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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 

(LIPPSMAck-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% 
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CI $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, Ianthe 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, El-Ansary D, Robertson IK, Denehy L. The 

LIPPSMAck POP (Lung Infection Prevention Post Surgery - Major Abdominal - with Pre-

Operative Physiotherapy) trial: study protocol for a multi-centre randomised controlled trial. 

Trials. 2015; 16:573. doi: 10.1186/s13063-015-1090-6.  

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 
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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 LIPPSMAck-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). Iain 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, El-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 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 IB 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. IB and IR did the statistical 

analysis. IB, ES, LB, JR, IR, Professor David Story (DS), and LD contributed to data analysis, 

interpretation, and manuscript revision. IB 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 24th 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 

11th, 2020.  

 

Boden I, Robertson IK, 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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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, Lång et al 2001), and length of stay (LOS) (Fernandez-Bustamente et al 2017, Scholes et 

al 2009, Lång 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 



Chapter 1: Introduction and thesis overview 

3 

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: 

• There is a lack of consensus regarding outcomes used to measure PPC after abdominal 

surgery. 

• 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.  

• Evidence regarding the effect of preoperative physiotherapy specifically to reduce PPC 

after abdominal surgery has not been systematically reviewed or critically appraised. 

• 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. 

• 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). 

• 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 (QALYs) 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) ICU LOS, 

d) unplanned ICU admission, 

e) 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, 

c) QALYs 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  Overview 

1 Introduction.  

Thesis overview 

2 Narrative review of physiotherapy management for patients having abdominal surgery  

3 Narrative review of pathophysiology of PPCs 

Hypothesis of effect for preoperative physiotherapy to reduce PPCs 

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

 

5 Protocol for LIPPSMAck-POP: a multicentre randomised controlled trial of preoperative physiotherapy to prevent postoperative pulmonary 

complications after major abdominal surgery 

6 Mixed methods (qualitative and quantitative) findings of a nested study within LIPPSMAck-POP investigating the memorability of preoperative 

physiotherapy and recall of items taught preoperatively 

7 Primary results of the LIPPSMAck-POP trial 

 

8 Secondary results of the LIPPSMAck-POP trial 

 

9 Health economic results of the LIPPSMAck-POP trial 

 

10 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 

11 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 Ianthe 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
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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-20th 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 (FiO2) 

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 FiO2 
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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 Mucociliary clearance 

Mucociliary 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 H2O) has been demonstrated to prevent atelectasis 

during surgery compared to no PEEP (Östberg 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 (Güldner 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, Güldner 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 H2O) with recruitment manoeuvres to those 

ventilated with low PEEP (2-5cm H2O). 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 (SpO2), 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 20th 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 II 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 20th 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, Hallböök 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 & McIntosh 

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 (Hallböök 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 
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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 & Lönroth 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 & 

McIntosh 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 IS 

compared to DB&C exercises (Hall et al 1996, Hall et al 1991), and one investigating the benefit 

of NIV (Böhner 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 & McIntosh 

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 needed1. 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 Identification 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 20161  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 II 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 • No treatment control  

Outcome 

measures 

• Atelectasis 

• Pneumonia 

• Acute respiratory failure 

• Hypoxemia 

• Composite measure of PPC 

Comparisons • All interventions compared with the comparator and to each other 

 



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

49 

 

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 I2 > 50% or fixed-effects methods where the heterogeneity of studies was I2 < 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 I2 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. 

  

Figure 4.1 Flow of studies for selection in review. 

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

Records screened by title and abstract (n = 547) 

Duplicates removed (n = 145) 

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) 
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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 Júnior 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, 
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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 
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Table 4.3 Characteristics of studies included in the review. 

Author; 

year 

Country; 

centres, n 

n PEDro 

score 

Pop Control  Intervention Outcome 

 

Result:  

Control v Intervention/s 

Relative risk Comparison Interpretation 

Palmer 

1952 

England 

Single 

82 4 LAS No preop chest PT 

No postop chest PT 

 

 

 

PT sessions: 0 

Preop chest PT 

Postop chest PT 

bd for 3d 

 

 

PT sessions: 6 

CXR  5/42 (12%) v 8/40 (20%) 1.7 (0.60 to 4.7) No PT v 

pre/postop chest 

PT 

Postop coached 

DB&C may, or may 

not, reduce CXR 

abnormalities. 

Underpowered for 

observed effect. 

Stein 

1970 

 

USA 

Single 

8 3 OAS No preop chest PT 

No postop chest PT 

 

 

PT sessions: 0 

Preop chest PT 

Postop chest PT 

+ PD, 1-3 x/d 

 

PT sessions: NS 

PPC 

 

1/3 (30%) v 1/5 (20%)  0.60 (0.06 to 6.4) No PT v 

pre/postop chest 

PT 

Underpowered. No 

conclusion can be 

drawn. 

Laszlo  

1973 

England 

Single 

86 3 OAS  Preop chest PT 

 

 

 

PT sessions:  1 

Preop chest PT 

Postop chest PT 

+ percs bd 5d 

 

PT sessions: 11 

Bronchitis 

Atelectasis 

Pneumonia 

Total PPC  

8/42 (19%) v 10/44 (23%) 

7/42 (17%) v 1/44 (2%) 

4/42 (10%) v 8/44 (18%) 

19/42 (45%) v 19/44 (43%) 

1.2 (0.52 to 2.7) 

0.14 (0.02 to 1.0) 

1.9 (0.62 to 5.9) 

0.95 (0.59 to 1.5) 

Preop chest PT 

v additional 

postop chest PT 

Additional postop 

chest PT may reduce 

atelectasis but not 

PPC compared to 

preop chest PT alone 

Morran 

1983 

Scotland 

Single 

102 5 UAS No preop chest PT 

No postop chest PT 

 

 

PT sessions: 0 

Postop chest PT 

+ chest vibes 

daily 2d 

 

PT sessions: NS 

Atelectasis 

Pneumonia 

Total PPC 

11/51 (22%) v 18/51 (35%) 

19/51 (37%) v 7/51 (14%) 

30/51 (59%) v 25/51 (49%) 

1.6 (0.86 to 3.1) 

0.37 (0.17 to 0.80) 

0.83 (0.58 to 1.2) 

No PT v postop 

chest PT 

Postop coached 

DB&C prevents 

pneumonia, but not 

atelectasis, compared 

to no chest PT. 

Celli  

1984 

Venezuel

a 

Single 

172 6 OAS No preop chest PT 

No postop chest PT 

 

 

PT sessions: 0 

Preop chest PT 

Postop chest PT 

qid 4d 

 

PT sessions: 17 

CXR  

ARF 

PPC 

9/44 (21%) v 15/41 (37%) 

4/44 (9%) v 2/41 (5%) 

21/44 (48%) v 9/41 (22%) 

1.8 (0.88 to 3.6) 

0.54 (0.10 to 2.8) 

0.46 (0.24 to 0.89) 

No PT v 

pre/postop chest 

PT 

Preop chest PT and 

postop supervised 

DB&C reduce PPC  

 

Hallböök 

1984 

Sweden 

Single 

137 5 UAS Preop chest PT 

Postop early amb 

 

 

 

 

PT sessions: 1 

As per control 

Postop chest 

PT+ PD bd 3d 

 

 

 

PT sessions: 7 

Atelectasis 

Pneumonia 

11/45 (24%) v 19/92 (21%) 

1/45 (2%) v 8/92 (9%) 

0.84 (0.44 to 1.6) 

3.9 (0.5 to 30.3) 

Preop chest PT 

v additional 

postop chest PT 

Additional postop 

DB&C + PD is no 

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; 

year 

Country; 

centres, n 

n PEDro 

score 

Pop Control  Intervention Outcome 

 

Result:  

Control v Intervention/s 

Relative risk Comparison Interpretation 

Giroux 

1987 

Canada 

Single 

54 4 LAS No preop chest PT 

No postop chest PT 

 

 

PT sessions: 0 

Postop chest PT 

once/d for 3 d 

 

 

PT sessions: 3 

Atelectasis 5/27 (19%) v 8/27 (30%) 1.6 (0.60 to 4.3) No PT v postop 

chest PT 

Postop supervised 

DB&C exercises may 

not be necessary after 

open hysterectomy.  

Roukema 

1988 

Holland 

Single 

153 1 UAS No preop chest PT 

No postop chest PT 

Early ambulation 

 

 

 

 

 

PT sessions: 0 

Preop chest PT 

x 2 

Postop chest PT 

once day 0  

bd POD1-2, 

once daily 

POD3-5 

 

PT sessions: 10 

Mild PPC 

Mod PPC 

Pneumonia 

Total PPC 

21/84 (25%) v 10/69 (15%) 

14/84 (17%) v 3/69 (4%) 

15/84 (18%) v 0/69 (0%) 

50/84 (60%) v 13/69 (19%) 

0.58 (0.29 to 1.1) 

0.26 (0.08 to 0.87) 

n/a 

0.32 (0.19 to 0.53) 

 Preop chest PT and 

intensive postop 

coached DB&C 

reduce PPC and 

pneumonia compared 

to early ambulation 

alone. 

Bourn 

1991 

England 

Single 

48 4 UAS Preop chest PT  

 

 

 

 

 

PT sessions: 1 

Preop chest PT  

Postop chest PT 

 

 

 

 

PT sessions: NS 

PPC 2/24 (8%) v 2/24 (8%) 1.0 (0.15 to 6.5) Preop chest PT 

v additional 

postop chest PT 

The addition of postop 

supervised DB&C 

exercises to preop 

preparation may not 

be necessary 

following low risk 

cholecystectomy  

Condie 

1993 

Scotland 

Multi; 

n=6 

310 6 OAS Preop chest PT 

 

 

 

 

 

PT sessions: 1 

Preop chest PT 

Postop chest PT 

once daily 3d 

 

 

 

PT sessions: 4 

PPC 12/152 (8%) v 5/158 (3%) 0.40 (0.14 to 1.1) Preop chest PT 

v additional 

postop chest PT 

Postop supervised 

DB&C may, or may 

not, prevent PPC over 

and above preop 

education and training 

alone. Underpowered 

for observed effect. 

Fagevik-

Olsén 

1997 

 

Sweden 

Single 

368 5 OAS No preop chest PT 

No postop chest PT 

 

 

PT sessions: 0 

Preop chest PT  

Postop early 

amb 

 

PT sessions: 2 

Desat RA 

 

 

32/153 (21%) v 4/132 (3%) 

 

0.14 (0.05 to 0.40) No chest PT v 

preop chest PT 

Preop education 

DB&C training and 

early ambulation 

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

Author; 

year 

Country; 

centres, n 

n PEDro 

score 

Pop Control  Intervention Outcome 

 

Result:  

Control v Intervention/s 

Relative risk Comparison Interpretation 

Chumillas 

1998 

Spain 

Single 

81 5 UAS No preop chest PT 

No postop chest PT 

 

 

 

 

 

 

PT sessions: 0 

Preop chest PT 

Postop chest  

 

 

 

 

 

 

PT sessions: 9 

Bronchitis 

Atelectasis 

Pneumonia 

CXR  

Total PPC 

1/41 (2%) v 2/40 (5%) 

6/41 (15%) v 1/40 (3%) 

1/41 (2%) v 0/40 (0%) 

16/41 (39%) v 6/40 (15%) 

8/41 (20%) v 3/40 (8%) 

2.1 (0.19 to 22) 

0.17 (0.02 to 1.4) 

n/a 

0.38 (0.17 to 0.88) 

0.38 (0.11 to 1.3) 

No chest PT v 

pre/post chest 

PT 

Pre/postop chest PT 

minimises CXR 

changes postop and 

may prevent PPC 

compared to early 

ambulation alone. 

Underpowered for 

observed effect. 

Fagevik-

Olsén  

1999 

Sweden 

Single 

40 5 LAS No preop chest PT 

No postop chest PT 

 

 

 

PT sessions: 0 

Preop chest PT  

Postop chest PT 

bd   

 

 

PT sessions: 3 

Desat RA 

Pneumonia 

3/20 (15%) v 1/20 (5%) 

1/20 (5%) v 0/20 (0%) 

0.33 (0.04 to 2.9) 

n/a 

No PT v 

pre/post chest 

PT 

Chest PT may or may 

not be effective in 

reducing PPC after 

laparoscopic surgery. 

Underpowered for 

observed effect. 

Denehy 

2001a 

 

Australia 

Single 

102 5 UAS Preop chest PT 

No postop chest PT 

 

 

 

PT sessions: 1 

Preop chest PT 

Postop chest PT  

 

 

 

PT sessions: 5 

PPC 1/52 (2%) v 3/50 (6%) 3.1 (0.34 to 29.0) Preop chest PT 

v additional 

postop chest PT 

The addition of postop 

chest PT to preop 

education and DB&C 

training may not be 

necessary to reduce 

PPC  

Mackay 

2005 

Australia 

Single 

52 8 UAS No preop chest PT 

No postop chest PT 

 

 

 

PT sessions: 0  

Postop chest PT 

 

 

 

 

PT sessions: 13 

PPC 3/21 (14%) v 6/29 (17%) 1.4 (0.41 to 5.1) Postop early 

ambulation v 

additional 

postop chest PT 

Coached DB&C 

exercises may not 

minimise PPC further 

if patients are 

provided with intense 

early mobilisation. 

Manzano 

2008 

Brazil 

single 

31 5 UAS No preop chest PT 

No postop chest PT 

 

PT session: 0 

Postop chest PT 

once 

 

PT session:1 

patient 

reported 

PPCs 

1/16 (6%) v 0/15 (0%) n/a No PT v single 

postop chest PT 

A single session of 

coached DB&C in the 

recovery unit may not 

reduce PPC. 

Kulkarni 

2010 

England 

Single 

66 5 OAS No preop chest PT 

No postop chest PT 

 

PT sessions: 0 

Preop chest PT 

once 

 

PT sessions: 1 

PPC 2/17 (12%) v 1/17 (6%)  0.50 (0.05 to 5.0) No chest PT v 

additional preop 

chest PT  

Preop chest PT may or 

may not reduce PPCs. 

Underpowered for 

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

Author; 

year 

Country; 

centres, n 

n PEDro 

score 

Pop Control  Intervention Outcome 

 

Result:  

Control v Intervention/s 

Relative risk Comparison Interpretation 

Carneiro 

2013 

Brazil 

Single 

75 3 UAS No preop chest PT 

No postop chest PT 

 

 

PT session: 0 

Preop chest PT 

Postop chest PT 

once daily 2d 

 

PT sessions: 3 

CXR  

Atelectasis 

Pneumonia 

Total PPC 

6/39 (15%) v 2/36 (6%) 

2/39 (5%) v 1/36 (3%) 

4/39 (10%) v 1/36 (3%) 

12/39 (31%) v 4/36 (11%) 

0.36 (0.08 to 1.7) 

0.54 (0.05 to 5.7) 

0.27 (0.03 to 2.3) 

0.36 (0.13 to 1.0) 

 Preop education and 

training and coached 

postop DB&C may 

prevent PPC  

Silva 

2013 

Australia 

Single 

86 7 UAS No preop chest PT 

Post op early amb 

 

 

 

 

 

 

 

PT sessions: 0 

No preop chest 

PT 

Postop early 

amb + chest PT  

OR 

Rest in bed + 

chest PT 

 

 

PT sessions: NS 

PPC 6/28 (21%) v 7/28 (25%) v 

3/30 (10%) 

0.80 (0.33 to 1.99) Early 

ambulation v 

additional 

postop chest PT 

v rest in bed + 

postop chest PT 

Coached DB&C may 

not minimise PPC 

further if patients are 

provided with early 

ambulation. For 

patients resting in bed 

coached DB&C may 

reduce PPCs. 

Underpowered for 

observed effect. 

Lunardi 

2015 

Brazil 

Single 

70 5 UAS No preop chest PT 

No postop chest PT 

 

 

 

PT sessions: 0 

No preop chest 

PT 

Postop chest PT 

tds day 5d 

 

PT sessions: 15 

PPC 0/35 (0%) v 8/35 (23%) n/a  No PT v postop 

chest PT 

Postop coached 

DB&C exercises may 

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 

allocation 

Concealed 

allocation 

Baseline 

comparability 

Participant 

blinding 

Therapist 

blinding 

Assessor 

blinding 

<15% 

dropouts 

Intention-to-

treat analysis 

Between-

group 

difference  

Point estimate  Total score 

(0 to 10) 

Palmer 1952 Y N Y N N N Y N Y N 4 

Stein 1970 Y N N N N N Y N Y N 3 

Laszlo 1973 Y N N N N Y N N Y N 3 

Morran 1983 Y N Y N N N Y N Y Y 5 

Celli 1984 Y N Y N N Y Y N Y Y 6 

Hallböök 1984 Y Y Y N N N N N Y Y 5 

Giroux 1987 Y N N N N Y Y N N Y 4 

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

Bourn 1991 Y N Y N N N N N Y N 3 

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

Chumillas 1998 Y N Y N N N Y N Y Y 5 

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

Fagevik-Olsén 1999 Y N Y N N N Y N Y Y 5 

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

Mackay 2005 Y Y Y N N Y Y Y Y Y 8 

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

Kulkarni 2010 Y Y Y   N N N N Y N Y 5 

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

Carneiro 2013 Y N Y N N N N N Y Y 3 

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

* Roukema 1988 and Silva 2013 were pseudorandomised controlled trials 
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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 & Lönroth 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, Hallböök 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 

(Hallböök 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, Lönroth 1999), 

open upper abdominal surgery (Morran et al 1983, Hallböök 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, Hallböök 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, 

Hallböök 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, Hallböök et al 1984, Roukema, Carol & Prins 1988, Fagevik-

Olsén, Josefson, Lönroth 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, Lönroth 1999), two days (Morran et al 1983, Carneiro et al 2013), three 

days (Palmer & Sellick 1952, Hallböök 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 

(Hallböök et al 1984, Fagevik-Olsén, Josefson, Lönroth 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 (I2 = 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% CI 

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% CI 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), 

equivalent to 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% CI 

0.76 to 0.90) providing a NNT of 6 (95% CI 4 to 10). There was good homogeneity within results 

(I2 = 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% CI 0.93 to 1.16) as shown in Figure 4.2, 
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1.1.2. There was moderate heterogeneity between trial results (I2 = 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.  

 

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 (I2 = 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 (I2 = 29%). Sensitivity analyses found no substantial 

change to the pooled estimates. 

 

 

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% CI 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, 



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

69 

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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CHAPTER 5  

LIPPSMAck POP trial: study protocol  

 

5.1 Author contributions  

IB conceived and designed the study, drafted and revised the protocol. LB, ES, JR, DE, and LD 

revised the study design and protocol. IR planned the statistical analysis. IB prepared the 

manuscript and was the corresponding author. All authors read and contributed intellectually 

important content and approved the final manuscript. 

This study was supported by competitive research grants from the Clifford Craig Foundation, 

Launceston, Australia; the University of Tasmania (virtual Tasmanian Academic Health Science 

Precinct), Tasmania, Australia; and the Awhina Contestable Research Grant from the Waitemata 

District Health Board and Three Harbours Health Foundation, Auckland, New Zealand. 

 

 

5.2 Published manuscript 

Boden I, Browning L, Skinner EH, Reeve J, El-Ansary D, Robertson IK, Denehy L. The 

LIPPSMAck POP (Lung Infection Prevention Post Surgery - Major Abdominal - with Pre-

Operative Physiotherapy) trial: study protocol for a multi-centre randomised controlled trial. 

Trials. 2015 Dec 15;16:573. doi: 10.1186/s13063-015-1090-6.  

 

This is an open-access journal. This chapter contains content which is unchanged from the 

accepted paper.  

 

Further details are provided as thesis appendices (Human Research Ethics Committee letters of 

approval (Appendix III), participant information and consent forms (Appendix IV), information 

booklet (Appendix V), data collection forms (Appendix VI), and protocol badge cards for ward 

physiotherapists (Appendix VII)). 
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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 

- Up to 50% (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. 

- It is 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)  
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PPC risk calculator (Scholes et al 2009)  
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CHAPTER 6  

Treatment fidelity and impact of preoperative 

physiotherapy before major abdominal surgery 

 

6.1 Author contributions 

IB was responsible for trial concept, design and co-ordination, securing funding, recruitment of 

participants, manuscript preparation and submission. DE-A and NZ were responsible for 

scoring, analysing, and interpreting the interviews. IR was responsible for statistical design and 

analysis. LD, LB, and ES were responsible for trial oversight and manuscript review. All 

authors read and approved the final manuscript. 

This study was supported by competitive research grants from the Clifford Craig Foundation, 

Launceston, Australia; the University of Tasmania (virtual Tasmanian Academic Health 

Science Precinct), Tasmania, Australia; and the Awhina Contestable Research Grant from the 

Waitemata District Health Board and Three Harbours Health Foundation, Auckland, New 

Zealand. 

 

6.2 Published manuscript 

Boden I, El-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 Jun;104(2):194-202. doi:10.1016/j.physio.2017.08.008. 

 

© 2018. This manuscript version is made available under the CC-BY-NC-ND 4.0 and is 

available for reproduction in this thesis and can be posted on the University of Melbourne 

dissertation repository DOI links back to the formal publication on ScienceDirect. 

This chapter contains content which is unchanged from the accepted paper.  

 

Further details are provided as thesis appendices (Interview scoring template (Appendix VIII) 

and standards of reporting qualitative research checklist (Appendix IX)). 
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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 _____________; I’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? 

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

study participants 

(n = 29) 

Excluded/lost to follow-

up from embedded study 

(n = 24) 

All other LIPPSMAck POP 

participants 

(n = 379) 

Age (yr), median (IQR) 64 (53 to 71) 68 (57 to 75) 66 (55 to 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 

gastrointestinal/hepatobiliary 

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

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 

physiotherapy to day of surgery, 

median (IQR) 

6 (2 to 20) 6 (3 to 24) 9 (3 to 17) 

Length of hospital stay (days), mean 

(SD) 

13 (15) 12 (10) 11 (11) 

IQR – interquartile range, *denotes characteristic imbalanced between groups 
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CHAPTER 7  

The LIPPSMAck-POP trial.  

7.1 Author contributions 

As outlined in the preface IB conceived and designed the study, coordinated the trial, prepared 

the first draft of the manuscript, and was responsible for the final manuscript. IB and IKR did the 

statistical analysis. IB, EHS, LB, JR, IKR, DS, and LD analysed and interpreted the data. All 

authors revised all manuscript drafts and approved the final manuscript. 

 

This study was supported by competitive research grants from the Clifford Craig Foundation, 

Launceston, Australia; the University of Tasmania (virtual Tasmanian Academic Health Science 

Precinct), Tasmania, Australia; and the Awhina Contestable Research Grant from the Waitemata 

District Health Board and Three Harbours Health Foundation, Auckland, New Zealand. 

 

7.2 Published manuscript 

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.  

 

This is an open-access journal. This chapter contains content which is unchanged from the 

accepted paper.  

 

 

Further details are provided as thesis appendices (Human Research Ethics Committee letters of 

approval (Appendix III), participant information and consent forms (Appendix IV), information 

booklet (Appendix V), and data collection forms (Appendix VI).
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7.3 Supplementary material  

Published online as supplementary material with published manuscript  

https://www.bmj.com/content/bmj/suppl/2018/01/24/bmj.j5916.DC1/bodi041081.ww1.pdf 

 
1. Template for Intervention Description and Replication (TIDieR) table; Table 1S 

2. Ambulation protocol, Table 2S 

3. Discharge from physiotherapy scoring tool, Table 3S 

4. Primary and secondary outcomes; per-protocol, Table 4S 

5. 12-month mortality according to PPC diagnosis: Figure 1S 

6. Standardisation of ambulation protocol, Table 5S and Figure 2S 

7. Methodological notes on analysis of data pertaining to durations (ie. Length of stay, 

time to ambulation) 

8. Success of masking participants, Table 6S 

9. Postoperative protocol violations, Table 7S 

10. Audit of random allocation 

11. Data Safety Management Board membership 

https://www.bmj.com/content/bmj/suppl/2018/01/24/bmj.j5916.DC1/bodi041081.ww1.pdf
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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 booklet (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 

secondary referral hospital.  

 

Elective upper abdominal surgical patients at the participating centres attend an 

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 

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. 

2. North Shore Hospital (Auckland, New Zealand), 

600-bed metropolitan, primary referral hospital 

3. North West Regional Hospital (Burnie, Tasmania, 

Australia), 240-bed rural secondary referral hospital. 

 

Elective upper abdominal surgical patients at the 

participating centres attend an 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 

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 

the number of times the intervention was 

delivered and over what period of time 

including the number of sessions, their 

schedule, and their duration, intensity or 

dose 

Within six-weeks of the planned surgical procedure. 

 

The education and training session was provided once only. 

 

If a participant’s operation is delayed and the time from intervention 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 the pre-admission clinic and a review of the education session and the 

breathing exercises repeated over the phone. 

Within six-weeks of the planned surgical procedure. 

 

The booklet was provided once only. 

 

 

If a participant’s operation is delayed and the time 

from intervention 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 the pre-

admission clinic. 

Item 9. Tailoring: If the intervention was 

planned to be personalised, titrated or 

adapted, then describe what, why, when, 

and how 

Participants were given an estimate of their individualized likelihood of a 

postoperative pulmonary complication based on an existing risk prediction tool. 

None. 

Item 10. Modifications: If the intervention 

was modified during the course of the 

No modifications No modifications 
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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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LIPPSMAck-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) March on spot/walk away from bedside 1-3 minutes 

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

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

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

Stage 7 (Ambulation) 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 tool1 

 

Mobility Score 

Reached preoperative ambulation status 3 

Requires supervision, status has plateaued 2 

Requires assistance, status is improving 1 

Unable to ambulate 0 

Breath Sounds  

Reached preoperative levels and within expectations for that patient 3 

Slightly decreased breath sounds or presence of a few added sounds 2 

Markedly abnormal breath sounds and/or significant added sounds 1 

Secretion clearance  

Able to clear secretions independently OR at preoperative status 3 

Requires assistance to clear secretions 1 

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

SpO2  92% (no respiratory condition) OR SpO2  88% (existing respiratory condition) 3 

SpO2 < 92% (no respiratory condition) OR SpO2 < 88% (existing respiratory condition) 2 

Respiratory Rate (at rest and during activity)  

Within normal expectations 3 

Outside acceptable range for the individual 2 

 

TOTAL SCORE (min 6, max 15) 

 

A score 14 = discharge from Physiotherapy 

 

SpO2=pulse oximetry oxygen saturation. 

 
1Brooks 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 

education and training  
(n= 191) 

Information booklet  

(n=183) 

Adjusted analysis 

 
 

Unadjusted analysis 

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 to 0.73) 0.0010 HR 0.43 (0.27 to 0.67) 0.0002 

Secondary outcomes       

Pneumonia 18 (8%) 42 (20%) HR 0.41 (0.23 to 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) OR 0.75 (0.52 to 1.07) 0.11 OR 0.77 (0.56 to 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 OR 0.78 (0.53 to 1.14) 0.20 

Unplanned ICU readmissions 14 (7%) 19 (10%) OR 0.86 (0.43 to 1.74) 0.68 OR 0.71 (0.35 to 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 (0.83 to 1.17) 0.90 HR 1.05 (0.88 to 1.25) 0.58 

Discharged from physiotherapy assisted ambulation, 

days 

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 

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%) 27/177 (15%) IRR 0.99 (0.57 to 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%) 2/177 (1%) IRR 6.37 (1.37 to 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) 
 

 
 

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 
 

Int1 Cont1 Int Cont Int Cont RR2 95%CI p-value3 

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 0·96 (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 

        

1 Int=Preoperative physiotherapy education and training, Cont= Information booklet 
2 Relative risk estimated using Mantel-Haenszel method; each RR was estimated separately 
3 p-value calculated using Fisher’s exact test 
4 Each stage was evaluated separately, with each case assigned to success or failure at that stage 

 

 

Figure 2S: Time to postoperative ambulation longer than 10 minutes (per-protocol)  
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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 recorded1. 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 

allocation 

True group allocation (n=29) 

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 

(n=8) 

3 x coached breathing exercises 

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 

POD8. 

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 

(n=7) 

3 x nurse provided PEP device 

1 x on morning of POD2. Removed that afternoon by research team. 

2 x on morning of POD1 (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 8th April – Friday 25th 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 Blackford1, MD 

Prof Linda Denehy2, PhD 

Dr Iain Robertson3, 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 LIPPSMAck-POP trial 

7.4.1 Background 

Following publication of the LIPPSMAck-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. 
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CHAPTER 8  

LIPPSMAck-POP: Secondary analyses 
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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 LIPPSMAck-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 

(LIPPSMAck-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 LIPPSMAck-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 
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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 

LIPPSMAck-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]. LIPPSMAck-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 LIPPSMAck-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 

(SpO2) 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 14th 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 to 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 to 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 

(n=214) 

Intervention 

(n=218) 

Adjusted RR (95% 

CI) 

p value 

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 to 1.18) 0.57 

  Hypoxemia 74 (35%) 64 (29%) 0.93 (0.71 to 1.23) 0.63 

  Pyrexia 27 (13%) 28 (13%) 1.04 (0.63 to 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 to 1.22) 0.43 

  Sputum culture positive for infection 15 (7.0%) 9 (4.1%) 0.67 (0.30 to 1.48) 0.33 

  Physician diagnosis of PPC in medical record 37 (17%) 28 (13%) 0.86 (0.51 to 1.35) 0.51 

  Respiratory antibiotics prescribed 53 (25%) 29 (13%) 0.60 (0.40 to 0.91) 0.02 

Oxygen therapy and mechanical ventilation     

   No oxygen therapy 129 (60%) 172 (79%) 0.49 (0.31 to 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% CI, 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; CI=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 number (proportion) or 

mean (SD). 
 

Control 

n=214  

Intervention 

n=218 

Adjusted RR or mean 

difference  

(95% CI) 

 

p value 

 

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 (0.61 to 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 to 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 (0.44 to 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 to 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 to 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 to 0.95) 0.03 

  Pulmonary collapse 21 (9.8%) 16 (7.3%) 0.83 (0.45 to 1.54) 0.56 

  Pneumonia 19 (8.9%) 15 (6.9%) 0.94 (0.49 to 1.79) 0.84 

  Acute respiratory failure 11 (5.1%) 5 (2.3%) 0.54 (0.19 to 1.49) 0.23 

Mean number of codes per participant  0.36 (0.48) 0.22 (0.41) 0.71 (0.41 to 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 (0.31 to 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 to 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; CI=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) 

†non-specific coding of a pulmonary problem/symptom in absence of coding specific to pulmonary collapse or 

infection (see Appendix) 
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Figure 1 (a)-(h): Daily rates of clinical criteria. Data are proportions with error bars showing 95% 

confidence intervals. Intervention (red lines); control (blue lines). p values: *p = 0.02; **p = 0 .01; ***p 

< .001 
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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 LIPPSMAck-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. 
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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. SpO2 <90% on room air, two episodes over two consecutive postoperative day 

4. Maximum temperature >38oC, two episodes over two consecutive postoperative day 

DIAGNOSTIC CRITERIA 

5. CXR/CT report of collapse/consolidation 

6. An unexplained WCC greater than 11 x 109/l 

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, URTI, LRTI, or 

respiratory problem, OR, 

b) Prescription of an antibiotic specific for a respiratory infection 

Abbreviations: SpO2=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. 

SpO2 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 (FiO2) to 0.21. 

Measure pulse oximetry oxygen saturation (SpO2) continuously for two 

minutes.  

If SpO2 became less than 90% immediately reapply oxygen and monitor 

patient for another two minutes or until back to baseline SpO2. If SpO2 

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 

   

I211.1  Acute transmural mycocardial infarction of inferior wall 

I26.0 – I26.9 + Pulmonary embolism 

I440  AV block 

I46.0  Cardiac arrest with successful resusitation 

I48.9  Atrial fibrillation and flutter, unspecified 

I82.8  Embolism and thrombosis of other specified veins 

   

J00 – J06 * Acute upper respiratory infections, including pharyngitis, sinusitis, rhinitis, tonsillitis 

J06 * Acute upper respiratory infections of multiple and unspecified sites 

J06.9 * Acute upper respiratory infection, unspecified 

J09 – J18 * Influenza and pneumonia 

J20 – J22 * Other 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 

J44  Other chronic obstructive pulmonary disease 

J44.0 * Chronic obstructive pulmonary disease with acute lower respiratory infection 

J44.1 * 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 

J81 + Pulmonary oedema 

J84.0 – J84.9 + Other interstitial pulmonary diseases 

J90 – J94 + Other diseases of pleura 

J90 + Pleural effusion, not elsewhere classified 

J93 – 

J93.8 

+ Pneumothorax 

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 I 

J96.1 * Acute respiratory failure, type II 

J96.9 * Respiratory failure unspecified 

J96.90 * Respiratory failure unspecified, type I 

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  Ileus, unspecified 

K59.0  Constipation 

K91.3  Postprocedural intestinal obstruction 

   

L23.8  Decubitus ulcer and pressure area, unspecified 

L89.1  Stage II decubitus ulcer and pressure area 

   

N17.9  Acute kidney failure 

N39.0  Urinary tract infection, site not specified 

   

R00.0 – 

R00.8 

 Abnormalities of heart beat 

R05 + Cough 

R06 + Abnormalities of breathing 

R06.0 + Dyspnoea 

R06.8 + Other and unspecified abnormalities of breathing 

R09.3 * Abnormal sputum 

R09.89  Other specified symptoms and signs involving the respiratory system 

R40-R46  Symptoms and signs involving cognition, perception, emotional state, and behaviour 

R40.0 – 

R40.2 

 Somnolence, stupor, and coma 

R41.0  Disorientation, unspecified 

R44.0 – 

R44.8 

 Other symptoms and signs involving cognitive functions and awareness 

R45.1  Restlessness and agitation 

R44  Other symptoms and signs involving general sensations and perceptions including 

hallucinations 

R53  Malaise and fatigue 

R55  Syncope and collapse 

R58  Haemorrhage, not elsewhere classified 

R65.0 – 

R65.9 

 Systemic inflammatory response syndrome 

   

T81.0  Haemorrhage and haematoma complicating a procedure, not elsewhere classified 

T81.2  Accidental puncture and laceration during a procedure, not elsewhere classified 

T81.3  Disruption of operation wound, not elsewhere classified 

T81.4  Infection following a procedure, not elsewhere classified 

T81.41  Wound infection following a procedure 

T857.8  Infection and inflammatory reaction due to other internal prosthetic devices, implants, 

and grafts 

Other 

infection 

 Cystitis N30.9, Candidiasis of skin and nail B37.2, cellulitis of upper limb L031.0 

Wound 

infection 

 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 

annum1-3. Patients having surgery represent a quarter of hospital bed days, yet account for half of 

all hospital costs4. 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)5. 

 

One of the most common complications after major abdominal surgery is a postoperative 

pulmonary complication (PPC)5,6 with typologies ranging from mild atelectasis to severe hospital-

acquired pneumonia and respiratory failure6. PPCs independently increase costs following major 

colorectal7, upper gastrointestinal8, and renal surgery9. Even mild PPCs are associated with 

increased hospital utilisation6,10. PPCs are strongly associated with poorer mortality6-11 and health 

related quality of life (HRQoL)12. A recent multicentre randomised controlled trial11, Lung 

Infection Prevention Post Surgery Major Abdominal with Pre-Operative Physiotherapy 

(LIPPSMAck-POP), replicated previous findings13 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 sessions14. Yet despite strong effectiveness11,13, 

patient preference14, and international consensus that preventing PPC should be a key feature of 

perioperative care6, preoperative physiotherapy is seldom provided15,16. 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 Zealand11 and reported in 

accordance with Consolidated Health Economic Evaluation Reporting Standards17 (see eAddenda 

Appendix 1).  

Detailed design and methodology descriptions are available11,18 and briefly outlined here. 

Participants were randomly assigned via sealed opaque envelopes. Independent audit confirmed 

appropriate randomisation11. Participants, outcome assessors, postoperative physiotherapists, 

doctors, nurses, hospital administrators, and statisticians were unaware of group assignment. 

Participant masking was successfully achieved11.  

 

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 published11. 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 QALYs 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 QALYs 

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 PPC5-11. 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 months17. 

 

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 surgery19. HRQoL data acquisition started from the 79th 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)20. The SF-

6D is valid and reliable for estimating health utilities after abdominal surgery21.  

 

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 surgery21-

25. 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 

participants26. 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 date26. 

Two time periods were calculated using the linear change area-under-the curve method26: baseline 

to six weeks (direct value) and six weeks to one year (estimated value). These values were 

summed to obtain 12-month QALYs. 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. costs between groups / 

absolute risk reduction in PPC)27, 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 trials27, 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-effective28. 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 for27. This is known as the 

willingness-to-pay amount29. 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 QALYs30.  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)31.  

 

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)7. 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 curve28. 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 Δ cost between groups / cost of intervention). In 

circumstances where the mean incremental cost-effectiveness ratio indicates improved outcomes 

with cost savings, the incremental net benefit32 to the hospital was also calculated (incremental 

net benefit = (willingness-to-pay x Δ treatment effects) – Δ costs between groups). A higher value 

equals greater cost-effectiveness.  

 

Data analysis 

This study was primarily powered to detect a treatment effect on PPC11, 18. 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 QALYs. 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 random33, and 

adjusted for baseline utility to account for regression to the mean34.  

 

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 

physiotherapist11 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 research17,27. 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 Australia35. 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 baseline11. Analysesa 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 

physiotherapy11. 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 previously11. 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 79th 

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). 



Chapter 9: LIPPSMAck POP – health economic analysis 

175 

Table 2: Net 21-day hospital costs and effects of preoperative physiotherapy versus standard care 
 

 

 Whole cohort 

n=432 

Intervention 

n=218 

Control 

n=214 

Difference between-groups 

Intervention minus control 

Parameter Costs/unit 

of use 

Mean (SD) 

units  

Mean (SD) 

costs 

Mean (SD) 

units 

Mean (SD) 

costs 

Mean (SD) 

units 

Mean (SD) 

costs 

Mean (95% CI) p value 

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) 

 

1.5 (3.1) 

 

$149 (309) 

 

-$55 (-$111 to $1) 

 

0.05 

All other indications $100/day 2.9 (4.4) $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 
  

Preoperative physiotherapy more effective and 

more costly 

Preoperative physiotherapy more effective and 

less costly 
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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 reported11, 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 PPC7) 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 QALYs 

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% 

CI $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 QALYs 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 hospitals4-10. 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 treat7. Large randomised 

controlled trials find that a single preoperative physiotherapy education and training session 

reduces PPC incidence by between 25% to 75%11,13. 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 LOS36, antibiotic usage36, 

and reintubation rates37, 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 surgery38 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)39.  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 benefits27. 

 

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 QALYs 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 reductions11, reduced postoperative mortality11, 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 PPC7 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 QALYs 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 

studies12, 39. 

 

Patients who develop postoperative complications tend to have poorer HRQoL compared to 

patients without complications12. 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 months21-25. 

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 

complications39. 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 study7. 

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 year1-3. 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 QALYs 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 complication11,13, is valued by patients14, is non-harmful11, 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 
Item 
No 

Recommendation 
Reported on page 
No/ line No 

Title and abstract 

Title 1 

Identify the study as an economic evaluation or 
use more specific terms such as “cost-
effectiveness analysis”, and describe the 
interventions compared. 

Title 

Abstract 2 

Provide a structured summary of objectives, 
perspective, setting, methods (including study 
design and inputs), results (including base case 
and uncertainty analyses), and conclusions. 

Abstract 

Introduction 

Background and 
objectives 

3 

Provide an explicit statement of the broader 
context for the study. 

p.4, para 1. 

Present the study question and its relevance for 
health policy or practice decisions. 

p.4, para 2-3 

Methods 

Target population 
and subgroups 

4 
Describe characteristics of the base case 
population and subgroups analysed, including 
why they were chosen. 

p.5, para 2; p.8 para 4 

Setting and location 5 
State relevant aspects of the system(s) in which 
the decision(s) need(s) to be made. 

p.5 para 1 

Study perspective 6 
Describe the perspective of the study and relate 
this to the costs being evaluated. 

p.5 para 1 

Comparators 7 
Describe the interventions or strategies being 
compared and state why they were chosen. 

p.5 “Procedures” 

Time horizon 8 
State the time horizon(s) over which costs and 
consequences are being evaluated and say why 
appropriate. 

PPC, HRQoL, 
mortality – p.6 
“Assessments and 
outcomes” 
Costs – p.6 
“Assessments and 
outcomes” 
QALY – p.7 
“Assessments and 
outcomes” 

Discount rate 9 
Report the choice of discount rate(s) used for 
costs and outcomes and say why appropriate. 

p.7 “Assessments and 
outcomes” 

Choice of health 
outcomes 

10 

Describe what outcomes were used as the 
measure(s) of benefit in the evaluation and 
their relevance for the type of analysis 
performed. 

PPC, HRQoL, costs – 
p.4 “Introduction” 
p.6 “Assessments and 
outcomes” 
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Measurement of 
effectiveness 

11a 

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. 

p.4 “Methods” 
p.11 “Discussion” 

Measurement and 
valuation of 
preference based 
outcomes 

12 
If applicable, describe the population and 
methods used to elicit preferences for 
outcomes. 

p.7 “Quality Adjusted 
Life Years” 

Estimating 
resources and costs 

13a 

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. 

p.6 “Intervention 
costs” 
p.6 “Postoperative 
hospital costs”  
EAddenda, table 2S 

Currency, price 
date, and 
conversion 

14 

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. 

p.6 “Intervention 
costs” 
p.6 “Postoperative 
hospital costs”  
EAddenda, table 2S 

Choice of model 15 

Describe and give reasons for the specific type 
of decision-analytical model used. Providing a 
figure to show model structure is strongly 
recommended. 

No decision making 
model used 

Assumptions 16 
Describe all structural or other assumptions 
underpinning the decision-analytical model. 

Cost-effectiveness – 
p.8 “Analysis of 
outcomes” 
QALY – p.7 “Quality 
Adjusted Life Years” 

Analytical methods 17 

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. 

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 

Results 

Study parameters 18 

Report the values, ranges, references, and, if 
used, probability distributions for all 
parameters. Report reasons or sources for 
distributions used to represent uncertainty 

p.9 “flow through 
study and baseline 
characteristics. 
Table 1  
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where appropriate. Providing a table to show 
the input values is strongly recommended. 

Incremental costs 
and outcomes 

19 

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. 

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 
QALY 
improvement 
Table 1, Figures 1 
& 2 

Characterising 
uncertainty 

20a 

Single study-based economic 
evaluation: Describe the effects of sampling 
uncertainty for the estimated incremental cost 
and incremental effectiveness parameters, 
together with the impact of methodological 
assumptions (such as discount rate, study 
perspective). 

p.10-11 
“sensitivity 
analysis” 
p. 12 “Limitations 
of the study and 
future direction of 
research” 

Characterising 
heterogeneity 

21 

If applicable, report differences in costs, 
outcomes, or cost-effectiveness that can be 
explained by variations between subgroups of 
patients with different baseline characteristics 
or other observed variability in effects that are 
not reducible by more information. 

p.10 “sub-group 
analyses” 

Discussion 

Study findings, 
limitations, 
generalisability, 
and current 
knowledge 

22 

Summarise key study findings and describe how 
they support the conclusions reached. Discuss 
limitations and the generalisability of the 
findings and how the findings fit with current 
knowledge. 

p.11-13 

Other 

Source of funding 23 

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. 

Acknowledgements 

Conflicts of interest 24 

Describe any potential for conflict of interest of 
study contributors in accordance with journal 
policy. In the absence of a journal policy, we 
recommend authors comply with International 
Committee of Medical Journal Editors 
recommendations. 
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Appendix 2: Individual item costs for each parameter within the targeted costing 

model.  

 

Parameter Cost 

Intervention 

Physiotherapist1 

Grade 4 Clinical supervisor with postgraduate qualifications 

Grade 2, Physiotherapist, Year 6 

Room hire at pre-anaesthetic clinic 

Printed colour booklet 

 

 

$55/hour 

$45/hour 

$50/hour 

$5 

Hospital bed day2 

ICU/HDU, non-ventilated bed 

Surgical ward 

Rehabilitation/sub-acute hospital 

 

$3000/day 

$1500/day 

$800/day 

Ventilation support3 

Mechanical ventilation 

Non-invasive ventilation 

 

$1500/day 

$500/day 

Oxygen therapy 

Standard oxygen 

High-flow oxygen 

 

$20/day 

$100/day 

Pathology tests4 

Sputum culture 

Blood culture 

All other tests, average 

 

$50/test 

$50/test 

$30/test 

Radiology tests4 

Chest X-rays 

Computerised tomography scan, non-contrast 

All other tests, average 

 

$70/test 

$450/test 

$100/test 

Antibiotics5 

Respiratory antibiotic 

All other antibiotics, average 

 

$100/day 

$100/day 

Medical visits3 

Out of round surgical team doctor visit 

Medical emergency team call out 

 

$300/visit 

$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) 

 
3Hospital administrative costings were derived according to the Australian Hospital Costing 

Standards Version 4.0. Independent Hospital Pricing Authority. February 2018 

 
4Diagnostic 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) 

 
5Antibiotic 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) 

  

http://www.ihpa.gov.au/
http://www.mbsonline.gov.au/
http://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 

(n=205) 

Incomplete HRQOL 

(n=227) 

p value 

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) 
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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) Δ 95% CI %diff P-value Δ 95% CI %diff P-value Δ 95% CI P-value 

SF-36 total  66.2 (19.9) 65.7 (19.6) 62.9 (21.2) 62.4 (20.6) -3.3 (-6.2 to -0.4) -5.0% 0.078 -3.3 (-6.2 to -0.4) -5.0% 0.072 0.0 (-4.1 to 4.1) 0.77 

SF-36 Physical domain  60.8 (21.2) 61.2 (20.8) 56.0 (22.6) 55.3 (22.1) -4.8 (-7.8 to -1.9) -7.9% 0.0042 -5.9 (-8.8 to -3.0) -9.6% 0.0002 -1.1 (-5.2 to 3.1) 0.73 

SF-36 Mental domain 68.1 (19.2) 67.9 (18.8) 66.6 (21.0) 66.7 (20.6) -1.4 (-4.3 to 1.4) -2.1% 0.99 -1.2 (-4.0 to 1.6) -1.8% 1.00 0.2 (-3.8 to 4.2) 0.98 

Physical Function 72.0 (25.1) 71.7 (24.7) 65.9 (28.9) 65.2 (28.4) -6.1 (-9.9 to -2.4) -8.5% 0.0043 -6.5 (-10.2 to -2.7) -9.1% 0.0021 -0.3 (-5.6 to 5.0) 0.80 

Role Physical 52.8 (41.2) 51.5 (39.2) 36.8 (34.4) 34.8 (34.9) -16.0 (-21.7 to -10.3) -30% <0.0001 -16.7 (-22.4 to -11.0) -32% <0.0001 -0.7 (-8.8 to 7.4) 0.58 

Body Pain 63.4 (27.7) 64.2 (27.5) 70.9 (23.9) 66.3 (26.9) 7.5 (3.2 to 11.8) 12% 0.0017 2.1 (-2.2 to 6.3) 3.3% 0.68 -5.5 (-11.5 to 0.6) 0.06 

General Health 62.0 (18.1) 65.3 (18.8) 60.2 (23.3) 62.0 (21.5) -1.8 (-4.6 to 1.0) -2.9% 0.41 -3.3 (-6.0 to -0.5) -5.1% 0.044 -1.4 (-5.4 to 2.5) 0.34 

Vitality 53.2 (23.9) 54.0 (23.2) 49.8 (24.9) 49.1 (24.8) -3.4 (-6.7 to 0.0) -6.4% 0.15 -4.8 (-8.2 to -1.5) -8.9% 0.013 -1.5 (-6.2 to 3.3) 0.76 

Social Function 78.2 (26.2) 74.7 (26.9) 71.5 (29.5) 71.6 (29.9) -6.7 (-11.0 to -2.4) -8.6% 0.0064 -3.1 (-7.3 to 1.2) -4.1% 0.47 3.6 (-2.4 to 9.7) 0.96 

Role Emotion 73.5 (35.4) 71.0 (36.7) 78.3 (29.4) 74.0 (33.2) 4.8 (-0.8 to 10.4) 6.5% 0.28 2.9 (-2.6 to 8.5) 4.1% 0.60 -1.8 (-9.7 to 6.0) 0.18 

Mental Health 72.8 (18.5) 74.0 (17.0) 72.7 (19.2) 74.0 (18.0) -0.2 (-2.7 to 2.4) -0.3% 0.90 0.0 (-2.5 to 2.5) 0.0% 1.00 0.2 (-3.4 to 3.8) 1.00 

Health Utility, SF-6D 0.72 (0.14) 0.71 (0.13) 0.69 (0.13) 0.69 (0.14) -0.03 (-0.05 to -0.01) -4.2% 0.029 -0.02 (-0.04 to 0.00) -2.8% 0.14 0.01 (-0.02 to 0.03) 0.77 

Complete cases (n=98) (n=107) (n=98) (n=107) Δ 95% CI %diff P-value Δ 95% CI %diff P-value Δ 95% CI P-value 

SF-36 total  66.9 (21.9) 66.5 (21.7) 63.4 (20.1) 61.5 (22.4) -3.5 (-7.4 to 0.4) -5.2% 0.16 -4.9 (-8.7 to -1.2) -7.4% 0.030 -1.4 (-6.9 to 4.0) 0.51 

SF-36 Physical domain  61.4 (23.4) 62.3 (22.8) 55.9 (21.9) 54.4 (23.5) -5.4 (-9.5 to -1.3) -8.8% 0.028 -7.9 (-11.8 to -3.9) -13% 0.0003 -2.4 (-8.1 to 3.2) 0.60 

SF-36 Mental domain 68.8 (20.9) 68.3 (21.1) 68.4 (20.0) 66.5 (22.5) -0.4 (-4.2 to 3.5) -0.6% 0.85 -1.8 (-5.4 to 1.9) -2.6% 1.00 -1.4 (-6.7 to 3.9) 1.00 

Physical Function 72.5 (26.6) 72.8 (27.3) 65.6 (28.3) 63.8 (28.7) -6.9 (-12.2 to -1.7) -9.5% 0.020 -8.9 (-14.0 to -3.9) -12% 0.0016 -2.0 (-9.3 to 5.3) 0.63 

Role Physical 55.6 (45.6) 52.1 (44.1) 35.2 (41.4) 30.7 (41.1) -20.4 (-29.2 to -11.6) -37% <0.0001 -21.4 (-29.8 to -12.9) -41% <0.0001 -1.0 (-13.2 to 11.2) 0.44 

Body Pain 63.2 (31.1) 65.2 (30.6) 66.5 (27.1) 66.3 (29.9) 3.3 (-2.9 to 9.4) 5.2% 0.90 1.1 (-4.8 to 7.1) 1.7% 1.00 -2.1 (-10.7 to 6.4) 0.97 

General Health 61.6 (19.9) 65.8 (20.6) 63.4 (23.4) 63.0 (23.0) 1.8 (-2.0 to 5.7) 2.9% 0.69 -2.8 (-6.5 to 0.9) -4.3% 0.27 -4.6 (-9.9 to 0.7) 0.88 

Vitality 54.1 (25.7) 55.1 (25.9) 51.1 (24.4) 49.2 (26.9) -3.0 (-7.5 to 1.6) -5.5% 0.41 -5.9 (-10.3 to -1.5) -11% 0.026 -2.9 (-9.3 to 3.4) 0.56 

Social Function 79.2 (28.4) 75.4 (30.2) 72.5 (31.2) 71.9 (33.1) -6.7 (-12.7 to -0.7) -8.5% 0.084 -3.5 (-9.2 to 2.3) -4.6% 0.71 3.3 (-5.0 to 11.6) 0.89 

Role Emotion 76.2 (38.8) 70.7 (41.7) 81.2 (33.3) 74.2 (39.0) 5.0 (-3.4 to 13.3) 6.6% 0.49 3.5 (-4.5 to 11.6) 5.0% 0.39 -1.4 (-13.0 to 10.2) 0.36 

Mental Health 73.1 (20.8) 74.5 (19.1) 74.8 (18.8) 75.1 (19.8) 1.7 (-1.6 to 5.1) 2.3% 0.95 0.6 (-2.6 to 3.8) 0.8% 1.00 -1.1 (-5.7 to 3.5) 0.91 

Health Utility, SF-6D 0.71 (0.15) 0.71 (0.14) 0.69 (0.12) 0.69 (0.15) -0.02 (-0.05 to 0.01) -2.8% 0.25 -0.02 (-0.05 to 0.00) -2.8% 0.29 0.00 (-0.04 to 0.04) 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) 

All 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)† 

 

$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%)† 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 

QALY, complete cases only* 

n= 90 

0.674 (0.167) 

n=74 

0.643 (0.223) 

 

0.031 (-0.016 to 0.078) 

n=70 

0.643 (0.173) 

n=81 

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. † p=0.04, ††p=0.03, ‡ p=0.01. All p-values two-tailed. 
ICU=intensive care unit, HDU=high dependency unit, NIV=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  6 week utility = 0.437 

 
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 

= (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 

 
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   

 
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   

 
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 

 

 

 

504 patients listed for 

open UAS, attending 

PAC, assessed for 

eligibility 

63 excluded: 

26 unable see physiotherapist at PAC 

11 surgical waitlist entry error 

 9 declined to participate 

 8 were unable to understand English 

 4 had a cognitive impairment 

 3 were immobile 

 2 had already participated in the trial 
441 had baseline 

assessment and were 

randomised 

222 assigned to 

preoperative 

physiotherapy education 

(intervention) 

219 assigned to 

preoperative assessment 

and booklet (control) 

5 lost to follow-up 

4 never have surgery 

1 withdrew consent 

59 no baseline QoL 

4 lost to follow-up 

3 never have surgery 

1 withdrew consent 

58 no baseline QoL 

Preop clinic 

PPC data: n=214 

Cost data: n=214 

QoL data: n=155 

PPC data: n=218 

Cost data: n=218 

QoL data: n=160 

46 lost to follow up 

26 no follow-up QoL 

15 unable to contact 

5 deceased 

52 lost to follow up 

31 no follow-up QoL 

15 unable to contact 

6 deceased 

Hospital 

QoL data: n=114 QoL data: n=103 Six weeks 

QoL data: n=160 

Mortality data: n=218 

One year QoL data: n=155 

Mortality data: n=214 

Analysis PPC data: n=218 

Cost data: n=218 

QoL imputed data: n=218 

Mortality data: n=218 

PPC data: n=214 

Cost data: n=214 

QoL imputed data: n=214 

Mortality data: n=214 
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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 

 

 
 

b) Government episode of care costs 
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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 LIPPSMAck-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 

0816 

Splenectomy, partial or full 577 

Splenorrhaphy 116 

Splenectomy 693 

0858 

0859 

0860 

0867 

Oesophagectomy by abdominal and thoracic mobilisation 96 

Oesophagectomy by abdominal and cervical mobilisation 71 

Oesophagectomy by abdominal and transthoracic mobilisation 436 

Repair of oesophageal perforation 133 

Oesophagectomy 736 

0875 

0876 

0877 

0879 

0883 

0886 

0889 

Partial gastrectomy 602 

Selective vagotomy with partial gastrectomy 18 

Total, subtotal, radical, Gastrectomy 784 

Pyloroplasty 145 

Open fundoplasty  164 

Open gastroplasty 18 

Open sleeve gastrectomy 168 

Open gastric bypass 227 

Duodenal-jejunal bypass or biliopancreatic diversion 44 

Gastrectomy 2,170 

0895 

0898 

0900 

Resection of small intestine 5716 

Reduction procedures on small intestine 81 

Repair of small intestine 53 

Small bowel resection 5,850 

0913 

0916 

0918 

Colectomy 14043 

Reduction procedures on large intestine 147 

Revision procedures on large intestine 400 

Large bowel resection 14,590 

0934 

0935 

0936 

0940 

Rectosigmoidectomy or protectomy 1597 

Anterior resection of rectum 7569 

Total proctocolectomy 320 

Abdominal rectopexy 985 

Rectal resection 10,471 

0953 

0955 

Segmental resection of liver 1023 

Lobectomy of liver 653 

Trigsegmental resection of liver 212 

Total hepatectomy 37 

Partial liver resection 630 

Liver resection 2,555 

0965 

0966 

0967 

0970 

Open cholecystectomy 3267 

Resection of hepatic duct or porta hepatis 148 

Resection of choledochal cyst 13 

Roux-en-Y bypass 115 

Gall bladder and biliary tract 3,543 

0978 

0979 

0980 

Pancreatectomy 1625 

Other excision procedures on pancreas 40 

Anastamosis of pancreas 34 
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Pancreatectomy 1,699 

0985 

0986 

0989 

Laparotomy 1593 

Division of adhesions 25422 

Pelvic exenteration 133 

Open excision procedures of abdomen 9546 

General laparotomies 90,697 

0992 

0993 

0994 

0996 

0998 

Repair umbilical, epigastric hernia 15046 

Repair incisional hernia 9644 

Repair parastomal hernia 1393 

Repair abdominal wall hernia 9569 

Repair diaphragmatic hernia 1261 

Hernia repairs 36,913 

1048 

1049 

1050 

1051 

1053 

1057 

1076 

1081 

Partial nephrectomy 852 

Complete nephrectomy 220 

Complete nephrectomy for transplantation 265 

Radical nephrectomy 533 

Nephroureterectomy 172 

Pyeloplasty 122 

Ureterectomy 195 

Ileal conduit procedures 911 

Kidney and ureter procedures 3,270 

1102 

1104 

Cystectomy 1073 

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. 

 

  



Chapter 10: Updates to 2020 

200 

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, Ilavazhagan 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 



 Chapter 10: Updated data to 2020 

202 

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, Müller G, Auer S, Farrenkopf I, Fink C, Dörr-Harim C, Diener 

MK, Büchler 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 EzPAP 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, Magalhães CM, Baraúna 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; 

year 

Country; 

centres, n 

n PEDro 

score 

Pop Control  Intervention Outcome 

 

Result:  

Control v Intervention/s 

Relative risk Comparat

or 

Interpretation 

Abdelaal 

2017 

Egypt 

Single 

50 4 LAS No preop chest PT 

Postop twice daily 

chest PT 15min for 

4 days 

 

 

 

 

 

 

PT sessions: 8 

Prehab + preop 

chest PT 15mins 

twice a week for 

2 weeks. Self-

directed DB&C 

ex twice daily 4 

d/week + postop 

chest PT as per 

control 

 

PT sessions: 12 

Atelectasis 

Pneumonia 

ARF 

PPC 

7/24 (29%) v 3/26 (12%) 

8/24 (33%) v 2/26 (8%) 

3/24 (13%) v 0/26 (0%) 

15/24 (63%) v 7/26 (27%) 

0.40 (0.12 to 1.36) 

0.23 (0.05 to 0.98) 

n/a 

0.43 (0.21 to 0.87) 

Postop PT 

v 

additional 

preop PT 

The addition of 

preop supervised 

prehab and 

DB&C exercises 

may minimise 

PPC after 

laparoscopic 

bariatric surgery 

compared to 

postop DB&C 

exercises alone. 

Wang 

2018 

China 

Single 

92 5 OAS No preop chest PT 

No postop chest PT 

 

PT sessions: 0 

Preop chest PT  

 

 

PT sessions: 1 

PPC 12/46 (26%) v 4/46 (9%) 0.33 (0.12 to 0.96) No PT v 

preop 

chest PT 

Preop chest PT 

may minimise 

PPC after 

abdominal 

surgery. 

Lohiya 

2018 

India 

Single 

35 2 OAS No preop chest PT 

No postop chest PT 

 

PT sessions: 0 

Preop chest PT 

 

 

PT sessions: 1 

Atelectasis 

Pneumonia 

PPC 

3/25 (12%) v 1/10 (10%) 

7/25 (28%) v 1/10 (10%) 

18/25 (72%) v 4/10 (40%) 

0.83 (0.10 to 7.1) 

0.36 (0.05 to 2.5) 

0.56 (0.25 to 1.2) 

No PT v 

preop 

chest PT 

Preop chest PT 

may not reduce 

PPC rates 

Boden 

2018b 

Australia 

New 

Zealand 

Multi 

N=3 

432 8 OAS No preop chest PT 

Standardised postop 

ambulation 

 

 

PT sessions: 3-4 

Preop chest PT 

Standardised 

postop 

ambulation 

 

PT sessions: 4-5 

Atelectasis 

Pneumonia 

PPC 

57/214 (27%) v 39/218 (18%) 

42/214 (20%) v 18/218 (8%) 

58/214 (27%) v 27/218 (12%) 

0.67 (0.47 to 0.96) 

0.42 (0.25 to 0.71) 

0.46 (0.30 to 0.69) 

No PT v 

preop 

chest PT 

Preop chest PT 

reduces 

postoperative 

PPC and 

pneumonia 

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 

allocation 

Concealed 

allocation 

Baseline 

comparabi

lity 

Participan

t blinding 

Therapist 

blinding 

Assessor 

blinding 

<15% 

dropouts 

Intention-

to-treat 

analysis 

Between-

group 

difference  

Point 

estimate  

Total 

score 

(0 to 10) 

Abdelaal 

2017 

Y N Y N N N N N Y Y 4 

Wang  

2018 

Y Y N N N N Y N Y Y 5 

Lohiya 

2018 

Y N N N N N N N Y N 2 

Boden  

2018b 

Y Y Y Y N Y Y Y Y Y 9 
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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 

Records identified with database and reference list searches (n = 986) 

Records screened by title and abstract (n = 779) 

Duplicates removed (n = 207) 

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) 
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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 LIPPSMAck-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% 

CI 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% CI 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%). 

 

Figure 10.2 Updated meta-analysis of the effect of chest physiotherapy compared to no-

treatment control on PPC risk after abdominal surgery. 

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 I2 = 

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% CI 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. 

 

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 LIPPSMAck-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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LIPPSMAck-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, McIsaac 

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 

Santa Mina 

2018 

86 Radical 

prostatectomy 

Standard care Individualised home-based 

moderate intensity strength and 

condition program. 60 mins, 3-

4/week for 4-6 weeks 

LOS: 2 (1) v 2 (1); NS 

Complications, postop: 36% v 42%; NS 

UNCERTAIN 

An individualised home exercise program 

did not reduce LOS or reduce 

complications.  

Jensen 2015 107 Radical 

cystectomy 

No preop exercise 

Early postop 

mobilisation once 

daily 

Home-based daily strength and 

conditioning for 2 weeks 

+ Enhanced physio on ward 

postop (2 x 30 min daily) 

LOS: 8 [4-55] v 8 [3-30]; NS 

Complications, 90d: 60% v 60%; NS 

UNCERTAIN 

A home-based exercise program did not 

improve postoperative outcome or shorten 

LOS 

Multimodal 

Minnella 2018 68 Esophagectomy Standard care Dietary advice and protein 

supplementation 

Individualised home-based 

strength and conditioning 

program. 30 min 4/week for 4-5 

weeks. Supervised once. Weekly 

phone support. 

LOS: 7 [6-13] v 8 [6-12]; NS 

Complications, 30d: 72% v 58%; NS 

UNCERTAIN 

Multidisciplinary assessment and 

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. 

Liang 2018 77 Obese ventral 

hernia repairs 

Standard preop 

counselling 

Multidisciplinary preop 

optimisation focusing on diet and 

exercise. 

General home exercise program 

with DVD 

LOS: 0 (0.1) v (0.2); NS 

Complications, 30d: 18% v 7%: NS 

UNCERTAIN 

A generic home exercise program with 

dietary advice did not reduce LOS or 

reduce complications. Possible effects 

detected to surgical site complications 

warrant testing in a powered RCT. 

Gillis 2014 77 Colorectal 

cancer 

resection 

No preop exercise 1h assessment and prescription 

with Physio, 1h with dietician, 1h 

with psychologist 

Home exercise moderate intensity 

strength and conditioning program 

1/h 3/week 

Weekly phone calls 

LOS: 4 [3-7] v 4 [3-5]; NS 

Complications, 30d: 44% v 32%; NS 

UNCERTAIN 

Multidisciplinary assessment and 

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 

NEGATIVE 

A supported home-based strength and 

conditioning program did not reduce LOS 

or postoperative complications compared to 

a breathing exercise and walking program. 

Supervised multimodal 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 

Banerjee 2018 60 Radical 

cystectomy 

No preop exercise Supervised high intensity interval 

training cycle-based.  

30mins, 2/week, 3 – 6 weeks; 10 

total sessions 

LOS: 7 [5-107] v 7 [4-78]; NS 

Complications, postop: 36% v 15%; NS 

UNCERTAIN 

Supervised high intensity cycle training did 

not reduce LOS or postop complications. 

Possible effects detected to morbidity 

warrant testing in a powered RCT. 

Tew 2017 53 AAA No preop exercise Supervised hospital-based high 

intensity cycle training. 30min, 

3/week for 4 weeks 

LOS: 6 [4-8] v 7 [5-9]; NS 

Complications, postop: NS (data not in 

proportions, reported as a composite 

score) 

UNCERTAIN 

Supervised hospital high intensity exercise 

program did not reduce LOS or postop 

morbidity. 

Dunne 2016 38 Liver resection No preop exercise Supervised intense interval 

training cycle-based. 

30 mins for 12 sessions over 4 

weeks 

30min 3/week 4 weeks; 12 total 

sessions 

LOS: 5 [5-7] v 5 [4-6]; NS 

Complications, postop: 47% v 42%; NS 

UNCERTAIN 

Supervised intense cycle training did not 

reduce LOS. Possible effects detected to 

morbidity warrant testing in a powered 

RCT. 

Barakat 2016 124 Open (63%) or 

endovascular 

(37%) AAA 

No preop exercise Supervised group-based strength 

and conditioning program 

1h 3/week 6 weeks; 18 total 

sessions 

LOS: 8 [6-12] v 7 [5-9]; p=0.03 

Complications, postop: 42% v 23%; 

p=0.02 

PPC: 21% v 11%; NS 

POSITIVE 

A supervised group strength and condition 

program reduced LOS and complications. 

Possible effects detected to PPC require 

verification in a powered RCT. 

Multimodal 

Carli 2020 418 

Multicentre 

Frail colorectal 

cancer 

resection 

No preop interventions 

Standard care 

Hospital-based supervised 

moderate intensity strength and 

conditioning. 1/wk for 4 weeks. 

Personalised home-based 

moderate intensity walking 

program 30 min daily, strength 

training 3/week. 

Dietary counselling and protein 

supplementation 

LOS: 4 [3-8] v 4 [3-8]; NS 

Complications: 46% v 46% 

NEGATIVE 

A multimodal prehabilitation program did 

not reduce LOS or postoperative 

complications compared to standard care. 
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Psychology counselling and 

exercises 3/week 

Barberan-

Garcia 2018 

144 High-risk 

major 

abdominal 

surgery 

Exercise advice Motivational interviewing 

Prescribed home exercise 

program 

Supervised high-intensity cycle 

training, 40 mins, 1-3/week for 4 

weeks preop 

LOS: 13 (20) v 8 (8); NS 

Complications, postop: 62% v 31%; 

p=0.001 

PPC: 16% v 7%; NS 

POSITIVE 

A high intensity cycle program with 

intensive motivational interviewing reduces 

postop complications. Possible effects 

detected to LOS and PPC warrant testing in 

a powered RCT. 

Kaibori 2013 51 Hepatectomy Diet advice Diet advice + supervised 

moderate to high-intensity 

walking and stretching 1h 3/week 

for 4 weeks preop 

17.5 v 13.7 days LOS (NS) 

13% v 8.7 % morbidity (NS) 

UNCERTAIN 

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; ISQ=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 questionnaire. 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). 



 Chapter 10: Updated data to 2020 

218 

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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CHAPTER 11  

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% CI 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 QALYs at 12 months.  
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11.2 Strengths and limitations of the thesis research 

The major strengths of this thesis include:  

• 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.  

• The narrative review highlights the physiological plausibility of preoperative 

physiotherapy being an effective method to enable patients to start breathing exercises 

immediately after surgery. 

• 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.  

• 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. 

• 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 LIPPSMAck-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 LIPPSMAck-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 LIPPSMAck-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 (Ünver, 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 LIPPSMAck-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 LIPPSMAck-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 no 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 II 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 III Human Research Ethics Committee approval 

letters 
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Appendix IV Patient information and consent form 
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Appendix V Information booklet 
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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. 
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Appendix VII Protocol badge cards for ward physiotherapists 

Protocol badge cards for ward physiotherapists 

b) Pain visual analogue scale 

c) Borg rating of perceived exertion scale 

d) Sputum colour chart 

e) LIPPSMAck POP postop protocol card 
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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 

participant. 

Nothing 

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 IX Standards of reporting qualitative research checklist 

Standards of reporting qualitative research (SRQR) checklist 

No. Topic Description Line 

1 Title Concise description of the nature and topic of the study Identifying the study as 

qualitative or indicating the approach (e.g., ethnography, grounded theory) or data 

collection methods (e.g., interview, focus group) is recommended 

2 

2 Abstract Summary of key elements of the study using the abstract format of the intended 

publication; typically includes background, purpose, methods, results, and conclusions 

43-64 

INTRODUCTION 

3 

Problem formulation Description and significance of the problem/phenomenon studied; review of relevant 

theory and empirical work; problem statement 

114-115 

4 Research question Purpose of the study and specific objectives or questions 107-113 

METHODS 

5 

Qualitative 

approach/research 

paradigm 

Qualitative approach (e.g., ethnography, grounded theory, case study, phenomenology, 

narrative research) and guiding theory if appropriate; identifying the research paradigm 

(e.g., postpositivist, constructivist/ interpretivist) is also recommended; rationale 

197-203 

6 Researcher 

characteristics and 

reflexivity 

Researchers’ characteristics that may influence the research, including personal 

attributes, qualifications/experience, relationship with participants, assumptions, and/or 

presuppositions; potential or actual interaction between researchers’ characteristics and 

the research questions, approach, methods, results, and/or transferability 

149-154 

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 

deciding when no further sampling was necessary (e.g., sampling saturation); rationale 

122-123, 145 

9 Ethical issues 

pertaining to human 

subjects 

Documentation of approval by an appropriate ethics review board and participant 

consent, or explanation for lack thereof; other confidentiality and data security issues 

318 

124 

10 Data collection 

methods 

Types of data collected; details of data collection procedures including (as appropriate) 

start and stop dates of data collection and analysis, iterative process, triangulation of 

sources/methods, and modification of procedures in response to evolving study 

findings; rationale 

128-143 

197-203 
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11 Data collection 

instruments and 

technologies 

Description of instruments (e.g., interview guides, questionnaires) and devices (e.g., 

audio recorders) used for data collection; if/how the instrument(s) changed over the 

course of the study 

128-143 

Supplementary 

material 

Box 1 

12 Units of study Number and relevant characteristics of participants, documents, or events included in 

the study; level of participation (could be reported in results) 

206-213 
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