phy P
----- experienced physiotherapists

----------------- less experienced physiotherapists

Incremental net monetary benefit (SAUD)

-10000 -

Willingness to pay threshold (SAUD)

b) Government episode of care costs

15000 -
upper limit 95%
confidence interval
10000 -
g
2 P
pds
% 5000
g
o lower limit 95%
- I, confidence interval
[1]
B
510000 10000 30000 40000 50000 60000 70000
2
£
E 560
E all physiotherapists
-10000 -

Willingness to pay threshold (SAUD)

196



CHAPTER 10

Update of thesis content to 2020

10.1 Introduction

This part-time PhD was initiated seven years ago, June 2013, and it has been five years since
enrolment in the LIPPSMACcK-POP trial closed. From this time (2015 — 2020) advances have been
made to perioperative medicine practices. The purpose of this chapter is to consider the findings
presented in the previous chapters as studied from 2013-2016 in the context of new and emerging
evidence within the field of perioperative medicine. This will include recalculating the volumes
of open elective upper abdominal surgery currently conducted in Australia; repeating the
systematic review to include papers published 2016 to 2020; and critically reviewing this thesis’s

findings within the key rapidly emerging field of ‘prehabilitation’.

10.2 Updated volume of open elective upper abdominal surgery

In 2013 data were extracted from the Australian Institute of Health and Welfare (AIHW) to
provide information on numbers of major abdominal surgical procedures for inclusion in the
published manuscript comprising Chapter 2 (Reeve & Boden 2016). This found that
approximately 130,000 elective open upper abdominal procedures were conducted in Australia in
2012 (AIHW 2013). An update to collate the number of procedures performed 2017-2018 was
conducted to better understand how this thesis’ research sits within contemporary surgical
volumes and the increasing implementation of minimally invasive surgery and laparoscopic upper

abdominal surgery within ERAS pathways.

Procedures commonly conducted via an abdominal incision longer than 5cm above, or extending
above, the umbilicus were extracted from AIHW metadata reporting all surgical procedures and
associated volumes performed in Australia in the year 2017-2018 (AIHW 2018). The specific
procedures, annual units, and total combined volume of major open elective upper abdominal
surgical procedures are presented in Table 10.1. Procedures excluded from those listed were those
conducted exclusively via a lower abdominal incision, thoracic incision, or laparoscopically, or

were day surgery cases, organ transplants, or emergency/trauma procedures.
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Table 10.1 Major elective upper abdominal surgery procedures in Australia 2017-2018

Procedure codes Procedure Number
0119 Partial adrenalectomy 105
Total adrenalectomy 663
Adrenalectomy 768
0815 Splenectomy, partial or full 577
0816 Splenorrhaphy 116
Splenectomy 693
0858 Oesophagectomy by abdominal and thoracic mobilisation 96
0859 Oesophagectomy by abdominal and cervical mobilisation 71
0860 Oesophagectomy by abdominal and transthoracic mobilisation 436
0867 Repair of oesophageal perforation 133
Oesophagectomy 736
0875 Partial gastrectomy 602
0876 Selective vagotomy with partial gastrectomy 18
0877 Total, subtotal, radical, Gastrectomy 784
0879 Pyloroplasty 145
0883 Open fundoplasty 164
0886 Open gastroplasty 18
0889 Open sleeve gastrectomy 168
Open gastric bypass 227
Duodenal-jejunal bypass or biliopancreatic diversion 44
Gastrectomy 2,170
0895 Resection of small intestine 5716
0898 Reduction procedures on small intestine 81
0900 Repair of small intestine 53
Small bowel resection 5,850
0913 Colectomy 14043
0916 Reduction procedures on large intestine 147
0918 Revision procedures on large intestine 400
Large bowel resection 14,590
0934 Rectosigmoidectomy or protectomy 1597
0935 Anterior resection of rectum 7569
0936 Total proctocolectomy 320
0940 Abdominal rectopexy 985
Rectal resection 10,471
0953 Segmental resection of liver 1023
0955 Lobectomy of liver 653
Trigsegmental resection of liver 212
Total hepatectomy 37
Partial liver resection 630
Liver resection 2,555
0965 Open cholecystectomy 3267
0966 Resection of hepatic duct or porta hepatis 148
0967 Resection of choledochal cyst 13
0970 Roux-en-Y bypass 115
Gall bladder and biliary tract 3,543
0978 Pancreatectomy 1625
0979 Other excision procedures on pancreas 40
0980 Anastamosis of pancreas 34
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Pancreatectomy 1,699
0985 Laparotomy 1593
0986 Division of adhesions 25422
0989 Pelvic exenteration 133
Open excision procedures of abdomen 9546
General laparotomies 90,697
0992 Repair umbilical, epigastric hernia 15046
0993 Repair incisional hernia 9644
0994 Repair parastomal hernia 1393
0996 Repair abdominal wall hernia 9569
0998 Repair diaphragmatic hernia 1261
Hernia repairs 36,913
1048 Partial nephrectomy 852
1049 Complete nephrectomy 220
1050 Complete nephrectomy for transplantation 265
1051 Radical nephrectomy 533
1053 Nephroureterectomy 172
1057 Pyeloplasty 122
1076 Ureterectomy 195
1081 lleal conduit procedures 911
Kidney and ureter procedures 3,270
1102 Cystectomy 1073
1104 Repair of ruptured bladder 122
Bladder resections/repairs 1,195
TOTAL MAJOR ELECTIVE ABDOMINAL SURGERY PROCEDURES 175,150

For the year 2017-2018 approximately 175,000 elective open upper abdominal surgical
procedures were performed in Australia. This represents a case increase rate of 7% per annum on
the previous accounting of 130,000 procedures collated from surgical procedure data published
five years previously in 2012-2013.

These data demonstrate the current and ongoing high numbers of major open elective abdominal
surgery, irrespective of increasing efforts to operative via minimally invasive procedures within
ERAS pathways. On 2018 volumes, an estimated PPC incidence rate of between 10 and 20%
equates to at least 19,000 to 38,000 PPCs per year in Australia. The severe negative consequences
associated with this type of postoperative complication justify the ongoing importance of studying

methods to minimise PPC after major abdominal surgery.
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10.3 Updated systematic review and meta-analysis

10.3.1 Background

The systematic review and meta-analysis contained within Chapter 4 was conducted in 2016 and
included trials published up to 2015. To ensure that the conclusions drawn by this thesis sit within
contemporary evidence and surgical practices, this analysis was repeated with the range of eligible
trials extended to June 2020.

This updated analysis will be developed further with the intention to publish.

10.3.2 Methods

The methods specified in Chapter 4 were replicated exactly except for:
1. extending the literature search time range to June 2020.
2. Adding a third analysis; The addition of preoperative chest physiotherapy to
postoperative chest physiotherapy alone (active control). This was added due to the

first publication of a trial investigating this question.

10.3.3 Results
10.3.3.1 Flow of studies through the review

The updated search strategy yielded an additional 232 articles, from which 24 were considered
possibly eligible for inclusion and full text manuscripts were retrieved for consideration. Of these,
20 were excluded according to the specified eligibility criteria as outlined in Table 4.1, Chapter
4. Table 10.2 outlines the newly excluded trials (2016 — 2020) and reasons for exclusions. Figure
10.1 shows the updated flow of trial selection (1950 — 2020).
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Table 10.2 Excluded trials 2016 to 2020

Reason for exclusion

Study

Details

Not randomised or
pseudorandomised
allocation

AbuBakr AS, Ibrahim HD, Abdallah T. Effect of pulmonary care measures on reducing respiratory tract
infection and dispend grades among postoperative elderly patients with abdominal surgeries. IOSR J Nur
Health Sci. 2018;7(4):87-97.

Non random allocation.

Dakshinamurthy A, llavazhagan JJ. Influence of Preoperative Physiotherapy on Respiratory Muscle Function
and Quality of Life in Laparotomy Patients. Int J Pub H Health Sys. 2019 Apr 9;4(3):58.

Convenient sample. Used emergency laparotomy
patients as a control.

Hussein EE, Taha NM. Effect of Breathing Exercises on Quality of Recovery Among Postoperative Patients.
Int J Stud in Nur. 2018 Jul 30;3(3):151.

Convenient sample

Raj AR, Kathyayani BV. Pre-operative breathing exercise using instructional demonstration in preventing
post-operative pulmonary complications for patients undergoing elective abdominal surgery. Manipal Journal
of Nursing and Health Sciences. 2016;2(1):16-20.

Not randomised comparative trial.

Sanya AO, Akinremi AO. Effects of breathing exercise training on selected pulmonary indices in post-
abdominal surgery patients. Nigerian J of Clin Prac. 2001;4(2):91-5.

Non randomised allocation. No control group

Ineligible participants

Allam NM, Khalaf MM, Thabet WN, Ibrahim ZM. Effect of combination of Acapella device and breathing
exercises on treatment of pulmonary complications after upper abdominal surgeries. J of Surg. 2016 Jan 1;4(2-
1):10-4.

Participants entered into trial if they already had a
PPC

Ineligible control group

Othman EM, Abaas SA, Hassan HH. Resisted breathing exercise versus incentive spirometer training on vital
capacity in postoperative radical cystectomy cases: a pilot randomized controlled trial. Bul of Fac Phys Ther.
2016 Jul 1;21(2):61.

Incentive spirometry v breathing exercises.
Outcome: Lung function

Shingavi SS, Kazi A, Gunjal S, Lamuvel M. Effects of active cycle of breathing technique and autogenic
drainage in patient with abdominal surgery. Int J App Research. 2017;3(2):373-6.

Autogenic drainage v deep breathing exercises
Outcomes: Lung function

Thakre P, Sagar JH. Effect of incentive spirometry and lateral costal expansion in patients with upper
abdominal surgery. Int J Phy, Nutr Phys Ed 2018; 3(1): 1222-1226.

Incentive spirometer v DB exercises

Wange P, Jiandani M, Mehta A. Incentive spirometry versus active cycle of breathing technique: Effect on
chest expansion and flow rates in post abdominal surgery patients. Int J Research Med Sci. 2016
Nov;4(11):4762.

Incentive spirometer v DB exercises
Outcomes: Lung function

Ineligible intervention
group

Alaparthi GK, Augustine AJ, Anand R, Mahale A. Comparison of diaphragmatic breathing exercise, volume
and flow incentive spirometry, on diaphragm excursion and pulmonary function in patients undergoing
laparoscopic surgery: a randomized controlled trial. Minimally invasive surgery. 2016; doi:
10.1155/2016/1967532.

Preop training on flow IS OR volume IS OR DB
exercises v no preop training.
Outcomes: Lung function
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Fernandes SC, Santos RS, Giovanetti EA, Taniguchi C, Silva CS, Eid RA, Timenetsky KT, Carnieli-Cazati D.
Impact of respiratory therapy in vital capacity and functionality of patients undergoing abdominal surgery.
Einstein (Sao Paulo). 2016 Jun;14(2):202-7.

Incentive spirometer v Bi level positive pressure
ventilation
Outcomes: Lung function

Klaiber U, Stephan-Paulsen LM, Bruckner T, Miiller G, Auer S, Farrenkopf I, Fink C, Dérr-Harim C, Diener
MK, Bichler MW, Knebel P. Impact of preoperative patient education on the prevention of postoperative
complications after major visceral surgery: the cluster randomized controlled PEDUCAT trial. Trials. 2018
May 24;19(1):288.

Preop education many topics including DB&C
training using Flutter or Incentive spirometer v
information booklet alone.

Pantel H, Hwang J, Brams D, Schnelldorfer T, Nepomnayshy D. Effect of Incentive Spirometry on
Postoperative Hypoxemia and Pulmonary Complications After Bariatric Surgery: A Randomized Clinical
Trial. JAMA Surg. 2017;152(5):422-428.

Incentive spirometer v no treatment control.

Rodrigues MA, Ferreira LM, de Carvalho Calvi EN, Nahas FX. Preoperative respiratory physiotherapy in
abdominoplasty patients. Aesthetic surgery journal. 2018 Feb 15;38(3):291-9.

Preoperative DB&C exercises + incentive
spirometer compared to no treatment control
Outcomes: Lung function

Rowley DD, Malinowski TP, Di Peppe JL, Sharkey RM, Gochenour DU, Enfield KB. A randomized
controlled trial comparing two lung expansion therapies after upper abdominal surgery. Resp Care Oct
2019, 64 (10):1181-1192.

Incentive spirometry v EzZPAP lung expansion

Tripathi S, Sharma R. Deep Breathing Exercise and Its Outcome among Patient with Abdominal Surgery: A
Pilot Study. Int J Nursing. 2017;7(5):103-6.

IS + DB exercises v control group

Ineligible outcome
measure

Duymaz T, Karabay O, Ural IH. The effect of chest physiotherapy after bariatric surgery on pulmonary
functions, functional capacity, and quality of life. Obesity surgery. 2020 Jan;30(1):189-94.

Postop coached DB&C exercises v early
mobilisation alone.

Outcome: Oxygenation, lung function, dysponea,
QoL

Gastaldi AC, Magalhdes CM, Baraina MA, Silva EM, Souza HC. Respiratory kinesiotherapy following
laparoscopic cholecystectomy. Rev Bras Fisioter. 2008;12(2):100-6.

Preop instruction on DB exercises to perform
independently postoperatively v no treatment
control.

Outcome: Lung function

Kale PM, Mohite VR, Chendake MB, Gholap MC. The effectiveness of preoperative deep breathing exercise
on postoperative patients of abdominal surgery. Asian J Pharm Clin Res. 2017;10(2):157-60.

Preop education and DB exercise training v
control
Outcomes: Lung function
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Table 10.3 Characteristics of new studies (2016 — 2020) included in review

Author; Country; n PEDro Pop Control Intervention Outcome Result: Relative risk Comparat  Interpretation
year centres, n score Control v Intervention/s or
Abdelaal Egypt 50 4 LAS No preop chest PT Prehab + preop  Atelectasis 7124 (29%) v 3/26 (12%) 0.40 (0.12 to 1.36) Postop PT  The addition of
2017 Single Postop twice daily chest PT 15mins  Pneumonia  8/24 (33%) v 2/26 (8%) 0.23 (0.05 to 0.98) v preop supervised
chest PT 15min for  twice a week for ARF 3/24 (13%) v 0/26 (0%) n/a additional  prehab and
4 days 2 weeks. Self- PPC 15/24 (63%) v 7/26 (27%) 0.43 (0.21 to 0.87) preop PT  DB&C exercises
directed DB&C may minimise
ex twice daily 4 PPC after
d/week + postop laparoscopic
chest PT as per bariatric surgery
control compared to
postop DB&C
PT sessions: 8 PT sessions: 12 exercises alone.
Wang China 92 5 OAS No preop chest PT Preop chest PT PPC 12/46 (26%) v 4/46 (9%) 0.33 (0.12 t0 0.96) No PTv Preop chest PT
2018 Single No postop chest PT preop may minimise
chest PT PPC after
PT sessions: 0 PT sessions: 1 abdominal
surgery.
Lohiya India 3B 2 OAS No preop chest PT Preop chest PT  Atelectasis 3/25 (12%) v 1/10 (10%) 0.83 (0.10to 7.1) No PT v Preop chest PT
2018 Single No postop chest PT Pneumonia  7/25 (28%) v 1/10 (10%) 0.36 (0.05 to 2.5) preop may not reduce
PPC 18/25 (72%) v 4/10 (40%) 0.56 (0.25 to 1.2) chest PT PPC rates
PT sessions: 0 PT sessions: 1
Boden Australia 432 8 OAS No preop chest PT Preop chest PT Atelectasis 571214 (27%) v 39/218 (18%) 0.67 (0.47 to 0.96) No PTv Preop chest PT
2018b New Standardised postop ~ Standardised Pneumonia  42/214 (20%) v 18/218 (8%) 0.42 (0.25t0 0.71) preop reduces
Zealand ambulation postop PPC 58/214 (27%) v 27/218 (12%) 0.46 (0.30 to 0.69) chest PT postoperative
Multi ambulation PPC and
N=3 pneumonia

PT sessions: 3-4

PT sessions: 4-5

Legend: ARF = acute respiratory failure, d = days, DB&C = deep breathing and coughing, LAS = lower abdominal surgery, multi = multicentre trial, n = number, OAS = open abdominal surgery, PEDro
= physiotherapy evidence database, pop = population, PPC = postoperative pulmonary complication, postop = postoperative, preop = preoperative, PT = physiotherapy, single = single centre trial, v =

Versus.

Statistically significant results are in bold font
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Table 10.4 Methodological quality of new included trials in updated systematic review

Study Random Concealed Baseline Participan  Therapist Assessor <15% Intention-  Between- Point Total
allocation  allocation comparabi tblinding blinding blinding dropouts to-treat group estimate score
lity analysis difference (0 to 10)

Wang Y Y N N N N Y N Y Y 5
2018

Boden Y Y Y Y N Y Y Y Y Y 9
2018b
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Records identified with database and reference list searches (n = 986)

Duplicates removed (n = 207)

Records screened by title and abstract (n = 779)

Records excluded (n = 694)

Full-text articles assessed for eligibility (n = 85)

Full-text articles excluded (n = 61)
* Ineligible intervention (n = 24)
* Ineligible control group (n = 23)

* Not a randomised trial (n = 8)
* Ineligible outcomes (n = 4)

* Ineligible participants (n = 2)

Trials included in analysis (n = 24)

Figure 10.1 Flow of studies for selection in updated review

10.3.3.2 Characteristics of new included studies

The four new included studies (Abdelaal et al 2017, Wang, Yuan & Ding 2018, Lohiya et al 2018,
Boden et al 2018b) involved an additional 609 participants having major abdominal surgery. The
total number of participants in this updated meta-analysis is 2524. Tables 10.2 and 10.3
summarise the characteristics and methodological quality of the newly included studies. Three of
the new studies (Wang, Yuan & Ding 2018, Lohiya et al 2018, Boden et al 2018b) investigate the
effectiveness of preoperative chest physiotherapy alone compared to a no treatment control group.
The remaining study investigates the effect of the addition of preoperative chest physiotherapy to

postoperative chest physiotherapy (Abdelaal et al 2017).

Quality
Three of the new studies had low methodological quality with an average PEDro score of 3.6 (SD

1.5). The risk of bias is high in these studies with unblinded outcome assessors. The study
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included in this thesis (Boden et al 2018b), and now included in this updated meta-analysis, has
the highest methodological quality of all included 24 trials with a PEDro score of 9.

Participants

Of the four new studies, three involved open abdominal surgery (Wang, Yuan & Ding 2018,
Lohiya et al 2018, Boden et al 2018b) and the other enrolled only patients undergoing
laparoscopic bariatric surgery (Abdelaal et al 2017). The three single centre studies were
conducted in Egypt, India and China. The LIPPSMACck-POP trial was one of only two multicentre
trials included in this meta-analysis (Boden et al 2018b, Condie, Hack & Ross 1993).

Interventions

Three of the newly added trials tested the effect of preoperative chest physiotherapy to reduce
PPC after abdominal surgery compared to a no treatment control (Wang, Yuan & Ding 2018,
Lohiya et al 2018, Boden et al 2018b). Abdelaal and colleagues (2017) assessed the benefit of
adding preoperative chest physiotherapy to a postoperative chest physiotherapy program alone.
Of all 24 studies included in the updated review, three specified that postoperative ambulation
was standardised between groups (Boden et al 2018b, Silva, Li & Rickard 2013, Mackay, Ellis &
Johnston 2005).

10.3.3.3 Synthesis of results: meta-analysis

Effect of chest physiotherapy versus no chest physiotherapy

The updated effects of the 18 studies investigating the incidence of PPC after abdominal surgery,
comparing the effect of providing chest physiotherapy to no chest physiotherapy, is shown in
Figure 10.2. The addition of the four new trials did not impact the main findings as presented in
Chapter 4.

The updated total pooled RR estimate finds that chest physiotherapy significantly reduced PPC
by an estimated 16%, with the true value lying somewhere between 11% and 20% (RR 0.84, 95%
Cl1 0.80 to 0.89). This is an equivalent NNT of 6 (95% CI 5 to 9). With new data, point estimates
are more precise with tighter confidence intervals and the estimate of effect becomes marginally

lower.

The pooled estimated PPC incidence of patients who did not receive any coached DB&C
exercises by a physiotherapist was 265/906 (29%, 95% CIl 26% to 32%). For patients provided
with DB&C exercises by a physiotherapist either before or after surgery, or both, the overall
estimate of PPC incidence was 135/889 (15%, 95% CI 13% to 18%). In this updated analysis the
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PPC incidence in participants provided with preoperative physiotherapy was higher at 9%
(40/423, 95% CI 7% to 13%). For those who received chest physiotherapy only in the
postoperative phase the pooled PPC incidence remained at 27% (95% CI 21% to 33%).

Favours no chest physio

Chest physiotherapy

Risk Ratio {(Non-event)

Risk Ratio {(Non-event)

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.1.1 Preop chest PT only
Fagevik-0lsen 1957 32 143 4 132 18.2% 0.82[0.75, 0.89] 15897 -
Kulkarni 2010 2 17 1 17 21% 0.94 [0.76,1.16] 2010 T
Wang 2018 12 46 4 46 56% 0.81[0.67,0.98] 2018 —
Boden 2018 58 214 27 218 251% 0.83[0.76,0.92] 2018 =
Lohiya 2018 18 25 4 1m 11% 0.47[0.21,1.05 2018
Subtotal (95% CI) 455 423 52.2% 0.82[0.77,0.87] L
Tatal events 122 40
Heterogeneity, Chi*= 3.55, df= 4 (P=0.47), F=0%
Testfor overall effect £=6.34 (P = 0.00001)
1.1.2 Postop chest PT only
Marran 1983 30 51 25 51 34% 0.81[0.53,1.23] 1983 —
Giroux 1987 5 27 8 7 158% 1.16[0.85,1.57] 1987 I
Mackay 2005 3 21 6 29 26% 1.08[0.84,1.39] 20048 -
Manzanao 2008 1 16 0 18 21% 0.94[0.79,1.12] 2008 1
Silva 2013 4 28 10 58 41% 0.95[0.76,1.19) 2013 T
Lunardi 20145 0 ki g 35 36% 1.29[1.07 1.5858] 2015 -
Subtotal (95% CI) 178 215  18.4% 1.04 [0.93, 1.16] -»
Total events 45 57
Heterogeneity, Chi®=9.10, df= 5 (P=011); F= 45%
Testfor averall effect Z =062 {F=0.53)
.

1.1.3 Both pre and postop chest PT — M-H, Random, 35% CI_
Palmer 1952 5 42 8 40 BE% 1.10[0.91,1.33] 1952 I
Stein 1970 1 3 1 5 0.9% 0.83[0.33,2.08] 1970
Celli 1954 21 44 ] 41 43% 067 [0.48,0.93] 1984
Roukema 1988 50 84 13 69 4.9% 0.501[0.38, 0.66] 1988 E——
Chumillas 1998 8 4 3 40 BY% 0.87[0.73,1.04] 1998 T
Fagevik-Olsen 1999 1 20 0 2 TT% 0.95([0.83,1.04] 1999 T
Carneriro 2013 12 39 4 36 56% 0.78[0.61, 099 2013 ]
Subtotal (95% CI) 273 251  36.8% 0.80 [0.65, 1.00] -
Total events 95 38
Heterogeneity: Tau®= 0.06; Chi®= 3549, df= 6 (P = 0.00001); F=83%
Test for overall effect: Z=1.98 (F=0.05)
Total (95% Cl) 906 889 100.0% 0.84 [0.80, 0.89] ]
Total events 264 138

e iR _ R , , , ,
Heterogeneity, Chi®= 60.66, df=17 (P = 0.00001); #=72% R e 4

Test for averall effect: £ = 6.96 {F = 0.00001}

Test for subgroup differences: Chi*=17.50, df= 2 (P = 0.0002), F= 88.6%

Figure 10.2 Updated meta-analysis of the effect of chest physiotherapy compared to no-

treatment control on PPC risk after abdominal surgery.

Favours chest physio Favours no chest physio

The additional studies improved the homogeneity of results from studies involving only

preoperative chest physiotherapy. Funnel plot comparison finds all studies investigating

preoperative chest physiotherapy to be within a reasonable standard error (Figure 10.3). Studies

combining both pre- and postoperative chest physiotherapy had the greatest heterogenity at 12 =

83%.
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Figure 10.3 Funnel plot of studies comparing chest physiotherapy to a no-treatment control

No-treatment control comparator

Effect of preoperative physiotherapy alone versus no-treatment control

The newly added studies strengthen previous findings that patients have significantly less
estimated risk of a PPC after abdominal surgery if provided with preoperative education and
training on DB&C exercises. As shown in Figure 10.2, the updated analysis finds that the risk of
a PPC is reduced by an estimated 18%, with the true value lying between 13% and 23%. This
provides a more precise estimate of effect, with preoperative chest physiotherapy preventing one

PPC for at least every 8 patients treated.

Effect of postoperative physiotherapy alone versus no-treatment control

The updated analysis did not alter original findings (Figure 4.2 and Figure 10.2) as no new trials
were added to this sub-group analysis. Providing chest physiotherapy in the postoperative phase
only was found not to confer a benefit in the reduction of PPC with an RR of 1.04 (95% CI 0.93
to 1.16).

Effect of combined pre- and postoperative chest physiotherapy versus no-treatment control
The updated analysis did not alter original findings as no new trials were added to this sub-group

analysis. The RR estimate is of 0.80 (95% CI 0.65 to 1.00), favouring patients who receive chest
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physiotherapy both before and after surgery (Figure 4.2 and Figure 10.2). This estimate lacks
precision and the possibility of no benefit exists with the upper 95% CI touching 1.00.

Active control comparator

Effect of adding postoperative chest physiotherapy to preoperative physiotherapy alone

The updated analysis did not alter original findings as no new trials were added to this analysis.
(Figure 4.3). The addition of postoperative chest physiotherapy did not confer any benefit over
and above preoperative chest physiotherapy alone (RR 1.07, 95% CI1 0.71 to 1.60).

Effect of adding preoperative chest physiotherapy to postoperative physiotherapy alone

A newly added trial conducted in 2017 (Abdelaal et al 2017) assessed the benefit of adding
preoperative chest physiotherapy and supervised physical activity to an existing postoperative
chest physiotherapy protocol compared with postoperative physiotherapy alone. This trial found
that adding a multimodal preoperative physiotherapy programs reduced PPC incidence by
approximately a half (Figure 10.4; RR 0.51, 95% CI 0.29 to 0.90). Interpretations of this outcome
should be cautious considering that this is a single trial only of small numbers and only fair
methodological quality, including unblinded assessors.

Experimental Control Risk Ratio (Non-event) Risk Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Ahdelaal 2017 14 24 T 26 100.0% 051029 090 2017
Total (95% CI) 24 26 100.0% 0.51 [0.29, 0.90] -l
Total ewents 14 7
Heterogeneity: Mot applicable o1 0 10 100

Test for overall effect Z=2.31 (P =002

Figure 10.4 Forest plot of a trial testing the addition of multimodal preoperative physiotherapy

compared to postoperative chest physiotherapy alone.

10.3.4 Discussion

This updated meta-analysis of eligible trials from 1950 to 2020 that investigated the effect of chest
physiotherapy to reduce the risk of PPC after abdominal surgery finds that there is 95% certainty
that chest physiotherapy reduces PPC incidence by between 11% and 20%. The addition of four
new trials conducted from 2016 to 2020, including the LIPPSMACck-POP trial contained within
this thesis, confirms previous findings of a significant sub-group benefit to the timing of chest
physiotherapy delivery. In trials where patients received preoperative physiotherapy the risk of
PPC was reduced by between 16% to 24%, whereas if patients were seen by a physiotherapist

after surgery only no PPC risk reduction is realised.

The reliability of these meta-analysis findings should be considered quite robust. Results are not

affected by sensitivity analyses where lower quality trials are removed. Moreover, the
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LIPPSMACck-POP trial has the highest methodology score of all included trials, including
blinding of both assessors and patients and concealed allocation of group assignment. In addition,
it was the only multicentre bi-national pragmatic clinical trial conducted within modern
perioperative surgical practices of an outpatient preoperative assessment clinic and included a
hospital with ERAS principles.

10.4 Prehabilitation updated to 2020

The concept of prehabilitation (‘prehab’) has been discussed in earnest since the early 2000s
(Carli & Zavorsky 2005). Consistent strong associations between poor preoperative strength and
fitness and increased risk of postoperative complications, mortality, and hospital LOS (Soares &
Nucci 2019, Moran et al 2016b, Hightower et al 2010, Smith et al 2009) have led to the compelling
concept that improving a patient’s physical fitness prior to surgery could reduce the risk of adverse
events and enhance recovery following surgery (Mayo et al 2011). ‘Prehab’ is a term
encompassing targeted programs and interventions that aim to improve a patient’s functional
capacity prior to surgery, with the goal to ameliorate the inevitable declines in short and medium-

term physical function and performance after surgery (Lawrence et al 2004).

The first randomised controlled trial in prehab for patients awaiting abdominal surgery was
published in 2009 (Kim et al 2009). In the 10 years since approximately 15 additional trials have
been published (Hughes et al 2019). Many new trials are currently active and recruiting (Berkel
et al 2020, Sheill et al 2020, van Rooijen et al 2019, Karlsson et al 2019, Allen et al 2018, Mclsaac
et al 2018, Woodfield et al 2018, Abdullah et al 2017). This reflects the intense interest that the

perioperative medicine community has in this field.

The prehabilitation literature up to 2016 was reviewed and discussed briefly in Chapter 2, p. 18.
Since that time there is no shortage of systematic reviews that have attempted to synthesize the
evidence of clinical trials in prehab specifically for patients undergoing abdominal surgery
(Hughes et al 2019, Bolshinsky et al 2018, Hijazi, Gondal & Aziz 2017, Moran et al 2016b, Bruns
et al 2016). Unfortunately, the findings of these reviews remain as unclear as the ones discussed
in Chapter 2, p.18, and for the same reasons. The main limitations are heterogeneity of included
trials, namely: studies with differing patient risk profiles, multimodal intervention packages, non-
exercise based therapy (e.g. IMT only, or breathing exercises only), active control groups (e.g.
high intensity exercise versus low intensity exercise; prehab versus walking program), and studies
that involved a heterogeneous mix of exercise modalities, intensities, time frames, and number of
supervised sessions. This heterogeneity precludes an overarching statement regarding the

effectiveness of prehab in general.
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The use of multimodal interventions in prehab trials can make interpretation difficult and clouded.
Trials included in systematic reviews that have specifically reported on PPC have almost all
involved a combination of exercise therapy and IMT (Valkenet et al 2011, Santa Mina et al 2014,
Pouwels et al 2014). IMT is likely to be independently and strongly associated with reduced risk
of PPC after surgery (Kendall et al 2018, Mans, Reeve & Elkins 2015). For multimodal studies
that combine exercise therapy and IMT, it cannot be determined if positive outcomes to PPC are
improved through the IMT, the exercise program, or the combination of both. A conclusion that
‘prehab results in reductions to PPC’ may be erroneous (Moran et al 2016b) rather the conclusion
that ‘IMT leads to reduction in PPCs’ (Kendall et al 2018) would be more appropriate. The
INSPIRE trial is a large (n=2500) multicentre randomised controlled trial that is currently active
and aiming to definitively determine if IMT independently reduces PPC in patients undergoing
cardiothoracic or abdominal surgery (UK POMCTN 2018).

The confusion surrounding what exactly is ‘prehabilitation’ highlights the importance of distinct
definitions of the variety of preoperative interventions, and the term ‘prehabilitation’ itself. A lack
of a clear understanding of the different prehab interventions could lead clinicians to misinterpret
broad statements made by authors that e.g. ‘prehab prevents PPCs’ (Moran et al 2016b).
Clinicians might interpret this statement that exercise-based prehab is effective and neglect to
implement IMT in favour of exercise alone. Interpretation and implementation errors could also
occur through misunderstanding the differences between multidisciplinary multimodal
prehabilitation; that is, various combinations of exercise, diet, psychology, and respiratory

interventions, and unimodal exercise-alone prehabilitation.

There is little doubt that a supervised preoperative moderate to high intensity cardiovascular
exercise programs improves physical fitness (Moran et al 2016a, Cabilan, Hines & Munday 2015,
O’Doherty et al 2013, Lemanu et al 2013). Whether the fitness improvements carry over to impact
postoperative complications and length of stay is still unknown. Table 10.5 summarises all
prehabilitation randomised controlled trials published to 2020 in the abdominal surgery
population, both multimodal and unimodal, that have reported on postoperative hospital stay and
complications. As the evidence for IMT to reduce postoperative LOS and complications is strong
(Kendall et al 2018, Mans, Reeve & Elkins 2015), trials which included IMT have been excluded.
This is to prevent the possibility of results being confounded by the effects of this single

intervention.
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Table 10.5 Randomised controlled trials involving exercise-only prehabilitation prior to abdominal surgery.

Author

Sample
size

Patients

Control

Intervention

Outcomes, control v intervention:
LOS, all-cause complications, PPC

General conclusion

Home-based exercise program v no exercise control

Unimodal — exercise alone

Home exercise moderate intensity
strength and conditioning program
1/h 3/week

Weekly phone calls

Santa Mina 86 Radical Standard care Individualised home-based LOS: 2 (1)v2(1); NS UNCERTAIN
2018 prostatectomy moderate intensity strength and Complications, postop: 36% v 42%; NS | An individualised home exercise program
condition program. 60 mins, 3- did not reduce LOS or reduce
4/week for 4-6 weeks complications.
Jensen 2015 107 Radical No preop exercise Home-based daily strength and LOS: 8 [4-55] v 8 [3-30]; NS UNCERTAIN
cystectomy Early postop conditioning for 2 weeks Complications, 90d: 60% v 60%; NS A home-based exercise program did not
mobilisation once + Enhanced physio on ward improve postoperative outcome or shorten
daily postop (2 x 30 min daily) LOS
Multimodal
Minnella 2018 | 68 Esophagectomy | Standard care Dietary advice and protein LOS: 7 [6-13] v 8 [6-12]; NS UNCERTAIN
supplementation Complications, 30d: 72% v 58%; NS Multidisciplinary assessment and
Individualised home-based prescription of a telephone supported home
strength and conditioning based exercise program did not reduce
program. 30 min 4/week for 4-5 postoperative complications or LOS.
weeks. Supervised once. Weekly Possible effects detected to morbidity
phone support. warrant testing in a powered RCT.
Liang 2018 77 Obese ventral Standard preop Multidisciplinary preop LOS: 0 (0.1) v (0.2); NS UNCERTAIN
hernia repairs counselling optimisation focusing on dietand | Complications, 30d: 18% v 7%: NS A generic home exercise program with
exercise. dietary advice did not reduce LOS or
General home exercise program reduce complications. Possible effects
with DVD detected to surgical site complications
warrant testing in a powered RCT.
Gillis 2014 77 Colorectal No preop exercise 1h assessment and prescription LOS: 4 [3-7] v 4 [3-5]; NS UNCERTAIN
cancer with Physio, 1h with dietician, 1h | Complications, 30d: 44% v 32%; NS Multidisciplinary assessment and
resection with psychologist prescription of a telephone supported home

based exercise program did not reduce
postoperative complications or LOS.
Possible effects detected to morbidity
warrant testing in a powered RCT.
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Table 10.5 Randomised controlled trials involving exercise-only prehabilitation prior to abdominal surgery (cont).

Author

n

Patients

Control

Intervention

Outcomes: LOS, all-cause
complications, PPC

General conclusion

Home-based strength and conditioning v walking/breathing exercises

Carli 2010

112

Colorectal
surgery

Exercise test

Single home visit
Weekly phone calls
30-min daily walking
Breathing exercises
5min/day

Exercise test

Single home visit

Weekly phone calls

Home based bike training and
weight training, 30-45min for 6-8
weeks preop

LOS: 7 (4) v 12 (35), or,
7 (4) v 7 (7) removing outlier; NS

Complications, postop: 32% v 39%; NS

A supported home-based strength and
conditioning program did not reduce LOS
or postoperative complications compared to
a breathing exercise and walking program.

Supervised mul

timodal prehabilitation v home exercise program

Bausquet Dion
2018

80

Colorectal
cancer
resection

Exercise test and
exercise advice
Respiratory and
nutritional education
Psychology session
Home-based moderate
intensity strength and
conditioning program
1/h 3/week

Control +

Prescribed home-based moderate
intensity exercise program
(strength and conditioning)
Supervised training 1h 1/week for
4 weeks

Diet advice and protein
supplementation

Psychological counselling

LOS: 3 [2-4] v 3 [3-4]; NS

Complications, 30d: 31% v 38%; NS

UNCERTAIN

A supervised multimodal prehabilitation
program did not reduce LOS or
postoperative complications compared to a
home-based unsupervised program.
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Table 10.5 Randomised controlled trials involving exercise-only prehabilitation prior to abdominal surgery (cont).

Author

n

Patients

Control

Intervention

Outcomes: LOS, all-cause
complications, PPC

General conclusion

Supervised prehabilitation v no exercise control

Unimodal — exercise alone

Personalised home-based
moderate intensity walking
program 30 min daily, strength
training 3/week.

Dietary counselling and protein
supplementation

Banerjee 2018 | 60 Radical No preop exercise Supervised high intensity interval | LOS: 7 [5-107] v 7 [4-78]; NS UNCERTAIN
cystectomy training cycle-based. Complications, postop: 36% v 15%; NS | Supervised high intensity cycle training did
30mins, 2/week, 3 — 6 weeks; 10 not reduce LOS or postop complications.
total sessions Possible effects detected to morbidity
warrant testing in a powered RCT.
Tew 2017 53 AAA No preop exercise Supervised hospital-based high LOS: 6 [4-8] v 7 [5-9]; NS UNCERTAIN
intensity cycle training. 30min, Complications, postop: NS (datanotin | Supervised hospital high intensity exercise
3/week for 4 weeks proportions, reported as a composite program did not reduce LOS or postop
score) morbidity.
Dunne 2016 38 Liver resection | No preop exercise Supervised intense interval LOS: 5 [5-7] v 5 [4-6]; NS UNCERTAIN
training cycle-based. Complications, postop: 47% v 42%; NS | Supervised intense cycle training did not
30 mins for 12 sessions over 4 reduce LOS. Possible effects detected to
weeks morbidity warrant testing in a powered
30min 3/week 4 weeks; 12 total RCT.
sessions
Barakat 2016 124 Open (63%) or | No preop exercise Supervised group-based strength LOS: 8 [6-12] v 7 [5-9]; p=0.03 POSITIVE
endovascular and conditioning program Complications, postop: 42% v 23%; A supervised group strength and condition
(37%) AAA 1h 3/week 6 weeks; 18 total p=0.02 program reduced LOS and complications.
sessions PPC: 21% v 11%; NS Possible effects detected to PPC require
verification in a powered RCT.
Multimodal
Carli 2020 418 Frail colorectal | No preop interventions Hospital-based supervised LOS: 4 [3-8] v 4 [3-8]; NS _
Multicentre | cancer Standard care moderate intensity strength and Complications: 46% v 46% A multimodal prehabilitation program did
resection conditioning. 1/wk for 4 weeks. not reduce LOS or postoperative

complications compared to standard care.
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Psychology counselling and
exercises 3/week

Barberan- 144 High-risk Exercise advice Motivational interviewing LOS: 13 (20) v 8 (8); NS POSITIVE
Garcia 2018 major Prescribed home exercise Complications, postop: 62% v 31%; A high intensity cycle program with
abdominal program p=0.001 intensive motivational interviewing reduces
surgery Supervised high-intensity cycle PPC: 16% v 7%; NS postop complications. Possible effects
training, 40 mins, 1-3/week for 4 detected to LOS and PPC warrant testing in
weeks preop a powered RCT.
Kaibori 2013 51 Hepatectomy Diet advice Diet advice + supervised 17.5v 13.7 days LOS (NS) UNCERTAIN

moderate to high-intensity
walking and stretching 1h 3/week
for 4 weeks preop

13% v 8.7 % morbidity (NS)

Supervised moderate to high intensity
exercise program with diet advice may
reduce LOS and morbidity in an
appropriately powered study

Abbreviations: AAA=abdominal aorta aneurysm; h=hour; 1ISQ=no difference; LOS=length of stay; min=minute; NS=not significant; preop=preoperative; postop=postoperative; PPC=postoperative

pulmonary complication; RCT=randomised controlled trial; v=versus;
Legend: ( )=standard deviation; [ ]=interquartile range
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On the evidence presented there is uncertain benefit for prehab to influence postoperative
outcomes in patients provided with a home-based prehabilitation program, either through exercise
alone (Santa Mina et al 2018, Jensen et al 2015), or combined with dietary advice, protein
supplementation, or psychological support (Minnella et al 2018, Liang et al 2018, Gillis et al
2014). None of these trials were adequately powered to detect small, yet arguably clinically
important, differences in postoperative complications. The non-significant differences detected in
postoperative complications favouring patients provided with multimodal prehab (Minnella et al
2018, Liang et al 2018, Gillis et al 2014) require confirmation with an adequately powered

multicentre randomised controlled trials.

The failure of home-based exercise programs to benefit postoperative outcomes has been posited
as due to uncertainty over patient compliance and maintenance of adequate exercise intensity
during unsupervised exercise (Carli et al 2010). There is a possibility that supervising a patient
directly in a formal gym environment will improve the treatment fidelity and increase the
likelihood of a positive effect. This has been explored in seven supervised gym-based trials: four
unimodal exercise-alone prehab trials (Banerjee et al 2018, Tew et al 2017, Dunne et al 2016,
Barakat et al 2016), and three multimodal multidisciplinary trials (Carli et al 2020, Barbaran-
Garcia et al 2018, Kaibori et al 2013). All trials compared prehabilitation to standard care. Across
these seven trials, there is again a lack of a clear improvement in postoperative LOS and
complications in patients who attended gym-based supervised prehab programs, with or without

additional components, such as dietary and psychological support (Table 10.5).

Only two trials (from the entire 15 reviewed here) have reported a significant reduction in
postoperative complications; a multimodal prehab trial (Barbaran-Garcia et al 2018), and an
exercise-only trial (Barakat et al 2016), with only this last trial reporting a significant reduction
in LOS (Barakat et al 2016). Both trials were in high-risk populations. It may be that prehab is
only effective in a targeted high-risk population, rather than for all-comers listed for elective
abdominal surgery. Some patients may be more responsive to prehab than others. Previous prehab
trials specifically targeting frail patients have been of low quality and with uncertain benefit to

postoperative mortality and morbidity (Milder et al 2018).

A recently published high quality trial with a sample size almost four times larger than the next
largest and, to date, the only multicentre trial in the prehabilitation field (Carli et al 2020) set out
to determine if a multimodal prehab program could reduce postoperative complications in frail
patients awaiting colorectal resection. This trial found that prehabilitation provided no benefit to
complication rates, LOS, or patient-reported outcomes. This negative outcome was suggested by
the authors to be due to the independent treatment benefit of ERAS pathways which were

embedded in the two participating hospitals. However, the baseline overall complication rate was
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45%. A treatment effect would be reasonable to expect on such a high baseline, irrespective of
existing ERAS pathways.

Another possible limitation is that the selected patient cohort was not responsive to prehab. It is
possible that the stratification tool used to identify frailty did not accurately detect high-risk
patients. Recent high-quality evidence has added to the debate surrounding how to accurately
identify high risk patients. Wijeysundera and colleagues (2018) reported a large multicentre
international study investigating the accuracy of preoperative fitness in predicting postoperative
morbidity and mortality after non-cardiac surgery. These data showed that a preoperative formal
cardiopulmonary exercise test is not superior to a simple paper-based patient-reported fitness and
activity gquestionnaire. These findings would indicate that it may be possible to stratify high-risk
patients into a prehab program without the use of high-cost, moderate-risk formal exercise testing.
Determining the most accurate means to measure and predict postoperative risk of morbidity and
mortality is important and warrants further research (Moran et al 2016a). This will ensure that
patients are selected appropriately and provided targeted efficacious preoperative interventions

that improve postoperative outcome.

Based on the existing evidence of prehabilitation trials it is unclear if prehab can improve
postoperative recovery in the abdominal surgery population. Further research is required to
determine the ideal timing, method, and dosage of preoperative exercise training required to, not
only improve a patient’s fitness prior to surgery, but also lead to a reduction in postoperative
morbidity. It is possible that prehabilitation improves postoperative recovery, yet this has not been
measured with a sensitive tool that detects factors important to patients (Fiore et al 2018). It is
currently not proven that prehab can prevent early postoperative mortality. Long-term effects of
prehabilitation may need to be considered in future trials. An association between disease-free
survival and prehabilitation interventions has been found in pooled data from three prehab trials
in patients having colorectal surgery (Trépanier et al 2019). It may be that a prehabilitation
intervention engenders a behaviour change to increase overall physical activity even after surgery,

and beyond the postoperative period, that may affect mortality.

The ideal type of multimodal package of care that is required to optimize a patient’s postoperative
outcome is unknown. There is little evidence to indicate whether each component (dietary advice,
exercise training, psychological support) is independently beneficial, or cost-effective if provided
as a whole, or indeed, if only one component is needed. Data on cost-effectiveness remains to be
verified with positive data currently from only one single centre trial (Barbaran-Garcia et al 2019).
Despite this, the lack of clear evidence supporting prehab has not stopped health care services

from implementing targeted formal prehabilitation programs (Moore et al 2020).
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In light of the above synthesis of the current evidence for prehab and in context of the findings of
this thesis, it is apparent that the evidence for preoperative physiotherapy alone to reduce a
postoperative complication is stronger than that for prehabilitation. The specificity of targeted
treatments to effect specific outcomes may also be important to consider. Respiratory targeted
interventions such as preoperative physiotherapy (Boden et al 2018b) and IMT (Kendall et al
2018) to prevent PPC after abdominal surgery; the delivery of exercise-based prehabilitation to a
targeted high-risk population to improve physical fitness. Preoperative physiotherapy at
preadmission clinics is arguably more cost-effective for the hospital than a full prehabilitation
program and more feasible for patients to comply with, being only a single session and delivered
within existing clinics and infrastructure, without additional equipment, or additional travel for
the patient. On the balance of the evidence presented in this thesis, it would be a sensible
recommendation for hospitals to first implement preoperative physiotherapy to all patients listed
for elective abdominal surgery, secondly, implement additional IMT in those considered at risk
of a PPC, and thirdly, investigate scope, costs, and local capacity to introduce a prehabilitation

service for high-risk patients once evidence for this intervention firms.

10.5 Implications

Future trials investigating the prophylaxis of PPC will need to consider the influence of emerging
interventions aiming to minimise this serious postoperative complication. If confounding
treatments cannot be controlled for through protocol mandated therapy, then at a minimum they
will need to be measured, recorded, and reported, and considered as a baseline covariate to

determine baseline comparability.

The strong consistent evidence presented in this thesis regarding the independent effect that
preoperative physiotherapy has on PPC minimisation has implications for other perioperative
medicine researchers who may need to consider this in their future trial design, where preoperative

physiotherapy will need to be standardised between groups.

Anaesthetists and physiotherapists are the two main professions driving research in the prevention
of PPC, prehabilitation, IMT, and postoperative recovery. Natural synergies already exist between
the two professions with common interests and fields of speciality in pain science, respiratory
physiology, and exercise science. The consolidation of a dedicated multidisciplinary team
involving anaesthetists, surgeons, and physiotherapists to conjointly manage perioperative
pathways of risk assessment, fitness for surgery, preoperative optimisation, and postoperative

recovery is an exciting future prospect.
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Conclusion and future directions

11.1 Summary of thesis findings

Despite modern advances in surgery and anaesthetic practices, a PPC remains a common cause

of morbidity and mortality following elective upper abdominal surgery (Ferrando et al 2018,

Fernandez-Bustamente et al 2017). A narrative review of the literature finds that preoperative

education and training in breathing exercises to be performed in the early postoperative period

has the potential to reduce the incidence of PPC. The efficacy of preoperative physiotherapy to

reduce the risk of PPC after abdominal surgery has not previously been tested in a rigorous

manner.

Key findings from this thesis are:

1. Systematic review main findings:

Compared to participants who did not receive any chest physiotherapy, participants who
received chest physiotherapy of coached DB&C exercises at any time in their
perioperative journey had an estimated 16% less risk (RR 0.84, 95% CI 0.80 to 0.89) of
a PPC after abdominal surgery, with a NNT of 6 (95%CI 5 to 9).

Participants whose only intervention was preoperative physiotherapy education and
training on DB&C exercises to perform on waking from surgery had a significant
reduction in PPC incidence compared to those who received no physiotherapy (RR 0.82,
95% CI1 0.77 to 0.87).

Participants who received chest physiotherapy in the postoperative phase only may not
have reduced risk of PPC compared to participants receiving no chest physiotherapy.
The addition of postoperative chest physiotherapy to preoperative chest physiotherapy
may not confer additional reduction in PPC risk compared to preoperative chest
physiotherapy alone.

Increasing the dosage of postoperative chest physiotherapy sessions may not confer
additional benefit in the reduction in PPCs.

Trials testing chest physiotherapy and reporting on PPCs after abdominal surgery are

predominately of low methodological quality.

2. RCT main findings:
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Preoperative physiotherapy education and breathing exercise training has high impact
with eight out of 10 intervention participants reporting the treatment session to be the
most memorable part of the entire preadmission clinic day.

A sample of participants reported that preventing pneumonia after surgery was very
important to them. They found the preoperative physiotherapy intervention interesting,
informative, and empowering.

Preoperative physiotherapy has high treatment fidelity, with participants receiving a face-
to-face preoperative physiotherapy session significantly more likely to remember DB&C
exercises (94%) after the operation compared to those participants given the information
in booklet form only (15%).

The incidence of PPCs, including pneumonia, was halved in the intervention group (HR
0.48, 95% CI 0.30 to 0.75).

Intervention participants required 40% fewer antibiotics for respiratory infections, had
less purulent sputum, had fewer positive sputum cultures, and were less likely to require
oxygen therapy.

Administrative diagnostic coding specific to pulmonary collapse and infection were
significantly lower in the intervention group.

There were no statistically significant benefits measured for the secondary outcomes of
hospital length of stay (1.12 days, 95% CI 0.94 to 1.34) or hospital mortality.

Analysis by sub-group indicated that there may be a benefit in patients being treated by
an experienced physiotherapist, with a statistically significant effect on all-cause
mortality at 12 months (HR 0.29, 95% CI 0.09 to 0.90).

The clinical benefit of the intervention to PPC reduction was evident only in participants
who were conscious and extubated following surgery.

The intervention group tended to consume fewer hospital resources following surgery.
Preoperative physiotherapy is likely to be cost-effective, with a 60% probability that the
service would be at least cost neutral.

There is 95% probability that the cost of funding a preoperative physiotherapy service to
reduce the incidence of one PPC would cost less than the costs to the hospital of treating
a single PPC after surgery.

Sub-group analysis according to experience level found that when experienced
physiotherapists provide the intervention there is improved incremental net cost benefit

to the hospital and benefits to the patient, with significantly better QALY's at 12 months.
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11.2 Strengths and limitations of the thesis research

The major strengths of this thesis include:

e The systematic review provides a unique summary of the effect of breathing exercises
alone on the incidence of PPC after abdominal surgery when compared to true no-
treatment control groups. It provides a novel perspective on the influence of timing of the
first physiotherapy session.

e The narrative review highlights the physiological plausibility of preoperative
physiotherapy being an effective method to enable patients to start breathing exercises
immediately after surgery.

o LIPPSMACk-POP provides strong evidence within a phase-3 binational, multicentre trial
of high methodological quality and generalisability regarding the efficacy of preoperative
physiotherapy to reduce the risk of PPC and affecting other important clinical outcomes
such as antibiotic prescriptions and oxygen therapy requirements to all patients having
major elective abdominal surgery.

e The qualitative outcomes provide evidence regarding the value and perceived benefits
that patients place on receiving a physiotherapy session within preadmission clinics prior
to major abdominal surgery. This has not been reported previously.

e The health economic analysis demonstrates that this intervention is also cost-effective.

Limitations within this thesis need to be considered. LIPPSMAck-POP was not powered for
secondary outcomes such as hospital LOS or mortality. Additionally, this trial was conducted in
developed Western countries and with English speakers only. The effectiveness of preoperative
physiotherapy education and breathing exercise training could be different within other cultures
and languages. Given a number of participants were unable to be interviewed at the six-week
follow up point, it is possible that the HRQoL results within this thesis may not be representative

of all patients having abdominal surgery.

Further in-depth details regarding research limitations are outlined in Chapters 4, 6, 7, 8, and 9.
The possible benefit of preoperative physiotherapy should be investigated further in other patient

populations and in different settings.

11.3 Future directions

Implementation of preoperative physiotherapy
Future research is required to explore how to effectively implement a new preoperative

physiotherapy service. Qualitative and implementation science research is required to explore the
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barriers and enablers surrounding the implementation of a new physiotherapy service within

preadmission clinics.

Mode of delivery of preoperative education and training

The experiential effects detected within LIPPSMACck-POP, with improved outcomes when
experienced practitioners applied the intervention, also need exploring. General preoperative
education that included detailed information on preventing PPC, delivered by a nurse in a group
setting did not alter postoperative pneumonia rates (Klaiber et al 2018). The strong effectiveness
of the LIPPSMACck-POP intervention compared to the negative PEDUCAT trial (Klaiber et al
2018) could be explained by the differences between the trials. Firstly, a physiotherapist delivered
the respiratory education and training in LIPPSMACck-POP, and secondly, the session was
delivered individually and not in a group setting. The difference in outcomes dependent on
profession and mode deserve further exploration, especially considering the possible difference
this could have on a serious outcome such as postoperative pneumonia. There is mounting
evidence that the quality and quantity of preoperative education is strongly related to
postoperative outcomes (Koivisto et al 2020, Forsmo et al 2018, Wright et al 2018, Zhou et al
2018) and that nurses may not be ideally placed to deliver information specific to respiratory
complications and breathing exercises (Unver, Kivanc & Alptekin 2018, McTier, Botti & Duke
2016).

Methods need to be developed to efficiently measure treatment fidelity, e.g. digital technologies
and provide clinicians with feedback on success of patient recall of the education and training
provided. Options need to be explored on how to deliver preoperative physiotherapy to those
patients who are unable to come to a face-to-face clinic. It is unknown if the effects reported in
the LIPPSMACck-POP trial and others (Wang, Yuan & Ding 2018, Fagevik-Olsén et al 1997)
could be replicated with different modes of service delivery such as on-line webinars, telehealth,
and other innovative media. Although the provision of internet-based personalised and interactive
perioperative information and guidance has been found to improve the rate of postoperative
recovery following abdominal surgery (van der Meij et al 2018), the effectiveness of web-based

preoperative education and respiratory training on postoperative morbidity is unknown.

Effects on other surgical cohorts, cultures, and hospital settings

The effectiveness of preoperative physiotherapy to reduce PPC needs to be tested in other surgical
populations at risk of PPC, e.g. major cardiac and thoracic surgery, and in other cultural
environments. In the past 10 years, four studies have investigated the effectiveness of preoperative
education to reduce PPC after abdominal surgery in Pakistan (Samnani et al 2014), Egypt
(Abdelaal et al 2017), China (Wang, Yuan & Ding 2018), and India (Lohiya et al 2018). All these
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trials are favourable to supporting the findings of LIPPSMACck-POP, however, with lower
methodological quality these findings may not be indicative of a valid result.

Independent effect of early ambulation to reduce PPC

Current physiotherapy practice in Australia and New Zealand predominantly provides assisted
structured early ambulation to patients after abdominal surgery (Patman et al 2017, Reeve et al
2019). Only three physiotherapy trials have carefully standardised early ambulation in both
control and treatment groups (Mackay, Ellis & Johnston 2005, Silva, Li & Rickard 2013, Boden
et al 2018b). Unregulated postoperative ambulation may have confounded the results in other
trials. However, despite a widespread perception that early ambulation after surgery reduces PPC
risk, this assumption is supported by a single observational study (Haines et al 2013), with other
evidence inconsistent and of lower methodological quality (Castelino et al 2016, Browning,
Denehy & Scholes 2007b). The only randomised controlled trial that compared an early
ambulation treatment group after abdominal surgery to a forced rest-in-bed control group found
a non-significant increase in PPC rates in those participants provided with early ambulation
(Silva, Li & Rickard 2013). Although the association between early ambulation and PPCs is
currently uncertain, future trials would need to be carefully designed to standardise early
ambulation, as it may impact secondary outcomes such as length of stay (Browning, Denehy &
Scholes 2007b, Ahn et al 2013, Silva, Li & Rickard 2013).

There is limited evidence exploring the use of early ambulation as a stand-alone intervention to
prevent PPC. A comparison of PPC incidence in a group of high-risk patients randomised to three
days bedrest compared to early ambulation following abdominal surgery found no significant
difference in PPC rates (Silva, Li & Rickard 2013). This is the only randomised controlled trial
investigating the effects of early ambulation on PPC rates after abdominal surgery. Although there
was no difference in PPC, there was a significant increase in LOS of 4.4 days (95%CI 0.3 to 8.8)
in those who ambulated later. These patients also required increased physiotherapy resources to
facilitate a functional recovery and discharge from hospital. The professional group that is best
and most cost-effective (e.g. physiotherapist, allied health assistant, registered nurse, enrolled
nurse, ward attendant) to provide the structured early ambulation program needs to be evaluated.
There is evidence that patients who are assisted to ambulate by nursing staff and Allied Health
Assistants do not achieve as far a distance nor at as high an intensity as sessions delivered by
Physiotherapists (Browning 2007a). Whether or not this difference in ambulation service delivery

affects recovery outcomes is yet to be determined.

Diagnosis of postoperative pulmonary complications
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Numerous methods have been used in clinical trials by physiotherapists, anaesthetists, and
surgeons to identify PPC onset in patients. The lack of a clear and universally accepted definition
of a PPC creates significant limitations in directly comparing incidence rates between studies.
The use of different criteria within the same population can lead to different incidence rates. When
three PPC diagnostic tools were used within the same elective thoracic surgery population by the
same two assessors, incidence rates ranged from 6% to 40% (Agostini et al 2011). With such
variations in event rates, the question arises: which PPC diagnostic tool most accurately measures
the “true” PPC event rate? In 2018, the Standardised End-points in Perioperative medicine (StEP)
group drew experts in the field of perioperative medicine together to develop a consensus opinion
on which currently used PPC diagnosis framework should be recommended for use in future trials
(Abbott et al 2018). They were unable to do so. Instead, this group agreed on a new definition of
PPCs. Even for the very specific diagnosis of pneumonia, there is ho consensus on a gold-standard
definition (Russell et al 2019, Abbott et al 2018, Ottosen & Evans 2014). Similar to generic PPC
diagnosis, pneumonia diagnoses have significant heterogeneity of included items, uncertainty in
being able to generalise definitions to different cohorts, and the balance between being practical
to use in a clinical situation or dependent on invasive pathology and radiology testing which may
not be readily available in every setting. Other considerations are whether lower diagnostic
thresholds could increase rates of antibiotic prescriptions, which may be undesirable in the face

of increasing bacterial resistance to antibiotics (Stuart et al 2019).

Given the uncertainty surrounding PPC recognition tools and reliability, research is required to
assess the measurement properties of the MGS PPC diagnostic tool used within LIPPSMAck-
POP and other clinical trials in this field. The validity, reliability, and relationship to short-term,

medium, and long-term clinical and patient-reported outcomes needs to be confirmed.

Establishing a minimally clinically important difference of PPC

There is no consensus agreement on what the minimal clinically important difference for PPC
reduction is. It is possible that the 20% reduction detected in PPC rates within LIPPSMAck-POP
may not be clinically important to hospitals or patients. However, considering that PPC is strongly
associated with morbidity, mortality, and hospital costs (Shander et al 2011) the opposite is more
likely; that a small difference in PPC rates, i.e. 2%, could be considered significantly beneficial
to the hospital and patient alike. To measure a statistically significant difference in PPC incidence
of 2% would require very large randomised controlled trials or combined meta-analyses of more
than 12,000 patients to provide enough statistical power to detect a true difference between groups
in this small effect size. It is important to establish the minimally clinical important difference of
PPC incidence. Doing so would improve the design of adequately powered studies establishing

the efficacy of prophylactic treatments and grant funding bodies can have confidence of the
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necessity to fund such large trials. Research establishing the ideal method to determine a minimal
clinical important difference for PPC is needed, and this may involve representation from

consumers/patients, hospital funders, and clinicians.

Reducing PPCs in high risk elective abdominal surgery patients

For elective abdominal surgery patients, despite preoperative physiotherapy demonstrating a
halving of PPCs with a single intervention session, 8% of low risk and 20% of high-risk patients
still contracted a PPC (Boden et al 2018b). Other interventions need to be investigated to see if
this incidence rate can be reduced further. These should include investigations into the benefit of
additional preoperative phase interventions such as supervised physical activity (prehab) and/or
inspiratory muscle training (IMT), and postoperative phase interventions such as coached
sessions of breathing exercises in the postoperative phase, the use of adjunctive devices such as
incentive spirometers or positive expiratory pressure (PEP) devices, or the benefit of prophylactic

non-invasive ventilation (NIV).

Reducing PPCs and improving physical recovery after emergency abdominal surgery

The most effective way to reduce PPCs in emergency abdominal surgery also needs to be
investigated as preoperative physiotherapy may not be possible in this population. Despite
ubiquitous provision of physiotherapy in Australia to enhance physical recovery and prevent
respiratory complications after major abdominal surgery, there are no clinical trials that have
investigated the effect of ambulation, early rehabilitation, and/or respiratory exercises on PPCs
and overall physical recovery in patients specifically following emergency abdominal surgery.
Considering that emergency abdominal surgery patients have a higher risk of PPC, longer
physical recovery, tend to be more acutely unwell on presentation to hospital, more likely to
require an ICU admission, and have a higher degree of surgical trauma and systemic inflammation
when compared to elective surgery, a clinical trial investigating physiotherapy to prevent
complications and improve postoperative recovery in this cohort is urgently needed (Sullivan et
al 2016). The candidate has designed and is currently Chief Investigator of a multicentre

randomised controlled trial aiming to address this gap in clinical science (Boden et al 2018d).

How to manage a PPC once it occurs

The focus of this thesis and all randomised controlled trials previously have all been on preventing
the occurrence of PPC. There are no clinical trials on the effectiveness of physiotherapy to
accelerate recovery and improve outcomes following the diagnosis of a PPC or pneumonia after

surgery.
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To conclude, an invited opinion written by a UK academic published by the National Institute of
Health Research highlights the need for implementation into clinical practice.

“When patients and carers prepare for upper abdominal surgery, the possibility of post-
operative complications is a major concern. Respiratory complications in particular, such
as hospital-acquired pneumonia, are more likely to increase the length of stay in the
hospital, reduce general function and well-being and can often increase mortality.

Breathing exercises are vital to reducing respiratory complications post-surgery and
teaching them is a core skill of all physiotherapists.

When a well-designed, multi-centre study shows that even a single pre-operative
education session leads to better outcomes if appropriately timed and organised, what are

we waiting for to implement this recommendation in clinical practice?”

Dr Dimitra Nikoletou, Associate Professor, Director of Postgraduate Research,
Kingston University and St George’s University of London Joint Faculty.

==
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Appendix
Appendix | PEDro scale

PEDro scale

1. eligibility criteria were specified no A yes O where:

2. subjects were randomly allocated to groups (in a crossover study, subjects
were randomly allocated an order in which treatments were received) no A yes O where:

3. allocation was concealed no O yes O where:

4. the groups were similar at baseline regarding the most important prognostic

indicators no O yes O where:
5. there was blinding of all subjects no O yes O where:
6. there was blinding of all therapists who administered the therapy no O yes O where:

7. there was blinding of all assessors who measured at least one key outcome  no [ yes O where:

8. measures of at least one key outcome were obtained from more than 85%
of the subjects initially allocated to groups no O yes O where:

0. all subjects for whom outcome measures were available received the
treatment or control condition as allocated or, where this was not the case,
data for at least one key outcome was analysed by “intention to treat” no O yes OO where:

10 the resulis of between-group statistical comparisons are reported for at least one
key outcome no O yes OO where:

11. the study provides both point measures and measures of variability for at
least one key outcome no O yes OO where:

The PEDro scale is based on the Delphi list developed by Verhagen and colleagues at the Department of
Epidemiology, University of Maastricht (Verhagen AP er al (1998). The Delphi lisiz a criteria list for quality
assessment of randomised clinical trials for conducting svstematic reviews developed by Delphi consensus. Jourmal
of Climical Epidemiofogy, 51§12 ):1235-41). The hst 15 based on "expert consensus" not, for the most part, on
empirical data. Two additional items not on the Delphi list (PEDro scale items 8 and 10) have been included in the
PEDro scale. As more empirical data comes to hand it may become possible to “weight™ scale items so that the
PEDro score reflects the importance of individual scale items.

The purpose of the PEDmo scale is w help the users of the PEDro database rapidly identfy which of the known or
suspected randomised clinical nals (ie RCTs or CCTs) archived on the PEDro database are likely w be internally
valid (criteria 2-9), and could have sufficient statistical information to make their results interpretable (critenia 10-11).
An additional criterion (criterion 1) that relates o the external validity {or “generalisability” or “applicability” of the
trial) has been retained so that the Delphi list 1s complete, but this criterion will not be used to calculate the PEDro
score reported on the PEDro web site.

The PEDro scale should not be used as a measure of the “validity” of a study’s conclusions. In particular, we caution
users of the PEDro scale that studies which show significant treatment effects and which score highly on the PEDro
scale do not necessarily provide evidence that the treatment is clinically useful. Additional considerations include
whether the treatment effect was big enough to be clinically worthwhile, whether the positive effects of the treatment
outweigh its negative effects, and the cost-effectiveness of the treatment. The scale should not be used 1o compare the
“guality” of tnals performed in different areas of therapy, primarily because it is not possible to satisfy all scale items
in some areas of physiotherapy practice.
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Motes on adminisiration of the PEDro scale:

All criteria

Criterion 1

Cnterion 2

Cnterion 3

Crterion 4

Criteria 4. 7-11

Criterion 5-7

Coterion 8

Criterion 9

Crterion 10

Criterion 11

Points are only awarded when a criterion is clearly satisfied. If on a literal reading of the trial
report it 15 possible that a criterion was not satisfied, a pomnt should not be awarded for that

criterion.

This criterion is satisfied if the report describes the source of subjects and a list of criteria used to
determine who was eligible to participate in the study.

A study 15 considered to have used random allocation if the report states that allocation was random.
The precise method of randomisation need not be specified. Procedures such as coin-tossing and
dice-rolling should be considered random. Quasi-randomisation allocation procedures such as
allocation by hospital record number or birth date, or alternation, do not satisfy this criterion.

Concealed allocation means that the person who determined if a subject was eligible for inclusion
in the trial was unaware, when this decision was made, of which group the subject would be
allocated to. A point is awarded for this criteria, even if it is not stated that allocation was
concealed, when the report states that allocation was by sealed opague envelopes or that allocation
involved contacting the holder of the allocation schedule who was “off-site”.

At a minimum, in studies of therapeutic interventions, the report must describe at least one measure
of the sevenity of the condition being treated and at least one (different) key outcome measure at
baseline. The rater must be satisfied that the groups® outcomes would not be expected o differ. on
the basis of baseline differences in prognostic vanables alone, by a clinically significant amount.
This criterion is satisfied even if only baseline data of study completers are presented.

Key ouicomes are those outcomes which provide the primary measure of the effectiveness {or lack
of effectiveness) of the therapy. In most studies, more than one varable 15 wsed as an outcome
MEAsUTE.

Blinding means the person in question (subject, therapist or assessor) did not know which group the
subject had been allocated to. In addition, subjects and therapists are only considered to be “blind™
if it could be expected that they would have been unable o distinguish between the treatments
applied o different groups. In tmals in which key outcomes are self-reported (eg, visual analogue
scale, pain diary), the assessor is considered o be blind if the subject was blind.

This eriterion 15 only satisfied if the report explicitly states both the number of subjects initially
allocated to groups and the number of subjects from whom key outcome measures were obtained.
In trals in which outcomes are measured at several points in tme, a key outcome must have besn
measured in more than 85% of subjects at one of those points in time.

An infention to trear analysis means that, where subjects did not receive treatment (or the control
condition) as allocated, and where measures of ootcomes were availuble, the analysis was
performed as if subjects received the treatment (or control condition) they were allocated to. This
criterion is satisfied, even if there is no mention of analysis by intention to treat, if the repont
explicitly states that all subjects received treatment or control conditions as allocated.

A between-group statistical comparison involves statistical comparison of one group with another.
Depending on the design of the study, this may involve comparison of two or more treatments, or
comparison of treatment with a control condition. The analysis may be a simple comparison of
outcomes measured after the treatment was administered, or a comparison of the change in one
group with the change in another (when a factorial analysis of vanance has been used o analyse the
data, the latter is often reported as a group = tme interaction). The comparison may be in the form
hypothesis testing (which provides a “p™ value, describing the probability that the groups differed
only by chance) or in the form of an estimate (for example. the mean or median difference. or a

difference in proportions, or number needed to treat, or a relative nsk or hazard ratiop and its
confidence interval.

A point measure 15 2 measure of the size of the treatment effect. The treatment effect may be
described as a difference in group outcomes, or as the outcome in (each of) all groups. Measires of
variability include standard deviations, standard emrors, confidence intervals, interguartile ranges
(or other quantile ranges), and ranges. Point measures andfor measures of variability may be
provided graphically (for example, SDs may be given as error bars in a Figure) as long as it is clear
what is being graphed (for example, as long as it is clear whether error bars represent SDs or 5Es).
Where outcomes are categorical, this criterion is considered o have been met if the number of
subjects in each category is given for each group.
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Appendix Il PubMed systematic review search strategy

Search

Terms

Hits

#1

breathing exercises OR chest physiotherapy OR chest physical
therapy OR respiratory therapy OR respiratory physical therapy OR
physiotherapy OR physical therapy OR lung expansion exercises
OR deep breathing exercises OR incentive spirometry OR
intermittent positive pressure breathing OR bilevel positive airway
pressure ventilation OR positive airway pressure OR non invasive
ventilation OR positive expiratory pressure OR postural drainage
OR preoperative OR pre-operative OR postoperative OR post-

operative OR education OR respiratory rehabilitation

58558

#2

abdominal surgery OR upper abdominal surgery OR visceral
surgery OR non-cardiac surgery OR cholecystectomy OR
gastrectomy OR colorectal surgery OR upper gastrointestinal
surgery OR hepatobiliary surgery OR liver surgery OR pancreas
surgery OR laparotomy OR colectomy OR bariatric surgery OR

vascular surgery

7545

#3

postoperative pulmonary complications OR pulmonary
complications OR respiratory complications OR pneumonia OR

atelectasis

4233

#4

combined #1 AND #2 AND #3

164

Restricted to
- 1950 Dec 31 to 2020 June 1

- Humans >18 years

- English

- clinical trial or systematic reviews

- title/abstract
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Appendix 111 Human Research Ethics Committee approval

letters
Office of Resiarch Services HUMAN
g::‘:::g::fa asmania RESEARCH
Hobart Tasmania 7001 ETH'CS
Telephone + 61 3 6226 7479 COMMITTEE
Facsimile + 613 6226 7148 (TASMANIA) UTAS
Email Human.Ethics@utas.edu.au NETWORK —
www.research,utas.edu.au/human_ethics/

13 January 2014

Ms | Boden
Launceston General Hospital

Sent via email
Dear Ms Boden
REF NO:  H0011911
TITLE: The effects of pre-operative physiotherapy on the incidence of post-operative

pulmonary complications in high and low risk patients following major open
upper abdominal surgery: A randomised controlled trial

Document Version Date
Participant Information Sheet 20
Consent Form 20

Use of Health Status Questionnaire — QoL SF-36 - -
Addition of follow-up Phone call and recorded interview - -

The Tasmanian Health and Medical Human Research Ethics Committee considered and approved
the above amendment documentation on 12 January 2014,

All committees operating under the Human Research Ethics Committee (Tasmania) Network are
registered and required to comply with the National Statement on Ethical Conduct in Human
Research (NHMRC 2007).

Should you have any queries please do not hesitate to contact me on (03) 6226 2764.

Yours sincerely

Heather Vail

Ethics Administrator

Office of Research Services
Email: Heather.vail@utas.edu.au
University of Tasmania

Private Bag 01 Hobart Tas 7001
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“* Health Health and Disability Ethit;; (':?mr?li:te?t:
inistry of Hea

a':.d bili Freyberg House

' Disability 20 Aitken Street

Ethics PO Box 5013

g Committees Wellington

6011

0800 4 ETHICS

hdecs@moh.govt.nz

23 January 2015

Dr Julie Reeve
29a Vauxhall Rd
Devonport
Auckland 0642

Dear Dr Reeve

Re: Ethics ref: 14/NTA/233

Study title: Lung Infection Prevention Post Surgery- Major Abdominal- with Pre
Operative Physiotherapy (LIPPSMAck POP)

| am pleased to advise that this application has been approved by the Northern A Health
and Disability Ethics Committee. This decision was made through the HDEC-Expedited
Review pathway.

Conditions of HDEC approval

HDEC approval for this study is subject to the following conditions being met prior to the
commencement of the study in New Zealand. It is your responsibility, and that of the
study's sponsor, to ensure that these conditions are met. No further review by the
Northern A Health and Disability Ethics Committee is required.

Standard conditions:

1. Before the study commences at any locality in New Zealand, all relevant
regulatory approvals must be obtained.

2. Before the study commences at any locality in New Zealand, it must be registered
in a WHO-approved clinical trials registry (such as the Australia New Zealand
Clinical Trials Registry, www.anzctr.org.au).

3. Before the study commences at a given locality in New Zealand, it must be
authorised by that locality in Online Forms. Locality authorisation confirms that
the locality is suitable for the safe and effective conduct of the study, and that
local research governance issues have been addressed.

After HDEC review

Please refer to the Standard Operating Procedures for Health and Disability Ethics
Committees (available on www .ethics.health.govt.nz) for HDEC requirements relating to
amendments and other post-approval processes.

Your next progress report is due by 22 January 2016.

A -14INTA/233 - Approval of Application - 23 January 2015 Page 1 of 3
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Participant access to ACC

The Northern A Health and Disability Ethics Committee is satisfied that your study is not
a clinical trial that is to be conducted principally for the benefit of the manufacturer or
distributor of the medicine or item being trialled. Participants injured as a result of
treatment received as part of your study may therefore be eligible for publicly-funded
compensation through the Accident Compensation Corporation (ACC).

Please don't hesitate to contact the HDEC secretariat for further information. We wish
you all the best for your study.

Yours sincerely,
{/’ . {
85 forys

Dr Brian Fergus
Chairperson
Northern A Health and Disability Ethics Committee

Encl: appendix A: documents submitted
appendix B:  statement of compliance and list of members

Appendix A
Documents submitted

Document Version Date

CV for Cl vi 27 November 2014
PIS/CF v1 28 November 2015
Protocol v10.5 28 November 2015
CVs for other Investigators vi 03 December 2014
Survey/questionnaire: SF 36 v 03 December 2014
Survey/questionnaire: SAQ v 03 December 2014
Evidence of scientific review: Ethics approval Australia v 15 May 2013
Participant pre operative information booklet v 03 December 2014
Evidence of scientific review: Evidence of peer review - Australian |v1 03 December 2014
ethics amendment letter

Evidence of scientific review: Evidence of surgical approval from vi 03 December 2014
Australian sites

Evidence of scientific review: Evidence of approval of amendments |v1 13 January 2014
to Australian study

Evidence of scientific review: Email detailing successful grant award |v1 02 April 2014
for LIPPSMAck POP study

Evidence of scientific review: Letter detailing Awhina grant award  |v1 25 September 2014
letter for LIPPSMAck POP study

Evidence of scientific review: Peer review - grant award for vi 20 October 2011
LIPPSMAck POP
Application 12 December 2014

A -14/NTA/233 - Approval of Application - 23 January 2015 Page 2 of 3
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Appendix B

Statement of compliance and list of members

Statement of compliance

The Northern A Health and Disability Ethics Committee:

— is constituted in accordance with its Terms of Reference

— operates in accordance with the Standard Operating Procedures for Health and
Disability Ethics Committees, and with the principles of international good clinical

practice (GCP)

— is approved by the Health Research Council of New Zealand’s Ethics Committee
for the purposes of section 25(1)(c) of the Health Research Council Act 1990

— is registered (number 00008714) with the US Department of Health and Human
Services’ Office for Human Research Protection (OHRP).

List of members

Name Category Appointed Term Expires

Dr Brian Fergus Lay (consumer/community 01/07/2012 01/07/2015
perspectives)

Dr Karen Bartholomew Non-lay (intervention studies) 01/07/2013 01/07/2016

Ms Susan Buckland Lay (consumer/community 01/07/2012 01/07/2015
perspectives)

Ms Shamim Chagani Non-lay (health/disability service | 01/07/2012 01/07/2015
provision)

Dr Christine Crooks MNon-lay (intervention studies) 01/07/2013 01/07/2015

Mr Kerry Hiini Lay (consumer/community 01/07/2012 01/07/2015
perspectives)

Mr Mark Smith Non-lay (intervention studies) 01/09/2014 01/09/2015

Ms Michele Stanton Lay (the law) 01/07/2012 01/07/2015

hitp://www.ethics.health.govt.nz

A - 14/NTA/233 - Approval of Application - 23 January 2015

Page 3 of 3
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Appendix IV Patient information and consent form

Department of Health and Human Services o
LAUNCESTON GENERAL HOSPITAL, PHYSIOTHERAPY DEPARTMENT

GPO Box 1963, LAUNCESTON, TAS, 7250, Australia

Ph:(03) 63487216 Fax: (03) 6348 7217 "'g
Tasmania

PARTICIPANT INFORMATION SHEET

Does education from a physiotherapist before your operation reduce your chance of
getting a chest infection whilst recovering in hospital afterwards?
A randomised placebo blinded controlled trial.

Invitation

You are invited to participate in a research study to see if your chance of getting a chest
infection following your operation can be reduced by being taught how to do deep breathing,
coughing and walking exercises before your operation. You will be required to do these
exercises that you have been taught as soon as possible after you wake up from your
operation.

The study is being conducted by lanthe Boden, Cardiorespiratory Supervisor Physiotherapist
from the Physiotherapy Department of the Launceston General Hospital.

Before you decide whether or not you wish to participate in this study, it is important for you
to understand why the research is being done and what it will involve. Please take the time to
read the following information carefully and discuss it with others if you wish.

1. “‘What is the purpose of this study?’

The purpose is to investigate whether or not receiving instructions before your operation on
how to do physiotherapy breathing, coughing and walking exercises following your
operation reduces your chance of getting a chest infection afterwards.

2. "Why have I been invited to participate in this study?’

You are eligible to participate in this study because you have been put on the waiting list by
your surgeon for major surgery on some part of your abdomen and will be attending Pre-
Operative Admission Unit at the Launceston General Hospital.

3. ‘What if I don’t want to take part in this study, or if I want to withdraw later?”
Participation in this study is voluntary. It is completely up to you whether or not you
participate. If you decide not to participate, you will still receive routine care for a person
attending this hospital for surgery on your abdominal region. It will not affect your
relationship with the staff caring for you and will not affect the care you receive from hospital
staff following your operation

If you wish to withdraw from the study once it has started, you can do so at any time without
having to give a reason.
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However, it may not be possible to withdraw your data from the study results if these have
already had your identifying details removed.

4. ’What does this study involve?’
If you agree to participate in this study, you will be asked to sign the Participant

Consent Form. Your involvement starts from the time you attend your scheduled Pre-
Operative Admission Unit appointment and will continue until 6 weeks following your
discharge from hospital. If you agree to participate in this trial it will involve:

Attending your scheduled Pre-Operative Assessment Unit appointment and being
assessed by a Physiotherapist. This will comprise of answering questions on your
current fitness level and current state of health. You will also have your grip strength
measured and lungs listened to.

You will be provided with some information about what you can do to prevent getting
a chest infection after your operation. Currently, pre-operative education on how to
perform your post-operative deep breathing, coughing and walking exercises is not
provided at the Launceston General Hospital.

Following your operation, your care will not differ from current standard care and
your lungs will be assessed daily by a physiotherapist. You will be required to
participate in the standard recovery walking program expected of all people following
abdominal surgery. If you do not consent to be part of this trial your participation in
the walking program will still be required as this is standard, mandatory care for
abdominal surgery patients.

Following your operation and just before you are ready to leave the hospital you will
be asked to answer some questions about what you remember from the Pre-Operative
Assessment session with the physiotherapist. This session will be recorded.

6 weeks after you have left hospital you will receive a phone call from the research
team at the hospital to answer questions about your recovery and your current state of
health and fitness.

In addition, the researchers would like to have access to your medical record to obtain
information relevant to the study.
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5. ‘How is this study being paid for?’

The study is being sponsored by the Clifford Craig Medical Research Trust. All of the money
being paid by the sponsor to run the trial will be deposited into an account managed by the
Launceston General Hospital. No money is paid directly to individual researchers.

6. ‘Are there risks to me in taking part in this study?”
There are no known risks to this study. However, you may feel inconvenienced by being
asked personal questions about your current fitness and health conditions.

7. 'What happens if I suffer injury or complications as a result of the study?’

It is extremely unlikely you will suffer any injuries or complications as a result of this study.
However, if you have any questions about any perceived detrimental impact of your pre-
operative education on deep breathing, coughing, or walking exercises please do not hesitate
to contact the study co-ordinator.

8. ‘Will I benefit from the study?’

This study aims to further medical knowledge and may improve future prevention of post-
operative chest infections following major abdominal surgery; however it may not directly
benefit you.

9. ‘Will taking part in this study cost me anything, and will I be paid?
Participation in this study will not cost you anything extra outside the usual expected costs
associated with attendance at the Pre-Operative Admission Unit. You will not be paid.

11. “‘How will my confidentiality be protected?

Of the people treating you, only the Pre-Operative Admission Unit nurse and physiotherapist
will know whether or not you are participating in this study. Any identifiable information
that is collected about you in connection with this study will remain confidential and will be
disclosed only with your permission, or except as required by law. Only the researchers
named above will have access to your details and results will be held securely at the
Launceston General Hospital. Your personal details (name and address) will not appear in
any study database or publication of the study results.

12. “What happens with the results?”’
If you give us your permission by signing the consent document, we plan to discuss, present,
or publish the results of this study with the following organizations:
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- Clifford Craig Medical Research Trust, the funding body for this study, for monitoring
purposes

- Health Research Ethics Committee for monitoring of ethical requirements of this study

- Selected scientific peer-reviewed journals

- Presentation at Physiotherapy and Medical conferences and other professional forums
In any publication or presentation about this study, information will be provided in such a
way that you cannot be identified. All personal details (name, date of birth, address, medical
conditions etc) are removed from the information and it is impossible for anyone to identify
who you are through any results that are published. Results of the study will be provided to
you, via the Clifford Craig Medical Research Trust newsletter, if you are interested in

receiving this mail out.

13. "What should I do if I want to discuss this study further before I decide?’

When you have read this information, the pre-operative Physiotherapy educator, will discuss
it with you and any queries you may have. If you would like to know more at any stage,
please do not hesitate to contact the Principle Researcher, lanthe Boden, at the Launceston
General Hospital, Physiotherapy Department, 6348 7212.

14. “Who should I contact if I have concerns about the conduct of this study?’

This study has been approved by the Tasmanian Health and Medical Human Research Ethics
Committee. If you have concerns or complaints about the conduct of this study should
contact the Executive Officer of the HREC (Tasmania) Network on (03) 6226 7479 or email
human.ethics@utas.edu.au. The Executive Officer is the person nominated to receive
complaints from research participants. You will need to quote HO011911.

e Thank you for taking the time to consider this study.
e If you wish to take part in it, please sign the attached consent form.

e Thisinformation sheet is for you to keep.
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withdraw from the project at any stage. My withdrawal will not affect my legal rights,
my medical care or my relationship with the hospital or my doctors.

8. Iunderstand that I will be given a signed copy of this patient information sheet and
consent form. I am not giving up my legal rights by signing this consent form.

9. lunderstand that the trial will be conducted in accordance with the latest versions of the
National Statement on Ethical Conduct in Human Research 2007 and applicable privacy laws.

This trial is funded through the Clifford Craig Medical Research Trust, if you would like to
receive information on the results of this clinical trial, you would be able to get this through
regular newsletters from the Clifford Craig Medical Research Trust.

Please tick this box if you would like to receive this newsletter O

Name of participant:

Signature of participant:

Date:

Name of witness (if required)

Signature of witness Date

(To be completed by research staff)

I have explained this project and the implications of participation in it to this participant and |
believe that the consent is informed and that he/she understands the implications of
participation.

Name of investigator

Signature of investigator
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Appendix V Information booklet

Launceston General Hospital

Physiotherapy following
your abdominal surgery

How to prevent chest infections
and other complications

NS
Sk

Department of Health and Human Services

Tasmania
Explove the possivilities

Introduction

This booklet provides information on what to expect after your operation. It
outlines some potential problems, such as a chest infection or deep vein throm-
bosis, that might happen after your operation and what you must do, with a bit of
help from your physiotherapist, to assist in preventing these. We encourage you
to share this information with your family and friends to help them understand.

Your Operation

During your operation you will receive one or more incisions in your abdomen or
chest wall. The site of the incision will depend on the type of operation you have.
The following diagrams demonstrate the possible sites of these incisions.

[ s
9 “ ()g? -
‘*-.T_/ thoracotomy

How long does the operation take?
Depending on the type of surgery and how complex it is, the operation can be as
quick as 30 minutes or could last many hours.

i

laparotomy

.
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How long will I.be in hospital?
If everything goes smoothly and there are no complications, most people are in
hospital from between 9 and |4 days.

Drips and drains

After the operation it is normal to have many, many drips and drains coming in and
out of your body! We have listed some of them here:

1
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«  Wound Drain

One or more drains in your abdomen to remove any excess fluid and
blood.
e Chest Drain
If you have had a cut through your rib cage (thoracotomy) you may also
have a tube inserted into your chest during surgery to drain any fluid or
excess air from the chest
« Intravenous (IV) Line
In one, or both of your arms, to provide you with fluid and medications
« Epidural
a line into your back to help with your pain relief
+ Nasogastric Tube
a tube inserted up and into your nose then down into your stomach to
help with delivery of food or draining excess air/fluid from your stomach
» Catheter
A tube in your urethra to drain your bladder of urine whilst you find it dif
ficult to get up and get to the toilet.

As you can imagine, getting up and out of bed can be quite difficult with all these
things hanging around!

Pain relief
The staff at the hospital will work hard to keep any pain felt after this operation to a
minimum.

There are many different types of pain relief available - epidurals, patient controlled
analgesia drips, tablets, injections, constant infusions to the wound, and others. Your
doctors will choose the types best for you and your condition.

It is quite important that any pain doesn't limit your ability to do your exercises after
the operation. Please don’t hesitate to alert a nurse or doctor if your pain levels are
stopping you from walking and doing your breathing and coughing exercises after the
operation.

Chest infections-why am | at risk?

Your lungs are normally kept clean by a thin layer of mucous that lines your airways.

Dust particles and germs that you inhale with each breath stick to this layer of mu-

cous. Tiny hairs (cilia) sit underneath this dirty mucous (phlegm) and sweep it out of
your lungs and to the back of the throat where it is then swallowed and disposed of.

This process happens every day of your life without you even knowing about it! It is
normal to produce about 120mls or a '/4 of a cup of phlegm a day.

CROSS SECTION OF AN AIRWAY IN THE LUNGS

— o=
I:n.ln(ﬂ.ltlﬂﬁ\

After major surgery, however, more than the normal amount of mucous is pro-
duced. Too much for your normal cleaning mechanisms to deal with. Extra help is
now required to clear the phlegm. This is when you need to cough or huff to get
rid of it all.

If the phlegm remains in your lungs for too long it can become a growth site for
bacteria. This can lead to a chest infection.

What increases my chances of getting a chest infection?

. Being a smoker

. Having a lung condition (eg asthma, emphysema, bronchitis, bronchiectasis)

. Not being very fit

. The type of operation you will be requiring. The closer the operation is to
the lungs the higher your risk of a chest infection

. A long operation, especially over 3 hours

. A longer or higher cut in your abdomen

. Slow to get walking soon after the operation

. Not doing much walking in hospital following your operation

3
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What happens if | get a chest infection?

If you get a chest infection after your operation you will become quite sick. You will
get a fever, probably a bad cough, have difficulty breathing, and you may need to go
to the Intensive Care Unit to be looked after. At worst, you could die.

The doctors will take x-rays of your chest, take blood tests and will provide you
with strong antibiotics to help fight the infection. A physiotherapist will give you
special breathing and coughing exercises to help try to clear the infection.

You will spend a lot longer in hospital and your recovery from your operation will
be slower.

What can | do to prevent getting a chest infection?
Walking and getting active as early as possible after an operation is the most
effective way to prevent complications like chest infections and blood clots.

Regular movement also prevents deep vein thrombosis and pressure ulcers
(bed sores) developing, and promotes bowel function.

Walking increases your lung volumes and helps prevent and reduce any lung col-
lapse. Walking also pumps blood faster around your body and prevents blood clots
from forming

Physiotherapy treatment after your operation is aimed at minimising problems like
chest infections and blood clots.

Expect to:
. Start walking with the help of your physiotherapist, or nurse, as soon as
possible after your operation. This can even occur on the day you wake up

from your operation. The earlier the better.

. Do your own breathing and coughing exercises every day to assist in reinflat-
ing you lungs and prevent the build up of phlegm

. Do your own leg exercises to prevent blood clots from forming

4

Exercises to do after your operation

It is important to take your pain medication regularly to ensure you can
participate in the following exercises during your stay.

I. GET OUT OF BED

You will be helped out of bed on the first day after the operation.

The easiest way to get out of bed is as follows:

|.Rell onto your side
(if your incision is on your side, roll
onto the opposite side).

2. Drop your legs over the side of
the bed and push up into a sitting
position with your arms.

3. Keeping your hands on the bed,
lean forward and push up into a
standing position.

2. GET WALKING

A physiotherapist, or one of their assistants, will visit you most days whilst you
are in hospital and help you to get walking to start with.

They will help you to walk at a pace that helps reinflate the lungs and prevent
blood clots in the legs. You will need to walk fast enough that it feels like “light”
to “moderate” type of hard work.
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Exercises to do after your operation

3. DEEP BREATHING

You will be encouraged to walk as far as possible each time you walk with them. After your operation your lungs will be a little de-

flated and your breathing will be a bit shallower than

To start with, it may be as little as 3 to 5 minutes of walking and as you improve may |
usual.

even be as long as |5 minutes of walking.
This is due to a combination of reasons:
You might also be given a walking frame to help you get going in the beginning and e use of a breathing machine called a
also to help carry all the drips and drains you will have. : . )
e ventilator during the operation
The more times you go for a walk away from your bedside during the day the bet-
ter. It doesn’t just have to be with a Physiotherapist or one of their assistants. Ask
one of the nurses to help you get up to go for a walk. When you are a bit more con-
fident, go for a walk with one of your visitors.

e use of pain relief medications afterwards

lying in bed more than usual and not being as

active

It is important that you do your best to reinflate
and exercise your lungs as soon as possible after your operation to reverse these

The earlier you get up and out of bed and walking the better changes. Do as many as you can on the first few days after the operation.

The more walking you do in hospital recovering from your operation the better

4. COUGHING

It is very important to clear your lungs of any secre-
tions. A build up of sputum can harbour infections
and cause you breathing difficulties. Unfortunately
due to the incision in your abdomen it can be a bit
uncomfortable to perform an good cough. You will
be provided with support for your tummy—your
“cough pillow”, which you will use whenever you
cough to help reduce the discomfort. Your physio-
therapist may also show you how to “huff”, an alter-
native to a cough. It tends to hurt a little less.

Please alert your nurse if your pain levels are pre-
venting you from coughing or moving.
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When in bed it is important to perform the following ankle and leg exercises to
keep the blood flowing through your body. This helps maintain good circulation

BREATHING AND COUGHING and prevents clots, or thromboses, forming in your legs.
EXERCISES &y
y e ——____,/;:‘
Take 10 slow deep breaths ) illi&_ f/:: < _)i‘j i &_; I3 __|_J,\ —
I:Io'ifinglffoot u:;! and igwn. Tlighten and relax thigh mus-  gjide leg up and down bed.
Hold each one for 5 seconds e o= Keep heel on bed
Gently press your “cough pillow” to your wound
Large breath in and cough or huff 3 times through.
Repeat all of this over again
(All up 20 deep breaths with 6 coughs/huffs)
Do this once every hour during the day
3 9
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PHYSIOTHERAPY DEPARTMENT

63487216

How to comment on our service
We would like to improve our services - please help us by advising us of:

Compliments or Complaints

If you wish to compliment or complain about a department or service, please either:
*  Request to see the staff member in charge, or

*  Telephone the Compliments/ Complaints line in the Clinical Effectiveness Service.

Free call — 1800 008 001 or write to -

Patient Advice and Liaison Officer Launceston
Launceston General Hospital General Hospital

P.O.Box 1963, Launceston ,Tasmania 7250

P.O. Box 1963
Launceston TAS 7250

Ph: (03) 63487111

This information sheet has been prepared by staff at the Launceston General Hospital
to assist you with queries related to operation.

Review Date: February 2015

10
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Appendix VI Data collection forms

NB: This is a PDF copy of the electronic data collection form. As such it is not possible to
represent the extensive data validation rules, formulas, dropdown menus, and data collection

instructions embedded within the file.

LIPPSMAck POP TRIAL ID no 0
Surname: 0
PRE-OPERATIVE PHYSIOTHERAPY SESSION DOE: 00/01/1900

Height | |em weight | i BMI  #DIV/0! BMI=weight/height’

Reason for operation: |

Surgical category: H#N/A

Co-morbidities: Enter "y" in the first column for a past or present diagnosis OR 'n' for condition not present

2Ind column: Does this condition significantly limit your walking ("y" in the appropriate box)?

Athritis

Osteoporosis Cancer diagnosis?

Asthma Is there a current Dx of cancer?
COPD, ARDS, chronic resp dx

Angina Current chest infection?
Congestive cardiac failure/disease Have you had a chest infection
Heart Attack in the past 2 weeks?
Neurological disease

Stroke or TIA Have you been prescribed an
Diabetes Typel or 2 antibiotic for this by a Dr?

Peripheral vascular disease

Upper Gl disease (eg reflux, cystitis, ulcers) ASA (0-5, from aneasthetic report):
Depression

Anxiety/panic disorders Pre-operative chemotherapy in last & whs
Visual impairment

Hearing Impairment Pre-operative NGT
Degenerative Disc disease

Obesity BMI>30

FCl score/18: 0
(1 pint for each co-marbidity)

Smoking history:
Ever smoked? y/n
Are you still smoking? y/n Mo = quit > 8 weeks ago
How old when ceased smoking? If current smoker enter current age
How old when started smoking?
On ave, how many cigs per day?!

Pack yearsT

Years since quiting 0

Physiotherapist name: Signature: Date:

=
=]

yin

gl
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PRE-OPERATIVE PHYSIOTHERAPY

ASSESSMENT:
SpO2 on RA: I:l% HR at rest:l:l
Auscultation: Please record location of findings on diagram
Please document your findings and location found below:
Sign: Location:
Air entry:
Breath sounds:
Added sounds:
Key: v Decreased breath sounds
Air entry: (Equal bilaterally, unequal, other) arsh (bronchial) breath sounds
Breath sounds: {Mormal, Absent, Quiet, Harsh/Bronchial) X Crackles
Added sounds: (Nil, Crackles, Wheeze, other) o Wheeze
Cough: Whilst in sitting, ask patient to perform 3 strong coughs in a row as hard as they can
Please grade the cough as follows:
Key:
Strength: Subjectve judgement of cough power
Effectiveness: Subjective judgement on whetheror not cough could clear secretions
Moistness: Wet=sound of secretions in cough
Froductiveness: Production of sputum following a cough (expectorated or swallowed)
Sputum: If patient has a productive cough please use colour chart to classify it Colour|
If unable to expectorate, get patient to class colour of phelgm last visualised Classification HN/A

Exercise tolerance/mobility:

RAPA Aerobic HNA
Strength/stretching

"How many minutes can you walk along the flat at your own pace without stopping for a rest?”

"What stops you from walking any further?"

Do you use anything to walk with?

Self-administered Physical Activity Questionnaire (SAQ) VO -12.65

PPC risk assessment: Score
Estimated duration of anaesthetic W
Surgical category HN/A HN/A
Diagnosis of a Respiratory co-morbidity n 0
Current smoker n 0
V02 max score as calculated from SAQ -12.65 -0.962
TOTAL ~ #NIA

Handgrip: Performed on dominant hand, in sitting with elbow at 90 degress, forearm in neutral.
Dominant hand:
Grip strength: kg best of 3 repetitions
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LIPPSMAck POP TRIAL Med record no
POST OPERATIVE DATA COLLECTION Surname:
DOEB:
Date of operation: Operation performed:
Anaesthetic time mins Incision used:
Protocol: Physio first session post-op. PTA assisted ambulation from then on. All patients ar
WEEK |
POD | 2 3 4 5 6 7
Date
VWeekday
Location

Oxygen/ventilation

Analgesia (1-6)

Analgesia (1-6)

Analgesia (1-6)

Assess patient for a PPC EVERY DAY for 7 days or until d/c from hospital

I: Does the patient have a PPC? If no, progress to D/C Ax. If yes, treat as necessary.

Observations: Mark presence of sign or symptom for each day that it is present (y/n/not avail)

Ausc changes

Sputum changes

SpO2 < 90% on RA

Temp > 38

CXR changes

WCC =11 or AB's

sputum culture +ve

Dr dx of a PPC

PPC diagnosis

Assess patient for d/c from Physio services EVERY DAY until score =14

2: Can patient be d/c from Physiotherapy services? If yes, cont with daily PPC Ax for 2/52; No: Step 3

Discharge from Physiotherapy scoring (d/c when score is 14 or |5)

Mobility

Breath Sounds

Secretion clearance

SpO2

Resp rate

D/C from Physio (6-15)

Enter ambulation information_ EVERY DAY until discharge from Physio services

3: Ambulation protocol: Physio First occasion, PTA from then on.

Ambulation protocol - Record most successful attempt on that day

Who provided it?

Time provided

Pain score (0-10)

Mobility stage attained
(17)

Reason for not achieving at least
Stage 3 or ideally Stage 6 (1-6)

Max Borg (0-10)

STEP 4: Document any adverse events, breaks to protocol, or reasons for trial withdrawal

IAdverse event

|ereaks to protocol

Withdraw from trial

|Notes:
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D/C date D/C Time

D/C Destination

LOS days

‘e to be checked for a PPC every day until d/c or POD 7

WEEK 2
8 9 10 Il 12 13 14 POD
Date
Weekday
Location

Oxygen/ventilation

Analgesia (1-6)

Analgesia (1-6)

Analgesia (1-6)

CXR changes

Temp > 38

SpO2 < 90% on RA

Sputum changes

sputum culture +ve

WCC=>I1 or AB's

Ausc changes

Dr dx of a PPC

PPC diagnosis

Assess patient for d/c from Physio

2: Can patient be d/c from Physiotherapy services? |

services EVERY DAY until score =14

f yes, cont with daily PPC Ax for 2/52; No: Step 3

Discharge from Physiother

apy scoring (d/c when score is 14 or |5)

Mobility

Breath Sounds

Secretion clearance

SpO2

Resp rate

D/C from Physio (6-15)

3: Ambulation protocol: Physio First occasion, PTA from then on.

Enter ambulation information EYERY DAY until discharge from Physio services

Ambulation protocol

Who provided it?

Time provided

Pain score (0-10)

Mobility stage attained (I-
7)

Reason for not achieving at least

Stage 3 or ideally Stage 6 (1-6)

Max Borg (0-10)

STEP 4: Document any adverse ev

ents, breaks to protoco

I, or reasons

for trial withdrawal

IA dverse event

IBreaks to protocol

]Withdraw from trial
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Keys:

Location:

ICU {Intensive Care Unit)
Surg Ward (Surgical Ward)
D/C (Discharged)

Discharge Destination:
1. Home

2. Rehab facility

3. Nursing home

4., Other hospital

Incision:

Midline laparotomy
Bilateral Subcostal (Chevron)
Subcostal (Kocher)
Transverse

Abdo incision + thoracotomy
Other

Oxygen/Ventilation: Analgesia:

Mechanically ventilated 1. Epidural

Non-invasive ventilation 2. Constant opioid infusion
High flow nasal prongs 3. PCA

Humidified mask 4, PCEA

Mask 5. Oral

Nasal prongs 6. Other (specify)

Nil

PPC Diagnosis:

When 4 or more of the following criteria are present
* CXRreport of collapse/consolidation
e Raised max temp >38°C on more than one consecutive day

* S5p02 <90% on room air on more than one consecutive day

* Productive of yellow or green sputum different to pre-operative

* Presence of infection on sputum culture report

* Anotherwise unexplained WCC > 11 OR Rx of an antibiotic specific for respiratory infection

* New abnormal breath sounds on auscultation different to preoperative

* Physician’s diagnosis of postoperative pulmonary complication

Discharge from Physiotherapy (Score of 14 or 15 = discharge):

Mobility:

Breath Sounds:

Secretion Clearance:

Sp02:

Resp rate
{rest & activity):

3

2
1
0

(RSN

Reached pre-op ambulation status
Requires supervision, status has plateaued
Requires assistance, status is improving
Unable to ambulate

Reached pre-op levels and within expecatitions for that patient
Slightly decreased breath sounds or presence of a few added sounds
Markedly abnormal breath sounds and/or significant added sounds

Able to clear secretions independently OR at pre-op status
Requires assistance to clear secretions

Sats > 92% or > 88% (exsisting resp condition)
Sats < 92% or < 88% (exsisting resp condition)

Within normal expectations
Outside acceptable range for individual
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Keys:

Mobility Stages:
Attempted sequentially every treatment session

N oy ke wn e o

Unable

SOEOB 2 minutes (sit on each of bed)
MOS 0-1 minute {marching on the spot)
MOS/walk 1-3 minutes

MOS/walk 3-6 minutes

Walk 6-10 minutes

Walk 10-15 minutes

Walk > 15 minutes

Reason for not achieving stage 6 ambulation:

1. Hypotension (dizzy, BP<100/60, in sitting after 2 min ankle pumping and rest)
2. Pain (> 7/10, analgesia active, distressed)
3. Nausea, vomiting
4. Patient unavailable
5. Physio/assist unavailable
6. Patient non consent
7. Other (specify)
8. Fatigue
Adverse event: Withdraw from trial:
Vasovagal/collapse/faint Lower abdominal surgery only
lleus Laparoscopic surgery
PE Thoracic surgery only
DVT Ventilated for more than 48 hours post-operatively
Cardiovascular event Return to surgery within 5 post-op days of initial surgery
Haemorrage Withdrew self from trial
Death Death
Other (Specify)

Breaks to protocol:

1.

2.
3.
4

Physio coached deep breathing and coughing exercises and/or PEP
Physio provided directed ambulation > once

Nurse provides PEP

Other (specify)
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Appendix VII Protocol badge cards for ward physiotherapists

Protocol badge cards for ward physiotherapists

b) Pain visual analogue scale

c)

d) Sputum colour chart

Borg rating of perceived exertion scale

e) LIPPSMAck POP postop protocol card
@ 1 - 10 Borg Rating of
iz . o |— (( : Perceived Exertion Scale
B
g -
3z N o
]
w
—|2
f: I o 5 Hard
it - 6
= ( { = _
~ "SR
= 8
N -—0:
—a ‘b‘
o | ( )__-.
LIEESMAgk POP trial
. Protocol:
Physio once only, ASAP post-op.
* Provide mob aid and cough
pillow, Briefly remind pt on
DB&C as per booklet
* Ambulation stages
w I. (safety) Sitting min 2 min

2,_ (safety) MOS0-Lmin ____

. (Physio) MOS/walk 1-3 mins

. (Physio) MOS/walk 3-6 mins

. (Physio) Walk 6-10 mins

. (Physio) Walk 10-15 mins

. (Physio) Walk =15 mins

Goals - increase RR, RPE 3-4/10,
achieve min of | minute, ideally 10
min or more total walk time (cont
or intervals). Record why, if not
able,

+« Tell gt to amb as often as able.
* Handover to PTA current

=] O LA dw L
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Appendix VIII Interview transcript scoring template

QUANTITATIVE: Please score each interview on the below scoring schema. For answers that can have multiple responses please score each response as appropriate. If a
participant elaborates later in the interview and reports knowledge and awareness that could also answer a prior question you may backtrack and score the response of the

previous question based on the responses to later questions.

Please also make a judgement from the transcript whether you believe that the participant was in the control or intervention group.

QUALITATIVE SECTION: Now that you are familiar with the transcript, start analysing the participant’s responses for themes about HOW the preoperative information is

provided and factors that make information delivery helpful or a hindrance.

Was physiotherapy the most memorable component of preoperative assessment clinic? Circle one only. Yes No
Did the participant remember meeting a physiotherapist? Circle one only. Yes No
What did the participant remember about the physiotherapy session? Circle as many as appropriate for this Nothing
participant. Booklet

Research

Breathing exercises

Coughing

Early ambulation

Lung physiology or mucociliary clearance
Circulation exercises

Preventing pneumonia

Preoperative fitness optimisation

Other:

What did the participant remember about the information in the booklet?

Please subjectively categorise the answer to this question into the following categories.

No recall
Vague recall

Good recall

What did the participant remember about early ambulation?

Every day/as much as possible (frequency)
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Next day after surgery (timeliness)
How long to walk for (duration or distance)
How hard (intensity)

Importance

What did the participant remember about the breathing exercises?

Please subjectively categorise the answer to this question into the following categories.

No recall
Vague recall
Good recall
Cough pillow
Deep breathing

Was the participant able to recall reps, sets, or frequency of breathing exercises?

Reps:

Sets:

Frequency:
Inspiratory hold:
Cough:

What did the participant report as why these exercises were important?

Prevent respiratory/lung complications
Mucociliary clearance

Lung recovery

Improve general recovery
Heart/Circulation

Other:

Do you believe that the participant was in the control or intervention group? Circle.

CONTROL / INTERVENTION
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Appendix I X Standards of reporting qualitative research checklist

Standards of reporting qualitative research (SRQR) checklist

sources/methods, and modification of procedures in response to evolving study
findings; rationale

No. Topic Description Line
1 Title Concise description of the nature and topic of the study Identifying the study as 2
qualitative or indicating the approach (e.g., ethnography, grounded theory) or data
collection methods (e.g., interview, focus group) is recommended
2 Abstract Summary of key elements of the study using the abstract format of the intended 43-64
publication; typically includes background, purpose, methods, results, and conclusions
INTRODUCTION | Problem formulation Description and significance of the problem/phenomenon studied; review of relevant 114-115
3 theory and empirical work; problem statement
4 Research question Purpose of the study and specific objectives or questions 107-113
METHODS Qualitative Qualitative approach (e.g., ethnography, grounded theory, case study, phenomenology, | 197-203
5 approach/research narrative research) and guiding theory if appropriate; identifying the research paradigm
paradigm (e.g., postpositivist, constructivist/ interpretivist) is also recommended; rationale
6 Researcher Researchers’ characteristics that may influence the research, including personal 149-154
characteristics and attributes, qualifications/experience, relationship with participants, assumptions, and/or
reflexivity presuppositions; potential or actual interaction between researchers’ characteristics and
the research questions, approach, methods, results, and/or transferability
7 Context Setting/site and salient contextual factors; rationale 125-138
8 Sampling strategy How and why research participants, documents, or events were selected; criteria for 122-123, 145
deciding when no further sampling was necessary (e.g., sampling saturation); rationale
9 Ethical issues Documentation of approval by an appropriate ethics review board and participant 318
pertaining to human consent, or explanation for lack thereof; other confidentiality and data security issues 124
subjects
10 Data collection Types of data collected; details of data collection procedures including (as appropriate) | 128-143
methods start and stop dates of data collection and analysis, iterative process, triangulation of 197-203
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11 Data collection Description of instruments (e.g., interview guides, questionnaires) and devices (e.g., 128-143
instruments and audio recorders) used for data collection; if/how the instrument(s) changed over the Supplementary
technologies course of the study material

Box 1

12 Units of study Number and relevant characteristics of participants, documents, or events included in 206-213
the study; level of participation (could be reported in results)

13 Data processing Methods for processing data prior to and during analysis, including transcription, data | 197-203
entry, data management and security, verification of data integrity, data coding, and
anonymization/deidentification of excerpts

14 Data analysis Process by which inferences, themes, etc., were identified and developed, including the | 197-203
researchers involved in data analysis; usually references a specific paradigm or
approach; rationale

15 Techniques to enhance | Techniques to enhance trustworthiness and credibility of data analysis (e.g., member 197-203
trustworthiness checking, audit trail, triangulation); rationale

RESULTS Synthesis and Main findings (e.g., interpretations, inferences, and themes); might include 239-295

16 interpretation development of a theory or model, or integration with prior research or theory

17 Links to empirical data | Evidence (e.g., quotes, field notes, text excerpts, photographs) to substantiate analytic | 239-295
findings Supplementary

material

DISCUSSION Integration with prior Short summary of main findings; explanation of how findings and conclusions connect | 297-379

18 work, implications, to, support, elaborate on, or challenge conclusions of earlier scholarship; discussion of
transferability, and scope of application/ generalizability; identification of unique contribution(s) to
contribution(s) to the scholarship in a discipline or field
field

19 Limitations Trustworthiness and limitations of findings 297-379
Conflicts of interest Potential sources of influence or perceived influence on study conduct and conclusions; | 134-138

how these were managed

21 Funding Sources of funding and other support; role of funders in data collection, interpretation, | 383-384

and reporting
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Appendix X Invited commentary — 5 facts about

cardiorespiratory physiotherapy

5 FACTS
-
&
£
&
3
£
-
%
George Ntoumenopoulos, Danni Dunlop, lanthe Boden,
5 fa CtS a bOUt s Marie Williams, Kylie Johnston and Lara Edbrooke
- — discuss five lesser known facts about cardiorespiratory
Ca rd l 0 respl l'atO I'y physiotherapy and what you can implement in your
current practice.

physiotherapy

ihmotion December 2019 38
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5 FACTS

Lung ultrasound can improve
decision making

The limited diagnostic accuracy of lung
auscultation and the portable chest
radiograph in crtical care is a challenge
physiotherapists must address. The
reduced diagnostic accuracy of the
portable chest radiograph compared to
lung ultrasound (LUS) for the detection
of common lung pathology, such as

lung collapse, pulmonary cedema.
consobdation, pleural effusion or
pneumothorax (Xirouchak et al 2011),
questions the findings of pravious landmark
trials and critical care physiotherapy
recommendations (Stiller et al 2013,
Stiller 2013). LUS is a diagnostic tool
that should be adopted by critical care
physiotherapists, with the increasing
evidence-base for its excellent diagnostic
accuracy and real-time monitoring
capabifities (Via et al 2012, Volpicelli et al
2012, Hew & Tay 2016). Physiotherapists
can acquire the prefiminary knowledge

38 australian.physio

and skills in LUS (Ntoumenopoulos et al
2017) but there may be potential barriers
such as time, mentors, perceived scope
of practice issues to the uptake and use of
LUS in clinical practice (Ntoumanopoulos
& Hough 2014) that need to be addressed.

Beyond the potential for LUS to better
discern whether chest physictherapy is
indicated (Leech et al 2015), it may also be
of use to non-invasively assess the effect
of the intervention, such as manual or
ventilator hyperinfiation to recruit collapsed
lung (Cavaliere et al 2011). With issues
around physiotherapy in critical care (eg,
24/7 access, respiratory vs rehabilitation
focus, imited physiotherapy staffing-
to-patient ratios, skill mix), it will be a
challenge to feasbly incorporate ancther
diagnostic tool with busy caseloads.

LUS should enable us to determine

the prevalence of acute pulmonary
conditions amenable ta physiotherapy
and allow clinicians to use their ime

more appropriately

Cardiorespiratory
physiotherapists work
in advanced practice roles

With additional training programs,
cardiorespratory physiotherapists now
have opportunities to wark in innovative
advanced scope roles. In 2015, the

Austin Health physiotherapy department

in Victoria received a grant to develop an
individualised, integrated model of care led
by a critical care-trained physiotherapist for
hagh-risk surgical patients in the detection,
surveillance and treatment of postoperative
pulmonary complications (PPC).

High-risk surgical patients experienced a
high rate of PPC at Austin Haalth (Story
2011, Austin Health POST Investigators
2010}, two-thirds of which ooccured in the
first two postoperative days. This represents
a threefold increase compared to low-risk
patients undergoing upper abdominal
surgery (Hamnes et al 2013). PPCs were
related to increased hospital stay and costs,
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and patients were also more likely to have a
medical emergency team review and utilise
critical care outreach resources (Story
2011, Haines et al 2013). Most of these
patients had a delay to mobilisation
(Haines et al 2013),

A physiotherapy-led model of care was
implemented in 2016 to increase the
detection of deterioration and promote
early maobility in this patient cohort. A senior
critical care physiotherapist monitors high-
risk surgical patients, identifies barriers to
mobility, and remediates them to ensure
mobilisation occurs, The advanced practice
physiotherapist coordinates postoperative
care alongside an intensive care fellow and
an acute pain service team, which assist
with fluid boluses and pain medication
titration, PPC incidence has decreased

to 19.2 per cent in the high-risk surgical
cohort, with a concument decrease in mean
length of hospital stay by five days (Duniop
& Berney 2016),

Pre-operative physiotherapy
prevents postoperative pneumonia

More than 150,000 major abdominal surgery
procedures are performed every year in
Austrafia (Australian Institute of Health &
Welfare). An upper abdominal incision has
negative effects on respiratory mechanics,
with 90 per cent of patients having significant
atelectasis within 24 hours of surgery
(Strandberg et al 1986). If not ameliorated,
a postoperative pulmonary complication
can occur in up to 50 per cent of patients.
Over the past 70 years, physiotherapy

has focused on coaching patients in deep
breathing and coughing exercises to reverse
atelectasis and prevent airway bacterial
stagnation (Reeve & Boden 2016).

Until 20 years ago, patients were admitted
to hospital the day before surgery when
ward-based physiotherapists prepared
patients to start breathing exercises
immediately after surgery. With a change to
hospitals admitting patients on the moming
of surgery, pre-operative assessments

switched to outpatient-based clinics

within a month of surgery. At this time,
physiotherapy services remained primarily
ward-based and pre-operative preparation
by physiotherapists effectively ceased.

Research challenges the paradigm of a
postoperative-alone physiotherapy service,
A recent international double-blinded,
placebo-controlled, multi-centre trial
involving 441 patients (PEDro 9/10) found
that a single pre-operative physiotherapy
session reduced postoperative pneumonia
rates by half, within the context of
standardised early ambulation and no
postoperative chest physiotherapy (Boden
et al 2018). This confirms three previous
trials (Castillo & Has 1985, Fagevik Olsen
et al 1997, Samnani et al 2014), and

may support preliminary findings that
postoperative chest physiotherapy in
some cohorts is unnecessary as long as
pre-operative physiatherapy is provided
(Denehy 2001, Condie et al 1993).
Consistent evidence supporting the benefit
pre-operative physiotherapy suggests that
hospitals may need to reconsider the timing
of physiotherapy to best prevent the onset
of serious postoperative complications.

Kateryna Kon/Science Photo Library via Getty Images

Breathlessness is not a single
generic sensation

Distress with breathing is not a normal part
of ageing or an inevitable consequence

of having a chronic cardiorespiratory,
musculoskeletal or neurological condition.
Breathlessness includes distress/discomfort
and distinct sensory qualities (eg, air
hunger, tightness, work/effort) reflecting
different mechanisms which vary in

intensity and emotional and behavioural

BSIPMGICOIW Mix: Subjects via Getty Images
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5 FACTS

consequences. Chronic breathlessness is
distressing, disabling and persists despite
optimal management.

Chronic breathlessness is not just a result
of underlying disease and does not have
adirect 1:1 relationship with severity of
pathology. This perception is generated
through complex interplay of sensory
information from multiple systems, affective
state and expectations or beliefs, Fear,
anxiety and pain makes the experience of
breathlessness worse. While most chronic
breathlessness has a pathological origin,
this sensation is maintained and increased
by cognitive, emational and behavioural
adaptations.

Chronic breathlessness is under-
recognised, assessed and managed.
Things you can implement in clinical
practice include asking about
breathlessness and assess using
multidimensional instruments, using
evidence-based therapies that target
multiple domains of breathlessness (eg,
pulmonary rehabilitation improves exercise

Dean Mitchell/iStock via Getty Images
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capacity and reduces anxiety related to
breathlessness-related activities; hand-held
fans reduces breathlessness recavery time
and support exercise), and challenging
unhelpful breathlessness beliefs.

Rehabilitation in inoperable lung
cancerimproves patient outcomes

Advances in diagnostic procedures and
treatments have resulted in increasing
management options for people with
inoperable lung cancer and have led to
improvements in survival for this population
(National Comprehensive Cancer Network
2018). People with inoperable lung cancer
continue to experience high levels of
symptom burden, including dyspnoea,
cancer-related fatigue, weight loss and pain
(Sung 2017). Routine symptom monitoring
has been found to improve outcomes for
people with advanced cancer (Basch 2016).

Exercise is safe for people with lung
cancer, Several international hospital-based
exercise trials are being conducted. Mixed
setting approaches may be feasible; largely
home-based but also including supervised
sessions to ensure comect exercise
technique and adherence to training
principles, including intensity:

A recent randomised controlled trial of
home-based rehabilitation demonstrated
improvements in health-related quality of
life and symptom severity, but not physical
function, six months after commencing
medical treatment. The program included
aerobic and resistance exercises, behaviour
change techniques and symptom support
(Edbrooke 2019a). Importantly, the
program was reported by participants to
be highly acceptable (Edbrooke 2019b).
Physiotherapists should individually
prescribe and modify exercise programs
based on assessment findings (including
physical function and symptoms) and
patient preferences.

PP Emai inmotion@australian.physio
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