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ABSTRACT 

Question: What are the effects of Intermittent Positive Pressure Breathing (with and without a 

Positive End Expiratory Pressure [PEEP] Valve), compared to deep breathing exercises, on 

ventilation distribution in high-risk adults following open upper abdominal surgery (UAS)? 

Design: This study comprised an observational descriptive component as well as a prospective 

triple blind randomised controlled crossover trial with concealed allocation and patient, 

assessor and statistician blinding 

Participants: Seven patients at high risk for postoperative pulmonary complications following 

UAS  

Intervention: Deep breathing exercises (DBExs) were compared to Intermittent Positive 

Pressure Breathing (IPPB), with IPPB further applied with and without a PEEP Valve, using a 

randomised cross-over design with 30 minute washout duration between periods.  

Outcome measures: Global and regional impedance changes in the lungs were measured using 

Electrical Impedance Tomography. Vital signs, visual analogue pain scale (VAS) and modified 

Borg scale (MBS) were measured pre– and post-intervention. 

Results: A greater mean global lung impedance change (∆Z) was detected with IPPB compared 

to DBExs (mean difference in ∆Z 2803.8; 95% CI 5189.9 to 8512.5 and 2046 to 96047.9; 

P<0.01). These changes in lung impedance lasted ≤ 30 minutes before returning to baseline. 

There was no difference in ∆Z when patients received IPPB with 5cmH20 PEEP compared to 

IPPB with no PEEP. No specific regional ventilation changes were noted. IPPB did not increase 

VAS, MBS scores or adversely affect vital signs.  

Conclusion: IPPB is an effective technique to improve lung volumes compared to deep 

breathing exercises. Further studies are required to investigate the effect of IPPB on clinical 

outcome. 
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OPSOMMING 

Vraag: Watter uitwerking het onderbroke positiewe-drukasemhaling (met én sonder ’n 

positiewe-endekspiratoriesedruk-[PEEP-]klep) in vergelyking met diepasemhalings-oefeninge 

op ventilasieverspreiding by hoërisikovolwassenes ná bo-buikchirurgie? 

Ontwerp: ’n Waarnemingsgegronde, vergelykende en ondersoekende, driedubbelblinde, 

verewekansigde gekontroleerde oorskakelproef, met verborge toewysing en blinding van 

pasiënte, die assesseerder en statistikus 

Deelnemers: Sewe pasiënte met ’n hoë risiko vir post-operatiewe pulmonêre komplikasies na 

bo-buikchirurgie  

Intervensie: Diepasemhalingsoefeninge (DBEx) is vergelyk met onderbroke positiewe-

drukasemhaling (IPPB), wat op sy beurt met én sonder ’n PEEP-klep toegepas is, met behulp 

van ’n verewekansigde oorskakelstudie met ’n halfuur lange uitspoeling tussen oorskakelings.  

Uitkomsmetings: Algehele en regionale impedansieveranderinge in die longe is met behulp 

van elektriese impedansietomografie gemeet. Vitale tekens, die visuele analoogskaal (VAS) en 

die aangepaste Borg-skaal (MBS) is voor, sowel as na die intervensie afgeneem. 

Resultate: ’n Groter gemiddelde algehele impedansieverandering (∆Z) is opgemerk met IPPB 

in vergelyking met DBEx (gemiddelde verskil 2803.8; 95% CI 5189.9: 8512.5 en 2046: 

96047.9; P<0.01). Hierdie veranderinge in longimpedansie het ’n halfuur of langer geduur 

voordat dit na die basislyn teruggekeer het. Daar was geen verskil in ∆Z toe pasiënte IPPB met 

’n PEEP-klep van 5cmH20 ontvang het teenoor IPPB sonder ’n PEEP-klep nie. Geen spesifieke 

regionale voorkeure is opgemerk nie. IPPB het nie die VAS- of MBS-tellings verhoog of vitale 

tekens verswak nie.  
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Gevolgtrekking: In vergelyking met DBEx, is IPPB ’n doeltreffende tegniek om longvolumes 

te verbeter. Verdere studies word vereis om die uitwerking van IPPB op kliniese uitkomste te 

ondersoek. 
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Chapter 1: Introduction 

1.1 Background 

Abdominal surgery is associated with a high incidence of postoperative pulmonary 

complications leading to a longer hospital stay and increased mortality (Orman & Westerdahl, 

2010:261). Studies investigating postoperative pulmonary complications often group 

pneumonia, respiratory failure, atelectasis, bronchospasm and exacerbation of chronic 

obstructive pulmonary disease together, which is why there is controversy regarding individual 

risk factors and optimal management (Smetana, 2009a:S60). 

Patients who are high risk for postoperative pulmonary complications are regularly referred for 

physiotherapy (Thomas & McIntosh, 1994:3). Physiotherapy management usually includes 

one or a combination of the following: Mobilisation, deep breathing exercises, intermittent 

positive pressure breathing (IPPB), positive end expiratory pressure (PEEP), incentive 

spirometry and manual techniques. There is, however, uncertainty regarding which 

technique(s) is the most effective treatment for which specific postoperative pulmonary 

complication (Fagevik Olsen, Hahn, Nordgren, Lonroth & Lundholm, 1997:1535;  Pasquina, 

Tramer, Granier & Walder, 2006:1887). 

Even though there are few studies investigating the efficacy of IPPB, this technique is widely 

used in the postoperative management of patients who have had upper abdominal surgery. The 

manner in which physiotherapists administer this technique differs; e.g. the use of IPPB with 

or without a PEEP valve, the pressure the PEEP valve is set at and the set peak inspiratory 

pressure (PIP). These are all chosen at the discretion of the physiotherapist. 

Electrical Impedance Tomography (EIT) is a non-invasive radiation free tool for monitoring 

ventilation distribution within the lungs (Lundin & Stenqvist, 2012:35). EIT has been validated 
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against the PET scan which is the current gold standard for measuring ventilation distribution 

(Richard, Pouzot, Gros, et al., 2009:R82). 

This study will be investigating the effects of IPPB (with and without a PEEP valve) on 

ventilation magnitude and distribution in high risk adults who have had open upper abdominal 

surgery. The authors suspect that improving ventilation will assist in preventing atelectasis and 

in turn decrease the incidence of PPC. Previous studies investigating the effects of IPPB have 

focussed on the clinical outcomes of patients. The authors believe that the possible 

physiological benefits of IPPB and deep breathing exercises need to be investigated before 

clinical outcomes can be assessed appropriately. The focus of this paper will therefore be the 

physiological effect of IPPB (with and without a PEEP valve) compared to deep breathing 

exercises. 

1.2 Thesis outline 

The aim of this thesis is to describe the effects of Intermittent Positive Pressure Breathing 

(IPPB) as compared to deep breathing exercises on ventilation magnitude and distribution in 

high risk adults following open upper abdominal surgery using Electrical Impedance 

Tomography (EIT). This will be done by critically analysing the literature regarding normal 

ventilation and how it changes after open upper abdominal surgery, how high risk is defined, 

previous studies investigating IPPB and the validity and reliability of EIT in chapter two. In 

chapter three I will present a primary study in article format prepared for submission to the 

Australian Physiotherapy Journal. Chapter four will reflect on the thesis as an entirety placing 

the primary study in context and discussing the way forward. 
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Chapter 2: Literature Overview 

The aims and objectives of this literature overview are as follows: 

1.  to describe the normal ventilation patterns of the human adult and how this changes in a 

population who have had upper abdominal surgery.  

2. to describe patients who may be at high risk of postoperative pulmonary complications 

following upper abdominal surgery 

3. to provide an overview of different physiotherapy techniques aimed at preventing and 

managing postoperative pulmonary complications for people who have had upper abdominal 

surgery.  

4. to describe the use of deep breathing exercises and IPPB (with and without the use of a PEEP 

valve) specifically in the management of patients following upper abdominal surgery. 

5. to discuss the physiological impact of the application of positive end expiratory pressure 

(PEEP) in adults. 

5. to describe the measurement tool of EIT in recording global and regional lung impedance 

changes during deep breathing exercises and IPPB, including its use, validity, reliability and 

potential limitations. 

2.1 Pattern of adult distribution of ventilation 

The distribution of ventilation in the lungs is non-homogenous and this is as a result of several 

physiological and pathological factors, the most important being lung morphology and gravity. 

Gravity leads to greater ventilation in the dependant parts of the lungs. This is because the 

lower alveoli start off at a lower volume than those higher up in the lungs because of hydrostatic 

pressure. This then results in an increase in transpulmonary pressure, which causes a larger 

volume increase in the lower alveoli compared to the already larger alveoli higher in the lung. 

The lower alveoli therefore expand more for a given pressure difference (Frerichs, Hahn & 
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Hellige, 1996:A149; Galvin, Drummond & Nirmalan, 2007:420; Gattinoni, Pelosi, Vitale, 

Pesenti, D'Andrea & Mascheroni, 1991:15). 

The adult pattern of ventilation distribution towards the dependent lung may reverse with 

induction of anaesthesia, muscle relaxants and positive pressure ventilation, which result in 

decreased functional residual capacity, moving the lungs further down the pressure/volume 

curve (Canet & Gallart, 2013:107). The non-dependent lung then becomes more compliant 

than the dependent zones and thus easier to expand (Hedenstierna, 2005). The development of 

atelectasis as a PPC is associated with decreased lung compliance, impaired oxygenation, 

increased pulmonary vasculature resistance and development of lung injury (Duggan & 

Kavanagh, 2005:838) and develops in the dependent parts of the lungs of 90% of patients who 

undergo anaesthesia for any surgical procedure (Lundquist, Hedenstierna, Strandberg, Tokics 

& Brismar, 1995:626). When you change position from upright to supine or side lying the 

functional residual capacity is reduced (amount of reduction dependant on sex, age and body 

configuration). The opposite is then also true, i.e. when you move from lying to sitting your 

functional residual capacity will increase. When functional residual capacity is reduced it 

promotes airway closure in the dependant lung regions. As blood flow moves according to 

gravitational forces it will pass preferentially to the dependant lung regions creating a mismatch 

of ventilation and perfusion (Hedenstierna, 2005). 

If a redistribution of ventilation towards these dependent lung segments occurred during 

physiotherapy interventions, it would support the mechanism underlying prevention of 

atelectasis. 
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2.2 Postoperative pulmonary complications following upper abdominal 

surgery 

Postoperative pulmonary complications are the most common cause of mortality and morbidity 

following upper abdominal surgery (Brooks-Brunn, 1997:564;  Kanat, Golcuk, Teke & 

Golcuk, 2007a:135;  Smetana, 2009a:S60). The reported incidence of postoperative pulmonary 

complications varies between 10 – 80%, depending on the definition used. Certain studies 

assess complications individually (e.g. pneumonia, atelectasis, acute lung injury, postoperative 

respiratory failure, prolonged mechanical ventilation or unplanned postoperative intubation) or 

a varied combination of complications (Canet & Gallart, 2013:107). 

When patients require surgery and anaesthesia, there is the possibility that they may develop 

postoperative complications (Canet & Gallart, 2013:107). The probability of developing a 

postoperative complication depends on the patient’s health status, anaesthesia and the surgical 

procedure required (Canet & Gallart, 2013:107;  Lawrence, Cornell, Smetana & American 

College of Physicians, 2006:596;  Mazo, Sabate, Ph.D., et al., ). This study however does not 

focus on PPC as a clinical outcome measure, but the ultimate clinical goal of the intervention 

would be to prevent PPC from occurring. 

 

2.2.1 Anaesthesia 

Anaesthesia results in an altered balance of forces between the lungs and the chest wall. This 

imbalance then leads to a decrease in lung volumes and compliance and in turn results in an 

added susceptibility to alveolar collapse and the development of atelectasis, which is true 

predominantly for the dependant portions of the lungs. Also, the ventilation/perfusion 

mismatch is augmented as the dependant regions are better perfused and the non-dependant 

regions are better ventilated resulting in impaired gas exchange and hypoxaemia (Duggan & 

Kavanagh, 2005:838). The effect of anaesthesia has been linked to decreased mucocilliary 
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clearance and disruption of normal respiratory muscle function postoperatively (Pasquina, 

Tramer, Granier & Walder, 2006:1887), resulting in complications such as atelectasis, 

pneumonia, sputum retention (Orman & Westerdahl, 2010:261). 

 

2.2.2 Impact of abdominal surgical procedures on respiratory function 

Surgical procedures in the upper abdominal area, together with patient obesity, premorbid 

conditions, anaesthesia and immobility postoperatively, promote changes in pulmonary 

function and respiratory mechanics, leading to postoperative pulmonary complications (Celli, 

1993). Some of the changes that lead to changes in pulmonary function are decreased 

diaphragmatic mobility, a depressed central nervous system, and changes in the ventilation 

perfusion ratio and reduced lung volumes. The above changes then result in complications like 

atelectasis, hypoxaemia and pneumonia (Grams, Ono, Noronha, Schivinski & Paulin, 

2012:345). 

Postoperative pain, caused largely by the surgical incision, may lead to limited chest movement 

(Ludwig, Angenendt, Martins, Mayer & Stoelben, 2011:10) and an ineffective cough, which 

further predisposes to atelectasis and infection (Kanat, Golcuk, Teke & Golcuk, 2007a:135). 

Decreased lung volumes, alveolar collapse, atelectasis, early closure of airways, 

ventilation/perfusion abnormalities, decreased mucocilliary clearance and increased bacterial 

colonisation have all been found to contribute to the development of postoperative pulmonary 

complications (Kanat, Golcuk, Teke & Golcuk, 2007b:135). 

Upper abdominal surgery may result in the dysfunction of the respiratory system (Kanat, 

Golcuk, Teke & Golcuk, 2007a:135). The factors that are thought to contribute to this 

dysfunction after upper abdominal surgery are the size and location of the incision, the amount 

of postoperative pain and the severity of diaphragmatic dysfunction (Kim, Na, Choi, Na, Shin 

& Koh, 2010:1349). Incisions made close to the diaphragm result in decreased postoperative 
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lung volumes (Kim, Na, Choi, Na, Shin & Koh, 2010:1349). In a randomised controlled trial 

by (Mimica, Pogorelic, Perko, Srsen, Stipic & Dujmovic, 2007:2216), different abdominal 

surgical incisions were compared to determine the effect on patients’ pain and respiratory 

function. Lower abdominal incisions were associated with significantly fewer respiratory 

complications, lower visual analogue scale (VAS) pain scores and less use of analgesia when 

compared to upper abdominal incisions. 

Direct respiratory sequelae of upper abdominal surgery include reduced vital capacity and 

functional residual capacity, hypoxaemia, rib cage breathing instead of abdominal 

(diaphragmatic) breathing and an increased work of breathing. Respiratory function is further 

impaired as a result of the anaesthetic, and postoperative pain and weakness.  These are also 

some of the complications that are grouped together in the term “postoperative pulmonary 

complications” (Kim, Na, Choi, Na, Shin & Koh, 2010:1349; Wu & Drummond, 2006:510). 

 

2.3 Patients at high risk of postoperative pulmonary complications 

Risk is defined as “the potential of a disease, condition or action to cause an adverse event, is 

a matter of probability quantified theoretically between 1(absolute certainty) or 0 (absolute 

impossibility)” (Canet & Gallart, 2013:107). The preoperative status of the patient may 

predispose to postoperative pulmonary complications, but early identification of such at-risk 

patients may enable preventive measures to be implemented to reduce these complications 

(Kanat, Golcuk, Teke & Golcuk, 2007a:135).  Unfortunately, there are many discrepancies 

between studies that assess the predictors of risk for postoperative pulmonary complications 

and (Canet & Gallart, 2013:107) further suggests reasons for this: Different types of respiratory 

complications are studied; different types of surgeries make external validation difficult; the 

predictors are not always defined in the same manner; and the variation in study designs. 
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After searching PubMed, Scopus, Pedro and Cinhal with the following search terms: “High 

Risk”, “High” AND “Risk”, “High risk for postoperative pulmonary complications”. Search 

parameters were: Systematic Reviews and Randomised Controlled Trials, Humans, Adults, No 

time restrictions, 80 articles were found. These were then further screened for eligibility and 

reference lists of articles were also reviewed. 

I have identified two primary studies and one update of a systematic review that reported on 

criteria patients at high risk of developing PPC. These studies were selected because of their 

clear presentation of the predictors of risk for postoperative pulmonary complications they 

assessed.  The factors which were concluded as being the determinants of a high risk patient 

are summarised in the table below: 

Table 1: High Risk patients identified by (Kanat, Golcuk, Teke & Golcuk, 2007b:135; Lawrence, Cornell, 

Smetana & American College of Physicians, 2006:596; Mackay, Ellis & Johnston, 2005:151; Smetana, 

2009a:S60; Smetana, 2009b:S60) 

 

 

 

 

 

 

 

 

 

 

 

 

 Mackay et al 2005 

(RCT) 

Kanat  et al 2007 

(RCT) 

Smetana, GW. 

2009 (SR) 

Rating of evidence 

Age > 60 √ √ √ Good Evidence 

Cigarette smoking √  

 

 Fair Evidence 
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Pulmonary disease √  √ Good Evidence 

Heart disease √  √ Good Evidence 

Cancer √ √   

Renal & or liver 

disease 

√    

ASA score ≥2 √  √ Good Evidence 

BMI >27kg/m2 √ √   

Insufficient pre-

operative 

cooperation 

  

√ 

  

Inadequate 

preoperative 

mobilisation 

  

√ 

 

√ 

 

 

Good Evidence 

Respiratory tract 

infection within 2 

weeks of surgery 

  

 

√ 

  

Exposure to 

anaesthesia for > 

4hours 

  

√ 

  

 

Good Evidence 

Bilateral upper 

abdominal incision 

  

√ 

  

Transverse incision  √   

Nasogastric 

catheters 

 √   

Incision length 

>30cm 

  

√ 

  

Aortic aneurysm 

repair 

  

 

 

√ 

 

Good Evidence 

Thoracic surgery   

 

√  

Good Evidence 

Upper abdominal 

surgery 

   

√ 

 

Good Evidence 

Neurosurgery   √ Good Evidence 

Head and Neck 

surgery 

  √  

Good Evidence 

Emergency surgery   √ Good Evidence 

Vascular surgery   √ Good Evidence 

Weight loss   √ Fair Evidence 

Impaired sensorium   √ Fair Evidence 

Alcohol use   √ Fair Evidence 

Abnormal chest 

exam 

  √  

Fair Evidence 

Perioperative 

transfusion 

  √  

Fair Evidence 

Key  

ASA score: American Society of Anaesthetists score (Addendum E) 

BMI: Body Mass Index (Addendum F) 

 

 

 

 

 

How Good Evidence and Fair Evidence are defined by Smetana: 

Reviews were rated as good quality if it had good protocols and data abstraction 
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A good quality presentation of results would include a flow diagram; adequate reporting or 

characteristics included studies and summary results with effect size and confidence intervals.  

A good quality discussion would include summarisation of key findings, clinical inferences 

based on internal and external validity of studies, interpretation of results based on evidence 

presented, potential bias, and a future research agenda.  

Fair systematic reviews were of fair to good quality on most components  

Poor systematic reviews achieved poor quality on most components. 

(Lawrence, Cornell, Smetana & American College of Physicians, 2006:596) 

As Smetana’s article was an update of a systematic review, the factors he identified as being 

supported by good evidence were used to formulate the inclusion criteria for this study. 

 

2.4 Physiotherapy techniques used postoperatively 

Postoperative chest physiotherapy is reported to have been used since the beginning of the 20th 

century, with deep breathing exercises being one of the first methods (Pasquina, Tramer, 

Granier & Walder, 2006:1887). Later, a variety of manual techniques were introduced 

(percussions/clapping, vibrations, and shaking) to improve bronchial drainage. Now 

physiotherapists also use mechanical breathing devices (incentive spirometry, blow bottles, 

IPPB, and continuous positive pressure ventilation) and early mobilisation (from day one post-

surgery) to improve pulmonary function. 

In 2006, (Pasquina, Tramer, Granier & Walder, 2006:1887), conducted a systematic review to 

evaluate the efficacy of respiratory physiotherapy for the prevention of pulmonary 

complications after abdominal surgery. This review included studies if they investigated 

prophylactic respiratory physiotherapy and pulmonary outcomes and if the follow-up period 
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was at two days or more. After a screening period, data from thirty five randomised trials were 

included for analyses. 

Thirteen trials had a “no intervention” control group. Of the four which reported on significant 

differences, one study reported a decrease in the incidence of pneumonia (37.3 to 13.7%) with 

breathing exercises, directed cough and postural drainage (Morran, Finlay, Mathieson, McKay, 

Wilson & McArdle, 1983:1113). In the second study (Chumillas, Ponce, Delgado, Viciano & 

Mateu, 1998:5), the incidence of atelectasis was decreased from 39 to 15%, with deep breathing 

exercises and directed cough, compared to the third study (Wiklander & Norlin, 1957:246), 

where the incidence of atelectasis was decreased from 77 to 59%, with deep breathing, directed 

cough and postural drainage. In the fourth study (Celli, Rodriguez & Snider, 1984:12), the 

incidence of unspecified pulmonary complications was decreased from 47.7% to 21.4 and 

22.2% with IPPB, incentive spirometry or deep breathing with directed cough. In the twenty 

two trials that compared physiotherapy treatments to controls without “no intervention”, no 

conclusions could be made. 

In two trials, 15% and 29% of patients could not tolerate bilevel positive airway pressure as a 

result of discomfort. In one study, 9% of patients could not tolerate CPAP for more than twelve 

hours, with 4% developing nose ulcers. Eighteen percent of patients treated with IPPB 

developed abdominal distension. In one study, one patient of 445 developed an incisional 

hernia with conventional chest physiotherapy. Of the thirty five trials included, twenty six did 

not report on adverse events and four trials reported none had occurred. This systematic review 

concluded that the routine use of respiratory physiotherapy following abdominal surgery does 

not seem to be warranted. 

2.4.1 Deep Breathing Exercises 

Physiotherapists routinely use breathing exercises (including lateral costal expansion and 

localised expansion techniques) to improve a patient’s breathing pattern and increase lung 
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expansion, respiratory muscle strength, functional residual capacity and inspiratory reserve 

volume (Grams, Ono, Noronha, Schivinski & Paulin, 2012:345). 

When performed thoracic expansion (deep breathing) exercises, the patient may be positioned 

in either lying or sitting. The therapist’s hands are usually placed over the area of decreased 

thoracic expansion, providing tactile stimulus, end-expiratory stretch and resistance to the 

inspiratory muscles (Kigin, 1981:1724). If the patient is alert, verbal commands and 

encouragement to inhale deeply are also given to optimise thoracic expansion. There is still a 

lack of standardisation in the technique of performing this type of breathing exercise.  

(Silva, Li & Rickard, 2013:187) confirmed the results of a previous RCT by (Mackay, Ellis & 

Johnston, 2005:151), who concluded that the addition of deep breathing exercises to an early 

mobilisation physiotherapy program did not decrease the incidence of postoperative pulmonary 

complications in high risk adults following upper abdominal surgery. In the RCT by (Silva, Li 

& Rickard, and 2013:187), patients were divided into three treatment groups: 1. Early 

mobilisation, 2. Mobilisation plus breathing exercises, 3. Delayed mobilisation plus breathing 

exercises. The three treatments were administered once a day postoperatively. When 

performing the breathing exercises, patients were asked to complete four sets of five repetitions 

of deep breathings with a three second hold and then relaxed expiration. The breathing 

exercises were performed when the patients were in a seated position on a chair or in bed. This 

study concluded that the addition of breathing exercises to a physiotherapy-directed early 

mobilisation did not further reduce postoperative pulmonary complications when compared to 

mobility alone. 

Grams et al (Grams, Ono, Noronha, Schivinski & Paulin, 2012:345) conducted a systematic 

review of randomised and quasi-randomised studies that assessed the effects of breathing 

exercises on the recovery of pulmonary function and prevention of postoperative pulmonary 

complications after upper abdominal surgery. This review included randomised controlled trial 
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and quasi-randomised controlled trials with patients assessed before and after upper abdominal 

surgery. For this review, the primary intervention of the studies included had to be breathing 

exercises, diaphragmatic exercises, pursed lip breathing, changes in body posture to favour 

ventilation, and active upper or lower limb exercises added to breathing exercises. Studies that 

used incentive spirometers, CPAP and BIPAP as deep breathing exercises were excluded.  

Six studies were included for analysis. Two meta-analyses included 66 patients, which each 

showed that breathing exercises were likely to have improved mean expiratory pressure11.44 

mmH20 (95%CI 0.88 to 22) and mean inspiratory pressure11.78 mmH20 (95%CI 2.47 to 

21.09) on the first postoperative day. The authors therefore concluded that breathing exercises 

were likely to have a beneficial effect on respiratory muscle strength in patients who have had 

upper abdominal surgery, but noted that it was difficult to make a clear conclusion as a result 

of the lack of good quality studies. 

 

2.4.2 Intermittent Positive Pressure Breathing (IPPB) 

In the presence of suboptimal ventilation or impending respiratory failure, non-invasive 

positive pressure ventilation may be used. The clinical use of IPPB as a treatment modality was 

first described in 1947 by Motley et al (Denehy & Berney, 2001:821). IPPB involves patient-

triggered delivery of positive airway pressure during inspiration (Denehy & Berney, 2001:821). 

Positive pressure is applied to the lungs to enhance inflation during inspiration, until a set peak 

pressure is reached, at which time flow stops to allow passive exhalation. In order to optimise 

basal ventilation, peak applied pressures must be set sufficiently high to overcome airway 

resistance, with sufficient inspiratory time to allow the alveoli with longer time constants to 

open (Bovell, 1996:1-237). IPPB specifically, has been shown to increase tidal volume and 

reduce the work of breathing by passively ventilating the COPD patient (Denehy & Berney, 
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2001:821). As invasive positive pressure has been shown to decrease cardiac output because 

of the increased thoracic pressure, it is hypothesized that IPPB too may decrease cardiac output 

(Denehy & Berney, 2001:821) 

 

2.4.2.1 Primary studies on IPPB 

Since IPPB was first described in 1947 (Denehy & Berney, 2001:821), there have been few 

studies investigating its efficacy and safety in the clinical setting. The IPPB technique is still 

being used, however, for a wide variety of conditions with the aim of preventing the 

development of nosocomial postoperative pulmonary complications (including atelectasis) or 

to facilitate recovery from postoperative pulmonary complications already present (Fiore, 

Chiavegato, Paisani & Colucci, 2010:719). Positive pressure devices are thought to increase 

lung expansion as a result of higher inspiratory and or expiratory pressures and thereby increase 

airway diameter and the pulmonary elastic recoil during expiration and in so doing promote 

better pulmonary secretion clearance (Denehy & Berney, 2001:821). Improving lung volumes 

could thereby theoretically prevent the development of atelectasis. 

After searching PubMed, Pedro, Cinhal and Scopus with the following search terms; IPPB, 

IPPB AND Physiotherapy/Physical therapy, Intermittent Positive Pressure Breathing AND 

Physiotherapy/Physical Therapy, the primary studies presented in Table 2.4.2.1 were found. 

 

Table 2.4.2.1: IPPB Primary Studies
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Study N Population Intervention Control Outcome Measures Results 

 

Maximum volume 

IPPB for the 

management of 

pulmonary 

atelectasis 

(O'Donohue, 

1979:683) 

 

4 

 

Patients with 

radiographic and 

clinical evidence of 

pulmonary 

atelectasis which 

was present for 

several days and had 

progressed despite 

deep breathing 

manoeuvres, 

assisted cough and 

bronchial drainage 

procedures 

 

Maximum volume 

IPPB therapy 

15cmH2O to 

maximum (35-

45cmH2O) 

A set of 10 breaths 

repeated 3/ 4 times 

every 2hours 

Sterile saline solution 

used 

 

Deep breathing 

exercises 

Assisted Cough 

Postural Drainage 

 

Chest x-ray 

 

When IPPB was added to other 

techniques: 

• Increased tidal volumes 

• Increased PaO2 

• Lower oxygen requirements 

• Resolution of pulmonary 

atelectasis on chest x-ray 

IPPB is effective in the management of 

pulmonary atelectasis when 

endobronchial obstruction has been 

excluded. 

IPPB assists the patient to reach inspired 

volumes significantly larger than the 

patient can achieve voluntarily or with 

the use of an incentive spirometer. 

 

Postoperative 

Intermittent Positive 

Pressure Breathing 

Versus 

Physiotherapy 

(RCT) 

 

17 

 

Patients who had 

undergone upper 

abdominal surgery 

 

8 patients in the IPPB 

group 

IPPB pressures 

between 10 – 20 

cmH20 

3 times a day for 10 – 

15 minutes 

 

9 patients in the 

physiotherapy 

group 

Standard chest 

physiotherapy 

3 times a day for 

10 – 15 minutes 

 

Vital Capacity 

Functional Residual Capacity 

Forced Expiratory Volume in 1 

second 

Arterial Blood Gases 

Postoperatively there were no 

differences in the lung volumes of the 

two patient groups. There was a 

decrease in the partial arterial oxygen 

pressure in the group receiving standard 

chest physiotherapy but this was not 

statistically significant. The authors 

concluded that neither technique was 

more effective in reducing PPC.  
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(Schuppisser, 

Brandli & Meili, 

1980:682) 

 

 

Intermittent Positive 

Pressure Breathing in 

Patients with 

Respiratory Muscle 

Weakness 

(McCool, Mayewski, 

Shayne, Gibson, 

Griggs & Hyde, 

1986:546) 

 

 

14 

 

Neuromuscular 

patients with chest 

wall muscle 

weakness 

7 with quadriplegia  

7 with muscular 

dystrophy 

 

20 minutes of IPPB 

IPPB pressures 20-

30cmH20 

 

 

No control 

 

Standard Pulmonary Function 

Testing 

Total Respiratory System 

Compliance 

Lung Compliance 

Chest Wall Compliance 

 

IPPB did not improve total respiratory 

system compliance more than that 

which could be achieved by the patient 

voluntarily with deep breathing. 

Stellenbosch University  https://scholar.sun.ac.za

Stellenbosch University  https://scholar.sun.ac.za



16 

 

 

The effects of 

Intermittent Positive 

Pressure and 

Incentive Spirometry 

in the Postoperative 

of Myocardial 

Revascularisation 

(RCT) 

(Romanini, Muller, 

Carvalho, et al., 

2007:94) 

 

 

 

40 

 

Patients who were 

about to have 

myocardial 

revascularisation 

surgery 

 

 

 

IPPB group (n=20) 

Face mask used 

 

10 minutes>5 minute 

interval>10 minutes 

 

 

Incentive 

Spirometry 

(n=20) 

Volume 

orientated 

10 minutes>5 

minute 

interval>10 

minutes 

 

 

Patients evaluated 

preoperatively, 24 , 48 and 72 

hours postoperatively 

Parameters analysed: 

Oxygen saturation 

Respiratory frequency 

Minute volume 

Current volume 

Maximum inspiratory pressure 

Maximum expiratory pressure 

 

 

IPPB reversed hypoxaemia earlier than 

incentive spirometry. 

  

Incentive spirometry was more effective 

in improving muscle inspiratory muscle 

strength 

Intermittent positive 

pressure breathing 

after lung surgery 

(RCT) 

(Ludwig, 

Angenendt, Martins, 

 

135 

 

Patients who 

underwent anatomic 

resection with 

curative intent for 

bronchial carcinoma 

55 patients had a 

standard rehabilitation 

program: 

Pressure expiration 

Diaphragmatic 

breathing 

Postural correction 

80 patients had a 

standard 

rehabilitation 

program without 

IPPB 

Postoperative pulmonary 

complications  (secretion 

retention, pneumonia, air 

leakage>7days, pleural infection, 

chest tube drainage) 

Lung function tests 

No additional improvement in reduction 

of PPC when IPPB was added to 

standard chest physiotherapy. 
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Mayer & Stoelben, 

2011:10) 

 

Stretching 

Shoulder girdle motion 

With IPPB: 

3 times per day 

15 – 20cmH20 

6-minute walk test 

 

The short-term 

effects of 

intermittent positive 

pressure breathing in 

patients with 

neuromuscular 

disease 

 

(RCT) 

(Guérin, Vincent, 

Petitjean, et al., 

2010:866) 

 

7 

 

Outpatients with 

congenital 

neuromuscular 

disease between the 

ages 10 and 55 with: 

Stable respiratory 

condition(Past 3 

months) 

Vital capacity <60% 

of predicted 

 

IPPB via face mask set 

at 30cmH2O  

10 breaths in each 

position: 

Supine 

Left lateral 

Right lateral 

With an abdominal belt 

 

 

IPPB via face 

mask set at 

30cmH2O  

10 breaths in each 

position: 

Supine 

Left lateral 

Right lateral 

Without an 

abdominal belt 

 

 

EIT 

Spirometry 

 

When in the supine position IPPB 

increased ventilation to the anterior 

regions of the lungs, with or without an 

abdominal belt. 

An increase in global ventilation was 

measured up to 3hours after IPPB, when 

compared to baseline measurements, 

with the use of an abdominal belt. 
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IPPB has been investigated in the above populations: pulmonary atelectasis, upper abdominal 

surgery, neuromuscular disease, myocardial vascularisation and pulmonary surgery. The 

populations and outcomes measured differed for each study making it difficult to draw clear 

conclusions. Five of the six studies administered IPPB with a mouth piece. The other study 

used a face mask. The peak pressures used ranged from 15 to 45cmH20. 

In a randomised controlled trial by (Guérin, Vincent, Petitjean, et al., 2010:866), EIT was used 

as the outcome measure to assess the short term effects of IPPB on ventilation in patients with 

neuromuscular diseases. They investigated the short term physiological effects of IPPB, with 

or without an abdominal belt (in an attempt to oppose thoraco-abdominal asynchrony common 

in patients with neuromuscular disease), on regional lung ventilation. Patients who were 

recruited for this study were between the ages of 10 and 55 and were diagnosed with a 

congenital neuromuscular disease. 

IPPB was administered via a face mask with the peak pressure set at 30cmH2O. Each patient 

performed three sets of 10 breaths: 10 in supine, 10 in the left lateral position and 10 in the 

right lateral position. Each patient received IPPB, with or without an abdominal belt, in random 

order and at one day intervals. They were then followed-up to 3 hours after the last IPPB 

treatment. 

Relative lung impedance in each of the four lung quadrants was measured via EIT, and a proxy 

measure of tidal volume calculated. While patients were receiving IPPB regional ventilation in 

the anterior parts of the lung was greater in the supine position than in the left or right lateral 

positions, the abdominal belt did not influence the regional ventilation distribution. After IPPB, 

global tidal impedance was significantly greater than the baseline value and this was sustained 

for the 3 hours of follow up. 
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Even though the patients in this study had neuromuscular diseases and did not have upper 

abdominal surgery, similar improvements in ventilation distribution could be expected as the 

diaphragm is inhibited in both neuromuscular patients as well as those who have had upper 

abdominal surgery. 
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2.4.3 Positive End Expiratory Pressure (PEEP) 

PEEP maintains positive airway pressure (above atmospheric) in the lungs at the end of exhalation. 

Furthermore, PEEP aims to increase the volume of gas remaining in the lungs at the end of exhalation, 

thereby preventing alveolar collapse and improving gaseous exchange. PEEP keeps the resting lung 

volume out of the range of airway closure and increase alveolar availability for gaseous exchange. 

(Hough, A. 2006:159) The risk of atelectasis is decreased at PEEP pressures above 10cmH2O 

(Brooks-Brunn, 1995:340). 

The importance of the addition of PEEP during invasive mechanical ventilation has been clearly 

established. Mechanical ventilation may induce lung injury as a result of an over distension of aerated 

lung regions and or large shear forces, produced by repetitive alveolar recruitment and derecruitment 

or collapse (Mead, Takishima & Leith, 1970:596). The addition of PEEP prevents lung injury by 

improving alveolar recruitment and avoiding cyclic airway collapse and reopening, protecting lung 

surfactant and improving ventilation homogeneity (Santa Cruz, Rojas, Nervi, Heredia & Ciapponi, 

2013:CD009098).   

A  review by (Santa Cruz, Rojas, Nervi, Heredia & Ciapponi, 2013:CD009098) aimed to assess the 

benefits and harms of high versus low levels of PEEP in patients with Acute Lung Injury (ALI) and 

Acute Respiratory Distress Syndrome (ARDS). 

This review included randomized controlled trials that compared the effects of two levels of PEEP in 

ALI and ARDS participants who were intubated and mechanically ventilated in intensive care for at 

least 24 hours. Two review authors assessed the trial quality and extracted data independently. The 

authors did not indicate what was seen as high or low levels of PEEP. 

Seven studies that compared high versus low levels of PEEP (2565 participants) were included. In 

five of the studies (2417 participants), a comparison was made between high and low levels of PEEP 

with the same tidal volume in both groups, but in the remaining two studies (148 participants), the 
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tidal volume was different between high- and low-level groups. Evidence of risk of bias was noted 

in three studies, and the remaining studies fulfilled all criteria for adequate trial quality. 

In the main analysis, mortality occurring before hospital discharge was assessed in those studies that 

compared high versus low PEEP with the same tidal volume in both groups. With the three studies 

that were included, the meta-analysis revealed no statistically significant differences between the two 

groups (relative risk (RR) 0.90, 95% confidence interval (CI) 0.81 to 1.01), nor was any statistically 

significant difference seen in the risk of barotrauma (RR 0.97, 95% CI 0.66 to 1.42). Oxygenation 

was improved in the high-PEEP group, although data derived from the studies showed a considerable 

degree of statistical heterogeneity. The number of ventilator-free days showed no significant 

difference between the two groups. Available data were insufficient to allow pooling of length of stay 

in the intensive care unit (ICU). The subgroup of participants with ARDS showed decreased mortality 

in the ICU, although it must be noted that in two of the three included studies, the authors used a 

protective ventilatory strategy involving a low tidal volume and high levels of PEEP. 

The authors concluded that the available evidence indicates that high levels of PEEP, as compared 

with low levels, did not reduce mortality before hospital discharge. The data also show that high 

levels of PEEP produced no significant difference in the risk of barotrauma, but rather improved 

participants’ oxygenation on the first, third, and seventh days.  

A recruitment manoeuvre with PEEP with subsequent maintenance of high levels of PEEP has been 

shown to reverse the collapse of alveoli and improve oxygenation (Borges, Okamoto, Matos, et al., 

2006:268). 

This review by (Santa Cruz, Rojas, Nervi, Heredia & Ciapponi, 2013:CD009098) did provide a 

definition for when referring to “high” or “low” PEEP. One of the studies included (Amato, Barbas, 

Medeiros, et al., 1998:347) referred to high PEEP as ‘up to 24 cm H20 and low PEEP “not lower 

than 2 cm H20. 
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2.5 Electrical Impedance Tomography (EIT) 

The current methods to investigate regional lung ventilation are computed tomography (CT), nuclear 

medicine techniques and electrical impedance tomography (EIT). The first two methods are 

expensive and require radiation exposure or radiation tracer injection (Guérin, Vincent, Petitjean, et 

al., 2010:866). EIT, on the other hand, is non-invasive and radiation free and therefore has no known 

risk for the patient or examiner (Lundin & Stenqvist, 2012:35). It is a bedside imaging technique of 

regional lung function (Bodenstein, David & Markstaller, 2009:713). 

EIT was developed in the early 1980’s by Barber and Brown (Hinz, Neumann, Dudykevych, et al., 

2003:314). It measures relative impedance changes in lung tissue during tidal breathing by measuring 

surface potential differences resulting from the injection of small alternating currents through 

adjacent surface electrodes placed circumferentially around the thorax. Impedance in the lungs 

increases during inspiration, as the alveoli are stretched, and decreases during expiration (Calzia, 

Hahn & Hellige, 2005:1474;  Frerichs, Braun, Dudykevych, Hahn, Genee & Hellige, 

2004:63;  Moerer, Hahn & Quintel, 2011b:260). Another way to understand this concept is to think 

of EIT as measuring or imaging the specific change of electrical resistivity of tissue in relation to a 

physiological reference state. The resistivity of lung tissue depends on its structure, air content, the 

amount of intracellular and extracellular fluids and blood volume in the examined part of the lung 

which may vary over time. When the alveoli are filled with air, it results in stretching of the 

surrounding lung tissue, allowing the pathways for the electrical currents to become longer with 

smaller diameters creating an increase of electrical resistance of each pathway in the network and an 

increase of the resistivity of lung tissue when filled on inspiration (Moerer, Hahn & Quintel, 

2011a:260). Thus, regional impedance changes (∆Z) in the lungs are closely related to regional 

tidal/breath volumes (Frerichs, Hinz, Herrmann, et al., 2002:660). Using a back-protection algorithm, 

functional cross-sectional EIT images of local ventilation distribution are created (Riedel, Richards 

& Schibler, 2005:1522). The resulting 32x32 pixel matrix is presented the same way as a CT scan 

image. 
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2.5.1 Validity of EIT 

EIT’s ability to accurately measure ventilation distribution has been validated in experimental and 

clinical studies using established techniques (computed tomography, single photon emission 

computed tomography, electron beam computed tomography, ventilationscintigraphy, multiple 

breath nitrogen washout, and spirometry) as the reference standards (Frerichs, I. 2007:S261-7). 

In 2003, EIT was validated for measuring regional ventilation distribution in twelve anaesthetised 

mechanically ventilated pigs by comparing EIT to Ventilation Single Photon Emission Computerised 

Tomography scanning (SPECT) (Hinz, Neumann, Dudykevych, et al., 2003:314). They used a central 

venous injection of oleic acid to induce lung injury. The pigs were then randomised to pressure 

controlled mechanical ventilation, airway pressure release ventilation or spontaneous breathing. The 

accuracy of EIT was not affected by the degree of ventilation. A close correlation was found between 

EIT data of regional ventilation and ventilation distribution by SPECT scanning. 

The use of EIT for measuring left-right division of ventilation and perfusion compared to using 

radionuclide imaging was investigated (Kunst, Vonk Noordegraaf, Hoekstra, Postmus & de Vries, 

1998:481). Radionuclide imaging makes use of radioactive isotopes and is an expensive technique 

and therefore a new method was sought. This study concluded that a good correlation (r=0.96) was 

found between the left divisions of ventilation-induced impedance changes compared to divisions 

found by radionuclide scanning. 

EIT has been shown to measure regional lung volume change more accurately than electron-beam 

CT in an animal study (Frerichs, Hinz, Herrmann, et al., 2002:660). In 2004, (Victorino, Borges, 

Okamoto, et al., 2004:791) also determined that EIT can reliably assess ventilation distribution during 

mechanical ventilation.  

In a study by (de Lema, Serrano, Feixas, et al., 2008:408) the authors compared differential lung 

function estimated by EIT and ventilation scintography. In this study, twenty patients diagnosed with 
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lung cancer who were candidates for lung resection underwent ventilation-perfusion lung scanning, 

using inhaled radioactive gas. The differential lung function was estimated based on images taken at 

two intercostal spaces and each lung’s contribution to overall respiratory function was calculated 

using scintography. The analysis of agreement showed that the mean difference between the methods 

was 1.9% (95% confidence interval, 10.5 to -6.8%) for ventilation and 3.4% (95% confidence 

interval, 17.1 to -10.3%) for perfusion. Even though it was not reflected by the confidence intervals, 

the researchers concluded that EIT is able to estimate differential lung function as accurately as 

ventilation-perfusion scintography. 

EIT has been compared to Positive Emission Tomography (PET), the gold standard to quantify lung 

ventilation on a regional basis (Richard, Pouzot, Gros, et al., 2009:R82). This study compared both 

techniques in injured and non-injured lungs of six mechanically ventilated female pigs. This was the 

first time that comparisons between two techniques were done simultaneously. This means that the 

lung ventilation and volume were assessed with the same ventilatory history. This study concluded 

that regional lung ventilation and volume were accurately measured with EIT, in both healthy and 

injured lungs, and this was validated by simultaneous PET imaging.  

 

2.5.2 Reliability of EIT 

Riedel et al obtained reproducible and reliable regional ventilation data with EIT in healthy human 

subjects receiving positive-pressure breathing assistance in supine and prone positions (Riedel, 

Richards & Schibler, 2005:1522). In an animal study by Frerichs et al (2007:S261-7), excellent 

reproducibility of EIT measurements of regional lung ventilation was reported with almost identical 

ventilation distribution patterns during repeated measurements. 
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2.5.3 Limitations of EIT 

One of the drawbacks of EIT is that the electrode belt only covers a part of the total lung area (usually 

positioned at the sixth or seventh intercostal space), i.e. only one plane is represented and inferences 

are made about the rest of the lung area. This may provide an incomplete understanding of impedance 

changes as there could be inhomogeneity in the cranio-caudal direction of the lungs (Lundin & 

Stenqvist, 2012:35). 

A study by (Bikker, Preis, Egal, Bakker & Gommers, 2011:R193) investigated how the ventilation 

distribution, measured by EIT, as well as the relationship between EIT regional compliance and 

global dynamic compliance, differs between cranial and caudal thoracic levels in response to 

decremental PEEP steps. The data were collected for this sub-study during an on-going study which 

investigated lung condition and the response to PEEP before, during and after cardiothoracic surgery. 

Twelve mechanically ventilated patients in a cardiothoracic ICU were included. Patients were 

excluded if they had pneumothoraces, severe airflow obstruction as a result of chronic obstructive 

pulmonary disease (defined as forced expired volume in one second or vital capacity below predicted 

value minus two standard deviations), thoracic deformations and severe cardiovascular instability. 

Postoperatively, measurements were taken during the warm-up period immediately after surgery. At 

this time, all patients were fully sedated and ventilated in pressure-controlled mode without any signs 

of spontaneous breathing activity. Patients were positioned in supine. A period of fifteen minutes was 

allowed for stabilisation, after which two silicone EIT belts were placed around the thoracic cage, 

each with sixteen integrated cardio graphic electrodes. EIT measurements were taken at a caudal 

level and a cranial thoracic level during decremental PEEP steps according to the study protocol. One 

belt was placed at the highest possible thoracic level at the third or fourth intercostal space and the 

second belt at the sixth or seventh intercostal space. The two belts were then connected to a single 

EIT device (EIT evaluation kit 2; Dräger, Lübeck, Germany) in an alternating fashion. PEEP was 

increased to 15 cmH2O, and a recruitment manoeuvre with peak inspiratory pressure (PIP) of 40 

cmH2O and PEEP of 20 cmH2O was applied for 40 seconds. After a steady state of 15 minutes at 15 

Stellenbosch University  https://scholar.sun.ac.za



24 

 

cm H2O PEEP, PEEP was decreased stepwise from 15 to 10 cmH2O, then to 5 cmH2O and, if 

clinically acceptable, to 0 cmH2O. Each PEEP was applied for 15 to 20 minutes. The driving pressure 

(PIP minus PEEP) was kept constant at all used PEEP levels. Before the end of each PEEP level, EIT 

was measured at both levels during a two-minute period, and hemodynamic and ventilatory 

parameters were recorded. Pressure-controlled ventilation was used specifically to enable the 

evaluation of regional compliance independently of other lung regions. Arterial blood gas analyses 

were performed at each PEEP level. 

In this study, the centre of gravity index measured with EIT decreased at both the cranial and caudal 

thoracic levels during a decremental PEEP trial, whereas tidal impedance variation divided by tidal 

volume decreased at the caudal level and increased at the cranial level. This indicates that during a 

decremental PEEP trial, ventilation distribution not only shifted from the dorsal to ventral direction, 

but also from the caudal to cranial direction during mechanical ventilation in post-cardiac surgery 

patients. Both the tidal impedance variation and the tidal volume decreased at the decremental PEEP 

steps, but the ratio of tidal impedance variation divided by tidal volume decreased at the caudal level 

and increased at the cranial level during the decremental PEEP trial. The dorsal dependant lung region 

was measured with EIT with the caudal belt placed at the sixth or seventh intercostal space. However, 

at this level, the effects of the diaphragm’s entering into the middle of the EIT eclipse also can 

contribute to the major decrease in tidal impedance variation. When smaller regions of interest were 

selected, tidal impedance variation still decreased, but to a lesser degree. They also showed that the 

centre of gravity decreased during the decremental PEEP trial, indicating that tidal impedance 

variation decreased more at the dorsal lung region and decreased less, or even increased, at the ventral 

lung region after PEEP was lowered. The impedance shift from the dorsal to ventral lung region 

during the decremental PEEP steps was due to the onset of more collapse at the dorsal site than at the 

ventral site at the PEEP levels applied, as shown by the individual impedance changes in the different 

regions of interest. 
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These findings support the common understanding that ventilation distribution is gravity-dependent, 

as shown by computed tomography. The fact that  the cranial level, tidal impedance variation even 

increased after the PEEP level was lowered from 15 to 10 cmH2O and increased further after the 

PEEP level was lowered in the most ventral regions of interest can be explained by the reduction in 

overdistention in the nondependent lung parts in the upper part of the lung. This means that applying 

a PEEP level of 15 cmH2O was too high for the cranial site, but not for the caudal site, indicating that 

the optimal PEEP level is different for these sites. Regional compliance showed different ventilation 

distribution behaviour in response to the decremental PEEP steps at both studied lung levels. This 

study found that the behaviour of the global dynamic compliance was similar to the regional 

compliance at the cranial level, but not at the caudal level. Both global compliance and total regional 

compliance at the cranial level increased initially after lowering PEEP from 15 to10 cmH2O PEEP, 

whereas both global and total regional compliance decreased during the next PEEP steps. For 

decremental PEEP steps, this finding is explained by the classical finding that compliance increases 

as a result of the release of over distended alveoli until collapse increases and lowers the compliance. 

Inspection of the individual regional compliance behaviour of the different regions of interest (ROIs) 

showed different PEEP levels at which the regional compliance is maximal. This finding means that 

there is no single optimal PEEP for the whole lung.  

This study concluded that ventilation distribution shifts from the dorsal to ventral region and also 

from the caudal to cranial level during decremental PEEP. In the mechanically ventilated patients in 

this study, the PEEP level at which regional compliance was maximal differed for the dependent and 

nondependent lung regions, as well as for the caudal and cranial lung levels, suggesting that no single 

optimal PEEP exists for all lung regions. The clinical implications of these findings are that during 

clinical PEEP titration, one has to realize that the results are dependent on the measurement location. 

EIT measurements taken at two thoracic levels, caudal and cranial lung segments, provide additional 

information for monitoring ventilation distribution during mechanical ventilation in the whole lung. 
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2.6 Summary of literature review findings 

Upper abdominal surgery has a high incidence of postoperative pulmonary complications, but 

postoperative pulmonary complications are poorly defined, if defined at all in clinical studies, making 

it difficult to make decisive conclusions about preventive factors. It is also therefore difficult to 

predict which patients should be considered to be at high risk for postoperative pulmonary 

complications. Patients are often referred for physiotherapeutic management to minimise or reverse 

these postoperative pulmonary complications in the hope of reducing mortality and morbidity in this 

population. Different physiotherapeutic techniques for the management and prevention of 

postoperative pulmonary complications have been investigated, but as they have not clearly defined 

which postoperative pulmonary complications they were aiming to address, their findings cannot be 

generalised. There is currently insufficient evidence to support any specific physiotherapy techniques 

in the management of PPC.  The use of IPPB is a very controversial breathing technique but is still 

being used widely for a variety of conditions, particularly in the Western Cape Province of South 

Africa. Its clinical use has not been standardised among physiotherapists, including whether or not a 

PEEP valve should be used. As the importance of the addition of PEEP to mechanical ventilation has 

been established the authors have decided to investigate its effect on ventilation magnitude and 

distribution when combined with IPPB compared to deep breathing exercises. There are no studies 

examining the physiological response to IPPB in patients following upper abdominal surgery, despite 

this technique being in standard use in different settings. EIT is a relatively new technique used to 

measure regional lung impedance changes and reliability and validity of this measurement tool has 

been established. The authors suggest that EIT is the best method available to describe and analyse 

the global and regional impedance changes, if any, observed with IPPB (with and without PEEP), 

compared to deep breathing exercises in a population who have had upper abdominal surgery. 
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Chapter 3: Research Article 

3.1 Introduction 

Upper abdominal surgery (UAS) is associated with a high risk of postoperative pulmonary 

complications (PPC) (Guimaraes, El Dib, Smith & Matos, 2009:CD006058). These PPC may lead to 

a longer hospital stay and increased mortality (Orman & Westerdahl, 2010:261). Studies 

investigating PPC often group pneumonia, respiratory failure, atelectasis, bronchospasm and 

exacerbation of chronic obstructive pulmonary disease together, which explains some of the 
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controversy regarding individual risk factors, prevention and optimal management (Smetana, 

2009a:S60).  

The distribution of ventilation towards the dependent lung regions, in spontaneously breathing adults, 

is mainly as a result of differences in pleural pressure, which become progressively more positive 

down the vertical axis of the thorax as a result of gravity and the increased superimposed pressures 

on the dependent lung by the weight of the lung above it (Frerichs, Hahn & Hellige, 

1996:A149;  Galvin, Drummond & Nirmalan, 2007:420;  Gattinoni, Pelosi, Vitale, Pesenti, D'Andrea 

& Mascheroni, 1991:15). Consequently, the dependent lung has lower resting volumes and expands 

more during inspiration than the non-dependent lung (Frerichs, Hahn & Hellige, 1996:A149), i.e. the 

dependent lung is effectively more compliant than the non- dependent lung regions.  

The adult pattern of ventilation distribution towards the dependent lung may reverse with induction 

of anaesthesia, muscle relaxants and positive pressure ventilation that result in decreased FRC, 

moving the lungs further down the pressure/volume curve (Canet & Gallart, 2013:107). The non-

dependent lung then becomes more compliant than the dependent zones and thus easier to expand 

(Hedenstierna, 2005). The development of atelectasis as a PPC is associated with decreased lung 

compliance, impaired oxygenation, increased pulmonary vasculature resistance and development of 

lung injury (Duggan & Kavanagh, 2005:838) and develops in the dependent parts of the lungs in 90% 

of patients who undergo anaesthesia (Lundquist, Hedenstierna, Strandberg, Tokics & Brismar, 

1995:626). 

The risk and severity of PPC can be reduced by the use of physiotherapeutic manoeuvres that increase 

lung volumes (Guimaraes, El Dib, Smith & Matos, 2009:CD006058). Patients who are considered 

high risk for PPC (Smetana, 2009a:S60) are regularly referred for physiotherapy postoperatively 

(Orman & Westerdahl, 2010:261). Physiotherapy management often includes one or a combination 

of the following: Assisted or supported coughing, mobilisation, deep breathing exercises (DBExs) 

intermittent positive pressure breathing (IPPB), positive expiratory pressure (PEP) therapy, incentive 

spirometry (IS) and manual techniques, but there is uncertainty regarding which technique(s) are the 
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most effective for which specific postoperative pulmonary complication (Fagevik Olsen, Hahn, 

Nordgren, Lonroth & Lundholm, 1997:1535;  Pasquina, Tramer, Granier & Walder, 2006:1887). The 

clinical use of IPPB as a treatment modality was first described in 1947 by Motley et al. IPPB involves 

patient-triggered delivery of positive airway pressure during inspiration (Denehy & Berney, 

2001:821). Positive pressure is applied to the lungs to enhance inflation during inspiration, until a set 

peak pressure is reached, at which time flow stops to allow passive exhalation. In order to optimise 

basal ventilation, peak applied pressures must be set sufficiently high to overcome airway resistance, 

with sufficient inspiratory time to allow the alveoli with longer time constants to open (Bovell, 

1996:1-237). 

Positive End Expiratory Pressure (PEEP) maintains positive airway pressure (above atmospheric) in 

the lungs at the end of exhalation. PEEP aims to increase the volume of gas remaining in the lungs at 

the end of exhalation, thereby preventing alveolar collapse and improving gaseous exchange. PEEP 

keeps the resting lung volume out of the range of airway closure and increases alveolar availability 

for gaseous exchange (Hough, 2006:159).  

The importance of the addition of PEEP during invasive mechanical ventilation has been clearly 

established. Mechanical ventilation may induce lung injury as a result of over distention of aerated 

lung regions and/or large shear forces, produced by repetitive alveolar recruitment and derecruitment 

or collapse (Mead, Takishima & Leith, 1970:596). The addition of PEEP prevents lung injury by 

improving alveolar recruitment and avoiding cyclic airway collapse and reopening, protecting lung 

surfactant and improving ventilation homogeneity (Santa Cruz, Rojas, Nervi, Heredia & Ciapponi, 

2013:CD009098). 

The current methods available to measure regional lung ventilation are computed tomography (CT), 

nuclear medicine techniques and electrical impedance tomography (EIT). The first two methods are 

expensive and require radiation exposure or radiation tracer injection (Guérin, Vincent, Petitjean, et 

al., 2010:866). Conversely, EIT is non-invasive and radiation free and therefore has no known risk 

for the patient or examiner (Bodenstein, David & Markstaller, 2009:713). 
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EIT is a non-invasive tool for monitoring regional ventilation, and may be used at the bedside in real-

time (Lundin & Stenqvist, 2012:35). EIT measures relative impedance changes in lung tissue during 

the breath cycle, by measuring surface potential differences resulting from the injection of small 

alternating currents through adjacent surface electrodes placed circumferentially around the thorax. 

Impedance in the lungs increases during inspiration, as the alveoli are stretched, and decreases during 

expiration (Calzia, Hahn & Hellige, 2005:1474;  Frerichs, Braun, Dudykevych, Hahn, Genee & 

Hellige, 2004:63;  Moerer, Hahn & Quintel, 2011b:260). Thus, regional impedance changes (∆Z) in 

the lungs are closely related to regional breath volumes (Frerichs, Hinz, Herrmann, et al., 2002:660). 

Using a back-protection algorithm, functional cross-sectional EIT images of local ventilation 

distribution are created (Riedel, Richards & Schibler, 2005:1522). The resulting 32x32 pixel matrix 

is presented the same way as a computed tomography (CT) scan image. 

EIT’s ability to accurately measure ventilation distribution has been validated in experimental and 

clinical studies using established techniques (CT, single photon emission computed tomography, 

electron beam computed tomography, ventilation scintigraphy, multiple breath nitrogen washout, and 

spirometry) as the reference standards (Frerichs, I. 2007:S261-7; Riedel, Richards & Schibler, 

2005:1522). EIT has also been compared to Positive Emission Tomography (PET), the Gold Standard 

to quantify lung ventilation on a regional basis, in an animal study. This study concluded that regional 

lung ventilation and volume were accurately measured with EIT, in both healthy and injured lungs, 

validated by simultaneous PET imaging (Richard, Pouzot, Gros, et al., 2009:R82).  

Delivering IPPB via a mouthpiece is commonly practiced for patients following upper abdominal 

surgery, with and without PEEP according to personal preference. The authors hypothesized that 

combining IPPB with a PEEP valve could assist with maintaining lung volumes and thereby improve 

ventilation.  

This study, therefore, aims to describe the differences in regional and global ventilation magnitude 

and distribution when administering IPPB with and without PEEP, as compared to DBExs alone, in 
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adult patients at high risk of pulmonary complications following UAS. Furthermore, we aimed to 

determine the effects of IPPB with or without PEEP on pain, breathlessness, and vital signs. 

The hypotheses were that IPPB would result in greater global ventilation change than DBExs alone; 

and that the addition of PEEP to the IPPB circuit would further affect ventilation magnitude and 

distribution. 

 

3.2 Method 

Ethics Committee Approval was obtained from Stellenbosch University, the University of Cape 

Town Faculty of Health Sciences Human Research Ethics Committee, Western Cape Department of 

Health and Netcare Ethical Committee. Ethical approval number S13/02/030. All patients provided 

written informed consent (Addendum A and B) prior to data collection.  

 

3.2.1 Design 

This study incorporated two designs: the first prospectively described the impedance changes 

occurring with DBExs compared to IPPB, and the second design was a prospective triple blind 

randomised controlled cross over trial to determine the effect of using PEEP and no PEEP during 

IPPB. 

 

3.2.2 Inclusion 

All adults from day one post-surgery, who had open UAS and were considered high risk for PPC at 

two hospitals in Cape Town, South Africa between May - June 2013 and December 2013 to March 

2014 were eligible for inclusion. Patients were considered high risk for PPC if: age ≥ 60 years; pre-

existing pulmonary or cardiac disease; American Society of Anaesthesiologists score  ≥2 (Addendum 

E); inadequate preoperative mobilisation (if patient was not able to mobilise independently or with 
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walking aids); anaesthetic > 4 hours; post aortic aneurysm repair; emergency surgery; or vascular 

surgery. 

 

3.2.3 Exclusion 

Patients were excluded if they presented with forced expiratory volume in one second (FEV1) 

between 30-49% predicted (Addendum G), if they required invasive or non-invasive mechanical 

ventilation, presented with haemoptysis, had an eventful surgery (cardiac or respiratory arrest), visual 

analogue pain score (VAS) (Addendum H) >8/10 despite the use of analgesia, had a modified Borg 

scale (MBS) >4 (Addendum I), and if the radiographer diagnosed undrained pneumothoraces, pleural 

effusions, atelectasis or pulmonary emboli on chest X-ray. Patients were excluded if they were 

confused, disoriented or unable to follow instructions. 

All participants standardly received physiotherapy intervention from day one post-surgery, including 

IPPB (with no PEEP valve), positive expiratory therapy (PEP) using a blow-bottle, and mobilisation. 

 

 

3.2.4 Study Procedure (see Figure 3.3.1 for study procedures and flow). 

After obtaining informed consent, patients were randomised into one of two groups using opaque, 

sealed envelopes selected by the research assistant. Group AB was assigned to first receiving IPPB 

with a 5cmH20 PEEP valve followed by IPPB with or a sham valve (0cmH20 PEEP), whilst Group 

BA received the reverse order of IPPB intervention. All participants performed DBExs in the baseline 

position prior to the intervention of IPPB with and without PEEP. 

Patients were placed in the baseline position of 45 degree angle seated with support in bed, as this 

position was standardly used for nursing care. A 16- electrode EIT belt was then positioned by the 

(principal investigator) PI circumferentially on the patient’s mid chest circumference, 4-5 cm above 
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the xyphoid process. One reference electrode was positioned on the abdomen. A baseline EIT 

measurement was obtained in this position during normal, relaxed breathing. 

DBExs and IPPB techniques were taught by the PI and competency checked before EIT 

measurements were taken. 

 

3.2.5 DBExs technique 

In the baseline position, patients were asked to take deep breaths so that the air went from their “nose 

till it reaches the bottom of the lungs” before exhalation. This was facilitated by the placement of the 

investigator’s hands on the lateral inferior aspect of the ribcage, with the application of slight pressure 

on inspiration and a gentle end-expiratory stretch to optimise thoracic expansion, as described by 

(Kigin, 1981:1724)Verbal commands and encouragement to inhale deeply was given along with 

using the EIT graphics as a form of biofeedback (the EIT graphics visually display the size of each 

breath together with the areas of the lung being ventilated). Participants performed these deep 

breathing exercises for one minute. The technique was corrected by the PI if there was any nasal 

flare, use of accessory muscles or an apical breathing pattern. 

 

3.2.6 IPPB technique 

The disposable IPPB circuit (Intersurgical Ltd, Berkshire) was prepared by the research assistant. 

Each patient used a new sterile IPPB circuit to prevent cross-infection. Two millilitres of 0.9% saline 

was placed inside the circuit. A PEEP valve (Ambu Disposable PEEP 20) set at 5cmH20 or a sham 

valve was attached to the circuit by the research assistant according to allocation. All patients received 

IPPB using a Mark 7 Respirator, set at 0.4 to 0.45 fraction of inspired oxygen (FiO2); and peak 

inspiratory pressure (PIP) 20KPa. The flow rate and trigger sensitivity were adjusted by the PI 

according to patient tolerance, as indicated by the absence of nasal flaring, accessory muscle use, 

bloating of cheeks or if the patient reported discomfort or VAS of pain > 8/10. Patients who did not 
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have a nasogastric tubes in situ were required to wear nose clips to minimise air leak. Those with 

nasogastric tubes were asked to pinch their noses closed with their fingers according to their own 

comfort levels. Patients were asked to complete three sets of ten breaths and no specific time was 

given to complete these. 

The PI provided verbal and tactile feedback as the techniques were being practiced prior to 

measurement. After both periods of IPPB, with and without PEEP, the patient was encouraged to 

cough effectively with manual wound support. The patient was clinically reassessed by the PI during 

the first and second washout periods (Addendum F). 

 

3.2.7 Outcome Measures 

Primary outcome: EIT. The PI recorded all EIT readings. 

Machine used: Dräger Pulmo Vista 500 (Figure 3.2.7.1) 

Five minutes after placing the electrode belt, the first EIT reading was taken for approximately one 

minute. The second EIT recording was taken during DBExs, as described above. The third and fourth 

EIT readings were taken during administration of IPPB and 30 minutes after IPPB, respectively. 

These time points were used for repeated measures statistical analysis. 

Secondary outcomes: Vital signs (blood pressure, oxygen saturation, heart rate, respiratory rate) were 

measured prior to the interventions and five minutes after the interventions. Blood pressure was 

measured with a non-invasive blood pressure cuff (Welsh Alyn). Oxygen saturation and heart rate 

was measured with a pulse oxymeter placed on the patients finger (Nellcore). Respiratory rate was 

counted manually by the PI for one minute. 

The sputum produced was recorded as either present or absent (Addendum E).  
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Figure 3.2.7.1 Pulmo Vista 500 and EIT electrode belt attached to patient 

 

3.2.8 Sample Size 

Prior to data collection, it was estimated that in order to detect a difference in regional ∆Z of 5 (being 

the sum of pixels in the lung regions of interest), with a standard deviation of 5, a sample of 18 

participants was required. This was, however, based on paediatric data and therefore an interim 

analysis was performed after enrolling seven participants.  This interim analysis determined that there 

was already sufficient power to detect a difference in regional ∆Z between study arms. The study 

was therefore stopped at this point. 

Maintaining blinding: The PI, patient and statistician (data analyser) were blind to the level of PEEP. 

A sham PEEP valve was used. The spring was removed from the sham PEEP valve and all valves 

were covered during the application. All data was referred to as Group AB or BA respectively. The 

code was only broken after data analysis was completed. 
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3.2.9 Data Analysis 

EIT data were recorded in real time and then filtered to remove biological “noise” (heart beat) using 

the Pulmo Vista 500 software provided. Functional EIT images were created using minimum/ 

maximum impedance change (measuring ∆Z from the highest point of inspiration to the lowest point 

of expiration) and the text pixel values for the 32X32 pixel image were exported and stored in MS 

Excel spreadsheets. Analyses were performed using the sum of all pixels in the matrix (global ∆Z) 

and specific regions of interest (ROI) for regional ∆Z.  Regions of interest were the entire right and 

left lungs; and dorsal and ventral lung zones. All data were analysed in Statistica version 10 (2012). 

After confirming normal distribution, data were analysed descriptively and presented as means ± 

standard deviation (SD) for continuous data and absolute counts (percentages) for categorical data. 

Two- way ANOVAs were used to compare the same variable at different time points within each 

group, and between each group. The results were then analysed using a general linear model for 2x2 

crossover designs.  The potential for a carryover effect was analysed by including the sequence in 

which patients received treatment as a factor in the general linear model, together with appropriate 

interaction terms. Data were analysed with a significance level of P<0.05. 

 

3.3 RESULTS 

Ten patients were screened for eligibility, two excluded and one refused consent. Seven patients met 

the inclusion criteria and were randomised to the intervention sequence (Figure 3.3.1).  

 

 

 

Patients who have had UAS and are          

considered high risk for PPC 

 

 

 

Assessed for eligibility (n=10) 

Excluded (n= 3) 
Required non-invasive BIPAP (n=1) 
Declined to participate (n=1) 
Patient confused (n=1) 

Randomized 

Enrolment 
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DBExs, IPPB (with PEEP), 30 min washout DBExs, IPPB (no PEEP), 30 min 

washout 

Sequence AB                                                                                Sequence BA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

Figure 3.3.1: CONSORT Diagram of flow through the study. All seven patients received both interventions 

 

Analysed (n= 4)  

♦ Excluded from analysis (n= 0) 

Analysed (n=4) 

Allocated to sequence AB (n= 4) 

♦ Received allocated sequence (n= 4) 

♦ Did not receive allocated sequence (n=0) 

Analysed (n=3)  

  

Allocated to sequence BA (n= 3) 

♦ Received allocated sequence (n= 3) 

♦ Did not receive allocated sequence (n=0) 

Analysed (n=3)  

♦ Excluded from analysis (n= 0) 

 

Allocation 

Analysis 2 

PEEP vs. no PEEP 

Analysis 1 

Time Sequence effect 

Analysis 3 

IPPB vs. DBExs 

Analysed (n= 7)  

♦ Excluded from analysis (n= 0) 
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The baseline characteristics of the patients are presented in Table 3.3.1  

Table 3.3.1: Baseline Characteristics of Patients 

 Group AB (n=3) Group BA (n=4) P 

Male Gender 3 (100) 2 (50) 0.5 

Age (years) 53 ± 8.7 50.75 ±14.4 0.8 

Weight (kilograms) 86.0 ±3.5 99.2 ±22.5 0.4 

Height (meters) 1.8 ±0.02 1.7 ±0.1 0.3 

BMI 27.0 ±0.75 35.3 ±12.4 0.3 

ASA Score   0 

2 3 (100) 2 (50) 0.5 

1E 0 1 (25)  

2E 0 1 (25)  

Elective: emergency 3 (100) 2 (50) 0.5 

Type of surgery    

Gastrectomy 2 (66.7) 0 0.3 

Proximal 

Gastrectomy 

1 (33.3) 2 (50) 0.7 

Hernia repair 0 1 (25) 0.9 

Stomach repair 0 1 (25) 0.9 

Length of surgery 

(hours) 

4.4 ±2.1 3.4 ±1.1 0.4 

Time after surgery 

(days) 

5.3 ± 3.2 9.8 ±11.0 0.5 

BMI = Body Mass Index; ASA = American Society of Anaesthesiologists 

Continuous variables are mean ± standard deviation; categorical variables are n (%) 

 

The results of the study were analysed in three steps: 

3.3.1 Analysis 1: Time sequence effect 

The first analysis was to determine if there was any carry over effect during the different interventions 

and if the patient was back at baseline before the next intervention commenced. There was no carry over 

effect indicating that the sequence of the interventions (IPPB with valve first or second) did not matter 

(p=0.13279) (Figure 3.3.2). 
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Figure 3.3.2: The effect of the sequence of the interventions 

3.3.2 Analysis 2: PEEP vs No PEEP 

The second analysis was to determine if there were any differences noted when patients received IPPB 

with a PEEP valve set at 5 cmH20 or a sham valve. Great variation was observed in the data of the two 

groups (Figure 3.3.3) Group AB Mean ± SD 3029.2 ± 836.7 and Group BA Mean ± SD 3650.6 ± 837.9. 

The interrim analysis indicated that there was no difference in ventilation as measured by EIT between 

the two groups (p=0.61) 
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Figure 3.3.3: The difference between IPPB with 5cmH20 PEEP (A) and 0cmH20 PEEP (B), p = 0.6. 
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Table 3.3.2: Means, Standard Deviations and P-Values (between the groups) of ∆Z in five lung regions taken at baseline, during intervention (IPPB) and 30 

minutes after intervention for the two groups (IPPB with and without a 5cmH20 PEEP Valve) 

 

INTERVENTION

P-Value

Global Global Global Global 5731,996 (1042,744) Global Global 0.56514

Lsum Lsum Lsum Lsum Lsum Lsum 0.67457

Rsum Rsum Rsum Rsum Rsum Rsum 0.54925

SVentral SVentral SVentral SVentral SVentral SVentral 0.87169

SDorsal Sdorsal Sdorsal Sdorsal Sdorsal Sdorsal 0.19955

BASELINE

Group AB (n=4) Group BA (n=3) Group AB (n=4) Group BA (n=3) Group BA (n=3)

30 Min POST INTERVENTION

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Group AB (n=4)

1988,587(1204,057) 1989,835 (1042,744) 7970,399 (1204,057) 2105,248 (1204,057) 2194,525 (1042,744)

798,427 (601,881)

1288,220 (621,185) 1141,458 (537,962) 4340,786 (621,185) 3137,105 (537,962) 1236,550 (621,185) 1396,098 (537,962)

700,368 (694,993) 848,377 (601,883) 3629,612 (694,993) 2594,891 (601,881) 868,698 (694,993)

985,744 (377,994)

984,075 (869,837) 999,795 (753,301) 4610,274 (869,837) 3695,429 (753,301) 911,339 (869,837) 1208,782 (753,301)

1004,512 (436,469) 990,040 (377,994) 3360,125 (436,469) 2036,567 (377,994) 1193,910 (436,469)
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3.3.3 Analysis 3: IPPB vs DBExs 

It was found that there were no differences between the treatments and therefore all the IPPB data 

could be analysed together.When baseline global ∆Z readings (mean ∆Z 1989.2 and 95% CI 327.9: 

3650.5) were compared to DBExs (mean ∆Z 4047.4 and 95% CI 2046.9: 6047.9), no statistical 

differences were found (mean difference: 2588.2; 95%CI 961.2:4215.3 (p=0.055).  Mean global ∆Z 

during IPPB was 6851.2 (95%CI 5190 to 8512) compared to 4047.4 (95%CI 2046.9: 6048) during 

DBExs, with mean difference in ∆Z of 3022.1 (95% CI 736.4: 5307.8) (p = 0.01). (Table 3.3.3) 

 

Table 3.3.3: IPPB and DBExs compared to baseline readings 

  

 

Baseline 

Mean(SD) 

 

 

DBExs 

Mean(SD) 

MD 

(95%CI) 

(DBExs 

compared 

to 

Baseline) 

 

 

 

P-

Value 

 

 

IPPB 

Mean(SD) 

MD 

(95%CI) 

(IPPB 

compared 

to 

Baseline) 

 

 

P-Value 

 

 

Global 

1989.2 

(796.4±327.9) 

4047.4 

(959±2046.9) 

2588.2: 

(961.2-

4215.3) 

0.055 6851.2 

(796.4±5190) 

4702 

(2471.9-

6932) 

0.006 

 

Dorsal 

997.3 

(288.7±395.1) 

1807 

(348±1081.1) 

904 

(319.8-

1488.2) 

0.04 2698.3 

(288.7±2096.1) 

1607.6 

(726.3-

2488.9) 

0.0001 

 

Ventral 

992 

(575.3±-

208.2) 

2262.8 

(688.3±827) 

1684.3 

(332.6-

3036) 

0.09 4152.9 

(575.3±2952.7) 

3094.4 

(1631.6-

4557.3) 

0.00005 
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There were statistically significant increases in mean regional ∆Z in all regions (ventral, dorsal, left 

and right) during IPPB, with no specific regional preferences (Figure 5-8, addendum K-N). These 

changes in ∆Z lasted ≤ 30 minutes before returning to baseline (Figure 4, addendum J).  

3.3.4 Adverse effects 

No adverse effects were noted during the application of IPPB. IPPB did not increase VAS scores, 

MBS scores nor adversely affect patients’ vital signs. (Table 3.3.4) 

Table 3.3.4: The effect of IPPB on VAS, MBS and vital signs 

  

MEAN (STANDARD DEVIATION)  

 

Time Point 

 

VAS 

 (1-10) 

 

MBS 

 (1-10) 

 

SBP 

(mmHg) 

 

DBP 

(mmHg) 

HR 

(Beats per 

minute) 

RR 

(Breaths 

per 

minute) 

 

Sats 

 (%) 

5 Minutes 

before 

Intervention 

 

2.9 

(1.07) 

 

 

0.6 

(0.2) 

 

 

122.9 

(12.9) 

 

72.1 

(7.6) 

 

71.9 

(7.7) 

 

18.9 

(2.2) 

 

95.4 

(1.3) 

5 Minutes 

after 

Intervention 

 

4.1  

(2.7) 

 

 

0.8 

(0.3) 

 

122.9 

(12.9) 

 

72.9 

(7) 

 

87.3 

(15.2) 

 

20.4 

(1.8) 

 

96.6 

(1.4) 

 P- Value P=0.9322 P=0.11739 P=0.95325 P=0.12450 P=0.78006 P=0.54636 P=0.52620 

Key: VAS – Visual Analogue Scale of pain (1-10),   MBS – Modified Borg Scale, SBP – Systolic Blood Pressure 

(mmHg), DBP – Diastolic Blood Pressure (mmHg), HR – Heart Rate (bpm), RR – Respiratory Rate (bpm), Sats 

– Oxygen Saturation (%) 

 

 Three patients coughed productively during the IPPB technique (Addendum O).
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3.4 Discussion 

IPPB resulted in significantly increased global impedance changes (proportional to lung volume 

changes) compared to baseline, as well as DBExs readings. The magnitude of ventilation increased 

globally, with no specific regional preferences. Previous articles investigating the effects of IPPB 

have focused mainly on clinical outcomes (Ludwig, Angenendt, Martins, Mayer & Stoelben, 

2011:10;  O'Donohue, 1979:683;  Oikkonen, Karjalainen, Kahara, Kuosa & Schavikin, 

1991:60;  Schuppisser, Brandli & Meili, 1980:682); this is the first clinical study using EIT to 

measure changes in ventilation occurring during IPPB in patients after UAS.  

The results of our study are consistent with WJ O’Donohue Jr. (1979), who reported that IPPB 

provided an inspired volume significantly larger than the volume a patient can achieve voluntarily or 

with the use of incentive spirometry. Even though formal incentive spirometry was not used for 

DBExs, participants in our study did receive a measure of incentive through real-time visual feedback 

of impedance changes during each breath cycle.  IS has been compared to no treatment (Celli, 1984; 

Kulkarni, 2010; O’Connor, 1998; Schwieger, 1986), DBExs (Celli 1984; Hall, 1996) and standard 

chest physiotherapy (CPT) (Craven, 1974; Hall, 1991) in the UAS patient group and no difference 

between interventions have been reported in terms of reduction of PPC. 

This suggests that DBExs may not be effective in improving lung volumes in this population.  

Although we did not measure the incidence of PPC as an outcome measure, our findings support the 

mechanism whereby previous reports found that DBExs did not reduce PPC in patients following 

UAS (Mackay, Ellis & Johnston, 2005:151;  Soares,Silvia Maria de Toledo Piza, Nucci, da 

Silva,Marcela Maria de Carvalho & Campacci, 2013:616). Oikkonen et al (1991) investigated the 

effect of IPPB (with a face mask) compared to IS as an add-on therapy to conventional CPT in a post 

cardiac surgery population. This group found no significant differences in the occurrence of 

atelectasis between IPPB and IS, but there may be fundamental differences between the population 

groups, making external generalisation inappropriate. Patients with atelectasis would have been 
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excluded from this study and the results can therefore not be accurately compared. Ramanini et al 

(Romanini, Muller, Carvalho, et al., 2007:94) reported an earlier reversal of hypoxaemia in the IPPB 

group, but only tested patients up to 72 hours post-surgery.  

There was no difference in impedance changes between patients who received IPPB with 5cmH20 

PEEP compared to IPPB with no PEEP. This may be as a result of a failure to generate adequate 

PEEP or loss of PEEP, considering that participants were permitted to remove the mouthpiece of the 

IPPB circuit intermittently for comfort. According to our knowledge, this was the first time IPPB has 

been tested with and without a PEEP valve. There were no adverse events noted in terms of VAS, 

MBS and vital signs; however the study was not adequately powered to detect rare adverse events, 

therefore safety cannot be confirmed.  

Further investigations into the utility of EIT as a standard bedside assessment tool in determining 

ventilatory response to different physiotherapy techniques are suggested.  

 

3.5 Other Limitations  

This study was conducted in two sites in the Cape Metropole regions of South Africa (both private 

and public institutions) and therefore cannot be generalised to other geographical areas or population 

groups. The sample size was small, however, power analysis suggests it was sufficient to gain 

meaningful results.  

Participants were limited to those at high risk of developing PPC following upper abdominal surgery, 

and therefore the results cannot be extrapolated to other surgical or nonsurgical patients. Patients with 

PPC such as atelectasis and pleural effusions were excluded from this study in order to study a fairly 

homogenous sample, and to minimise harm. Further studies should extend the sample to those with 

specific PPC. 

The study was further limited by the lack of randomisation to DBExs compared to IPPB, and the lack 

of a control group who received neither intervention. 
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The authors decided to administer IPPB with a mouthpiece, as this is the method most frequently 

used in the study sites and also because it is suspected that IPPB with a face mask might be poorly 

tolerated by patients with UAS as they often have nasogastric tubes in situ.  This may have affected 

generation of PEEP; however, further studies should consider using tight fitting facemasks instead of 

mouthpieces for this reason.  

A peak inspiratory pressure of 20KPa was considered safe in order to prevent barotrauma, as previous 

research reports pressures used safely between 10 and 45KPa (Guérin, Vincent, Petitjean, et al., 

2010:866;  Ludwig, Angenendt, Martins, Mayer & Stoelben, 2011:10;  McCool, Mayewski, Shayne, 

Gibson, Griggs & Hyde, 1986:546;  O'Donohue, 1979:683;  Oikkonen, Karjalainen, Kahara, Kuosa 

& Schavikin, 1991:60;  Schuppisser, Brandli & Meili, 1980:682). Again, we cannot determine safety 

on the basis of this study and further research is recommended in this regard.  

The decision to only perform three sets of 10 breaths was guided by the uncertainty of the influence 

of IPPB on VAS, MBS and vital signs. This may however, have influenced the washout period and 

therefore future studies need to include more repetitions. 

This study was not designed to determine the impact of DBExs and IPPB on the incidence of PPCs, 

or other clinical outcome measures and conclusions in this regard cannot be made. Our findings can 

inform the planning of future clinical trials. Further research in this regard is warranted. 

Patients were receiving physiotherapy as part of standard practice, but as they all received this 

treatment, and the fact that measurements were compared to the patients’ own baseline 

measurements, it is unlikely to have affected the results of this study or introduced a high risk of 

performance bias (i.e. there were no systematic differences between patients and between 

intervention groups in the care provided).  

The flow rate of delivered gas during IPPB was not standardised in an attempt to ensure patient 

comfort. However, these flow rates were not recorded and this might have impacted on the results of 

the study. 
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3.6 Conclusion 

IPPB appears to be a more effective technique than DBExs in improving ventilation in high-risk 

adults following UAS. No adverse events in terms of pain, breathlessness or vital signs were noted 

in this sample. We have only described the physiological effect of a once-off IPPB breathing 

technique on ventilation distribution in a UAS population, and therefore no inference can be made 

regarding the possible clinical effect of this technique. Whether these findings will translate into 

significant clinical value needs to be investigated.  Further studies with more participants and 

repetitions of the IPPB technique, with the use of a facemask, with and without a PEEP valve, should 

be conducted in order to determine clinical applicability. 
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Chapter 4: Discussion 

4.1 Motivation for this study 

The incidence of PPC following open UAS varies between 17 and 88 % (do Nascimento Junior, 

Modolo, Andrade, Guimaraes, Braz & El Dib, 2014:CD006058).  While routine post-operative 

physiotherapy is standard practice (Mackay, Ellis & Johnston, 2005:151) evidence remains equivocal 

(Pasquina, Tramer, Granier & Walder, 2006:1887). In a consensus statement on best 

physiotherapeutic management of this population Hanekom et al (Hanekom, Brooks, Denehy, et al., 

2012:5) recommended the use of various breathing exercises when mobilisation is not possible. Two 

commonly used techniques in this context are deep breathing exercises and IPPB, neither of which 

are standardised in application or technique. Before further clinical trials are designed to investigate 

the clinical outcome of the afore mentioned breathing exercises, it is important to understand the 

physiological effect of these techniques in the UAS population. This study set out to determine the 

physiological effects of both techniques. In addition we were interested to find out whether adding 

PEEP to the IPPB circuit afforded any advantage in terms of changing ventilation magnitude and 

distribution (as measured using EIT). It is possible that, by improving ventilation, PPC such as 

atelectasis could be prevented, but this requires further clinical studies with different outcome 

measures. 

There is still great uncertainty regarding how ventilation changes with the application of IPPB (with 

and without a PEEP valve) as compared to normal breathing. This paper therefore aims to describe 

and analyse these changes observed, if any. In previous research IPPB studies have focused on 

clinical outcomes of their respective populations. We would like to suggest that the physiological 

outcomes need to be described and understood first in order to inform future studies investigating 

clinical outcomes.  
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4.1.1 Populations 

When IPPB has been tested in the neuromuscular population different results have been found. In 

1986, (McCool, Mayewski, Shayne, Gibson, Griggs & Hyde, 1986:546) found that IPPB did not 

increase pulmonary compliance (when using Standard Pulmonary Function Testing, Total 

Respiratory System Compliance, Lung Compliance and Chest Wall Compliance as outcome 

measures) whereas as (Guérin, Vincent, Petitjean, et al., 2010:866) were the first authors to use EIT 

to describe the physiological effect of IPPB on ventilation parameters. They reported an   increase in 

anterior and global ventilation when using IPPB in a population with neurological diseases. The 

improved ventilation was sustained for at least three hours. However, in the study which tested the 

effects of IPPB in an UAS population by (Schuppisser, Brandli & Meili, 1980:682), they found no 

differences in lung volumes of those receiving IPPB compared to the control receiving standard chest 

physiotherapy, when using vital capacity, functional residual capacity, forced expiratory volume in 

1 second arterial blood gases and reduction in PPC as outcome measures. This could be explained by 

the difference in delivery of the IPPB technique as it appears that when IPPB was administered with 

a facemask (compare to a mouthpiece), at higher peak pressures and for a longer duration the more 

positive the result in the favour of IPPB. 

In the study by (Guérin, Vincent, Petitjean, et al., 2010:866) patients were tested in supine as well 

as left and right side lying and an increase in anterior as well as global ventilation distribution and 

magnitude was observed. This finding is expected as we would expect positive pressure to follow 

the pathway of least resistance and move to the non-dependant regions of the lungs. In our study 

patients were positioned at 45° angle in bed and we noted an improvement in magnitude and 

distribution of ventilation when compared to the patient’s own baseline readings. The ventilation 

magnitude and distribution improvements were found in the dependant lung regions as well the 

non-dependant regions, i.e. anterior as well as posterior lung regions. Even though we tested the 

effect of IPPB in an UAS population the results could be expected to be similar as you would 

expect an inactive diaphragm within the UAS population as well as in the neuromuscular 
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population. The difference in the ventilation distribution between our study and that of (Guérin, 

Vincent, Petitjean, et al., 2010:866) could possibly be explained by the time after surgery 

(median=4 days). As patients were not seen day one postoperatively as initially planned, their 

diaphragms could have been functioning closer to normal by the time of testing. The global 

improvements in ventilation distribution and magnitude could also be due to the effect of gravity 

within the lungs. When in an upright position the alveoli are more stretched as when compared to 

supine and therefore providing less resistance to flow. While the patient’s position could have 

influenced the improved ventilation, both techniques were performed in the same position (which 

was at a 45° degree angle in bed). 

 

4.1.2 Outcome measures  

Our study is only the second to use EIT as a measurement tool when describing the magnitude and 

distribution of ventilation in patients receiving IPPB. As it provides measurements in real time, is 

non-invasive and has no known risk to examiner or patient it appears to be the best measurement 

tool available at present. EIT has been found to be reliable and has been validated against the 

current gold standard for measuring regional ventilation, the PET scan. 

 

4.2 Results 

From our experimental study we concluded that IPPB resulted in significantly increased global 

impedance changes when compared to baseline as well as deep breathing exercises, using EIT. With 

IPPB, the magnitude of ventilation increased globally, with no specific regional preferences. This 

was the first clinical trial using EIT to measure changes in ventilation occurring during IPPB in 

patients after upper abdominal surgery. This was also the first time IPPB was tested with the addition 

of a PEEP valve. The results of our study are consistent with (O'Donohue, 1979:683) who reported 

that IPPB provided an inspired volume significantly larger than the volume a patient can achieve 
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voluntarily or with the use of incentive spirometry. When EIT readings were taken 30 minutes after 

the IPPB technique they were found to be back at their baseline level. This means that the increase 

in impedance changes achieved with IPPB could have lasted for 30 minutes or less. This could mean 

that IPPB has a short-lived effect or could also be explained by that fact that there were too few 

repetitions of the IPPB technique to allow for a cumulative effect. Patients were only asked to 

complete three sets of 10 breaths as we were not sure what the effects of IPPB with the use of a PEEP 

valve would be on patients pain levels, perceived exertion or vital signs would be and were therefore 

asked to perform the minimum amount of repetitions. 

Our study also suggests that deep breathing exercises may not be an effective technique to improve 

lung volumes in populations who have had UAS. When global DBExs EIT readings were compared 

to global baseline EIT readings there were no significant differences found.  Our results are similar 

to previous studies which investigated the effects of DBExs in upper abdominal surgery patients. 

Seeing that DBExs did not significantly increase global ventilation distribution and magnitude, it is 

not surprising that it did not reduce PPC (Mackay, Ellis & Johnston, 2005:151;  Soares, Silvia Maria 

de Toledo Piza, Nucci, da Silva, Marcela Maria de Carvalho & Campacci, 2013:616). These findings 

highlights the importance of first understanding the physiological evidence for a technique before 

designing a clinical trial 

The IPPB intervention was done five minutes after the DBExs. This could have created a possible 

flaw in the study design if DBExs resulted in significantly increased impedance changes globally 

compared to global baseline measurements. This would have meant that patients would not have been 

back at baseline when performing the IPPB technique creating a carry-over effect. I would therefore 

suggest that a washout period after the DBExs technique be determined with a pilot study as what 

was done with the IPPB technique. 

When a 5cmH20 PEEP valve was added to an IPPB circuit no changes in global or regional 

impedance were noted compared to 0cmH20 PEEP. Because this was the first time the use of a PEEP 
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valve added to an IPPB circuit was investigated these results could not be compared to previous 

studies. The fact that no statistically significant impedance changes were noted with and without a 

PEEP valve could mean that the addition of PEEP did not matter. Another possibility is that this may 

have been due to a failure to have generated adequate PEEP or a loss of PEEP. Participants were 

permitted to remove the mouthpiece of the IPPB circuit intermittently for comfort.  

No adverse events were noted with regard to patients’ pain levels, their levels of perceived exertion 

or vital signs which indicated that a peak inspiratory pressure of 20KPa is safe to administer to 

patients. IPPB not having an effect on the patients’ perception of pain is not an unexpected finding 

as patients were only included into the study when adequate pain control was in place. The ineffective 

application of PEEP in this study could explain the minimal variation that was noted in the vital signs. 

 

4.3 EIT 

Electrical Impedance Tomography is a novel technique which measures ventilation magnitude and 

distribution within the lungs. It is a non-invasive radiation free tool for monitoring ventilation 

distribution within the lungs (Lundin & Stenqvist, 2012:35) which has been validated against the 

current gold standard (PET scan) for measuring ventilation distribution (Richard, Pouzot, Gros, et 

al., 2009:R82). There is however still uncertainty regarding the clinical value of the improved 

impedance changes measured with EIT as well as the quantification of tidal volume. 

The EIT machine used for this study is the Pulmo Vista 500 which is able to measure impedance 

changes (which are proportional to volume changes) in real time. One of the drawbacks of EIT is that 

the electrode belt only covers a part of the total lung area (usually positioned at the sixth or seventh 

intercostal space), i.e. only one plane is represented and inferences are made about the rest of the lung 

area. This may provide an incomplete understanding of impedance changes as there could be 

inhomogeneity in the cranio-caudal direction of the lungs (Lundin & Stenqvist, 2012:35). As we were 

most interested in the distribution of ventilation at the bases of the lungs, the fact that only a single 
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plane could be assessed at a particular time was not a problem. However, positioning the electrode 

belt low enough to evaluate the bases of the lungs but not too low to position the electrode belt below 

diaphragm was challenging in the overweight and obese patient. The electrode belt was meant to be 

placed at the nipple line and if this was not possible, it was placed above the breasts. If the EIT belt 

was positioned too low, there would be negative impedance changes and you would see large purple 

spots in the EIT images. If there was no pleural effusion present it had to be assumed that the belt 

was positioned too low.  

 

4.4 Limitations 

Initially patients were meant to be tested day 1 postoperatively only but many patients were receiving 

non-invasive mechanical ventilation and therefore could not be included if they were receiving 

mechanical ventilation on the day they were to be tested. The research proposal was therefore 

amended, allowing patients to be screened and included after day 1 postoperatively.Prior to data 

collection it was estimated that 18 patients would be required to detect a significant difference. 

However, after seven patients an adhoc analysis was done and confirmed that there was enough 

difference in the sample and no further patient recruitment was required. Even though the study was 

adequately powered to detect a significant difference between baseline, deep breathing exercises and 

IPPB EIT readings after seven patients, the sample size was too small to detect a difference between 

the 5cmH20 PEEP and 0cmH20 PEEP group. As we were not convinced that PEEP was generated 

as previously discussed in 3.4, it was decided not to continue with patient recruitment. Another 

limitation was that the order in which deep breathing exercises was provided was not randomized to 

PEEP and there could therefore have been a carry-over effect. 

The EIT electrode belt only reported on one plane of the lungs (at the nipple line) and inferences had 

to be made about the other levels. Even though this was the area which was of most interest clinically, 
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it would be important to know if there is hyperinflation of the apical regions of the lungs when 

increasing lungs volumes basally when positioned in sitting at a 45° angle. 

One of the secondary objectives of this study was to determine how long the washout period was 

after the IPPB intervention. In the study by (Guérin, Vincent, Petitjean, et al., 2010:866) a washout 

period was reported to be three hours or more. The first two patients recruited formed part of the 

pilot in order to determine the washout period. They were tested every 30 minutes after the IPPB 

intervention up to three hours. It was then determined that the patients were back at their baseline 

EIT readings after 30 minutes. The only conclusion we can draw from this is that the washout is 

somewhere between 0 and 30 minutes. In order to determine the exact washout period continuous 

EIT readings need to be taken continuously between 0 and 30 minutes after the intervention. 

Participants were limited to those at high risk of developing PPC following upper abdominal surgery, 

and therefore the results cannot be extrapolated to other surgical or nonsurgical patients.  

This study was conducted in two sites in the Cape Metropole regions of South Africa (both private 

and public institutions) and therefore cannot be generalised to other geographical areas or population 

groups. The sample size was small, however, power analysis suggests it was sufficient to gain 

meaningful results.  

This study was not designed to determine the impact of DBExs and IPPB on the incidence of 

postoperative pulmonary complications, or other clinical outcome measures and conclusions in this 

regard cannot be made. Further research in this regard is warranted. 

Patients were receiving physiotherapy as part of standard practice, but as they all received this 

treatment, and the fact that measurements were compared to the patients’ own baseline 

measurements, it is unlikely to have affected the results of this study or introduced a high risk of 

performance bias (i.e. there were no systematic differences between patients and between 

intervention groups in the care provided).  
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There were no adverse events noted in terms of VAS, MBS and vital signs; however the study was 

not adequately powered to detect rare adverse events, therefore safety cannot be confirmed.  

 

4.5 Recommendations 

For future studies, it is recommended that a face mask be used to administer IPPB when a PEEP 

valve is attached. This should allow for a constant closed circuit and therefore assist with generating 

adequate PEEP. More repetitions of the IPPB technique are also recommended in order to increase 

or eliminate the washout period. The increased ventilation distribution (which is proportional to 

volume changes within the lungs) observed with IPPB should be compared to early mobilisation in 

future studies. Whether one intervention (IPPB or early mobilisation) or if the combination has a 

superior effect on ventilation distribution needs to be determined. Once this is known, it needs to be 

determined if this increased ventilation distribution has any effects on patients clinical outcomes in 

terms of length of stay, quality of life, mortality and morbidity. 

 

 

 

 

 

 

 

 

 

Stellenbosch University  https://scholar.sun.ac.za



55 

 

Bibliography 

Bikker, I.G., Preis, C., Egal, M., Bakker, J. & Gommers, D. 2011. Electrical Impedance 

Tomography Measured at Two Thoracic Levels can Visualise the Ventilation Distribution 

Changes at the Bedside during a Decremental Positive End-Expiratory Lung Pressure Trial. 

Critical Care (London, England), 15(4).  

Bodenstein, M., David, M. & Markstaller, K. 2009. Principles of Electrical Impedance Tomography 

and its Clinical Application. Critical Care Medicine, 37(2).  

Borges, J.B. 2006. Reversibility of Lung Collapse and Hypoxemia in Early Acute Respiratory 

Distress Syndrome. American journal of respiratory and critical care medicine, 174(3).  

Bovell, D.L. (ed.). 1996. Principles of physiology: A scientific foundation of physiotherapy. 

London: WB Saunders Company Ltd 

Brooks-Brunn, J.A. 1997. Predictors of Postoperative Pulmonary Complications Following 

Abdominal Surgery. Chest, 111(3).  

Brooks-Brunn, J.A. 1995. Postoperative Atelectasis and Pneumonia: Risk Factors. American 

Journal of Critical Care: An Official Publication, American Association of Critical-Care 

Nurses, 4(5).  

Calzia, E., Hahn, G. & Hellige, G. 2005. Electrical Impedance Tomography: Looking Behind the 

Secrets of Regional Lung Function. Intensive care medicine, 31(11).  

Canet, J. & Gallart, L. 2013. Predicting Postoperative Pulmonary Complications in the General 

Population. Current opinion in anaesthesiology, 26(2).  

Celli, B.R., Rodriguez, K.S. & Snider, G.L. 1984. A Controlled Trial of Intermittent Positive 

Pressure Breathing, Incentive Spirometry, and Deep Breathing Exercises in Preventing 

Pulmonary Complications after Abdominal Surgery. The American Review of Respiratory 

Disease, 130(1).  

Chen, K., Pan, Y., Cai, J.Q., Xu, X.W., Wu, D. & Mou, Y.P. 2014. Totally Laparoscopic 

Gastrectomy for Gastric Cancer: A Systematic Review and Meta-Analysis of Outcomes 

Compared with Open Surgery. World journal of gastroenterology: WJG, 20(42).  

Chumillas, S., Ponce, J.L., Delgado, F., Viciano, V. & Mateu, M. 1998. Prevention of Postoperative 

Pulmonary Complications through Respiratory Rehabilitation: A Controlled Clinical Study. 

Archives of Physical Medicine and Rehabilitation, 79(1).  

de Lema, J.B. 2008. Assessment of Differential Lung Function by Electrical Impedance 

Tomography. Archivos de Bronconeumologia, 44(8).  

Denehy, L. & Berney, S. 2001. The use of Positive Pressure Devices by Physiotherapists. The 

European respiratory journal: official journal of the European Society for Clinical Respiratory 

Physiology, 17(4).  

Stellenbosch University  https://scholar.sun.ac.za



56 

 

do Nascimento Junior, P., Modolo, N.S., Andrade, S., Guimaraes, M.M., Braz, L.G. & El Dib, R. 

2014. Incentive Spirometry for Prevention of Postoperative Pulmonary Complications in 

Upper Abdominal Surgery. The Cochrane database of systematic reviews, 2 

Duggan, M. & Kavanagh, B.P. 2005. Pulmonary Atelectasis: A Pathogenic Perioperative Entity. 

Anesthesiology, 102(4).  

Fagevik Olsen, M., Hahn, I., Nordgren, S., Lonroth, H. & Lundholm, K. 1997. Randomized 

Controlled Trial of Prophylactic Chest Physiotherapy in Major Abdominal Surgery. The 

British journal of surgery, 84(11).  

Fiore, J.F., Chiavegato, L.D., Paisani, D.M. & Colucci, D.B. 2010. Utilization of Positive-Pressure 

Devices for Breathing Exercises in the Hospital Setting: A Regional Survey in Sao Paulo, 

Brazil. Respiratory care, 55(6).  

Frerichs, I., Braun, P., Dudykevych, T., Hahn, G., Genee, D. & Hellige, G. 2004. Distribution of 

Ventilation in Young and Elderly Adults Determined by Electrical Impedance Tomography. 

Respiratory physiology & neurobiology, 143(1).  

Frerichs, I., Hahn, G. & Hellige, G. 1996. Gravity-Dependent Phenomena in Lung Ventilation 

Determined by Functional EIT. Physiological Measurement, 17 Suppl 4A 

Frerichs, I. 2002. Detection of Local Lung Air Content by Electrical Impedance Tomography 

Compared with Electron Beam CT. Journal of applied physiology (Bethesda, Md.: 1985), 

93(2).  

Galvin, I., Drummond, G.B. & Nirmalan, M. 2007. Distribution of Blood Flow and Ventilation in 

the Lung: Gravity is Not the Only Factor. British journal of anaesthesia, 98(4).  

Gattinoni, L., Pelosi, P., Vitale, G., Pesenti, A., D'Andrea, L. & Mascheroni, D. 1991. Body 

Position Changes Redistribute Lung Computed-Tomographic Density in Patients with Acute 

Respiratory Failure. Anesthesiology, 74(1).  

Grams, S.T., Ono, L.M., Noronha, M.A., Schivinski, C.I. & Paulin, E. 2012. Breathing Exercises in 

Upper Abdominal Surgery: A Systematic Review and Meta-Analysis. Revista brasileira de 

fisioterapia (Sao Carlos (Sao Paulo, Brazil)), 16(5).  

Guérin, C. 2010. The Short-Term Effects of Intermittent Positive Pressure Breathing Treatments on 

Ventilation in Patients with Neuromuscular Disease. Respiratory care, 55(7).  

Guimaraes, M.M., El Dib, R., Smith, A.F. & Matos, D. 2009. Incentive Spirometry for Prevention 

of Postoperative Pulmonary Complications in Upper Abdominal Surgery. The Cochrane 

database of systematic reviews, (3):CD006058. doi(3).  

Hanekom, S.D. 2012. Reaching Consensus on the Physiotherapeutic Management of Patients 

Following Upper Abdominal Surgery: A Pragmatic Approach to Interpret Equivocal Evidence. 

BMC medical informatics and decision making, 12 

Hedenstierna, G. (ed.). 2005. Anaesthesia, pain, intensive care and emergency medicine — 

A.P.I.C.E..  . Springer Milan 

Stellenbosch University  https://scholar.sun.ac.za



57 

 

Hinz, J. 2003. Regional Ventilation by Electrical Impedance Tomography: A Comparison with 

Ventilation Scintigraphy in Pigs. Chest, 124(1).  

Kanat, F., Golcuk, A., Teke, T. & Golcuk, M. 2007a. Risk Factors for Postoperative Pulmonary 

Complications in Upper Abdominal Surgery. ANZ Journal of Surgery, 77(3).  

Kanat, F., Golcuk, A., Teke, T. & Golcuk, M. 2007b. Risk Factors for Postoperative Pulmonary 

Complications in Upper Abdominal Surgery. ANZ Journal of Surgery, 77(3).  

Kigin, C.M. 1981. Chest Physical Therapy for the Postoperative or Traumatic Injury Patient. 

Physical Therapy, 61(12).  

Kim, S.H., Na, S., Choi, J.S., Na, S.H., Shin, S. & Koh, S.O. 2010. An Evaluation of 

Diaphragmatic Movement by M-Mode Sonography as a Predictor of Pulmonary Dysfunction 

After Upper Abdominal Surgery. Anesthesia and Analgesia, 110(5).  

Kunst, P.W., Vonk Noordegraaf, A., Hoekstra, O.S., Postmus, P.E. & de Vries, P.M. 1998. 

Ventilation and Perfusion Imaging by Electrical Impedance Tomography: A Comparison with 

Radionuclide Scanning. Physiological Measurement, 19(4).  

Lawrence, V.A., Cornell, J.E., Smetana, G.W. & American College of Physicians. 2006. Strategies 

to Reduce Postoperative Pulmonary Complications after Noncardiothoracic Surgery: 

Systematic Review for the American College of Physicians. Annals of Internal Medicine, 

144(8).  

Ludwig, C., Angenendt, S., Martins, R., Mayer, V. & Stoelben, E. 2011. Intermittent Positive-

Pressure Breathing After Lung Surgery. Asian cardiovascular & thoracic annals, 19(1).  

Lundin, S. & Stenqvist, O. 2012. Electrical Impedance Tomography: Potentials and Pitfalls. 

Current opinion in critical care, 18(1).  

Lundquist, H., Hedenstierna, G., Strandberg, A., Tokics, L. & Brismar, B. 1995. CT-Assessment of 

Dependent Lung Densities in Man during General Anaesthesia. Acta Radiologica (Stockholm, 

Sweden: 1987), 36(6).  

Mackay, M.R., Ellis, E. & Johnston, C. 2005. Randomised Clinical Trial of Physiotherapy After 

Open Abdominal Surgery in High Risk Patients. The Australian journal of physiotherapy, 

51(3).  

Mazo, V.M.D. Prospective External Validation of a Predictive Score for Postoperative Pulmonary 

Complications. Anesthesiology,  

McCool, F.D., Mayewski, R.F., Shayne, D.S., Gibson, C.J., Griggs, R.C. & Hyde, R.W. 1986. 

Intermittent Positive Pressure Breathing in Patients with Respiratory Muscle Weakness. 

Alterations in Total Respiratory System Compliance. Chest, 90(4).  

Mead, J., Takishima, T. & Leith, D. 1970. Stress Distribution in Lungs: A Model of Pulmonary 

Elasticity. Journal of applied physiology, 28(5).  

Mimica, Z., Pogorelic, Z., Perko, Z., Srsen, D., Stipic, R. & Dujmovic, D. 2007. Effect of Surgical 

Incision on Pain and Respiratory Function after Abdominal Surgery: A Randomized Clinical 

Trial. Hepato-gastroenterology, 54(80).  

Stellenbosch University  https://scholar.sun.ac.za



58 

 

Moerer, O., Hahn, G. & Quintel, M. 2011a. Lung Impedance Measurements to Monitor Alveolar 

Ventilation. Current opinion in critical care, 17(3).  

Moerer, O., Hahn, G. & Quintel, M. 2011b. Lung Impedance Measurements to Monitor Alveolar 

Ventilation. Current opinion in critical care, 17(3).  

Morran, C.G., Finlay, I.G., Mathieson, M., McKay, A.J., Wilson, N. & McArdle, C.S. 1983. 

Randomized Controlled Trial of Physiotherapy for Postoperative Pulmonary Complications. 

British journal of anaesthesia, 55(11).  

O'Donohue, W.J., Jr. 1979. Maximum Volume IPPB for the Management of Pulmonary 

Atelectasis. Chest, 76(6).  

Oikkonen, M., Karjalainen, K., Kahara, V., Kuosa, R. & Schavikin, L. 1991. Comparison of 

Incentive Spirometry and Intermittent Positive Pressure Breathing After Coronary Artery 

Bypass Graft. Chest, 99(1).  

Orman, J. & Westerdahl, E. 2010. Chest Physiotherapy with Positive Expiratory Pressure Breathing 

After Abdominal and Thoracic Surgery: A Systematic Review. Acta Anaesthesiologica 

Scandinavica, 54(3).  

Pasquina, P., Tramer, M.R., Granier, J.M. & Walder, B. 2006. Respiratory Physiotherapy to 

Prevent Pulmonary Complications after Abdominal Surgery: A Systematic Review. Chest, 

130(6).  

Richard, J.C. 2009. Electrical Impedance Tomography Compared to Positron Emission 

Tomography for the Measurement of Regional Lung Ventilation: An Experimental Study. 

Critical Care (London, England), 13(3).  

Riedel, T., Richards, T. & Schibler, A. 2005. The Value of Electrical Impedance Tomography in 

Assessing the Effect of Body Position and Positive Airway Pressures on Regional Lung 

Ventilation in Spontaneously Breathing Subjects. Intensive care medicine, 31(11).  

Romanini, W. 2007. The Effects of Intermittent Positive Pressure and Incentive Spirometry in the 

Postoperative of Myocardial Revascularization. Arquivos Brasileiros de Cardiologia, 89(2).  

Santa Cruz, R., Rojas, J.I., Nervi, R., Heredia, R. & Ciapponi, A. 2013. High Versus Low Positive 

End-Expiratory Pressure (PEEP) Levels for Mechanically Ventilated Adult Patients with Acute 

Lung Injury and Acute Respiratory Distress Syndrome. The Cochrane database of systematic 

reviews, 6 

Schuppisser, J.P., Brandli, O. & Meili, U. 1980. Postoperative Intermittent Positive Pressure 

Breathing Versus Physiotherapy. American Journal of Surgery, 140(5).  

Silva, Y.R., Li, S.K. & Rickard, M.J. 2013. Does the Addition of Deep Breathing Exercises to 

Physiotherapy-Directed Early Mobilisation Alter Patient Outcomes Following High-Risk Open 

Upper Abdominal Surgery? Cluster Randomised Controlled Trial. Physiotherapy, 99(3).  

Smetana, G.W. 2009a. Postoperative Pulmonary Complications: An Update on Risk Assessment 

and Reduction. Cleveland Clinic journal of medicine, 76 Suppl 4 

Stellenbosch University  https://scholar.sun.ac.za



59 

 

Smetana, G.W. 2009b. Postoperative Pulmonary Complications: An Update on Risk Assessment 

and Reduction. Cleveland Clinic journal of medicine, 76 Suppl 4 

Soares, Silvia Maria de Toledo Piza, Nucci, L.B., da Silva,Marcela Maria de Carvalho & 

Campacci, T.C. 2013. Pulmonary Function and Physical Performance Outcomes with 

Preoperative Physical Therapy in Upper Abdominal Surgery: A Randomized Controlled Trial. 

Clinical rehabilitation, 27(7).  

Thomas, J.A. & McIntosh, J.M. 1994. Are Incentive Spirometry, Intermittent Positive Pressure 

Breathing, and Deep Breathing Exercises Effective in the Prevention of Postoperative 

Pulmonary Complications After Upper Abdominal Surgery? A Systematic Overview and 

Meta-Analysis. Physical Therapy, 74(1).  

Victorino, J.A. 2004. Imbalances in Regional Lung Ventilation: A Validation Study on Electrical 

Impedance Tomography. American journal of respiratory and critical care medicine, 169(7).  

Wiklander, O. & Norlin, U. 1957. Effect of Physiotherapy on Post-Operative Pulmonary 

Complications; a Clinical and Roentgenographic Study of 200 Cases. Acta Chirurgica 

Scandinavica, 112(3-4).  

Wu, A. & Drummond, G.B. 2006. Respiratory Muscle Activity and Respiratory Obstruction after 

Abdominal Surgery. British journal of anaesthesia, 96(4).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Stellenbosch University  https://scholar.sun.ac.za



60 

 

Appendices 

Addendum A: 

Participant leaflet and information sheet 

Title of the research project:  

The effects of Intermittent Positive Pressure Breathing on Ventilation Distribution in Adults 

following Elective Open Upper Abdominal Surgery using Electrical Impedance Tomography 

Reference number: 

Principal Investigator: Nicolette Ross (BSc Physiotherapy) 

Address:  

Division of Physiotherapy 

Department of Interdisciplinary Health Science 

Stellenbosch University 

PO Box 19063 

Tygerberg 

7505 

Contact number: 0825149403 

You are being invited to take part in a research project.  Please take some time to read the information 

presented here, which will explain the details of this project.  Please ask the study staff any questions 

about any part of this project that you do not fully understand.  It is very important that you are fully 

satisfied that you clearly understand what this research entails and how you could be involved.  Also, 

your participation is entirely voluntary and you are free to decline to participate.  If you say no, this 

will not affect you negatively in any way whatsoever. You are also free to withdraw from the study 

at any point, even if you do initially agree to take part. 
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This study has been approved by the Health Research Ethics Committee at Stellenbosch 

University and will be conducted according to internationally accepted ethical standards and 

guidelines of the international Declaration of Helsinki, South African Guidelines for Good 

Clinical Practice and the Medical Research Council (MRC) Ethical Guidelines for Research.  

What is this research study all about? 

This study will investigate the effects of a specific breathing technique on the distribution of air in 

the lungs of patients following elective abdominal surgery through electrical impedance tomography 

(EIT). This technique is used by all patients on the first day after surgery. 

You will be taught a breathing technique called Intermittent Positive Pressure Breathing (IPPB) 

before the surgery. For this breathing technique there will be a pair of nose clips placed on your nose. 

You will be issued with a breathing circuit which only you will use. This breathing circuit will be 

attached to a machine which is connected to oxygen. This machine will determine how fast and how 

much air is allowed into your lungs. The breathing circuit will be placed in your mouth and you will 

be asked to “suck in”. This action will then trigger the machine to deliver air into your lungs. You 

will feel your lungs filling up with air. This may stimulate a cough, which may be painful. When the 

machine stops you will be able to exhale. In this study IPPB will be used with and without a Positive 

End Expiratory PEEP valve. You and the principal investigator will not know when you are receiving 

IPPB with or without a PEEP valve. This is to ensure that the results of the study are not influenced 

by either party. 

We will measure which areas of the lung expands more when doing IPPB (with and without PEEP) 

using an instrument called Electrical Impedance Tomography (EIT). When using EIT electrodes will 

be placed around your chest to record the necessary measurements. You will not feel anything when 

the EIT machine is taking measurements. 

Why have you been invited to participate? 
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You are requested to participate in this study based on specific criteria. You fall within these criteria 

as you are an adult who is scheduled for open upper abdominal surgery. 

What will your responsibilities be?  

You will be taught a breathing technique. This breathing technique is taught to all patients who are 

having the type of surgery that you are having whether in this study or not. Having the measurements 

taken with the EIT machine is the only difference as this is not routinely done. All you have to do is 

follow the instructions of the physiotherapist. If you have hair below your nipple line you will be 

asked to shave this area or one of the nursing staff can do it for you. This will allow the electrodes to 

make better contact with your skin. 

Will you benefit from taking part in this research? 

There will be no added benefit to you financially or otherwise. Your participation, however, will help 

the research team to identify which areas of the lung expand during the breathing technique. This 

information will be used to develop effective treatment options which can be used to manage patients 

who have had elective open upper abdominal surgery.  

Are there any risks involved in your taking part in this research? 

There is only a very small risk of over inflating parts of your lungs. This could cause a small tear in 

the air sacs which could result in air escaping from the lungs. Because the air is pushed into the lungs 

there is an increase in the pressures in your thorax. This could increase the pressure on the heart 

making it difficult for the heart to contract. This, however, is only known to happen in certain patients. 

It is for this reason that these patients have been excluded from this study. You do not fall into this 

category and therefore have been asked to participate in this study. 

If you do not agree to take part, what alternatives do you have?  

If you choose not to participate, your therapy will continue with your therapist. You will not suffer 

any negative consequences. 
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Who will have access to your medical records? 

All the information collected for this project will be treated as confidential and will be protected. If 

this information is used in a thesis or publication, your identity will remain anonymous. Only the 

researchers will have access to the information.The records will be kept in safe storage in the principal 

investigators office. 

What will happen in the unlikely event of some form of injury occurring as a direct result of 

your taking part in this research study?  

The use of this breathing technique is standard practice on the first day after abdominal surgery. In 

the unlikely event that you are injured during the execution of this technique you will be referred 

appropriately based on standard practice.    

Will you be paid to take part in this study and are there any costs involved? 

You will not be paid to take part in the study. There will be no costs involved for you, if you do take 

part. 

Is there anything else that you should know or do? 

1. You can contact Nicolette Ross - 0825149403 if you have any further queries or encounter 

any problems. 

2. You can contact the Health Research Ethics Committee at 021-938 9207 if you have any 

concerns or complaints that have not been adequately addressed by the research team. 

3. You will receive a copy of this information and signed consent form for your own records. 

4. The results of your breathing tests will be sent to you as soon as it is available. You will have 

the opportunity to discuss the results with the principle investigator as well as your 

physiotherapist.     
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Declaration by participant  

By signing below, I (Name)………………………………............... agree to take part in a research 

study entitled ‘Describing ventilation distribution observed during thoracic expansion techniques 

following upper abdominal surgery.’ 

I declare that: 

1. I have read or had read to me this information and consent form and that it is written in a 

language with which I am fluent and comfortable. 

2. I have had a chance to ask questions and all my questions have been adequately answered. 

3. I understand that taking part in this study is voluntary and I have not been pressurised to take 

part. 

4. I may choose to withdraw from the study at any time and will not be penalised or prejudiced 

in any way. 

5. I may be asked to leave the study before it has finished, if the researcher feels it is my best 

interests, or if I do not follow the study plan, as agreed to. 

Signed at (place) ......................…........…………….. On (date) …………....……….. 2013. 

Signature of Participant or family member                                                                  

Signature of witness………………………………………………………………… 
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Addendum B: 

Patient Information & Consent form (Afrikaans) 

Deelnemerinligtingsblad en toelstemmingsvorm 

Titel van navorsingsprjek: 

The effects of Intermittent Positive Pressure Breathing on Ventilation Distribution in Adults 

following Elective Open Upper Abdominal Surgery using Electrical Impedance Tomography 

Verwysingsnommer: 

Hoofnavorser: Nicolette Ross (BSc Physiotherapy) 

Adres: 

Divisie van  Fisioterapie 

Departement van Interdissiplinere Gesondheid Wetenskappe 

Stellenbosch Universiteit 

Posbus19063 

Tygerberg 

7505 

Kontaknommer: 0825149403 

U word genooi om deel te neem aan ’n navorsingsprojek.  Lees asseblief hierdie inligtingsblad op u 

tyd deur aangesien die detail van die navorsingsprojek daarin verduidelik word.  Indien daar enige 

deel van die navorsingsprojek is wat u nie ten volle verstaan nie, is u welkom om die 

navorsingspersoneel of dokter daaroor uit te vra.  Dit is baie belangrik dat u ten volle moet verstaan 

wat die navorsingsprojek behels en hoe u daarby betrokke kan wees.  U deelname is ook volkome 

vrywillig en dit staan u vry om deelname te weier.  U sal op geen wyse hoegenaamd 

negatiefbeïnvloed word indien u sou weier om deel te neem nie.   

Stellenbosch University  https://scholar.sun.ac.za



66 

 

U mag ook te eniger tyd aan die navorsingsprojek onttrek, selfs al het u ingestem om deel te neem. 

Hierdie navorsingsprojek is deur die Gesondheidsnavorsingsetiekkomitee (GNEK) van die 

Universiteit Stellenbosch goedgekeur en sal uitgevoer word volgens die etiese riglyne en  

beginsels van die Internasionale Verklaring van Helsinki en die Etiese Riglyne vir Navorsing 

van die Mediese Navorsingsraad (MNR). 

Wat behels hierdie navorsingsprojek? 

Die studie ondersoek die effek van ‘n asemhalingstegniek (IPPB) op die verspreding van lug in ‘n 

pasiënte se longe nadat hulle elektiewe ope bo-buik chirurgie gehad het deur gebruik to maak van 

EIT. Hierdie asemhalingstegniek word standaard gebruik vir alle pasiente op die eerste dag na die 

operasie 

U sal voor die operasie ‘n asemhalingstegniek genaamd Intermitterende Positiewe Druk Asemhaling 

(IPPB) aangeleer word. Vir hierdie tegniek sal ‘n neusklamp op u neus geplaas word. ‘n 

Asemhalingspyp sal aan u uitgereik word wat net deur u gebruik sal word.. Hierdie asemhalingspyp 

word gekoppel aan ‘n masjien wat aan suurstof  verbind is. Die masjien bepaal  hoe vinnig en hoeveel 

lug u sal inasem. Die asemhalingspyp word in u mond geplaas en u sal  gevra word om in te suig. 

Hierdie aksie aktiveer die masjien om lug in die longe te blaas. U sal voel hoe die longe met lug vul. 

Dit mag ‘n hoes stimuleer wat pynlik mag wees. Wanneer die masjien stop sal u kan uitasem. In 

hierdie studie sal IPPB gebruik word met en sonder ‘n klep wat positiewe druk gee wanneer u 

uitasem(PEEP). U en die navorser sal nie weet wanneer die klep werk nie. Dit is om te verseker dat 

die resultate van die studie nie beinvloed kan word nie.  

Ons sal dan kan meet watter areas van die longe meer uitsit deur ‘n instrument genaamd Elektriese 

Impedansie Tomografie (EIT) te gebruik. Wanneer EIT gebruik word sal elektrodes op u borskas 

geplak word om die nodige inligting op te neem. U sal niks voel terwyl die EIT metings neem nie.  

Waarom is u genooi om deel te neem? 
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U word uitgenooi om aan hierdie studie deel te neem aangesien u voldoen aan die spesifieke kriteria 

wat gestel is vir hierdie studie.Om ‘n wetenskaplike studie uit te voer is ‘n stel insluitings kriteria 

opgestel. U val binne hierdie kriteria. U is ‘n volwasene wat ope bo-buik chirurgie sal ondergaan. 

Wat sal u verantwoordelikhede wees? 

U sal ‘n asemhalingstegniek aangeleer word. Hierdie asemhalings tegniek word vir alle pasiente 

aangeleer wat dieselfde operasie as u ontvang. U deelname aan hierdie studie sal nie hierdie standaard 

behandeling affekteer nie. As u deelneem aan die studie gaan ons net metings doen met die EIT 

masjien. Hierdie metings word nie normaalweg gedoen nie Al wat u hoef te doen is om die instruksies 

van die fisioterapeut te volg. Indien u hare onder die tepel lyn het, sal u gevra word om die area te 

skeer of een van die verpleegsters sal dit vir u doen. Dit sal verseker dat die elektrodes beter kontak 

maak met u vel. 

Sal u voordeel trek deur deel te neem aan hierdie navorsingsprojek? 

U sal geen finansiële voordeel trek deur deel te neem aan hierdie studie nie. U deelname aan hierdie 

projek sal die navorsingsspan help om te identifiseer watter dele van u long meer uitsit gedurende die 

asemhalings tegniek. Hierdie inligting sal gebruik word om  die beste manier te vind om pasiënte te 

hanteer wie ope bo-buik chirurgie gehad het. 

Is daar enige risiko's verbonde aan u deelname aan hierdie navorsingsprojek? 

Daar is  ‘n baie klein risiko dat dele van die longe te veel sal opblaas. Dit kan lei tot klein skeurtjies 

in die lugsakkies wat sal veroorsaak dat die lug ontsnap van die longe. Aangesien die lug ingeblaas 

word in die long is daar ‘n verhoging van die druk in u borskas. Hierdie toename in druk kan die 

werking van die hart affekteer. Dit sal egter slegs met sommige pasiente gebeur en daarom is hierdie 

pasiente uitgesluit van hierdie studie. U val nie in hierdie kategorie nie en was dus gevra om deel te 

neem aan hierdie studie. 

Watter alternatiewe is daar indien u nie instem om deel te neem nie? 
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Indien u nie wil deelneem nie sal u terapeut nog steeds voortgaan met u behandeling en daar sal geen 

negatiewe gevolge wees nie. 

Wie sal toegang hê tot u mediese rekords? 

Alle persoonlike inligting aangaande hierdie studie sal as vertroulik gestempel word en beskerm 

word. Indien hierdie informasie in ‘n tesis of publikasie gebruik word sal u identiteit anoniem bly. 

Slegs die navorsers sal toegang tot hierdie inligting hê. Die rekords sal in veilige bewaring in die hoof 

navorser se kantoor gehou word. 

Wat sal gebeur in die onwaarskynlike geval van ’n besering wat mag voorkom as gevolg van u 

deelname aan hierdie navorsingsprojek? 

Die gebruik van hierdie asemhalings tegniek op die eerste dag na die operasie is standaard praktyk. 

In die onwaarskynlike geval dat u beseer word gedurende die uitvoer van hierdie tegniek sal u 

toepaslik verwys word volgens standaard praktyk.  

Sal u betaal word vir deelname aan die navorsingsprojek en is daar enige koste verbonde aan 

deelname? 

U sal nie betaal word vir deelname aan die navorsingsprojek nie. Deelname aan die navorsingsprojek 

sal u niks kos nie. 

Is daar enigiets anders wat u moet weet of doen? 

U kan Nicolette Ross kontak by tel 0825149403 indien u enige verdere vrae het of enige probleme 

ondervind. 

U kan die Gesondheidsnavorsingsetiek administrasie kontak by 021-938 9207 indien u enige 

bekommernis of klagte het wat nie bevredigend deur u navorsingspan hanteer is nie. 

U sal ‘n afskrif van  hierdie informasie en ondertekende toestemmings vorm ontvang vir u eie rekord. 

Die uitslae van u asemhalings toetse sal aan u gestuur word sodra dit beskikbaar is. U sal die 

geleentheid hê om die resultate met die hoofnavorser te bespreek. 
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Verklaring deur deelnemer 

Met die ondertekening van hierdie dokument onderneem ek, …….....................………....., om deel 

te neem aan ’n navorsingsprojek getiteld   

“The effects of Intermittent Positive Pressure Breathing on Ventilation Distribution in Adults 

following Elective Open Upper Abdominal Surgery using Electrical Impedance Tomography” 

Ek verklaar dat: 

• Ek hierdie inligtings- en toestemmingsvorm gelees het of aan my laat voorlees het en dat dit 

in ’n taal geskryf is waarin ek vaardig en gemaklik mee is. 

• Ek geleentheid gehad het om vrae te stel en dat al my vrae bevredigend beantwoord is. 

• Ek verstaan dat deelname aan hierdie navorsingsprojek vrywillig is en dat daar geen druk op 

my geplaas is om deel te neem nie. 

• Ek te eniger tyd aan die navorsingsprojek mag onttrek en dat ek nie op enige wyse daardeur 

benadeel sal word nie. 

• Ek gevra mag word om van die navorsingsprojek te onttrek voordat dit afgehandel is indien 

die studiedokter of navorser van oordeel is dat dit in my beste belang is, of indien ek nie die 

ooreengekome navorsingsplan volg nie. 

Geteken te (plek) ..............................…………….. op (datum) …………....……….. 2005. 

Handtekening van deelnemer    Handtekening van getuie 

................................................    .................................................. 
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Verklaring deur navorser 

Ek (naam) …………………………………...……………… verklaar dat: 

• Ek die inligting in hierdie dokument verduidelik het aan 

…………………….............................................……….. 

• Ek hom/haar aangemoedig het om vrae te vra en voldoende tyd gebruik het om dit te 

beantwoord. 

• Ek tevrede is dat hy/sy al die aspekte van die navorsingsprojek soos hierbo bespreek, 

voldoende verstaan. 

• Ek ’n tolk gebruik het/nie ’n tolk gebruik het nie.   

Geteken te (plek) ..............................…………….. op (datum) ………….................... 

Handtekening van navorser Handtekening van getuie 

............................................... .............................................. 
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Addendum C: 

Patient Data Sheet 

Patient Code: …………………………………………………………… 

D.O.B: ……………………………………………………………………. 

Sex: ………………………………………………………………………. 

Weight: …………………………………………………………………… 

(As per nursing notes) 

Height: ……………………………………………………………………. 

(As per nursing notes) 

BMI: ……………………………………………………………………….. 

Length of surgery: ………………………………………………………… 

(As per surgical notes) 

Type of surgery: …………………………………………………………… 

(As per surgical notes) 

Time after surgery: ……………………………………………………….. 

Exclusion: 

Bronchospasm      COPD    

FEV1  

Haemoptysis 

Inclusion: 

Cancer                       Chemo     Radiation  

Number of Rx’s  

Liver Disease    Renal Disease  

Smoker    Quit < 8 weeks before surgery  

Respiratory Symptoms   

Specify: ………….................................................................................... 

VAS: …………………………………………………………………….. 
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Analgesia: ………………………………………………………………………. 

Cognitive status postoperatively: …………………………………………….  

Vitals (5 minutes before) 

BP…………      HR…………    RR…………   Saturation………… 

Vitals (5 minutes after) 

BP…………      HR…………    RR…………   Saturation………… 

Complications during Treatment 

Elevated pain levels >8/10, despite analgesia  

Shortness of Breath                            MBS score  

Change in blood pressure (>/< 20 mmHg compared to starting BP) 

Decreased oxygen saturation  

Increased respiratory rate  

Arrhythmia                                 Specify: ………………………………………………… 

Other:…………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………….……………………

……………………………………………………………………………. 

Complications after Treatment 

Elevated pain levels >8/10, despite analgesia  

Shortness of Breath                      MBS score 

Change in blood pressure (>/< 20 mmHg compared to starting BP) 

Decreased oxygen saturation  

Increased respiratory rate  

Arrhythmia                         Specify: ……………………………………………………… 

Other:…………………………………………………………………………………………………

…………………………………………………………………………………………………………

……………………………………………………………………………… 
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Addendum D: 

Physiotherapy ICU Assessment 

Demographic Information: ………………………………………………………………….. 

(Information on patient’s sticker)………………………………………………………………………………... 

……………………………………………………………………………………………………………………… 

Date of unit admission: ……………………………………………………………………… 

Admission Diagnosis: ………………………………………………………………………. 

Date & Time of first Assessment: …………………………………………………………………… 

Present medical and surgical history: ……………………………………………………. 

…………………………………………………………………………………………………………

………………………………………………………………………………………… 

Past medical and surgical history: ………………………………………………………… 

…………………………………………………………………………………………………………

………………………………………………………………………………………… 

Social history (including previous functional level): …………………………………….. 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………… 

Co-morbidities: ……………………………………………………………………………… 

…………………………………………………………………………………………………………

………………………………………………………………………………………… 

Subjective evaluation (Patients main problem): ………………………………………… 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………… 
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General observation of patient: ………………………………………………………….. 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………............................................................................

........................................................... 

Blood Pressure: …………………………………………………………………………….. 

Mean Arterial Pressure: …………………………………………………………………… 

Dyspnoea: ……………………………………………………………………………………. 

Haemoglobin (Hb): 

…………………………………………………………………………………………. 

White cell count (WCC): 

…………………………………………………………………………………… 

Temperature: 

……………………………………………………………………………………………….. 

Chest X-ray Interpretation: 

………………………………………………………………………………… 

…………………………………………………………………………………………………………

………………………………………………………………………………………… 

Arterial Blood Gas (ABG): 

………………………………………………………………………………… 

…………………………………………………………………………………………………………

……………………………………………………………………………………… 

 Oxygen required 

…………………………………………………………………………………………… 

Signs of respiratory distress: 

……………………………………………………………………………… 

Auscultation: 

………………………………………………………………………………………………… 
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Cough ability: 

………………………………………………………………………………………………… 

Sputum: 

………………………………………………………………………………………………… 

Lung function tests: 

…………………………………………………………………………………………………. 

………………………………………………………………………………………………...... 

Highest functional level: 

………………………………………………………................................................................. 

………………………………………………………………………………………………….……

…………………………………………………………………………………………… 
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Addendum E: 

American Society of Anaesthesiologists (ASA) score 

The ASA physical status classification system is a system for assessing the fitness of patients before 

surgery. In 1963 the American Society of Anaesthesiologist’s (ASA) adopted the five-category 

physical status classification system; a sixth category was later added. These are: 

1. A normal healthy patient 

2. A patient with mild systemic disease. 

3. A patient with severe systemic disease. 

4. A patient with severe systemic disease that is a constant threat to life. 

5. A moribund patient who is not expected to survive without the operation. 

6. A declared brain-dead patient whose organs are being removed for donor purposes. 

 

 

Addendum F: 

Body Mass Index (BMI) 

BMI can be calculated as follows: 

BMI = body weight (kg) / [height (cm)] 2 
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Addendum G: 

Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria 

The GOLD staging system classifies people with COPD based on their degree of airflow limitation 

(obstruction). The airflow limitation is measured during pulmonary function tests (PFTs). 

When blowing out forcefully, people with normal lungs can exhale most of the air in their lungs in 

one second. Pulmonary function tests measure this and other values, and are used to diagnose COPD 

and its severity: 

• The volume in a one-second forced exhalation is called the forced expiratory volume in one 

second (FEV1), measured in litres. 

• The total exhaled breath is called the forced vital capacity (FVC), also measured in litres. 

• In people with normal lung function, FEV1 is at least 70% of FVC. 

Because of lung damage, people with COPD take longer to blow air out. This impairment is called 

obstruction or airflow limitation. An FEV1 less than 70% of FVC can make the diagnosis of COPD 

in someone with compatible symptoms and history. 

In GOLD COPD, classifications are then used to describe the severity of the obstruction or airflow 

limitation. The worse a person's airflow limitation is, the lower their FEV1. As COPD progresses, 

FEV1 tends to decline. GOLD COPD staging uses four categories of severity for COPD, based on 

the value of FEV1: 

Stage I 

 

Mild COPD FEV1/FVC<0.70 FEV1≥ 80% normal 

Stage II 

 

Moderate COPD FEV1/FVC<0.70 

 

FEV1 50-79% normal 

Stage III 

 

Severe COPD FEV1/FVC<0.70 FEV1 30-49% normal 

Stage IV Very Severe COPD FEV1/FVC<0.70 FEV1<30% normal, 

or <50% normal with 

chronic respiratory 

failure present* 
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Addendum H: 

Visual Analogue Scale (VAS) 

A visual analogue scale (VAS) is a psychometric response scale that can be used in questionnaires. 

It is a measurement instrument for subjective characteristics or attitudes that cannot be directly 

measured. When responding to a VAS item, respondents specify their level of agreement to a 

statement by indicating a position along a continuous line between two end-points. This continuous 

(or "analogue") aspect of the scale differentiates it from discrete scales 

Below is an example of a VAS scale used to determine the patients’ perception of pain at a particular 

point in time. The patient is asked to rate their pain by giving it a value between 0 and 10, 0 being no 

pain and 10 the worst pain imaginable. 
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       Exercise Training Zone 

Addendum I: 

Modified Borg Scale (MBS) 

0  Nothing at all 

  0.5  Very, very slight (just noticeable) 

  1  Very slight 

  2  Slight 

  3  Moderate 

  4 Somewhat severe 

  5 Severe   

  6 

  7  Very severe 

  8 

  9   Very, very severe (almost maximal) 

10  Maximal 

Patient Instructions for Borg Dyspnoea Scale 

“This is a scale that asks you to rate the difficulty of your breathing. It starts at number 0 where your 

breathing is causing you no difficulty at all and progresses through to number 10 where your 

breathing difficulty is maximal. How much difficulty is your breathing causing you right now?” 
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Addendum J: Figure 4 

 

Figure 4: Global impedance changes measured at different time points. 
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Addendum K: Figure 5 

 

Figure 5: The changes in relative impedance in the dorsal lung regions at five different 

time points. 
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Addendum L: Figure 6 

 

Figure 6: The changes in relative impedance in the ventral lung regions at five different 

time points. 
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Addendum M: Figure 7 

 

Figure 7: Changes in relative impedance in the left lung regions at different time points. 
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Addendum N: Figure 8 

 

Figure 8: Relative impedance changes in the right lung regions at different time points. 
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Addendum O: Sputum produced and oxygen required 

 

Patients Sputum (Absent/Present) Sputum (Appearance) 

Patient 1 Absent Not applicable 

Patient 2 Absent Not applicable 

Patient 3 Present Patient swallows sputum 

Patient 4 Absent Not applicable 

Patient 5 Present Viscid and clear in colour 

Patient 6 Absent Not applicable 

Patient 7 Present Viscid, clear in colour 

 

 

Patient Oxygen required 

Patient 1 Room Air 

Patient 2 Nasal Cannula 3L/min  

Patient 3 Room Air 

Patient 4 Nasal Cannula @ 3L/min 

Patient 5 Room Air 

Patient 6 Room Air 

Patient 7 Ventilation Mask @ 5L/min 
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