
 

Recruitment manoeuvres for patients with 

acute respiratory distress syndrome. 

 

 

Carol Lynette Hodgson 

B. App. Sc. (Physio), P.G. Dip (Cardio), M (Research), FACP. 

 

 

Submitted in total fulfillment of the requirements of 

Doctor of Philosophy 

July 2010 

 

Department of Physiotherapy 

School of Primary Health Care 

Faculty of Medicine, Nursing and Health Sciences 

Monash University 

Victoria,  

Australia, 3199 

   



ii 

Notice 1 

Under the Copyright Act 1968, this thesis must be used only under the normal conditions 

of scholarly fair dealing. In particular no results or conclusions should be extracted from it, 

nor should it be copied or closely paraphrased in whole or in part without the written 

consent of the author. Proper written acknowledgement should be made for any 

assistance obtained from this thesis.  

Notice 2  
I certify that I have made all reasonable efforts to secure copyright permissions for third-

party content included in this thesis and have not knowingly added copyright content to 

my work without the owner's permission.  

  



iii 

Table of Contents 

List of Figures  ............................................................................................v 

List of Tables   ........................................................................................... vi 

List of Abbreviations used in this Thesis ............................................... vii 

Summary of Thesis .....................................................................................x 

PART A: General Declaration .................................................................. xiii 

Acknowledgments ................................................................................... xvi 

Publications and presentations arising from research reported in this 

thesis   ....................................................................................... xviii 

Chapter 1 Thesis overview and introduction ......................................1 

Chapter 2 (Manuscript) Systematic literature review of recruitment 

manoeuvres (RMs) in adult ventilated patients with acute lung injury   

   .......................................................................................... 13 

2.1 Declaration for Thesis Chapter 2 ............................... 14 

Chapter 3 A positive response to a recruitment manoeuvre with 

PEEP titration in patients with ARDS, regardless of transient oxygen 

desaturation during the manoeuvre (In press, Intensive Care 

Medicine, 2010) ......................................................................................... 55 

3.1 Declaration for Thesis Chapter 3 ............................... 56 

Chapter 4 (Manuscript) Comparison of forehead Max-Fast pulse 

oximetry sensor with finger sensor at high positive end-expiratory 

pressure in adult patients with acute respiratory distress syndrome    

   .......................................................................................... 83 

4.1 Declaration for Thesis Chapter 4 ............................... 84 



iv 

Chapter 5 Digital Chest x-ray as an outcome in ICU: reliability and 

validity (submitted, Intensive Care Medicine, 2010) .............................. 95 

5.1 Declaration for Thesis Chapter 5 .............................. 96 

Chapter 6 Permissive Hypercapnia, Alveolar Recruitment and Low 

Airway Pressure (PHARLAP) A Randomised Controlled Trial ........... 117 

6.1 Declaration for Thesis Chapter 6 ............................ 118 

Chapter 7 Conclusions and future directions ................................ 149 

Main findings and advances to knowledge in this thesis . 150 

Future Directions ............................................................. 153 

Appendix 1 Ethics Committee approval ............................................ 159 

Appendix 2  Person responsible consent form ................................. 161 

Appendix 3 Delayed patient consent and information ..................... 171 

Appendix 4 Data collection form ........................................................ 181 

Appendix 5 Certificate of approval of amendments ......................... 187 

Appendix 6 Patient information sheet ............................................... 201 

Appendix 7 PHARLAP Study Form 1 Screening check list ............. 205 

Appendix 8 PHARLAP Study Form 2 Baseline check list ................ 211 

Appendix 9 PHARLAP Study Form 3 Ventilator set up .................... 221 

Appendix 10 PHARLAP Study Form 4 Daily data collection ............. 237 

Appendix 11 Lung recruitment: who, when and how ......................... 245 

Declaration for Thesis Appendix 11 ................................ 246 

References   ....................................................................................... 257 

 



v 

List of Figures 

Figure 1   Static and dynamic recruitment manoeuvres as a pressure –

time waveform. ...................................................................................... 5 

Figure 2  Sigh recruitment manoeuvres as a pressure-time 

waveform  ......................................................................................... 6 

Figure 3  Staircase recruitment manoeuvres as a pressure–time 

waveform  ......................................................................................... 6 

 



vi 

List of Tables 

Table 1   Types of recruitment manoeuvres described in the literature   

 ............................................................................................................... 4 

 



vii 

List of Abbreviations used in this Thesis 

AAA = abdominal aortic aneurysm 

ALI = acute lung injury 

AML=acute myeloid leukaemia 

ARDS = acute respiratory distress syndrome 

BP = blood pressure 

BPM = beats per minute 

CI = confidence interval 

Cstat = static lung compliance 

CVC = central venous catheter 

CVP = central venous pressure 

CXR = chest X-ray 

F = female 

FiO2 = fraction of inspired oxygen  

HR = heart rate 

Hrs = hours 

ICC = intraclass correlation coefficient 

ICU = intensive care unit 

ICU LOS = intensive care length of stay 

IL-1ß = plasma interleukin 1-beta 

IL-6 = plasma interleukin 6 

L = left 

LISS = lung injury severity score 



viii 

LOS = length of stay 

LOV = length of ventilation 

M= male  

MAP = mean arterial pressure 

MD = mean difference 

MDC90 = clinical change required for 90% confidence 

Min = minutes 

ml/cm2 = millilitres per centimetre of water 

N= the number of patients 

NOK = next of kin 

PEEP = positive end expiratory pressure  

PA = pulmonary artery 

PaO2/FIO2 = partial pressure of oxygen to inspired fraction of oxygen ratio  

PaCO2 = partial pressure of carbon dioxide  

PCV = pressure control ventilation 

Pplateau = plateau pressure  

PR = person responsible 

Qs/Qt = shunt fraction 

R = right 

RCT = randomised controlled trial 

RM = recruitment manoeuvre 

RR = respiratory rate  

SaO2 = oxyhaemoglobin saturation measured in arterial blood 



ix 

Sa-cvO2 = arterial-venous oxygen saturation difference 

ScvO2 = venous oxygen saturation measured from a central line 

SD = standard deviation 

SDdiff  = standard deviation of the difference score 

SE = standard error 

SEM = standard error of the measurement 

SIMV  = synchronised intermittent mandatory ventilation 

SMD  =standardised mean difference 

SpO2 = oxyhaemoglobin saturation measured by pulse oximetry 

SOFA= sequential organ failure assessment score 

SRM = staircase recruitment manoeuvre 

Vd/Vt% = alveolar dead space 

X-ray = radiograph 

VT= tidal volume  

  



x 

Summary of Thesis 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 

are inflammatory conditions resulting from direct or indirect lung injury that 

affects over 11,000 people annually in Australia1-2. Mortality associated 

with ARDS is high (30-41%)1,3. Ninety percent of people affected by ARDS 

require mechanical ventilation to maintain gas exchange during the critical 

phase of the condition. A protective mechanical ventilation strategy 

characterized by low tidal volume and limitation of plateau airway pressure 

(Pplat) is now widely accepted4-8. However, this strategy may fail to 

expand the most dependent lung regions and inadequately reduce cyclic 

opening and closing of atelectatic alveoli. Both of these effects may 

contribute to the progression of lung injury. Recruitment manoeuvres 

(RMs) may have an important role in the management of ventilated 

patients with ARDS and ALI by opening collapsed alveoli during low tidal 

volume ventilation9-11. Recruitment manoeuvres used with PEEP may 

recruit dependent lung regions with prolonged collapse and reduce 

alveolar derecruitment and shear forces across the alveoli, resulting in 

reduced barotrauma, atelectrauma and biotrauma12. However, little 

information is available regarding the most effective type of RM to use for 

patients with ARDS. The aim of the research detailed in this thesis was to 

investigate the safety and short-term effectiveness of a new staircase RM 

in patients mechanically ventilated with ARDS and to establish the longer 

term effects of a staircase RM on patients with ARDS compared to current 

best practice.  

A Cochrane review of the effects of RMs, that identified seven relevant 

randomised trials, concluded that RMs transiently improved oxygenation in 

patients with ALI without adverse effects of barotrauma or hypotension. 

There was substantial heterogeneity in methods used to deliver RMs, 

including peak pressure, time at maximum pressure, concurrent ventilatory 

strategies and end PEEP levels. The most common RM used in protective 

ventilatory strategies was a static RM of 40 cm H2O pressure for 40 

seconds. There was no long term benefit to patients with ALI of a static 

RM in a protective ventilation strategy, perhaps because the static RM 
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was not performed for an adequate time or with adequate pressure to 

open collapsed alveoli in patients with ALI.  

The staircase recruitment manoeuver (SRM) was examined in an 

observational study of 20 patients with ARDS to evaluate the safety of the 

SRM13. Eighty percent of participants responded to the SRM with 

improved shunt fraction (36.3 ± 10% at baseline to 26.4 ± 14% after the 

SRM, P<0.01). In addition, desaturation during the SRM, a marker 

previously thought to imply non-response, did not indicate a failure to 

respond at the end of the SRM or one hour later. 

Two investigations were undertaken to facilitate selection of outcome 

measures for assessing response to the new SRM. The accuracy of 

oxyhaemoglobin saturation using a finger probe was compared to a 

forehead probe in patients with ARDS who may have compromised 

peripheral circulation that could affect accurate reading of oxyhaemoglobin 

saturation (SpO2) from a finger probe14. Oxygen saturation measured 

using a forehead probe was less reliable that finger probe during periods 

of low oxygen saturation and high positive end expiratory pressure 

(PEEP). Finger probes were employed in subsequent experiments in 

favour of forehead probes. In a second study, the reliability and validity of 

digital chest X-rays as an objective measure of lung area and radiolucency 

in intensive care was assessed. If digital chest X-rays were informative, 

they would provide a safe and cost-effective method for monitoring lung 

recruitment compared to the current best practice of using a CT scan to 

measure lung volume. The lung area score was found to be adequately 

reliable and valid while the radiolucency score was determined to be 

useful as an adjunctive but not for the primary assessment of patients with 

ARDS.  

Finally a randomised controlled trial was conducted to assess the effects 

of the SRM in a protective ventilation strategy.  Twenty patients with ARDS 

were randomised to conventional ―best practice‖ ARDS ventilation 

according to the ARDSnet15 recommendations or to PHARLAP ventilation 

(permissive hypercapnia, alveolar recruitment and low airway pressure)16. 
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Lung compliance and oxygenation were significantly better and 

inflammatory cytokines reduced in the PHARLAP group compared to the 

comparison group across a 7 day period. Those receiving the PHARLAP 

strategy had, on average, reduced time on mechanical ventilation, in ICU 

and in hospital, however this did not reach statistical significance.  

The SRM appears to be safe and can be effectively incorporated into a 

protective ventilation strategy in patients ventilated in intensive care with 

ARDS. The effects of the PHARLAP strategy on important outcomes such 

as length of mechanical ventilation and hospital stay warrant further 

investigation in larger trials.  



xiii 

PART A: General Declaration  

General Declaration 

In accordance with Monash University Doctorate Regulation 17/ Doctor of 

Philosophy and Master of Philosophy (MPhil) regulations the following 

declarations are made: 

 

I hereby declare that this thesis contains no material which has been 

accepted for the award of any other degree or diploma at any university or 

equivalent institution and that, to the best of my knowledge and belief, this 

thesis contains no material previously published or written by another 

person, except where due reference is made in the text of the thesis.  

 

This thesis includes 3 original papers published in peer reviewed journals 

and 2 unpublished, submitted publications. The core theme of the thesis is 

recruitment manoeuvres in patients with acute respiratory distress 

syndrome.  The ideas, development and writing up of all the papers in the 

thesis were the principal responsibility of myself, the candidate, working 

within the Faculty of Medicine, Nursing and Health Sciences under the 

supervision of Professor Jenny Keating. 

 

[The inclusion of co-authors reflects the fact that the work came from 

active collaboration between researchers and acknowledges input into 

team-based research.]  

 

  



xiv 

In the case of Chapters 2,3,4,5 and 6 my contribution to the work involved 

the following: 

Thesis 

chapter 

Publication title Publication 

status* 

Nature and extent of 

candidate‘s 

contribution 

2 A systematic review of 

recruitment manoeuvres 

for adults receiving 

mechanical ventilation 

with acute lung injury. 

Published 70% Search 

strategies, abstract 

review, quality review, 

data extraction and 

analysis, writing the 

manuscript, liaison 

with Cochrane 

Organisation. 

3 Comparison of forehead 

MAX-FAST pulse 

oximetry sensor with 

finger sensor at high 

PEEP in adult patients 

with ARDS 

Published 70% Consent, 

screening, data 

collection, data 

synthesis and 

analysis, writing the 

manuscript 

4 Oxygen desaturation 

during a recruitment 

manoeuvre and PEEP 

titration does not 

indicate failure to 

respond in patients with 

ALI 

In Press 70% Consent, 

screening, data 

collection, data 

synthesis and 

analysis, writing the 

manuscript 

5 The reliability and 

validity of digital 

portable chest 

radiographs in intensive 

Submitted 80% Consent, 

screening, data 

collection, data 

synthesis and 

analysis, writing the 



xv 

Thesis 

chapter 

Publication title Publication 

status* 

Nature and extent of 

candidate‘s 

contribution 

care. manuscript 

6 A randomised controlled 

pilot trial of permissive 

hypercapnia, alveolar 

staircase recruitment 

manoeuvres, PEEP 

titration and low airway 

pressure (PHARLAP) in 

patients with ARDS. 

Submitted 50% Consent, 

screening, data 

collection, data 

synthesis and 

analysis, writing the 

manuscript 

Appendix 

11 

Lung recruitment: who, 

when and how 

 

In press 50% Writing the 

manuscript 

 

I have renumbered sections of submitted or published papers in order to 

generate a consistent presentation within the thesis. 

 

Signed:  ……………………………………………………………… 

 

Date:  ……26/07/10………………………… 



xvi 

Acknowledgments  

'Being 'educated' means knowing how little I really know’ Carol T Lloyd. 

I have truly enjoyed the journey of my PhD. I have been fortunate to have 

amazing support and encouragement from my family, supervisors, 

colleagues and the families of the critically ill participants. It has been 

measured by life milestones – our sea change, the twins starting 

kindergarten and school, my wonderful, boisterous Dad passing away.  

Firstly I would like to thank my family, especially my husband Mike for his 

enduring love and support. In our 26 years together I have been fortunate 

to share another rewarding part of my life with you. To my beautiful 

children, Sam, Bella, Alex and Nick who have grown from toddlers to tall, 

articulate children, thank-you for your loving patience and encouragement. 

I hope 'We should turn out people who love learning so much and learn so 

well that they will be able to learn whatever needs to be learned.' (John 

Holt) To my Mum, Pam Taylor, and my sister, Pauline Newton, I would like 

to say thank-you for being a constant source of love and support.  

I would like to thank my three supervisors, all different, inspiring and 

immensely talented. Your brilliance and wealth of knowledge never cease 

to amaze me. Thank-you to Professor Jenny Keating, Head of 

Physiotherapy, School of Primary Health Care, Faculty of Medicine, 

Nursing and Health Sciences Monash University, who was my principal 

supervisor. Jenny is a gifted mentor, teacher and role model. I am 

privileged that she spent time guiding and supervising my work and I have 

learnt a great deal about rigorous research methods and professional 

excellence. Thank-you to Associate Professor David Tuxen, who was my 

clinical supervisor. Tux is enthusiastic and truly inspirational in his work in 

intensive care. He has been extremely generous with his time, energy and 

advice. He has been a champion for my work in ICU and it has been a 

pleasure to work with you.  I hope I will continue to do so for a long time. 

Thank-you finally to Associate Professor Anne Holland who has strongly 

supported my research at The Alfred. Her unique combination of clinical 

expertise and excellence in research has provided a balance that has 



xvii 

been very much appreciated throughout the entire period of my 

candidature and her friendship is valued highly. She is insightful, clever 

and has an amazing life balance that will inspire me in the years ahead. 

I am grateful to the patients in intensive care and their families who were 

supportive and encouraging of the work we were doing in their time of 

uncertainty and grief. 'In order for the brain to comprehend the heart must 

first listen.' (David Perkins) It is an area of research I feel very passionately 

about. 

I would like to thank those bodies that have supported me financially 

throughout the period of my candidature. Firstly, the National Health and 

Research Medical Council provided me with a Dora Lush Scholarship and 

a wonderful opportunity to treat my time studying as a pleasant job. The 

inaugural Jeff Richards Scholarship at Monash University supported me 

for the first year of my candidature and was in memory of an inspiring 

academic. Monash University, The Alfred Intensive Care and 

Physiotherapy Departments have supported my travel to present the 

results of our work in the USA at the American Thoracic Society 

Conferences in 2009 and 2010. This was one of the most interesting and 

rewarding parts of my PhD and has led to an ongoing network of 

international experts in this area. The Intensive Care Foundation, ANZCA 

and Alfred Small Projects Grant supported the work in the PHARLAP trial 

which was appreciated and will lead to a large future trial in ARDS. 

Finally, thank-you to my colleagues at The Alfred for providing support and 

encouragement as required. I would particularly like to thank the ICU 

Physiotherapy team, including Scott Bradley, Melissa Dixon, Kate Hayes 

and Terry Chan who are an amazing group of clinicians and good friends. 

You constantly inspire me to strive for clinical excellence. I would also like 

to thank Dr Alistair Nichol, his lovely wife Fiona, Michael Bailey, Dr Andrew 

Davies, Dr Dave Pilcher and Professor Jamie Cooper for their time and 

expertise when required. Thank-you Shirley Vallance and the ICU 

research nurses for their assistance with screening patients and their 

support of my projects in ICU.   



xviii 

Publications and presentations arising from 

research reported in this thesis 

Published Journal Articles 

 Hodgson CL, Bradley S, Davies AR, Holland AE, Keating JL, 

Smirneos L, Tuxen DV 2009 A systematic review of recruitment 

manoeuvres for adults receiving mechanical ventilation with acute 

lung injury. Cochrane Database of Systematic Reviews Issue 2.  

 

 Hodgson CL, Tuxen DV, Holland AE, Keating JL. 2009 Comparison 

of forehead MAX-FAST pulse oximetry sensor with finger sensor at 

high PEEP in adult patients with ARDS Anaesth and Int Care 37 

(6).  

 

In press journal articles 

 Hodgson CL, Tuxen DV, Bailey M, Varma D, Pilcher D, Thomson 

TK, Holland AE, Keating JL. 2010 Oxygen desaturation during a 

recruitment maneuver and PEEP titration does not indicate failure 

to respond in patients with ALI. (Accepted) JICM.   

 

 Tuxen DV and  Hodgson CL. 2010. Lung recruitment: who, when 

and how. (Accepted) Crit Care Resus. 

  

Submitted journal articles 

 The reliability and validity of digital portable chest X-rays in 

intensive care. Hodgson CL, Tuxen DV et al. Submitted to Int Care 

Med. 

 



xix 

 A protective lung ventilation strategy with staircase recruitment 

improves seven day outcomes in patients with ARDS compared to 

standard ventilation: a pilot randomized controlled trial.  Hodgson 

CL, Nichol A, Tuxen DV et al. Submitted to the American Journal of 

Respiratory and Critical Care Medicine. 

 

Published abstracts 

1. Oxygen Desaturation Does Not Prevent a Positive Response 

to a Staircase Recruitment Maneuver in Early ALI. CL 

Hodgson, DV Tuxen, AE Holland, JL Keating, and M Bailey. 

Am J Respir Crit Care Med, Apr 2009; 179: A4631 

 

2. A randomised controlled pilot trial of permissive hypercapnia, 

alveolar staircase recruitment maneuvers, PEEP titration and 

low airway pressure (PHARLAP) in patients with ARDS – 

preliminary results. Hodgson CL, Nichol A, Tuxen DV et al. 

e-AJP Vol 55: 4, Supplement, 2009 

 

3. A randomised controlled trial of staircase recruitment 

manoeuvres, high PEEP and low airway pressure 

(PHARLAP). C.L. Hodgson, PhD Candidate, A. Nichol, Dr, D. 

Tuxen, A/Prof, J. Cooper, MD, M. Bailey, PhD, J. Keating, 

Prof, A. Holland, PhD, D. Pilcher, Dr, A. Westbrook, Dr, A. 

Davies, MD, A. Hilton, Dr Melbourne/AU Am J Respir Crit 

Care Med 181;2010:A1686 

 

Conference Presentations 

1. ANZICS ASM, Roturua 2008  - PHARLAP protocol 

2. AAMVC, Melbourne 2008  - Recruitment manoeuvres in ARDS 



xx 

3. APA Sydney 2009 – PHARLAP (first 24 hours data)*  

4. ANZICS Clinical Trials Group, Noosa 2010 - PHARLAP 

 

Poster Presentations 

1. ANZICS Sydney 2009 – Hodgson CL, Bradley S, Davies AR, 

Holland AE, Keating JL, Smirneos L, Tuxen DV 2009 A 

systematic review of recruitment manoeuvres for adults 

receiving mechanical ventilation with acute lung injury. 

 

2. ATS 2009 – CL Hodgson, DV Tuxen, AE Holland, JL 

Keating, and M Bailey. Oxygen Desaturation Does Not 

Prevent a Positive Response to a Staircase Recruitment 

Maneuver in Early ALI. 

 

3. ATS 2010 - A randomised controlled trial of staircase 

recruitment manoeuvres, high PEEP and low airway 

pressure (PHARLAP). C.L. Hodgson, PhD Candidate, A. 

Nichol, Dr, D. Tuxen, A/Prof, J. Cooper, MD, M. Bailey, PhD, 

J. Keating, Prof, A. Holland, PhD, D. Pilcher, Dr, A. 

Westbrook, Dr, A. Davies, MD, A. Hilton, Dr  

 

International Media 

Staircase Recruitment Maneuver Is Effective—Even in 

‗Nonresponders‘ SAN DIEGO—Patients with early acute lung injury 

(ALI) respond well to staircase recruitment maneuvers (SRM), 

suggest data findings presented at the 2009 International Congress 

of the American Thoracic Society. Pulmonary Reviews, July 2009. 



xxi 

This news story is published online at: 

http://www.pulmonaryreviews.com  

Grants, scholarships and awards received for the research reported 

in this thesis 

1. NH&MRC Scholarship (Dora Lush) 2007-2009, $25,853 per 

annum 

 

2. Jeff Richards Scholarship (Monash) 2006, $20,000 per 

annum 

 

3. The Alfred Physiotherapy Fellowship June 2009 – June 2010 

$18,000 per annum 

 

4. PHARLAP. A randomised phase II trial. Hodgson C, Nichol 

A, Tuxen D, Cooper, J, Davies A    

a. ANZCA $30,069  

b. ANZICS Foundation $15,000  

c. The Alfred Small Project Grant $6,000  

 

5. Oxygen desaturation does not prevent a positive response to 

a staircase recruitment manoeuvre in patients with early ALI 

(2009) Hodgson C, Tuxen D, Holland A, Bailey M, Varma D, 

Thomson K, Keating J. Monash Travel award $2,115, 

Equipment donations (Edwards Australia) $6,300 

 

6. Clinician Award for Best Oral Presentation, Australian 

Physiotherapy Association Scientific Conference, Sydney, 

2009 

 

 

 

http://www.pulmonaryreviews.com/


xxii 

 



 

 

Chapter 1 Thesis overview and introduction  

  



Chapter 1 : Thesis overview and introduction 

2 

Acute lung injury (ALI) is characterised by the acute onset of hypoxemia 

(arterial oxygen partial pressure to fraction of inspired oxygen ratio - 

PaO2/FIO2 ≤ 300mm Hg) with bilateral chest infiltrates on antero-posterior 

chest x-ray not caused by left atrial hypertension17. A subset of ALI, 

associated with more severe hypoxaemia (PaO2/FIO2 ≤ 200mm Hg) is 

termed acute respiratory distress syndrome (ARDS). ALI is an 

inflammatory condition resulting from direct or indirect lung injury and 

affects over 11,000 people annually in Australia 18. Mortality associated 

with ARDS and ALI is 30 - 41%1,3,19. Ninety percent of people who develop 

ARDS will require mechanical ventilation in intensive care (ICU)20. They 

are likely to spend an average of 12 to 40 days on mechanical ventilation 

and longer in ICU21 at an annual cost of over AU$770,000,000. They are 

often discharged from ICU with cognitive abnormalities, weakness, 

depression, or post-traumatic stress disorder22. Only 34% are discharged 

to home21. 

In ARDS, mechanical ventilation is a life saving intervention that maintains 

gas exchange. A complication of this intervention is that high pressure and 

high volumes of gas delivered by the ventilator under positive pressure 

can cause additional lung injury, progress the symptoms of ARDS and 

increase mortality23. A lung ventilated during ARDS becomes oedematous 

and heavy and undergoes collapse in dependent regions24. Three 

functionally distinct lung zones result:  

 The least dependent region that remains inflated throughout 

ventilation and is at risk of overinflation lung injury (volutrauma)  

 An intermediate lung region that collapses and re-expands with 

each breath resulting in shear stress-induced injury (atelectrauma)  

 The most dependent lung region that remains collapsed throughout 

tidal ventilation resulting in chronic collapse injury.  

All of these processes result in biotrauma which is the release of 

inflammatory mediators that contribute to the injury of the lung and of other 

organs25-26. The majority of patients who ultimately die succumb to 

progressive organ failure.    



Chapter 1 : Thesis overview and introduction 

3 

Lung recruitment manoeuvres (RMs) reinflate collapsed regions by briefly, 

transiently raising transpulmonary pressure to levels higher than tidal 

volume27. Gattinoni et al (2006) defined RMs as a sustained inflation of the 

lungs to higher airway pressures and volumes than are obtained during 

tidal ventilation28. The rationale for the use of recruitment manoeuvres is to 

recruit collapsed lung regions, increase end expiratory lung volume and 

attenuate progression of ventilator associated lung injury by reducing 

chronic collapse injury and possibly also reducing repetitive opening and 

closing of unstable lung units, particularly in the intermediate lung region29. 

However, techniques that have been described to achieve this vary in 

terms of time at maximum pressure, maximum pressure and end 

expiratory pressure9,30-31. The variable method of delivering recruitment 

manoeuvres, the small number of clinical trials evaluating safety and 

effectiveness and the short-term physiological outcomes have made 

clinicians hesitate to extrapolate experimental findings to clinical practice. 

Researchers have suggested that the efficacy of recruitment manoeuvres 

may depend on the cause of lung injury (eg. pulmonary versus 

extrapulmonary32) or the amount of time the lung has been injured (early 

versus late)10,33-35. 

The first RM to be proposed was a static pressure elevation; this has been 

used in two major trials of patients with ALI27,36. Both trials used static RMs 

for 30-40 seconds to a peak pressure of 35-40 cm H2O with elevated 

PEEP for the intervention group and compared this to control conditions of 

standard ventilation. Reduced oxygen saturation and hypotension during 

the static RM triggered concerns regarding safety of the procedure. The 

trials showed no benefit of a ventilation strategy that included a static RM 

as there were no differences between groups for mortality, duration of 

mechanical ventilation or length of stay in ICU or hospital. 

While there are a small number of papers that review the efficacy of 

recruitment manoeuvres in mechanically ventilated patients29,37-38, the 

effect had not been reviewed systematically until late in 2008 when two 

systematic reviews were published within months of each other9,30. In the 

review by Hodgson and colleagues, we identified that the most common 
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type of RM used was a sustained inflation (static RM)30 (Table 1, Figure 

1). The systematic review concluded that sustained inflation RM 

significantly improved oxygenation without any significant difference in the 

rate of adverse events. However it did not find evidence of an effect on 

long term outcomes, including duration of mechanical ventilation or 

survival. The second systematic review reached similar conclusions about 

oxygenation but did not investigate longer term outcomes 30. Since the 

publication of the systematic reviews of RMs, there have been two 

systematic reviews of ventilation using high positive end expiratory 

pressure (PEEP) in patients with ARDS19,39. High PEEP has been found to 

independently improve mortality in patients with ARDS, although static 

RMs were used in several of the included studies. This suggests that the 

presence of PEEP in studies of RMs is a confounder that needs to be 

controlled. 

 Apart from static RM‘s, other types of RMs have been described that are 

delivered in conjunction with high pressure-control ventilation (dynamic 

RM, Table 1, Figure 1), incremental positive end expiratory pressure 

(PEEP) (staircase or stepwise RM, Table 1, Figure 2) and high tidal 

volume or sighs28.  

Table 1   Types of recruitment manoeuvres described in the literature 

Type of RM Definition 

Static (or sustained 

inflation) 

Sustained positive pressure at one 

pressure level (Figure 1) 

Dynamic   Sustained PEEP in PCV mode (Figure 1) 

Sigh (or extended sigh) Large tidal volume breath sustained for 

longer than normal (Figure 2) 

Incremental PEEP 

(Stepwise or staircase) 

 

PEEP increments of while maintaining 

pressure control ventilation (Figure 3) 

PEEP = positive end expiratory pressure, PCV = pressure control 

ventilation 
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Figure 1   Static and dynamic recruitment manoeuvres as a pressure –

time waveform. 

A static (or sustained inflation) RM increases the plateau pulmonary 

pressure to a level higher than baseline and this pressure is maintained 

constantly for a set period of time (Figure 1)33,40. This is different to a 

dynamic recruitment manoeuvre that systematically increases the positive 

end expiratory pressure in pressure control mode. This allows an increase 

and decrease in pressure with inspiration and expiration which may have 

the potential benefits of increased comfort for the patient and less effect 

on blood pressure due to the transient nature of the pressure increments41-

42. 
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Figure 2  Sigh recruitment manoeuvres as a pressure-time waveform 

Sigh (or extended sigh with increasing pressure levels) is a larger than 

usual tidal volume breath that transiently increases the pulmonary 

pressure and may be held for a longer period of time than a tidal breath 

but returns to the original end expiratory pressure at the completion of the 

breath (Figure 2)29,31. 

 

PEEP = positive end expiratory pressure 

Figure 3  Staircase recruitment manoeuvres as a pressure–time 

waveform 
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Lung recruitment methods have been compared in animal models26,43 and 

investigated in ventilated patients5,27-28,44. Lim and colleagues described 

the effect of different types of RMs (static, pressure control with 

incremental PEEP and extended sigh) in experiments on porcine lungs 

with ARDS31,43,45. They concluded that the most effective RM to improve 

oxygenation was pressure control with incremental PEEP. The 

incremental increase in pressure during this RM led to the name stepwise 

or staircase RM (staircase RM, Figure 3)31.  Following this study, Borges 

et al (2006) used a stepwise recruitment manoeuvre (SRM) in 26 patients 

with ARDS. The SRM was thought to maximize the safety of 

haemodynamic variables on the step up in pressure and to maximize 

optimal positive end expiratory pressure on the step down in pressure 

(Figure 3)46. Assessment of recruitment efficacy was performed in 9 

patients with computed tomography or by online continuous monitoring of 

oxygenation in 15 patients for up to 6 hours. It was possible to open the 

lungs and keep them open in 24 of the 26 patients with a mean PEEP of 

22 ± 4 cm H2O after PEEP titration. While the initial investigations into this 

method of lung recruitment were positive, the effects required further 

investigation in a randomised controlled trial. The SRM had not been 

investigated as part of a protective ventilatory strategy for patients with 

ARDS. 

The most common practice in intensive care was to recruit lungs using a 

static RM which improved oxygenation in the short term, but did not have 

an effect on lung compliance, duration of mechanical ventilation or length 

of stay in intensive care27,36.  

It was postulated that the use of a SRM, with gentle increments in airway 

pressure to a higher mean airway pressure for a longer period of time, 

may improve lung recruitment, lung compliance and oxygenation without 

causing ventilator associated lung injury. It was also hypothesised that 

improved lung compliance may reduce the duration of mechanical 

ventilation and length of stay in intensive care.  The SRM was designed to 

deliver slow and gentle increments in alveolar pressure from baseline to a 

maximum of 55 cm H2O in 10 cm H2O steps. The maximum alveolar 
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pressure had previously been shown to be effective and safe in a small 

observational trial46. The SRM was applied intermittently in pressure 

control mode with incremental PEEP. The intermittent nature of the SRM 

had previously been studied in animals and found to be more effective 

than a static RM to the same maximal pressure31. The slow steps down in 

pressure while oxygenation was assessed would determine the optimal 

PEEP for maintaining an open lung and would prevent repetitive opening 

and closing of unstable lung units47-48. 

The SRM was a new area of expertise for clinicians who work in intensive 

care. Careful description of the technique, the indications and the 

contraindications was required. Despite several large trials which have 

included RMs for the intervention group, little attention has been paid to 

the optimal method of delivering a RM27,36. The examination of the 

literature and publication of a systematic review which examined the 

specifics of a RM, including maximum pressure, time at maximum 

pressure and optimal end expiratory pressure was conducted to clarify 

what is known about the best treatment option in ARDS. The hypothesis of 

this thesis was that a staircase RM (SRM) would be safe and effective 

when used in a protective ventilation strategy compared to standard care 

(protective ventilation with no RM) for a number of reasons:  it allows the 

assessment of haemodynamic tolerance during the incremental increase 

in pressure; it preserves ventilation using the pressure control mode of 

ventilation;  and the pressure cycling may cause less circulatory 

depression than a static RM to the same maximal pressure 

The factors potentially resulting in better lung recruitment with the SRM 

compared with the static RM include a higher maximum pressure that may 

be tolerated for a longer period of time because it is applied intermittently 

in pressure control mode and the decremental PEEP steps that allow 

assessment of optimal PEEP as part of the RM.  

The aims of this thesis were to investigate the safety and short-term 

effectiveness of a SRM in patients mechanically ventilated with ARDS and 
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to establish the longer term effects of a SRM on patients with ARDS 

compared to current best practice.  

In order to achieve our primary aim the current research was undertaken 

in four main parts: 

1. Undertake a Cochrane review of the design and efficacy of 

recruitment manoeuvres 

2. Develop and investigate the efficacy of a new staircase recruitment 

manoeuvre 

3. Establish the best bedside methods of assessing response to the 

recruitment manoeuvre 

4. Develop and undertake a randomised trial comparing the staircase 

recruitment manoeuvre in a protective ventilation strategy 

compared to determine efficacy over seven days. 

A systematic review of recruitment manoeuvres is presented in Chapter 

Two. The review concluded that static RMs used in protective lung 

strategies did not improve long term outcomes of patients with ARDS.  

The SRM was not used in Australia prior to the pilot study reported in this 

thesis. Chapter Three describes the design of a SRM and assessment of 

the safety and short-term outcomes for people with early ALI who receive 

SRM. This work contributed to the body of knowledge about patients who 

desaturate during a RM. Despite fears that desaturation during a SRM 

indicated no response and the need for caution, patients in this trial who 

desaturated during the SRM nevertheless improved their shunt fraction 

after the SRM. These findings were disseminated by the Australia New 

Zealand Intensive Care Society during the H1N1 epidemic in Australia, 

and the SRM was applied to patients who developed ARDS as a result of 

the H1N1 virus in other centres to recruit collapsed lung units and improve 

life threatening hypoxaemia. 

An issue requiring research attention identified when this research began 

was the lack of consistent, meaningful outcome measures to assess the 

effect of recruitment manoeuvres that are practical and applicable at the 
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bedside. Chapter Four investigated the bias and precision of two 

commonly used oxyhaemoglobin sensors, the forehead and finger 

sensors, during a recruitment manoeuvre.  Oxyhaemoglobin sensors need 

to be affordable, reliable, and responsive to immediate changes in 

physiological status. Oxyhaemoglobin measured with pulse oximetry was 

used to investigate the short term physiological effect13,44,49-50 during RMs 

and was used to determine the safety of the technique in individual 

patients27. In patients with ARDS it was not clear whether decreased 

arterial oxygenation and poor peripheral perfusion would reduce the 

reliability of finger sensors to detect clinically important changes in 

oxyhaemoglobin. Chapter Four provides evidence for the use of the finger 

sensor to measure oxyhaemoglobin in patients with ARDS.  

Chest X-rays are used daily in patients mechanically ventilated in intensive 

care and routinely after RMs to assess the lungs for gross barotrauma. 

Chapter Five investigated the use of digital chest X-rays to objectively 

quantify chest X-ray changes in lung area and radiolucency, and the 

reliability of these measures. This chapter provides evidence for the use of 

digital chest X-ray to measure lung area and radiolucency scores to 

quantify within-patient change after a RM.  

The use of the SRM was important in patients with ALI but it was only part 

of the ventilation strategy in this complex patient group. In Chapter Six, we 

conducted a randomised controlled pilot trial to examine the effectiveness 

of an ―optimal‖  ventilator strategy consisting of a novel open lung low 

airway pressure approach (Permissive Hypercapnia and Alveolar 

Recruitment with Limited Airway Pressures – PHARLAP) compared to the 

current ARDSnet low tidal volume strategy. This approach applied recent 

evidence and included multiple features (recruitment46, PEEP19,39,51, low 

airway pressure12,52) as a strategy to maximise outcomes in patients with 

ARDS.   

There were three factors included in PHARLAP ventilation strategy. The 

SRM was used to open the lung units with an optimal recruitment 

manoeuvre that used a higher plateau airway pressure for a longer time. 
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Optimal PEEP, as determined by the decremental PEEP trial at the end of 

the SRM. Minimal airway pressure was used throughout tidal ventilation 

with plateau airway pressure less than 30 cmH2O by delivering low tidal 

volumes and therefore allowing permissive hypercapnia.  

The final chapter includes a discussion of the clinical implications of the 

research findings and proposes directions for future studies. The SRM, in 

a protective ventilatory strategy, needs to be studied in a larger trial to 

verify the findings reported in this thesis. The trial should be adequately 

powered to detect differences in duration of mechanical ventilation and 

length of intensive care and hospital stay that may significantly improve 

outcomes and reduce the cost of patients with ARDS in the future. 
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Abstract 

Rationale: The optimal mechanical ventilation strategy for patients with 

ARDS is unknown.  

Objectives: To examine the effectiveness of a novel protective ventilation 

strategy comprising staircase recruitment maneuvers, low airway pressure 

with PEEP titration.  

Patients: Twenty patients with ARDS were randomised to treatment or 

ARDSnet control ventilation strategies.  

Intervention: The treatment group received staircase recruitment 

maneuvers with decremental PEEP titration and had plateau pressure<30 

cm H2O.  

Measurements: Gas exchange and lung compliance were measured daily 

for 7 days and plasma cytokines as inflammatory indices of lung injury in 

the first 24 hours and at days 1, 3, 5 and 7 post enrolment (mean ± SE). In 

addition we collected data on hospital mortality and length of ventilation 

and stay (median and interquartile range). 

Main Results: PaO2/FIO2 and static lung compliance were significantly 

improved in the treatment group compared to the control group over 7 

days (204.1 ± 8.8 versus 164.7 ± 8.8 mmHg, P = 0.005 and 49.1 ± 2.9 

versus 33.7 ± 2.7 cm H2O, P<0.001 respectively). There was a significant 

overall reduction in serum tumour necrosis factor-alpha and interleukin-8 

in the treatment group compared with the control group (-0.45 ± 0.37 

versus 0.98 ± 0.38pg/ml, P = 0.01, and -0.20 ± 0.07 versus 0.02 ± 

0.07pg/ml, P = 0.04 respectively). The treatment strategy was associated 

with a non-significant reduction in duration of ventilation compared to the 

control group (180 (87-298) versus 341 (131-351) hrs, P = 0.13) and ICU 

stay (9.9 (5.6-14.8) versus 16.0 (8.1-19.3) days, P = 0.19). 

Conclusion: The treatment strategy improved oxygenation and 

compliance and reduced cytokine response over a 7 day period compared 

with the control group. These findings warrant further study in a larger trial. 
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Introduction 

Acute respiratory distress syndrome (ARDS) is an inflammatory condition 

of the lungs that is associated with high mortality1. Mechanical ventilation 

is a life supporting intervention that aims to maintain gas exchange in 

these patients, but it can also augment or initiate lung injury2. Lung-

protective mechanical ventilation strategies that aim to minimise tidal 

volume and plateau pressure have been the only intervention associated 

with improved patient survival3-4. 

Clinicians frequently use high positive end-expiratory pressure (PEEP) to 

improve alveolar recruitment in patients with ARDS. PEEP aims to counter 

the pulmonary shunt due to increased lung collapse resulting from 

inflammation. High PEEP maintains functional residual capacity and 

improves oxygenation5-6 and may even have an effect on reducing 

mortality associated with ARDS7-8. The best strategy to set optimal PEEP 

for an individual patient has not yet been established9-10.  

It is unclear whether lung recruitment maneuvers (LRM) add benefit to low 

tidal volume protective ventilation strategies in ARDS11-12. The most 

commonly used LRM requires the application of sustained continuous 

positive airway pressure (CPAP) at 35-40 cm H2O for 40 seconds2, 13-14. 

However this LRM method can be uncomfortable, may induce circulatory 

depression and has not been associated with improved outcomes in 

patients with ARDS13-14.  

We previously demonstrated that a staircase recruitment maneuver (SRM) 

was safe and effective for improving oxygenation and lung compliance for 

one hour in patients with ARDS15. The SRM involves a progressive 

increase in PEEP (up to 40 cm H2O) over several minutes with mandatory 

pressure control ventilation, resulting in intermittent higher pressures (55 

cm H2O) for longer duration and increased alveolar recruitment compared 

with static recruitment methods15. Borges and co-workers found that 

oxygenation benefits of the SRM can be maintained for up to six hours 

with the application of ―optimal‖ PEEP using a PEEP titration maneuver 

(described below)16. To our knowledge the effect of SRM and PEEP 
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titration on inflammatory markers or physiological indices has not been 

investigated beyond 6 hours.  

The potentially deleterious higher airway pressures observed in previous 

strategies that incorporated high PEEP and LRM‘s may be avoided by 

reducing tidal volume, a practice that may require permissive hypercapnia. 

It has been demonstrated in animals and humans that the acidosis 

induced by this hypercapnia, independent of any changes in ventilator 

strategy, may also confer benefit in ARDS17-19. 

The aim of this pilot trial was to compare a pressure control ventilation 

strategy that utilised SRM, high PEEP and permissive hypercapnia to limit 

airway pressures (PHARLAP; Permissive Hypercapnia, Alveolar 

Recruitment, Low Airway Pressures) with a control strategy (conventional 

ARDSnet ‗protective‘ volume controlled ventilation20) in patients with 

ARDS to determine the effect on inflammatory cytokines, physiological 

lung injury (arterial oxygenation and lung compliance) and rates of 

barotrauma over a seven day period.  

Methods 

This pilot randomized, controlled, parallel-group study was conducted 

between January 2008 and October 2009 at the Alfred Hospital. The 

Ethics Committees of The Alfred Hospital and Monash University 

approved the study. Informed consent was obtained from the next of kin.  

Twenty mechanically ventilated patients with ARDS21 were randomized to 

treatment (PHARLAP) or control groups using sequentially numbered 

sealed envelopes and stratified for severe sepsis22-24.  

Inclusion criteria were the diagnosis of ARDS25-26, age > 15 years, and the 

presence of both an intra-arterial and central venous catheter.  Exclusions 

were chest trauma, intercostal catheter with air leak, pneumothorax on 

chest x-ray, bronchospasm on auscultation, raised intracranial pressure, 

mean arterial pressure ≤ 60mmHg, arrhythmias or ventilation > 72 hours. 
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Interventions 

PHARLAP ventilation strategy included pressure control ventilation (PCV, 

15 cm H2O above PEEP) with patient‘s 30 degrees head up. For the SRM 

the fraction of inspired oxygen (FIO2) was reduced until SaO2 stabilised at 

90-92%, then PEEP was increased in a stepwise manner to 20, 30 and 

then 40 cm H2O every two minutes, then stepwise reduced from 25 cm 

H2O by 2.5cmH20 every three minutes until a decrease in SaO2 ≥ 1% from 

maximum SaO2 was observed (the de-recruitment point). PEEP was then 

increased to 40 cm H2O for one minute and returned to a PEEP level 2.5 

cm H2O above the de-recruitment point. PEEP was not increased to the 

next step if there was bradycardia or tachycardia (< 60 or > 140 bpm), new 

arrhythmia, hypotension (systolic blood pressure < 80mmHg) or 

hypoxaemia (SaO2 < 85%). Following the SRM, the tidal volume was 

decreased to achieve a plateau pressure ≤ 30 cm H2O. Hypercapnia was 

tolerated if pH was ≥ 7.15, but if not, respiratory rate was increased to a 

maximum of 38 bpm, and/or sodium bicarbonate was considered. PEEP 

was transiently elevated to 40 cm H2O for one minute for SaO2≤ 90% or 

after ventilator disconnection. The SRMs were repeated daily (with 

decremental PEEP titration) until the patient was ready for weaning (for 

weaning protocol see the online supplement).  

Control ventilation strategy was the ARDSnet protocol, with assist control 

ventilation and FiO2/PEEP titration20. Tidal volumes were limited to 6 

mls/kg and plateau pressures < 30 cm H2O. Acidosis (pH < 7.3) was 

managed by increasing minute ventilation and, if resistant, bicarbonate 

was recommended. LRMs and PCV were not used. 

Outcome measures 

The primary outcome was plasma interleukin-6 (IL-6) concentration. 

Plasma IL-6, IL-8, -IL-1β, IL-10, soluble-tumour necrosis factor receptor 1 

(s-TNF R1) and tumour necrosis factor-alpha (TNF-alpha) were measured 

from arterial blood samples at baseline, 3 hours, day 1, 3, 5 and 7. 

Cytokines were detected from centrifuged and aspirated plasma using 
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enzyme-linked immune-absorbent assays (ELISA, R&D Systems, Inc., 

Minneapolis, MN, USA). 

Respiratory and cardiovascular variables were measured at baseline, 1, 3, 

6 and 24 hours and then daily for up to 7 days. Derived variables were 

PaO2/FIO2 ratio and static lung compliance. Length of stay (LOS), length of 

mechanical ventilation (LOV) and hospital survival were recorded. 

Sample size 

Fifteen patients per group had 90% power to detect differences in the 

primary outcome in IL-6 based on a two-sided test for differences between 

groups of one standard deviation, (P 0.01 intraclass correlation of 0.2).    

Statistical analysis 

Normally distributed data was reported as means ± standard errors and 

non-normal data reported as medians (interquartile range). Group 

comparisons over time were performed using repeated measures analysis 

of variance. All models were fitted using the PROC Mixed procedure in 

SAS (SAS Version 9.1 SAS Institute Inc., Cary, NC, USA). A two-sided P-

value ≤ 0.05 was considered significant.  

Results 

Twenty patients with ARDS were enrolled (Figure 1). Baseline 

demographic data of the control and treatment groups are displayed in 

Table 1. The groups were similar at baseline. Nineteen of the twenty 

patients had severe sepsis. The patient without severe sepsis was 

randomised to the PHARLAP group and was ventilated for 873 hours, 

stayed in ICU for 51 days and did not survive. Slow recruitment resulted in 

revision to 10 subjects per group with 83% power to detect a difference. 

In the PHARLAP group, all 10 patients received a SRM with maximum 

PEEP of 40 cm H2O and a maximum plateau airway pressure of 55 cm 

H2O. Three patients transiently desaturated to <90% at maximum PEEP of 

40 cm H2O with no lasting adverse effects. There was no radiographic 

evidence of barotrauma during the seven day study period.  
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Two patients from the control group developed severe hypoxaemia (SaO2 

≤ 90% whilst receiving FiO2 0.9 and PEEP 18) and received rescue 

therapies (rescue recruitment maneuvers and inhaled nitric oxide). One 

patient in the control group died. Five patients in the PHARLAP group 

were extubated within the seven days compared to three in the control 

group. At day seven there were 5 PHARLAP group patients and 6 control 

group patients who remained on mechanical ventilation. 

There was no significant difference between the treatment and control 

groups in serum IL-6 or IL-1ß. There was a significant overall reduction in 

the baseline to day 7 plasma IL-8 reduction which was greater in the 

PHARLAP group (0.53 ± 0.12 to 0.21 ± 0.13 pg/ml) when compared to the 

control group (0.25 ± 0.12 to 0.24 ± 0.14 pg/ml, P = 0.04, Figure 2). There 

was a greater reduction in the baseline to day 7 plasma TNF-alpha in the 

PHARLAP group (4.1 ± 0.7 pg/ml to 3.3±0.8 pg/ml) when compared to the 

control group (2.3 ± 0.7 pg/ml to 3.3 ± 0.9 pg/ml ,P = 0.01, Figure 2). 

There were differences in baseline values of IL-8 and serum TNF-alpha 

between groups but the groups remained significantly different under an 

analysis of covariance with baseline IL-8 and TNF-alpha as the covariate 

(P=0.006 and 0.02 respectively).There were insufficient samples to 

complete measurement of IL-10 or s-TNF R1 because re-assay was 

required for several cytokines to meet the manufacturer‘s guidelines. 

Static lung compliance was significantly higher in the PHARLAP group 

compared to the control group over 7 days (49.1 ± 2.9 versus 33.7 ± 2.7, P 

< 0.001, Figure 3).  PaO2/FIO2 was significantly higher in the PHARLAP 

group compared to the control group over the first 24 hours (Figure 4) and 

over 7 days (204 ± 9 versus 165 ± 9, P = 0.005) despite no significant 

difference in FIO2 between the groups (Figure 5). To account for possible 

bias arising from differing extubation or dropout rates between groups, 

additional sensitivity analyses were conducted for compliance and 

PaO2/FIO2 with patients carrying their last observation forward (P = 0.01 

and 0.03 respectively).   
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PEEP was significantly higher in the PHARLAP group over the first 24 

hours (Table 2) and throughout the 7 days compared to the control group 

(PHARLAP 12 ± 0.5, control 9.5 ± 0.5, P = 0.004, Table 3). 

There were no other significant differences between the groups (Table 3) 

in respiratory and haemodynamic variables, peak or plateau pressures, 

pH, PaCO2 or SOFA scores during the 7 day period. Of note, the plateau 

pressures were kept less than 30 cm H2O throughout the study in both 

groups and the plateau pressures were not significantly higher in the 

PHARLAP group compared to the control group.  This occurred without a 

significant reduction in pH or elevation in PaCO2 in the PHARLAP group.  

The reductions in length of ventilation, length of stay in ICU and in hospital 

for the PHARLAP group were not statistically significant (Table 4). There 

was no significant difference in hospital mortality (Table 4).   

Discussion 

This pilot, randomised controlled study examined the efficacy of a multi-

faceted mechanical ventilation strategy that included permissive 

hypercapnia, staircase recruitment maneuvers, decremental PEEP 

titration, low airway pressure and pressure control ventilation in patients 

with ARDS27. This strategy appeared safe and led to significant 

improvements in oxygenation and lung compliance while reducing serum 

IL-8 and TNF-alpha over a seven day period. While the reductions in 

duration of mechanical ventilation, ICU and hospital length of stay in the 

PHARLAP group compared with the control group were not significant, our 

results suggest the PHARLAP ventilation strategy is promising and 

warrants further investigation. 

Static lung compliance decreased by nearly 30% in the control group over 

the first 24 hours and remained low for the duration of the study compared 

with the PHARLAP group, which had a significant increase in compliance. 

This suggests a greater degree of lung recruitment was sustained 

throughout the study in the PHARLAP group. This effect of the PHARLAP 
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strategy may be an important factor in ARDS to minimise the potential 

negative effects of ventilator induced lung injury.  

Arterial oxygenation, as measured by the PaO2/FIO2, in the PHARLAP 

strategy group was significantly improved at 24 hours compared to the 

control group, with significant improvements maintained for seven days. 

The beneficial effects of PEEP on oxygenation have been shown in a 

systematic review to be associated with improved survival in patients with 

ARDS8. It is unclear from our results whether the improved oxygenation 

was as a result of the increased PEEP, the SRM, both or another aspect 

of our multi-pronged strategy. However, the results of this trial expand to 7 

days the previous work by our group which demonstrated that the SRM 

with decremental optimal PEEP titration improved lung compliance and 

oxygenation for one hour15.   

The shorter duration of mechanical ventilation in the PHARLAP group 

resulted in smaller group size contributing to the mean values of 

PaO2/FIO2 and compliance as days progressed. This may have given the 

incorrect appearance of decreasing differences between the 2 groups 

especially considering that patients with better PaO2/FIO2 and compliance 

values are more likely to be extubated. We have attempted to correct for 

this by including a sensitivity analysis with last observation carried forward 

(Figures 3 and 5). In both analyses the differences between the PHARLAP 

and the control ventilation strategies were statistically significant with 

PHARLAP strategy improving PaO2/FIO2 and static lung compliance over 

7 days. 

It is unclear if these physiological improvements would translate into 

clinically meaningful outcomes such as improved survival. However, in our 

study the use of ‗hypoxic‘ rescue therapies was only required in the control 

group. Two of the patients in the control group required nitric oxide and 

PEEP levels higher than specified by the control group strategy to 

maintain adequate oxygenation.  

Although the study protocol recommended permissive hypercapnia and 

low airway pressures as two of the three components of the PHARLAP 
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strategy, mean PaCO2, pH and plateau pressure values were similar in 

both the PHARLAP and control groups. This suggests that these factors 

were not responsible for the different outcomes between the groups. The 

primary differences in strategies were the application of the recruitment 

maneuver and the higher PEEP level with a lower driving pressure (a 

consequence of higher PEEP and unchanged plateau pressure) in the 

PHARLAP group. This is in contrast to several randomised trials13-14, 28 all 

of which delivered a higher plateau pressure in the treatment group in 

association with a higher PEEP level. A recent meta-analysis has 

suggested that a low driving pressure may be an important independent 

variable in patient outcome in ARDS8. Interestingly our strategy achieved 

similar peak and plateau airway pressures in both groups despite 

increased levels of PEEP in the PHARLAP group.   

The potential for transient desaturation at maximum PEEP during SRMs 

with recovery to an improved saturation above baseline when PEEP was 

reduced has previously been described by our group15 and by others16. In 

this study maximum PEEP was associated with transient desaturation for 

three of the 10 patients who received SRM. There were no other adverse 

events reported. Previously, it has been reported that transient 

desaturation does not indicate a failure of the lungs to respond to a 

recruitment maneuver15. PHARLAP strategy ventilation improved lung 

compliance and oxygenation throughout the 24 hours despite transient 

desaturation in these three patients.  

Lung recruitment maneuvers that involve high airway pressures to achieve 

and maintain lung recruitment have the potential to cause 

overdistension29. Plasma levels of TNF-alpha, sTNF, IL1-beta, IL-8 and IL-

6 were analysed to determine if the SRM caused an increase in 

inflammatory markers which might reflect the systemic effects of over-

distension lung injury. Our results showed that the PHARLAP strategy 

resulted in an overall reduction of plasma IL-8 and TNF-alpha over 7 days 

that may have indicated a protective benefit associated with the treatment 

strategy. These results were not confirmed by the results of IL-6 and IL1-

beta, which may reflect the large heterogeneity of the patient population 
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and the small sample size. However further analysis of covariance, with 

baseline as a covariate, did not support this. 

Although this study was not adequately powered to determine longer term 

outcomes, it is interesting to note that the PHARLAP ventilation strategy 

was associated with about a one-third reduction in time on mechanical 

ventilation. Whilst these results were not statistically significant, we feel 

they should be investigated in a larger randomized trial. This pilot trial was 

designed to generate feasibility data for a larger randomized controlled 

trial in this area, however the PHARLAP strategy was found to be 

efficacious in improving physiological derangements. 

This study has a number of limitations. The unblinded nature of the study, 

coupled with the use of adjunctive interventions at the discretion of the 

intensive care physician in the case of severe hypoxaemia, could 

confound our results. Other limitations include the small sample size, the 

slow recruitment, which resulted in a reduction in the anticipated number 

of patients enrolled, and the single-centre design, which allowed rigorous 

education of the SRM but may confound the generalisability of the results 

to other populations. The small sample size meant the study was 

underpowered to detect significant differences in length of mechanical 

ventilation, ICU and hospital stay. Also, despite random allocation the 

static lung compliance at baseline was slightly higher and the PEEP was 

slightly lower in the treatment group (Table 1). These differences were not 

statistically significant at baseline, but may have influenced our results. 

Despite these limitations the PHARLAP intervention resulted in a 

significant increase in lung compliance and PaO2/FIO2 and a decrease in 

plasma IL-8 and TNF-alpha which was not observed in the control group. 

Conclusion 

This randomized controlled trial showed that the PHARLAP ventilation 

strategy was more effective than conventional protective ventilation in 

improving static lung compliance, oxygenation and plasma cytokines (IL-8 

and TNF-alpha) over 7 days. While reductions in duration of mechanical 

ventilation, ICU and hospital stay were not statistically significant, the 
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magnitude of these reductions warrant further investigation in a larger 

randomized trial.   
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Table 1. Baseline demographic data (mean ± SE) 

 PHARLAP Control P 

Number in group 10 10  

Male, number 7 6  

Age, years 60 ± 5 58 ± 4 0.65 

APACHE 2 score 20.1 ± 3 20.1 ± 2 0.99 

APACHE 3 score 66.3 ± 8 64.8 ± 7 0.89 

SOFA score 8.6 ± 0.9 8.4 ± 0.5 0.86 

PaO2/FIO2, mmHg 155 ± 8 149 ± 12 0.65 

Diagnostic group 5 pneumonia 

2 AAA 

1 necrotising 

fasciitis 

2 trauma 

6 pneumonia 

2 AAA 

1 burn 

1 sepsis 

 

Static lung 

compliance,     

ml/cm H2O 

45.8 ± 5.4 37.3 ± 5.4 0.48 

PEEP, cm H2O 11.8 ± 0.7 14.2 ± 1.2 0.09 

AAA: abdominal aortic aneurysm repair, APACHE: acute physiology and 

chronic health evaluation, PEEP: positive end expiratory pressure, SE: 

standard error, SOFA: sequential organ failure assessment score 
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Table 2. Respiratory variables during the first 24 hrs of treatment 

(mean ± SE) *P < 0.05 for differences between PHARLAP and control 

groups. 

 1 hour 3 hours 6 hours 24 hours 

 PHARLAP Control PHARLAP Control PHARLAP Control PHARLAP Control 

VT, mls 519 ± 56 501 ± 30 517 ± 51 529 ± 58 529 ± 56 542 ± 49 463 ± 42 563 ± 65 

RR, bpm 21 ± 2 21 ± 1 20 ± 2 21 ± 2 21 ± 2 21 ± 2 22 ± 2 20 ± 2 

FIO2 0.47 ± 0.03 0.59 ± 0.04 0.5 ± 0.04 0.5 ± 0.03 0.4 ± 0.05 0.57 ± 0.05 0.4 ± 0.04 0.5 ± 0.04 

PEEP, 

cm H2O 

17.4 ± 1 11.6 ± 1 17.4 ± 1* 11 ± 0.5 16.7 ± 1* 10 ± 0.6 15 ± 1* 10 ± 0.5 

Pplateau

, cm H2O 

28.9 ± 1.2 27.1 ± 1.2 28.3 ± 1.1 26.6 ± 1.1 29 ± 0.8 26 ±0.8  27.6 ± 1.5 26.9 ± 1.4 

Arterial 

pH 

7.34 ± 0.02 7.36 ± 0.02 7.34 ± 0.02 7.34 ± 0.03 7.34 ± 0.02 7.36 ± 0.01 7.36 ± 0.01 7.35 ± 

0.01 

PaCO2, 

mm Hg 

49 ± 5 46 ± 5 47 ± 4 48 ± 6 48 ± 3 45 ± 3 45 ± 3 46 ± 3 

VT: tidal volume, RR: respiratory rate, FIO2: fraction of inspired oxygen, PEEP: positive 

end expiratory pressure, Pplateau: plateau pressure, PaO2/FIO2: partial pressure of 

oxygen to inspired fraction of oxygen ratio, PaCO2: partial pressure of carbon dioxide 
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Table 3. Respiratory variables during 7 days of treatment (mean ± SE)   

* P < 0.05 for differences between PHARLAP and control groups. 

 Baseline Day 1 

 PHARLAP Control PHARLAP Control 

VT, mls 519 ± 56 501 ± 30 463 ± 42 563 ± 65 

RR, bpm 21 ± 2 21 ± 1 22 ± 2 20 ± 2 

FiO2 0.48 ± 0.06 0.57 ± 0.06 0.4 ± 0.04 0.5 ± 0.04 

PEEP, cm H2O 11.8 ± 0.7 14.2 ± 1.2 15 ± 1* 10 ± 0.5 

Pplateau, cm 

H2O 

28.4 ± 1.5 29 ± 1.5 27.6 ± 1.5 26.9 ± 1.4 

Arterial pH 7.34 ± 0.02 7.36 ± 0.02 7.36 ± 0.01 7.35 ± 0.01 

PaCO2, mm Hg 49 ± 5 46 ± 5 45 ± 3 46 ± 3 

 

 Day 3 Day 7 

 PHARLAP Control PHARLAP Control 

VT, mls 586 ± 58 511 ± 55 528 ± 76 579 ± 78 

RR, bpm 19 ± 2 24 ± 2 22 ± 2 22 ± 2 

FiO2 0.5 ± 0.07 0.55 ± 0.06 0.5 ± 0.07 0.5 ± 0.09 

PEEP, cm H2O 12.1 ± 1.5 9.3 ± 1.4 8.5 ± 1.8 7.8 ± 2.0 

Pplateau, cm 

H2O 

24.2 ± 2.4 24 ± 2.1 21 ± 2.9 20.± 3.4 

Arterial pH 7.38 ± 0.03 7.44 ± 0.03 7.42 ± 0.03 7.42 ± 0.04 

PaCO2, mm Hg 47.6 ± 3.7 44 ± 3.5 43.3 ± 4 56.5 ± 5 

Vt: tidal volume, RR: respiratory rate, FIO2: fraction of inspired oxygen, PEEP: positive 

end expiratory pressure, Pplateau: plateau pressure, PaCO2: partial pressure of carbon 

dioxide 
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Table 4. Outcomes 

 PHARLAP Control P 

Hospital mortality, number 3 2 0.61 

LOV, hours 180 (87-298) 

 

341 (131-351) 

 

0.13 

ICU LOS, days 9.9 (5.6-14.8) 

 

16.0 (8.1-

19.3) 

0.19 

Hospital LOS, days 17.9 (13.7-

34.5) 

 

24.7 (20.5-

39.8) 

 

0.16 

Barotrauma, number 0 0  

Rescue therapies, number of 

patients 

0 2 0.46 

SOFA score (day 7) 8.6 ± 0.3 8.4 ± 0.6 0.27 

LOV: length of ventilation, ICU LOS: intensive care length of stay, LOS: length of stay, 

SOFA: sequential organ failure assessment 
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Figure 1. CONSORT flowchart of the study. CONSORT=Consolidated 

Standards of Reporting Trials; AAA=abdominal aortic aneurysm; 

COPD=chronic obstructive lung disease; ICP=intracranial pressure; 

PaO2/FIO2= partial pressure of oxygen to inspired fraction of oxygen ratio.  

1920 mechanically ventilated patients 

in ICU screened Dec 2007 – Nov 2009 

 

52 diagnosed with ARDS 

 

29 excluded 

- 10 chest trauma and air leak  

- 5  COPD 

- 6 raised ICP 

- 8 improved PaO2:FIO2  

23 sought consent                           

3 refused consent 

 

20 randomised 

         

 

10 treatment group   10 control group 

5 pneumonia    6 pneumonia 

2 AAA     2 AAA 

1 necrotising fasciitis  1 burn 

2 trauma    1 sepsis 

 

 

  Trial completed (n=10)  Trial completed (n=10) 
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Figure 2. IL-8 and TNF-aplha measured over 168 hours or 7 days (mean 

± SE). There was a significant overall reduction in serum tumour necrosis 

factor-alpha and interleukin-8 in the treatment group compared with the 

control group (-0.45±0.37 versus 0.98±0.38pg/ml P=0.01 and -0.20±0.07 

versus 0.02±0.07pg/ml P=0.04 respectively).          
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Figure 3. Static lung compliance measured in ventilated patients for 7 

days (mean ± SE). There was a significant overall improvement in static 

lung compliance in the PHARLAP group compared to control group 

patients.  A= missing data analysed as random P=0.001,   B = last 

observation carried forward P=0.01 
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Figure 4. PaO2/FIO2 measured over the first 24 hours in ventilated 

patients (mean ± SE). PHARLAP group had a significant overall increase 

in PaO2/FIO2 compared to control group patients (*P<0.01). 
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Figure 5. PaO2/FIO2 measured over 7 days in ventilated patients (mean ± 

SE). There was a significant overall improvement in PaO2/FIO2 ratio in 

PHARLAP compared to control group patients. A= missing data analysed 

as random, P = 0.005.  B=last observation carried forward, P=0.03. 

 

 

 

* 
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Main findings and advances to knowledge in this thesis 

The primary aim of the research reported in this thesis was to examine the 

efficacy of a new staircase recruitment manoeuvre in ventilated adult 

patients with ARDS. This study was motivated by a desire to improve the 

care and outcome of patients with severe ARDS with life threatening 

illness. At the outset of this research there was little guidance in the 

literature regarding suitable recruitment manoeuvres for such patients or 

how they should be applied11.  

The absence of consistent recommendations regarding the use of RMs in 

patients with ARDS, coupled with the knowledge of the importance of low 

tidal volume ventilation strategies (protective ventilation strategies)5 

required that the safety and efficacy of RMs be clarified from the current 

literature. The Cochrane review applied meta-analysis and concluded that 

RMs were not associated with adverse events such as reduced blood 

pressure or rate of barotrauma compared to standard care in patients with 

ARDS. In addition, the review concluded that ventilation strategies that 

included static RMs had no apparent effect on ICU mortality, 28 day 

mortality or in hospital mortality. The only type of RM that had been 

included in a trial of ventilation for patients with ARDS at the time of the 

review was a static RM (40cmH2O for 40 seconds). The effect of the RM 

could not be clearly isolated from other components of the ventilatory 

strategies. 

The systematic review highlighted the limited number of trials assessing 

the effects of RMs in patients with ARDS. Only three randomized 

controlled parallel trials and four cross-over trials were available at the 

time the review was completed. Recruitment manoeuvres varied in design 

across studies with regards to maximum alveolar pressure, duration of the 

RM and mode of ventilation used. There was a risk of bias as there was 

no blinding of assessors. Cross-over trials rely on a washout period to 

reduce carry-over effects and as full effect removal after the point of cross 

over cannot be guaranteed in the trials of RMs, the best data for analysis 

in such a design would be obtained at the point of cross. Despite attempts 
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to contact authors for additional information, these data were not available 

for any of the included studies.  Oxygenation was improved with a RM for 

a transient period of time (10 minutes) but there were no data available 

about longer time periods. There was insufficient evidence to make 

confident recommendations about optimal transpulmonary pressure, 

length of time at that pressure, optimal frequency of delivering a RM or 

level of PEEP to maintain after a RM in patients with ARDS. The findings 

of the systematic review confirmed that static RMs were safe and 

improved oxygenation for a short period of time but did not improve longer 

term outcomes. The limitations of the sustained inflation are further 

discussed in the editorial for Critical Care and Resuscitation53 (Appendix 

11).   

This thesis reports the outcomes of a new staircase recruitment 

manoeuver with increased transpulmonary pressures (55 cm H2O versus 

40 cm H2O used with a static RM) held for a longer period of time (8 

minutes versus 40 seconds used with the static RM). The SRM was found 

to be safe in an observational trial of 20 patients with ARDS, despite 

transient desaturation or hypotension during the SRM13. The SRM used 

decremental PEEP titration to determine optimal PEEP for each person. It 

appeared to be effective in improving shunt fraction, lung compliance and 

oxygenation for a period of an hour even in patients who had transient 

desaturation during the SRM.  Patients who desaturate during RMs have 

previously been classified as non-responders and unsuitable for a strategy 

including RMs. Our results indicated that while some patients reduce their 

oxygen saturation during the SRM these effects are transient and 30 

minutes after the SRM these patients had increased their shunt fraction 

and PaO2/FIO2 significantly from baseline and it was maintained for at 

least an hour. 

This thesis identified two important bedside outcome measures used to 

assess the effect of RMs and discussed the limitations of some of the 

other methods used. Lung recruitment can be measured using imaging 

techniques such as computerised tomography and electrical impedance 

tomography, however these are expensive and not readily available at the 
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bedside10,54-57. Lung recruitment can also be assessed using indices of 

oxygenation or ventilator waveforms27,58-59.  A study was performed to 

compare two methods of assessing the immediate arterial oxygenation 

saturation response of a patient with ARDS to a RM. In chapter three a 

comparison of forehead sensors versus finger sensors with pulse oximetry 

found that the finger sensor was more reliable and sensitive at high levels 

of PEEP compared to the forehead sensor. This has led to world-wide 

distribution of important product information that limits the reliability of the 

Maxfast forehead sensors under conditions of high PEEP despite 

theoretical advantages. 

The work in this thesis included the testing of a digital scoring procedure 

for chest X-rays in intensive care which measures changes in lung area 

after a SRM.  The digital technology allowed the development of a protocol 

to quantify changes in lung area which was both reliable and valid, but the 

measurement of lung radiolucency was less useful in clinical practice as 

there was significant test-retest variations.  

Finally, the SRM with decremental PEEP titration was included in a 

randomised controlled trial comparing protective ventilation (permissive 

hypercapnia, alveolar recruitment and low airway pressure; PHARLAP) to 

a standard protective ventilation strategy15. A pilot trial was required to 

determine physiological changes with the PHARLAP ventilation strategy 

and surrogate outcome measures were used, including plasma cytokine 

response. It was found that PHARLAP ventilation strategy was more 

effective than conventional ARDSnet ventilation, with improved lung 

compliance and oxygenation for at least seven days. There were no 

changes in plasma cytokines that may be expected with a ventilation 

strategy that included RMs to a maximum pressure of 55 cm H2O. There 

were trends towards reduced length of ventilation and reduced intensive 

care and hospital length of stay. The primary differences between 

PHARLAP and control ventilation were the SRM, higher PEEP and a 

smaller difference between inspiratory and expiratory pulmonary 

pressures60. This was the first randomized trial describing a SRM as part 

of a ventilation strategy. Results will be used as feasibility data to apply for 
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funding to support a larger trial powered to detect clinically relevant long 

term outcomes, including duration of mechanical ventilation and length of 

stay in intensive care and hospital. 

Future Directions 

Over the past 12 years there have been at least eight large randomized 

trials investigating the management of ALI and ARDS4-5,36,51,61-64. Only two 

of these trials had positive outcomes, with significant reductions in 

mortality. In the two positive trials there was a large clinical difference in 

tidal volume delivered between the treatment group and the control group 

(6ml/kg versus 12 ml/kg) which resulted in a reduction in mortality (10%4 

and  30%5 absolute reduction in mortality). In the negative trials it is 

possible that the difference in treatment strategies between the groups 

was inadequate to demonstrate a statistically significant reduction in 

mortality, despite consistent but small reductions in this outcome36,61-65. 

Even when the overall power of the trials was increased, with dramatically 

larger samples, there was no difference in mortality36,51,62,64. In the most 

recent trials, the numbers of patients included totaled 767 and 980 

respectively, but the ventilation strategies between the control and 

treatment groups were similar, particularly with regard to the plateau 

pressures (less than 30 cm H2O)36,51. It is possible that each of the trials 

investigated a small aspect of the management of patients with ARDS, 

such as high PEEP or recruitment manoeuvres, and showed a small 

mortality benefit that was not significant. It is hypothesized that the 

synergy of treatment is important in managing patients with ARDS. It is 

possible that future trials may require a treatment strategy that combines 

the effects of several different factors in order to show a significant 

difference in longer term outcomes. These factors may include combining 

low tidal volumes, low plateau pressure, high PEEP and recruitment 

manoeuvres19,39,66. 

We have demonstrated that SRMs as part of a protective ventilation 

strategy are effective in improving lung compliance and oxygenation for 

seven days in patients with ARDS. Future research needs to be 
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undertaken to determine the effect of the same ventilation strategy 

included in a randomized controlled trial powered adequately to detect 

changes in length of time on mechanical ventilation and length of stay in 

intensive care and in hospital. Power calculations performed using the 

data presented in this thesis indicated that to detect a difference in 

duration of mechanical ventilation with 90% power, this will require a large 

multi-centre trial with 70 patients in each group.  

The prevalence of patients with ARDS in the intensive care units in 

Australia is 42/678 (6.2%) of total ICU admissions (Australia New Zealand 

Intensive Care Society Clinical Trials Group Point Prevalence Data, 2009). 

It is possible that only half of the patients with ARDS may be included in a 

trial due to issues related to consent, requirements for surgery and other 

interventions or criteria that exclude them from a trial. Therefore any future 

trial of 140 patients with ARDS will require two years of data collection 

from a minimum of eight different sites. 

This proposed study should examine a number of aspects of the efficacy 

of treatment. These may include: 

 Adherence to the SRM protocol and to the control protocol 

 Adverse events, including whether the entire SRM was tolerated 

 Time to spontaneous ventilation 

 Cost effectiveness, particularly if significant outcomes include 

reduced duration of ventilation or length of stay 

 The relationship between lung compliance and duration of 

mechanical ventilation 

 Long term comparison of the quality of life of survivors 

 Long term comparison of respiratory function tests of survivors 

 In the PHARLAP strategy, optimal PEEP was approximated by titrating 

PEEP according to the response to arterial oxygen saturation. The method 

used in this work was simple but may have a number of limitations. The 

detection of oxygen saturation may be delayed if the lungs do not deflate 

immediately, or if the gas exchange is inadequate due to compressed 
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blood vessels under pressure or if oxygen saturation is offset by improved 

circulation and reduced venous oxygen saturation13. While the method 

used in the PHARLAP study was simple to perform at the bedside it may 

not be the most accurate method of setting PEEP in patients with 

ARDS48,67-69. Further work is required to determine the most accurate and 

effective method of establishing optimal PEEP after SRMs.  

Other researchers have attempted to evaluate chest X-rays using a variety 

of methods70-72 but the gold standard for the assessment of lung 

recruitment remains computerised tomography72-73. We have identified a 

simple and effective way of assessing change in lung area that may be 

used with digital radiology using chest X-rays in intensive care.  This 

method of assessing lung area should be compared head to head with 

computerised tomography to assess whether the more clinically accessible 

measure of lung area on chest X-ray is sufficient to direct clinical decision 

making in people with ARDS undergoing RMs. 

Currently no randomized controlled trial has compared long term 

outcomes of a ventilation strategy including recruitment manoeuvres to 

mechanical ventilation without recruitment manoeuvres where all other 

parts of the strategy are constant. This may be difficult in the clinical 

setting as RMs should be used as part of a strategy that includes 

individual PEEP titration and protective ventilation.  

Further investigation is required to directly compare the effect of the static 

RM (40 cmH2O for 40 seconds) compared to the SRM in ventilated 

patients with ARDS. This is particularly important as the international trend 

is to include the static RM in clinical trials despite the fact that it has not 

improved outcomes in two large randomized trials27,36. This would 

determine whether 

 the static RM was tolerated compared to the SRM in terms of 

desaturation and hypotension 

 patients who desaturate during the RM respond by improving their 

oxygenation after the RM with both the static and staircase RM 
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 the effects of both types of RMs are maintained for similar periods 

of time 

Analysis of the literature indicated that it would be advantageous to 

conduct an individual patient data meta-analysis to determine the effect of 

RMs on patients with ARDS. This was attempted during the work 

presented in this thesis by contacting all authors included in the Cochrane 

review; however we were unable to attain the individual patient data 

required to perform the analysis. Individual patient data may provide 

insight into differences in outcome between patients with ARDS versus 

ALI, pulmonary versus extrapulmonary ARDS and early versus late 

inclusion of patients with ARDS into trials. International research groups 

investigating patients with ARDS might consider sharing deidentified 

individual patient data via an ARDS website, similar to the current use of 

data by the US ARDS network. 

Although these results indicate that it may be possible to use SRMs safely 

and effectively in patients with ARDS, it is unclear whether SRMs would be 

safe and effective in other patient groups. Patients with acute lung 

collapse might be treated with manual or ventilator hyperinflation to 

increase tidal volumes and open collapsed alveoli. It may be possible to 

use SRMs to recruit collapsed lung in this patient group. Potentially, this 

may result in overdistension of normal lung units rather than recruitment of 

collapsed lung units. It may also result in increased transpulmonary 

pressure which may affect venous return, reduce cardiac output and 

dramatically reduce blood pressure.  

Patients with ARDS may require rescue therapies to treat severe 

hypoxemia such as high frequency oscillatory ventilation or extra-

corporeal membrane oxygenation. It may be possible to reduce the 

requirement for such rescue therapies by introducing a protocol to trial the 

use of a SRM rather than commencing these other therapies. During the 

H1N1 epidemic the SRM protocol was used with severely hypoxic patients 

with ARDS and two of these patients did not require the planned rescue 

therapies after the SRM (personal communication between the intensive 
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care consultants, The Alfred Hospital, Melbourne). It is important to 

determine whether delaying the use of rescue therapies is indeed 

beneficial or detrimental to long term outcomes in a larger sample of 

patients with ARDS. 

Further investigation is required to assess the use of high frequency 

oscillatory ventilation in patients with severe hypoxemia as a rescue 

therapy. It is possible to perform a RM using the oscillator to slowly 

increase mean alveolar pressure to recruit collapsed alveoli74-77. The 

alveoli may then be maintained by the increased mean alveolar pressure 

delivered by the oscillatory ventilator. The optimal RM to use with the 

oscillator has not been determined.  

The primary treatment for ARDS is low tidal volume ventilation; however 

our clinical experience, mirrored by other reports in the literature28,78-79, is 

that low tidal volume ventilation alone is not enough to improve gas 

exchange, lung compliance and ultimately reduce lung injury associated 

with collapse and re-expansion of alveolar units. Clinicians seeking to 

provide evidence-based treatment for patients with ARDS are confronted 

with an array of literature about recruitment manoeuvres that is often 

conflicting. This thesis provides evidence that staircase recruitment 

manoeuvres in patients with ARDS appears to have positive physiological 

outcomes and could also result in improved longer term outcomes. The 

work reported here contributes to the refinement of recruitment 

manoeuvres, and enables more effective ventilatory strategies for those 

who are critically ill with ARDS.  
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Person Responsible Consent Form 

THE ALFRED 

 

Person Responsible 

Plain language statement 

Principal Researcher: 

Carol Hodgson 

Associate Researchers: 

A/Prof D Tuxen 

Prof Jenny Keating 

Dr A Holland 

Dr A Davies 

Title: The cardiac and respiratory response to a stepwise recruitment 

manoeuvre in ventilated patients with acute lung injury. 

Project number: 138/06    Version number:5        Date: 20.06.07 

 

  

 This plain language statement is 6 pages long. Please make sure 

you have all the pages 
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Introduction 

We would like to include your relative in this research project ―The cardiac 

and respiratory response to a stepwise recruitment manoeuvre in 

ventilated patients with acute lung injury.‖ and we understand that he/she 

cannot consent for him/herself, at this stage. As the ‗person responsible‘ 

for your relative, you are invited to consider your relative‘s participation in 

this research project. Victorian law allows the person responsible for a 

patient to consent to the patient taking part in medical research where the 

patient is unable to provide consent for themselves. Before you decide 

whether or not you would like your relative to participate we would like to 

give you more information about the study to help you make the decision 

that will be best for your relative. One of the researchers will explain the 

background and purpose of the study to you and why your relative may be 

suitable to participate. You will also be given this plain language statement 

to keep. 

This plain language statement contains detailed information about the 

research study. Its purpose is to explain to you as openly and clearly as 

possible all procedures involved with this study before you decide whether 

or not you would like your relative to take part in it. Please read the 

information carefully and ask any questions as they come to you. You may 

wish to discuss this study with other family members, friends or your local 

health worker. Please feel free to do this.  

Once you understand what the project is about and if you do not have any 

objections to your relative taking part in it you will be asked to sign the 

acknowledgment form. By signing the acknowledgment form, you indicate 

that you understand the information and that you acknowledge your 

relative‘s participation in the research project. 

What is the study about? 

This study involves collecting information about the heart and lungs when 

a patient is undergoing a procedure called a ―recruitment manoeuvre‖. A 

recruitment manoeuvre is used as standard care with a patient on a 
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ventilator to try and increase the amount of oxygen they receive by 

opening areas of the lung that have collapsed with illness and mechanical 

ventilation. A recruitment manoeuvre will be performed on your relative as 

part of standard care and separately to this study as decided by the 

intensive care doctors. 

For the purpose of the research project we would like to  measure their 

heart and lungs during the recruitment manoeuvre using the lines and 

monitors already in place. 

Why is my relative suitable for this study on recruitment 

manoeuvres? 

Your relative is suitable for the study because they have an acute lung 

injury and the intensive care doctor has decided to perform a recruitment 

manoeuvre as part of their care. Only patients with acute lung injury 

requiring help with their breathing on a ventilator are able to take part in 

this study. We propose to collect data about the heart and lungs if the 

intensive care doctor performs a recruitment manoeuvre. 

What will happen during the study? 

For the study we will measure the heart and lungs (oxygen levels, heart 

rate, blood pressure, lung compliance) using the equipment they are 

already attached to in intensive care throughout this time. No extra lines or 

tubes will need to be attached for this study. We will measure their heart 

and lung function for the period of the recruitment manoeuvre (18 minutes 

altogether) and for an hour after the manoeuvre. We will collect 

approximately one teaspoon of extra blood to look at their oxygen levels. 

We will also collect information about your relatives stay in hospital 

including their illness, how long they stay in intensive care and on a 

respirator and the outcome of their illness. We will collect information 

about the effects of the recruitment manoeuvre was and whether there 

were complications associated with performing the manoeuvre. 
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What are the benefits of the study? 

This study is about collecting data during a recruitment manoeuvre. There 

is no additional benefit to your relative as a result of the data collected 

however the results will help us to provide the best possible care to our 

patients. 

What are the risks/side effects associated with the study? 

This procedure is performed in our intensive care unit is already used in 

patients with acute lung injury as standard care. The patient will be 

monitored at all times for side effects, which is also our usual practice. 

There are no extra risks associated with data collection for this study.  

How many participants will be involved? 

Twenty patients entering the Alfred Intensive Care Unit will be enrolled 

over one year. 

Does my relative have to take part in the study? 

Participation in any research project is voluntary. If you do not want your 

relative to take part, you are not obliged to include them. If you agree at 

this stage for them to take part and then later change your mind, you can 

withdraw them from the study at any time. If you have any questions about 

your relative‘s involvement in the study at any time please contact Carol 

Hodgson, the main investigator on 9206 3450. 

Any decision you make will not affect your relationship with the Alfred or 

your relative‘s treatment and his/her relationship with the Alfred. If you 

decide that you do not want your relative to participate in the study they 

will continue to receive the best possible current treatment and care. 

If you decide that you would like your relative to participate in the study, 

then the researchers will make sure they discuss the study with your 

relative when he/she is well enough to understand. Your relative can then 

make a decision about whether he/she want to continue with the study. 
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Once again, any decision they make will not affect their treatment or their 

relationship with the Alfred. 

Is anyone else involved with decision making? 

The decision about involving your relative in the study is entirely up to you 

and any other family members that you want involved in the decision 

making process.  

Will taking part in the study cost my relative anything? 

There will be no cost to your relative if they take part in the study. 

How will results be kept confidential and how will they be reported? 

No identifying information will be used in any reports or publication of this 

study. Your relative cannot be identified. Records for the study will be kept 

in a secure filing cabinet in a secure office. A database with study 

information will be generated and this will be kept in a computer that is 

password protected. Records pertaining to the study will be kept 

indefinitely. 

The findings of the study will be published in a medical journal. A report for 

participants and their families will be prepared and will be available from 

the researchers listed below. The findings will not be available until such 

time that all participants have completed follow up and the data collected 

and analysed (June 2008).  

Where can I get further information about the study? 

You can get further information about the study by contacting the project 

manager or study researchers. 

 Carol Hodgson Project Manager 9076 3450 or 

9206 2000 

 A/Prof David Tuxen Principal Investigator 9076 3050 

 Andrew Davies Principal Investigator 9076 3036 
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Ethical guidelines 

This project will be carried out according to the National Statement on 

Ethical Conduct involving Humans (June 1999) produced by the National 

Health and Medical Research Council of Australia. The Human Research 

Ethics Committee of this hospital has approved the ethical aspects of this 

study.  

 

In the event that you suffer an injury as a result of participating in this research 

project, hospital care and treatment will be provided by the public health service 

at no extra cost to you. 

 

If I have any issues about my relative’s involvement who do I 

contact? 

If you have any complaints about any aspect of the project, the way it is 

being conducted or any questions about the rights of research 

participants, then you may contact   

Ms Rowan Frew 

   Ethics Manager 

   Research & Ethics Unit 

   Ph: 9076 3848 
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Person Responsible Consent Form 
Principal Investigators: 

Carol Hodgson, A/Prof D Tuxen, Prof Jenny Keating, Dr A Holland, Dr A 

Davies 

Title: The cardiac and respiratory response to a stepwise recruitment 

manoeuvre in ventilated    patients with acute lung injury. 

Project number: 138/06 Version number:5  Date:  20/06/2007 

I have read, or have had read to me and I understand the Participant 

Information version 5 dated 20/06/2007. 

I am the Person Responsible for                                    I consent to the 

participation of   

                                in the research project named above, according to the 

conditions in the Participant Information.  

I believe the carrying out of the procedure is not contrary to the best interests 

of  

                                              . 

I will be given a copy of the Person Responsible Information and Consent 

Form to keep. 

The researcher has agreed not to reveal                                       ’s identity 

and personal details if information about this project is published or presented 

in any public form.   

Participant’s Name (printed) …………………………………………………… 

Name of Person Responsible (printed) ……………………………… 

Relationship to participant: …………………………………………………… 

 

Signature        Date 
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Witness to Signature (printed) ……………………………………………………   

Signature        Date 

 

Declaration by researcher*: I have given a verbal explanation of the research 

project, its procedures and risks and I believe that the person named above 

as the Third Party has understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

 

* A senior member of the research team must provide the explanation and 

provision of information concerning the research project.  

Note: All parties signing the Consent Form must date their own signature. 
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Person Responsible Revocation of Consent 

 

Principal Investigators: Carol Hodgson 

 

Title: The cardiac and respiratory response to a stepwise recruitment 

manoeuvre in ventilated patients with acute lung injury. 

 

Project number: 138/06 Version number: 5 Date: 20/06/2007 

 

---------------------------------------------------------------------------------------------------------------------------------------------------- 

 

I hereby wish to WITHDRAW my consent to the participation of 

________________________ in the research proposal named above and 

understand that such withdrawal WILL NOT jeopardise any treatment or my 

relationship with The Alfred Hospital. 

 

Participant‘s Name (printed) ……………………………………………………. 

 

Signature      Date 
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Participant information sheet and continuing 

consent form 

 

Principal Investigator: Carol Hodgson 

 

Title: The cardiac and respiratory response to a stepwise recruitment 

manoeuvre in ventilated patients with acute lung injury. 

 

Project number: 138/06 Version number: 4 Date: 16.03.2007 

 

 

This participant information sheet is 5 pages long. Please make sure you 

have all the pages. 

 

Introduction 

The Alfred Ethics Committee has approved your enrolment in this research 

study at a time when you were unable to give your consent. We now wish 

to know whether you would like to continue to participate in this study. 

Before you decide whether or not to continue to be involved, we would like 

to give you more information about the study to help you make the 

decision. One of the researchers will explain the background and purpose 

of the study to you and why you were suitable to participate in it. You will 

also be given this information sheet to keep. 
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This participant information sheet contains detailed information about the 

research study. Its purpose is to explain to you as openly and clearly as 

possible all procedures involved with this study before you decide whether 

or not you would like to continue to take part in it. Please read the 

information carefully and ask any questions as they come to you. You may 

wish to discuss this study with other family members, friends, or your local 

health worker. Please feel free to do this. 

Once you understand what the project is about and if you decide to 

continue to be involved you will be asked to sign the consent form. By 

signing the consent form, you indicate that you understand the information 

and that you agree to continue to participate in the research study. 

What is the study about? 

This study is about collecting data during a standard procedure in 

intensive care. Over the past few years, a sustained deep breath called a 

―recruitment manoeuvre‖ has been used as standard care to try to reverse 

the effects of lung injury and pneumonia in patients on respirators. What 

we are aiming to do in this study is to find out whether patients who have 

developed lung injury or pneumonia are better off to receive a recruitment 

manoeuvre from time to time to improve the level of oxygen in their blood. 

How did I become involved in the study? 

You were suitable for the study because you became very unwell and you 

were admitted to the ICU to receive treatment using a ventilator 

(breathing) machine for acute lung injury.  

Was anyone else involved with decision making? 

Your family were asked to give consent for your participation in the study 

at a time when you were unable to give your own consent. 



Appendix 3 : Delayed patient consent and information 

174 

What happened/happens to me during the study? 

As part of the standard care given to you while you were unwell you were 

positioned on your back with the ventilator set to deliver the recruitment 

manoeuvre very slowly.  

As part of the study we measured your heart and lungs (oxygen levels, 

heart rate, blood pressure, lung compliance) using the equipment attached 

to you in intensive care throughout this time. No extra lines or tubes were 

needed to be attached for this study however we did take approximately 

one teaspoon extra of blood to measure your oxygen levels during the 

manoeuvre. We measured your heart and lung function for the period of 

the recruitment manoeuvre (18 minutes altogether) and for an hour after 

the manoeuvre. We also collected information about your stay in hospital 

including your illness, how long you stayed in intensive care and on a 

respirator and the outcome of your illness. We collected information about 

the effects of the recruitment manoeuvre and whether there were 

complications associated with performing the manoeuvre. 

What are the benefits to me of being involved in the study? 

We cannot guarantee or promise that you will have individually benefited 

from the study. The results of this study are aimed at improving clinical 

care of our patients. 

What are the risks/side effects associated with the study? 

This procedure (recruitment manoeuvre) is performed in our intensive care 

unit and is used in some patients with acute lung injury as standard care. 

You were monitored at all times for side effects, which is also our usual 

practice. 

There were no extra risks associated with the data collection for this study. 

How many participants will be involved? 

20 patients from intensive care will be enrolled over a 1 year period at the 

Alfred. 
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Do I have to take part in the study? 

Participation in any research project is voluntary. If you do not wish to 

continue to participate in this study you are not obliged to. If you decide to 

continue to take part and then later change your mind, you can withdraw 

from the study at any time. If you have any questions about your 

involvement in the study at any time please contact Carol Hodgson the 

Principal Investigator on 9076 3450. 

Whatever decision you make your relationship with Alfred staff will not be 

affected. If you decide to continue your participation and later change your 

mind, again your relationship with Alfred staff will not be affected. 

Will taking part in the study cost me anything? 

There will be no cost to you if you take part in the study. 

How will results be kept confidential and how will they be reported? 

No identifying material will be used in any reports or publications of this 

study. Records for the study will be kept in a secure filing cabinet in a 

secure office. A database with study information will be generated and this 

will be kept in a computer that is password protected. Records relating to 

the study will be kept indefinitely. 

The findings from the study will be published in a medical journal. If you 

wish to know the results of the study, please contact one of the 

researchers listed below. The findings will not be available until all the 

participants have completed follow up and the data has been collected 

and analysed.  

Where can I get further information about the study? 

You can get further information about the study by contacting one of the 

investigators 

. 

Carol Hodgson  Principal Investigator 9076 3450 or 9076 2000 

Dr Andrew Davies Co-investigator 9076 3036 or 9076 2000 
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Dr Anne Holland Co-investigator 9076 3450 or 9076 2000 

A/Prof David Tuxen Co-investigator 9076 2000 

 

Ethical guidelines 

This project will be carried out according to the National Statement on 

Ethical Conduct involving Humans (June 1999) produced by the National 

Health and Medical Research Council of Australia. The Human Research 

Ethics Committee of this hospital has approved the ethical aspects of this 

study.  

 

 

If I have any other issues with the study, whom do I contact? 

If you have any concerns about your involvement in the study, any aspect of the 
project, the way it is being conducted or any questions about your rights as a 
research participant, then you may contact: 
 

   Ms Rowan Frew 

   Ethics Manager 

   Research and Ethics Unit 

   Ph: 9076 3848  
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Consent Form 
 

Principal Investigators:  Carol Hodgson 

 

Title: The cardiac and respiratory response to a stepwise recruitment 

manoeuvre in ventilated patients with acute lung injury. 

 

Project number: 138/06 Version number: 4 Date: 16/03/2007 

 

I have read, or have had read to me and I understand the Participant 

Information version 4 dated 16/03/2007. 

I have had an opportunity to ask questions and I am satisfied with the 

answers I have received. 

I freely agree to continue participation in this project according to the 

conditions in the Participant Information.  

I will be given a copy of the Participant Information and Consent Form to 

keep. 

I understand that the researcher has agreed not to reveal my identity and 

personal details if information about this project is published or presented in 

any public form.   

 

Participant’s Name (printed) …………………………………………………… 

Signature        Date 

 

Name of Witness to Participant’s Signature (printed) ………………………………………   

Signature        Date 
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Declaration by researcher*: I have given a verbal explanation of the research 

project, its procedures and risks and I believe that the participant has 

understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

* A senior member of the research team must provide the explanation and 

provision of information concerning the research project.  

Note: All parties signing the Consent Form must date their own signature. 

  



Appendix 3 : Delayed patient consent and information 

179 

 
 

Revocation Of Consent Form 
 

Principal Investigators: Carol Hodgson 

 

Title: The cardiac and respiratory response to a stepwise recruitment 

manoeuvre in ventilated patients with acute lung injury. 

 

Project number: 138/06 Version number: 4 Date: 16/03/ 2007 

 

I hereby wish to WITHDRAW my consent to participate in the research project 

described above and understand that such withdrawal WILL NOT jeopardise any 

treatment or my relationship with The Alfred Hospital. 

 

Participant‘s Name (printed)           

 
Signature             Date      
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Staircase Lung  Recruitment Study 

 

Patient ID Sticker 

 

Patient No 

 

Date     M / F 

 

APACHE II Score  APACHE III 

 

Reason for ICU Admission: 

 

 

Relevant PHx: 

 

ALI    Cause: 

  Criteria: 

  Score: 

Initial P/F (Should be <250): 

 

Intubation Status – oral/nasal/trache 
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Ventilation: Mode 

    Rate 

    PEEP 

    FiO2 

  PIP 

CXR Findings:  

 R UL R ML  R LL L UL L Mid L LL 

Collapse       

Consolidation       
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Lung Recruitment Study Screening 

 

Inclusion: 

 

 Mechanical ventilation on PB 840 

 PaO2/FiO2  < 250  

 ARDS / ALI (CXR – bilateral lung infiltrates) 

 Arterial line 

 CVC 

 16 years old or more 
 

 

Exclusion: 

 

 Cardiac suspected as primary cause  

 Transplant (heart or lung or bone marrow) 

 Mechanical ventilation > 5 days 

 ICC with current air leak 

 Pneumothorax on CXR 

 Acute bronchospasm 

 Raised ICP 

 Acute pulmonary oedema 

 Recent AMI or ischaemic changes 

 Pregnancy 

 Haemodynamic instability – MAP<60 mmHg, unstable arrythmias 
 

 

Early termination of stepwise recruitment manoeuvre: 

 SBP <  80mmHg 

 SpO2 < 85% 

 New arrhythmia 

 New air leak (ICC) 

 Heart rate < 60 or > 140 
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Nursing Information Sheet for the Lung Recruitment Study 

The lung recruitment study is being conducted in the Alfred ICU which 

involves patients with ARDS or ALI. The primary investigator is Carol 

Hodgson (PhD student – ext 3450) with A/Prof David Tuxen and Dr 

Andrew Davies as co-researchers. 

We would like to include your patient in the lung recruitment study. The 

study will involve a stepwise recruitment manoeuvre performed by one of 

the intensive care doctors. The PEEP will be slowly increased every 2 

minutes for 8 minutes then slowly reduced to an optimal level (between 25 

and 15 cmH2O). The entire procedure will take about 20 minutes and then 

we will collect data for the next hour.  

If you have any questions or concerns before or during the procedure 

please speak to Carol or the intensive care doctor performing the 

recruitment manoeuvre. 

Information on cardiac and respiratory parameters (including venous and 

arterial gases) will be collected and recorded on the patients throughout 

the manoeuvre at 2 minute intervals and for 1 hour after the treatment has 

ceased. Patients will be subject to all of the usual safety procedures in 

intensive care during this treatment. PEEP will be reduced if systolic BP 

falls below 80 mmHg. 

During the procedure the patient will be supine and cannot be rolled or 

suctioned unless it is an emergency. The patient will be placed into 

pressure control mode at 15cmH20 and their PEEP will be gradually 

increased to a peak of 40cmH2O and then decreased to optimal levels 

(determined by SpO2). They will need to stay in this mode of ventilation for 

the entire duration of data collection (assume 2 hours from the start). 

 

We thank-you for your assistance. 
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Data Collection Forms 

Time 

(mins) 

Pre

10 

Pre 

5 

 

0 

 

2 

 

4 

 

6 

 

8 

 

10 

 

12 

 

14 

 

16 

 

18 

 

30 

 

60 

PEEP 10 10 10 10 20 30 40 25 22.5 20 17.5 15   

ABG 

PH 

PaCO2 

PaO2 

HCO3 

SaO2 

  *    *     * * * 

SaO2  * * * * * * * * * * * * * * 

Vt * * * * * * * * * * * * * * 

HR * * * * * * * * * * * * * * 

SBP * * * * * * * * * * * * * * 

DBP               

MBP               

CVP * * * * * * * * * * * * * * 

PCP * * * * * * * * * * * * * * 

CO   *    *     * * * 

SvO2   *    *     * * * 

CT (static) * * * * * * * * * * * * * * 

* the point at which measurement is taken 

PEEP = positive end expiratory pressure, Palv =  internal lung pressure, ABG =    arterial 

blood gases, SaO2 =  arterial oxygen saturation, Vt =  tidal volume, HR = heart rate, BP =  

blood pressure – mean, systolic, diastolic (MAP,SBP,DBP)  CVP=  central venous 

pressure, PCP =  pulmonary capillary wedge pressure, CO = cardiac output, SvO2 = 

venous oxygen saturation, CT = static lung compliance 
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Person responsible and consent form PHARLAP 

 

 

Person Responsible information sheet and consent form 

 

Principal Researcher: Jamie Cooper 

Associate Researchers: Alistair Nichol, David Tuxen, Andrew Westbrook, 
Andrew Davies, Carol Hodgson. 

Title: Permissive Hypercapnia and Alveolar Recruitment with Limited 

Airway Pressures:  a phase II randomised trial in ARDS patients  

Project number:  98/07 Version number:  1.8 Date: 18.09.08 

 

 

This information sheet is 7 pages long. Please make sure you have all the 

pages. 

As the ‗person responsible‘ for your relative, you are invited to consider 

your relative‘s participation in this research project. Victorian law allows 

the person responsible for a patient to consent to the patient taking part in 

medical research where the patient is unable to provide consent for 

themselves.  Before you decide whether or not to involve your relative in 

this study, we would like to give you more information about the study to 

help you make the decision. One of the researchers will explain the 

background and purpose of the study to you and why your relative is 

suitable to participate in it. You will also be given this information sheet to 

keep. 
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This participant information sheet contains detailed information about the 

research study. Its purpose is to explain to you as openly and clearly as 

possible all procedures involved with this study before you decide whether 

or not you would like your relative to take part in it. Please read the 

information carefully and ask any questions as they come to you. You may 

wish to discuss this study with other family members, friends, or your local 

health worker. Please feel free to do this. 

Once you understand what the project is about and if you decide to enrol 

your relative in the study you will be asked to sign the consent form. By 

signing the consent form, you indicate that you understand the information 

and that you agree for your relative to participate in the research study. 

Purpose and Background? 

When a patient is admitted to the intensive care unit (ICU) and needs help 

with their breathing they are connected to a ventilator (breathing machine). 

However, because the patient needs help from the breathing machine 

their lungs do not work as they normally would.  This can lead to lung 

injury, areas of lung collapse and the amount of oxygen in their blood may 

be reduced. The injury which occurs in the lungs can lead to injury in other 

organs of the body. 

Over the past few years, both reducing the size of each breath delivered 

by the ventilator and an occasional sustained deep breath called a 

―recruitment manoeuvre‖ have been used to try to prevent the damaging 

effects of lung injury in patients. These protective strategies frequently 

result in higher than normal levels of carbon dioxide, a gas produced by 

normal tissue and organs, which we exhale. However it has been argued 

that these higher levels of carbon dioxide may actually be protective and 

measures to reduce the carbon dioxide levels to normal may actually be 

damaging.  

What we are aiming to do in this study is to find out whether patients who 

have developed lung injury are better off when we further reduce the size 

of each ventilator breath and receive a sustained deep breath (recruitment 
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manoeuvre) from time to time and permit elevated levels of carbon 

dioxide. 

This trial has been initiated by the investigator, Professor Jamie Cooper. The 

results of this research may be used to help researcher Ms Carol Hodgson to 

obtain a degree. 

Why is my relative suitable for the study? 

Your relative is suitable for the study because he/she became very unwell 

and has been admitted to the ICU to receive treatment using a ventilator 

(breathing) machine for acute lung injury. At the start of this study an 

assessment of the degree of damage to the lungs will be made to confirm 

that your relative is suitable to proceed in this study. 

What will happen to my relative during the study? 

At the start of the study patients will be randomly placed into either the 

current standard ICU treatment for patients with lung damage group or the 

PHARLAP study treatment group. The patient will be placed into a 

particular group based on chance and the treating doctors will not decide. 

In the current intensive care practice group patients will receive the best 

standard of care and will not be denied any treatments or medications that 

have be shown to improve survival. In the PHARLAP study treatment 

group the size of each breath the respirator will deliver will be reduced to 

keep the pressure on the patient‘s lungs low. Up to four times a day the 

pressure of the ventilator will be set to increase slightly and then reduced 

slowly to a level that provides the best oxygen levels to the blood. In the 

PHARLAP group patients will not be denied any treatments or medications 

that have been shown to improve survival. We will measure the patients 

heart and lungs (oxygen levels, heart rate, blood pressure, lung pressures, 

cardiac output) using the equipment attached to them in intensive care 

throughout this time.  A special probe will be placed into an existing line in 

the vein for additional readings of the heart and lungs.. The only tests 

performed in addition to routine care will be 8 blood samples (under 10mls 

or 2 teaspoonfuls each) will be taken over the whole duration of this study, 

2 urine tests (10mls or 2 teaspoonfuls each) and a daily cardiac echo 
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(picture of the blood flow via ultrasound) if your relative is in the treatment 

group. These will allow measurement of the degree of inflammation and 

the levels of oxygen and the blood flow in the patient‘s body. The patient 

will remain in the study while they are in the intensive care unit. We also 

collect information about the patient‘s stay in hospital including illness, 

how long they stay in intensive care and on a respirator and the outcome 

of their illness.  

Continual review and monitoring of this project will take place, regarding 

the benefit and safety to enable early detection of any problems that 

patients may suffer.  

What are the possible risks to my relative if they take part? 

Patients with Acute Lung Injury are very ill and frequently develop 

complications of this disease and a high proportion of patients die (4 in 

10).  It has not been shown that the study interventions in the PHARLAP 

treatment group will increase the level of complications in patients.  

However we will closely monitor patients in both treatment groups for the 

common complications of this disease (i) air leak from the lung (1 in 10), 

(ii) very low blood pressure (1 in 2), (iii) injury to other organs in the body 

(1 in 2) and the development of infections(1 in 2).   

What are the benefits to my relative of being involved in the study? 

Some possible benefits of the study are that the patient may have reduced 

inflammation in the lungs and body and in addition may have received 

greater amounts of oxygen in the blood which assists all of the body‘s 

functions, however we cannot guarantee or promise that the patients will 

individually benefit from the study. 

Will any blood or urine samples be taken? 

Yes, 8 separate blood samples of up to10mls (2 teaspoonfuls) each will be 

taken over the whole time spent in the intensive care unit.  These blood 

samples will be taken from the drips that are already in place for treatment 

and monitoring of the patient.  
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Yes, two urine samples of 10 mls each (2 teaspoonfuls) will be taken. 

These urine samples will be taken from a tube that has already been 

placed in the bladder to monitor the kidney function of the patient.  

All these samples will be stored in a secure fridge until the study has been 

completed. We expect that this study will take about 18 months to 

complete and measure the inflammatory markers in the blood and urine. 

These samples will be stored in a locked laboratory with no accompanying 

identifying information to preserve confidentiality. These samples will be 

analysed to determine the degree of inflammation markers in the blood 

and urine and then destroyed. While this information may allow us to 

determine whether this new respirator treatment is beneficial to patients in 

the future, this information is not useful in selecting treatment for the 

patient at the moment. 

How many participants will be involved? 

30 patients from intensive care will be enrolled over a 18 month period at 

the Alfred. 

Does my relative have to take part in the study? 

Participation in any research project is voluntary. If you do not wish to 

enrol your relative in this study you are not obliged to. If you later change 

your mind, you can withdraw your relative from the study at any time. If 

you have any questions about their involvement in the study at any time 

please contact Dr Alistair Nichol the Co-Investigator on 99005113. 

Whatever decision you make you and your relative‘s relationship with the 

Alfred and with those treating them will not be affected.  

Will taking part in the study cost anything? 

There will be no cost to you or the patient for taking part in the study. 

How will results be kept confidential and how will they be reported? 

No identifying material will be used in any reports of this study. Records for 

the study will be kept in a locked filing cabinet in a locked office. A 

database with study information will be generated and this will be kept in a 
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computer that is password protected and only accessible by the 

researchers involved in the study. Records relating to the study will be 

kept indefinitely. 

The findings from the study will be published in a medical journal. If you or 

the patient wish to receive a one page summary of the overall results of 

the study, please contact one of the researchers listed below. The findings 

will not be available until all the participants have completed follow up and 

the data has been collected and analysed. We hope that the study will be 

completed by December 2008. 

New Information Arising During the Project 

During the research project, new information about the risks and benefits 

of the project may become known to the researchers. If this occurs, you 

will be told about this new information. This new information may mean 

that your relative can no longer participate in this research. If this occurs, 

the person(s) supervising the research will stop their participation. In all 

cases, they will be offered all available care to suit their needs and 

medical condition. 

Where can I get further information about the study? 

You can get further information about the study by contacting one of the 

investigators 

 

Alistair Nichol  Associate Researcher  9903 0513 

Jamie Cooper Principal Researcher  9076 8806 

Dr Andrew Davies Associate Researcher  9076 3036  

A/Prof David Tuxen Associate Researcher  9076 2000 
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Ethical guidelines 

This project will be carried out according to the National Statement on 

Ethical Conduct in Human Research (2007) produced by the National 

Health and Medical Research Council of Australia. The Alfred Hospital 

Ethics Committee has approved the ethical aspects of this study.  

Injury 

In the event that your relative suffers an injury as a result of participating in this 

research project, hospital care and treatment will be provided by the public health 

service at no extra cost to you or them. 

If I have any other issues with the study, whom do I contact? 

If you have any concerns about your relative‘s involvement in the study, any 
aspect of the project, the way it is being conducted or any questions about your 
relative‘s rights as a research participant, then you may contact: 
 

   Ms Rowan Frew 

   Ethics Manager 

   Research and Ethics Unit 

   Ph: 9076 3848  
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‘Person Responsible’ Consent Form 

Principal Researcher:  Jamie Cooper 

Associate Researchers: Alistair Nichol, David Tuxen, Andrew Davies, 
Andrew Westbrook, Carol Hodgson. 

Title: Permissive Hypercapnia and Alveolar Recruitment with Limited 

Airway Pressures:  a phase II randomised trial in ARDS patients  

 

Project number: 98/07 Version number: 1.6 Date: 13th September 2007 

I have read, or have had read to me in my first language, and I understand 

the Participant Information version 1.6 dated 13.09.2007. 

I am the Person Responsible for …………………………………...  

I consent to the participation of …………………………………………in the research 

project named above, according to the conditions in the Participant 

Information.  

I believe the carrying out of the procedure is not contrary to the best interests 

of  

……………………………………………….. 

I will be given a copy of the Person Responsible Information and Consent 

Form to keep. 

The researcher has agreed not to reveal ………………………………………….s identity 

and personal details if information about this project is published or presented 

in any public form.   

Participant’s Name (printed) …………………………………………………… 

Name of Person Responsible (printed) ……………………………… 

Relationship to participant: …………………………………………………… 

 

Signature        Date 

Witness to Signature (printed) ……………………………………………………   

Signature        Date 

Declaration by researcher*: I have given a verbal explanation of the research 

project, its procedures and risks and I believe that the person named above 

as the Third Party has understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

* A senior member of the research team must provide the explanation and 

provision of information concerning the research project.  

Note: All parties signing the Consent Form must date their own signature. 
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Person Responsible Consent Form For Blood And 
Urine Sample Storage And Use  
 

Principal Researcher: Jamie Cooper 

Associate Researchers: Alistair Nichol, David Tuxen, Andrew Westbrook, 
Andrew Davies, Carol Hodgson. 

Title: Permissive Hypercapnia and Alveolar Recruitment with Limited 

Airway Pressures :  a phase II randomised trial in ARDS patients 

 

Project number: 98/07 Version number: 1.6  Date: 13th September 

2007  

 

I have read and I understand the Participant Information version 1.6 dated 

13.09.2007.I am the Person Responsible for ………………………………………  

I consent to the storage and use of blood taken 

from……………………………………………………… for use in further research as 

described in this Person Responsible Information Form by 

…………………………………………………………………………………………… 

By signing this Consent Form, I agree to the storage and use of blood for the purposes of 

testing for inflammatory mediators. Seven of these blood samples (Thirteen in total) and 

urine samples (TWO) will be stored until blood analysis is complete and then destroyed. 

 

Person Responsible's name (printed)……………………………………………………….. 

Signature       Date 

Name of Witness to Participant‘s signature (printed)………………………………………….. 

Signature       Date  
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Researcher's name…………………………………….. 

Signature       Date 

Note: All parties signing the Consent Form must date their own signature. 
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Revocation Of Consent Form 
 

Principal Researcher: Jamie Cooper 

Associate Researchers: Alistair Nichol, David Tuxen, Andrew Westbrook, 
Andrew Davies, Carol Hodgson. 

 

Title: Permissive Hypercapnia and Alveolar Recruitment with Limited 

Airway Pressures:  a phase II randomised trial in ALI patients 

 

Project number: 98/07 Version number: 1.6 Date:13  September 

2007. 

 

As the person responsible for 

…………………………………………………………….. 

 

I hereby wish to WITHDRAW my consent  for [participant‘s name] to participate in 

the research project described above and understand that such withdrawal WILL 

NOT jeopardise any treatment or their relationship with The Alfred Hospital. 

 

Person Responsible‘s Name (printed)          

 

Signature             Date      
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Patient information sheet 

Principal Researcher: Jamie Cooper 

Associate Researchers: Alistair Nichol, Carol Hodgson, David Tuxen, 
Andrew Davies, Andrew Westbrook. 

Title: Permissive Hypercapnia and Alveolar Recruitment with Limited 

Airway Pressures:  a phase II randomised trial in ARDS patients  

Project number:  98/07 Version number:  1.8 Date: 18.09.2008 

 

 

This information sheet is 1 page long.  

During your critical illness you developed a severe lung injury called acute 

respiratory distress syndrome. The ‗person responsible‘ for your care, 

entered you in a research project which was looking at better ways to treat 

this condition. This participant information sheet contains detailed 

information about the research study.  

The aim of this study is to find out whether patients who have developed 

lung injury are better off when we further reduce the size of each ventilator 

breath and receive a sustained deep breath (recruitment manoeuvre) from 

time to time and permit elevated levels of carbon dioxide. 

At the start following a brief assessment of the degree of lung damage,  

patients were randomly placed into either the current standard ICU 

treatment for patients with lung damage group or the PHARLAP study 

treatment group. In the PHARLAP study treatment group the size of each 

breath that the respirator delivered was reduced to keep the pressure on 

your lungs low. Up to four times a day the pressure of the ventilator was 

increased slightly (each breath was at this higher pressure) and then 
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reduced slowly to a level that provides the best oxygen levels to the blood. 

In the standard treatment or PHARLAP group patients were not denied 

any treatments or medications that have been shown to improve survival.  

No extra lines or tubes were needed to be attached for this study. The only 

tests performed in addition to routine care were continuous readings of 

your heart and oxygen levels with a small probe into the existing lines in 

your veins, up to 8 blood samples (under 10mls or 2 teaspoonfuls each) 

taken over the whole duration of this study, 2 urine tests (10mls or 2 

teaspoonfuls each) and a non-invasive measure of the blood flow in your 

heart (echocardiography). These tests allowed measurement of the 

degree of inflammation and  levels of oxygen in  your body. You remained 

in the study while you were in the intensive care unit.  

What were the benefits to me of being involved in the study? 

Some possible benefits of the study are that you may have had reduced 

inflammation in the lungs and body and in addition may have received 

greater amounts of oxygen in the blood which assists all of the body‘s 

functions, however we cannot guarantee or promise that the patients will 

individually benefit from the study. 

Where can I get further information about the study? 

You can get further information about the study by contacting the 

researcher, Dr Alistair Nichol on 9903 0513.  If you have a concern or 

complaint about how the project is being run, please contact the Manager 

of the Alfred Hospital Ethics Unit,  Ms Rowan Frew, on 9076 3848.  
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PHARLAP 
Study 

 
Screening 

Check list 

FORM 1 

Hospital ID:     

Patient Initials:  

Patient Study Number:  

 

 

TThhiiss  ffoorrmm  sshhoouulldd  bbee  ccoommpplleetteedd  ffoorr  aallll  ppaattiieennttss  wwhhoo  mmeeeett  tthhee  55  

cclliinniiccaall  iinncclluussiioonn  ccrriitteerriiaa  bbeellooww::  

11..0011  IInncclluussiioonn  CCrriitteerriiaa,,  ((mmaarrkk  wwiitthh  aann  `̀xx`̀,,  sseeee  oovveerr  ppaaggee  ffoorr  

ddeeffiinniittiioonnss))  

((aa))  □□        EEnnddoottrraacchheeaall  iinnttuubbaattiioonn  oorr  ttrraacchheeoossttoommyy  

((bb))  □□        AAccuuttee  oonnsseett  rreessppiirraattoorryy  ddiissttrreessss  ((<<2288  ddaayyss))..   

((cc))  □□            SSeevveerree  hhyyppooxxeemmiiaa  ((PPaaOO22//FFiiOO22  rraattiioo  <<220000mmmmHHgg))..      

((dd))  □□    BBiillaatteerraall  iinnffiillttrraatteess  oonn  ffrroonnttaall  CChheesstt  XX--rraayy..    

((ee))  □□  NNoo  eevviiddeennccee  ooff  lleefftt  aattrriiaall  hhyyppeerrtteennssiioonn  ((PPAAOOPP  `̀wweeddggee  

pprreessssuurree`̀  <<  1188mmmmHHgg  iiff  mmeeaassuurreedd))..  PPrriimmaarryy  ccaauussee  ooff  

tthhee  rreessppiirraattoorryy  ffaaiilluurree  iiss  nnoott  ccaarrddiiaacc..  

  

11..0022  SSttrraattiiffiiccaattiioonn  CCrriitteerriiaa  ffoorr  sseevveerree  sseeppssiiss  ((sseeee  oovveerr  ppaaggee  ffoorr  

ddeeffiinniittiioonnss))  

  NNBB..  NNoott  iinncclluussiioonn  oorr  eexxcclluussiioonn  ccrriitteerriiaa..  

((aa))  □□        Strongly suspected or confirmed site of sepsis    
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((bb))  □□            PPrreesseennccee  ooff    >>  33  SSIIRRSS  ccrriitteerriiaa  iinn  tthhee  4488  hhoouurrss  pprriioorr  ttoo  

rraannddoommiissaattiioonn    

((cc))  □□  PPrreesseennccee  ooff  OOrrggaann  DDyyssffuunnccttiioonn  iinn  aatt  lleeaasstt  oonnee  ooff  tthhee  

ffoolllloowwiinngg  ssyysstteemmss  iinn  tthhee  2244  hhoouurrss  pprriioorr  ttoo  

rraannddoommiissaattiioonn    

  Cardiovascular system dysfunction :   

  Renal dysfunction  

  Respiratory system dysfunction  

  Haematologic system dysfunction.  

 Unexplained metabolic acidosis 

 

11..0033    EExxcclluussiioonn  CCrriitteerriiaa  ((ttiicckk  aallll  tthhaatt  aappppllyy)) 

((aa))  □□  Age < 18 years or >90 years 

((bb))  □□  Death is imminent (<24 hrs) 

((cc))  □□  Pregnancy or breast feeding 

((dd))  □□ Anticipated to require mechanical ventilation less than 48 

hours (determined by attending physician) 

((ee))  □□ More than 48 hours of mechanical ventilation prior to 

randomisation.  

((ff))  □□ Pre-existing severe chronic obstructive pulmonary disease/ lung 

transplant 

((gg))  □□ Conditions where hypercapnia-induced intracranial 

hypertension should be avoided. 
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((hh))  □□ Significant history of ventricular fibrillation or 

tachyarrhythmia (excluding atrial fibrillation).  

((ii))  □□ Enrolment in another interventional study or previous enrolment 

in this study. 

((kk))  □□  Patient not for aggressive treatment  

((ll))  □□  Malignancy or irreversible condition with a 6 month mortality > 

50% 

((mm))□□  Human Immunodeficiency Virus (HIV) infection with a CD4 

count ≤ 50/mm3 

((nn))□□  Anticipated to require under 48hours mechanical ventilation. 

 

11..0044    EElliiggiibbllee  nnoonn--rraannddoommiizzeedd  ppaattiieennttss.. 

((aa))  □□  Greater than 48 hours since mechanical ventilation prior 

to randomisation. 

((bb))  □□  Current participation in a competing trial.  

((cc))  □□  Lack of physician consent. 

((dd))  □□  Lack of patient or proxy consent. 
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If the patient meets ALL inclusion criteria and NONE of the 

exclusion criteria then obtain consent and proceed to 

assessment of  PaO2 / FiO2 ratio on standard settings and 

subsequent randomisation if <200. 

 

 

 

. 
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(Print this on the back of page 1) 

 

      PPrreesseennccee  ooff    >>  33  SSIIRRSS  ccrriitteerriiaa  iinn  tthhee  4488  hhoouurrss  pprriioorr  ttoo  

rraannddoommiissaattiioonn  

  Core Temperature ≤ 36.0oC or ≥ 38.0oC     

  HHRR  >>  9900    bbeeaattss//mmiinn  

  RReessppiirraattoorryy  RRaattee  >>  2200  bbrreeaatthhss//mmiinnuuttee  OORR  PPaaCCOO22  <<  3322  mmmm  HHgg  

OORR  mechanically ventilated (positive pressure only)  

  WCC >12.0 x 109/L or < 4.0 x 109/L OORR > 10% bands  

  

OOrrggaann  DDyyssffuunnccttiioonn    iinn  tthhee  2244  hhoouurrss  pprriioorr  ttoo  rraannddoommiissaattiioonn  

  Cardiovascular system dysfunction :   

oo  Systolic blood pressure < 90 mmHg for one hour despite 
adequate fluid resuscitation  

oo  Mean Arterial blood pressure < 70 mmHg for one hour 
despite adequate fluid resuscitation  

oo  Need for vaso-active agents to maintain Mean Arterial 
blood pressure > 70 mmHg  

  Renal dysfunction  

oo  Urine output  < 0.5 ml/kg/hr for one hour or more  

  Respiratory system dysfunction  

oo  PaO2:FiO2 ratio < 250 in the presence of other organ 
dysfunction  

oo  PaO2:FiO2 ratio < 200 if the lung is the only organ 
dysfunction  

  Haematologic system dysfunction  

oo  Platelet count < 80 x 109/L       

oo  Platelet count decrease by > 50% in 3 days before 
randomisation  

 Unexplained metabolic acidosis 

o pH < 7.3   AND lactate > 1.5 ULN 

o Base deficit > 5.0 mmol/L  AND lactate > 1.5 ULN 
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PHARLAP 
Study  

 

Baseline 

Check list 

FORM 2 

 

Hospital ID:     |__I__I__| 

Patient Initials: 

|__I__I__| 

Patient Study Number 
I__I__I__|__I__I__I 

 

PPaattiieennttss  DDeemmooggrraapphhiiccss  

2.01 
I__I__I/I__I__I/I__I__I

__I__I (dd/mm/yyyy) 

Date of Birth 

2.02 

Male               □□ 

Female           □□ 

Patient Gender        

2.03 I__I__ I__I  Patient Height (cm) 

2.04 

 

I__I__ I__I  

(a) Patient Weight (kg) 

□  estimated or documented                                                                                                                                                                                                                                      

□  Measured 

2.05 

I__I__ I__I  (a) Predicted body weight.                     

Male PBW= 50.0 + 0.91x (height in cm -152.4) 

Female PBW= 45.5 +0.91x(height in cm -152.4)                                                                                                                                                                 

HHoossppiittaall  aanndd  IICCUU  aaddmmiissssiioonn  DDeettaaiillss  

2.06 I__I__I/I__I__I/I2I0I0I__I (dd/mm/yyyy) Hospital  admission date 

2.07 
I__I__ I:I__I__ I Hospital admission time (24 hour 

clock) 

2.08 I__I__I/I__I__I/I2I0I0I__I (dd/mm/yyyy) ICU admission date 

2.09 I__I__ I:I__I__ I ICU admission time (24 hour clock) 

2.10 I__I__ I__I Hospital Admission Diagnosis Code (APACHE III):  

2.11 
I__I__ I__I  Please enter the patient’s APACHE II score for the 24 hour period 

preceding  ICU admission   

 

  



Appendix 8 : Baseline check list 

213 

IInncclluussiioonn  CCrriitteerriiaa,,  ((mmaarrkk  wwiitthh  aann  `̀xx`̀,,  sseeee  oovveerr  ppaaggee  ffoorr  ddeeffiinniittiioonnss))  

2.06 

EEnnddoottrraacchheeaall  iinnttuubbaattiioonn    

  

TTrraacchheeoossttoommyy  

□□  YYeess                                        □□  NNoo    ((eexxcclluuddeedd  

iiff  nnoo  ttoo  bbootthh))  

□□  YYeess                                      □□  NNoo  ((eexxcclluuddeedd  iiff  

nnoo  ttoo  bbootthh)) 

2.09 
AAccuuttee  oonnsseett  rreessppiirraattoorryy  ddiissttrreessss  

((<<2288  ddaayyss))..   

within I__I__ I days  ((eexxcclluuddeedd  iiff  >>2288  

ddaayyss)) 

2.09 
SSeevveerree  hhyyppooxxeemmiiaa  ((PPaaOO22//FFiiOO22  

rraattiioo  <<220000mmmmHHgg))..      

PaO2/FiO2 ratio I__I__I__ I ((eexxcclluuddeedd  

iiff  >>220000  ddaayyss)) 

2.09 
CChheesstt  XX  rraayy  □□  BBiillaatteerraall  iinnffiillttrraatteess              □□  

NNoo  iinnffiillttrraatteess  ((eexxcclluuddeedd)) 

2.09 

EEvviiddeennccee  ooff  lleefftt  aattrriiaall  

hhyyppeerrtteennssiioonn    

  

PPAAOOPP  `̀wweeddggee  pprreessssuurree`̀  <<  

1188mmmmHHgg  ..  

□□  NNoo                                                  □□  YYeess        

((eexxcclluuddeedd))  

PPAAOOPP      I__I__ I mmHg    □□  NNoott  

mmeeaassuurreedd  
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SSttrraattiiffiiccaattiioonn  ccrriitteerriiaa  sseevveerree  sseeppssiiss  

IIff  tthhee  ppaattiieenntt  mmeeeettss  aallll  ccrriitteerriiaa  tthheenn  ssttrraattiiffyy  ttoo  tthhee  sseevveerree  sseeppssiiss  ggrroouupp  
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SSttrraattiiffiiccaattiioonn--  OOrrggaann  DDyyssffuunnccttiioonn  
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Appendix 8 : Baseline check list 

217 

SSeeppssiiss  ssiittee  aanndd  ccaauussaattiivvee  oorrggaanniissmm  

 

 

If the patient has ALL of 

1. Site of suspected or proven sepsis. 

2. ≥3 SIRS criteria  

3. Organ dysfunction within the last 24 hours 

Then stratify to the severe sepsis group.  
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RRiisskk  ffaaccttoorrss  ffoorr  AAccuuttee  RReessppiirraattoorryy  DDiissttrreessss  SSyynnddrroommee  

2.1

2 

 Risk factor(s) for Acute Respiratory Distress Syndrome?  (tick all that apply 

box only) 

 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Pneumonia 

PCP pneumonia 

Gastric aspiration 

Pulmonary contusion 

Multiple transfusion 

Multiple major fractures 

Prolonged shock 

Sepsis 

Y 

Y 

Y 

Y 

Y 

 

Acute pancreatitis 

Burn Injury 

Inhalation injury 

Drug over dose 

Other (Specify) 

 

----------------------------------

------- 

 

Baseline co morbidities  

2.1

4 

Y      (tick all boxes that apply)     Did the patient have any of 

the following co-morbid 

conditions on admission to 

ICU? 

Y 

 

Heart failure 

 

Y 

 

Cerebro Vascular  Disease 

 

 

Y 

 

Diabetes 

 

Y 

 

Congenital  Valve Heart 

Disease 

 
Y 

 

Hypertension 

 

 

Y 

 

Pancreatitis 

 

 

Y 

 

Ischaemic Heart Disease 

 

 

Y 

 

Epilepsy 

 Y 

 

Morbid Obesity 

 

Y 

 

Connective Tissue Disease 

 Y 

 

Hypothyroidism 

 

Y 

 

Intravenous Drug Use 

 Y 

 

Peripheral Vascular Disease Y 

 

Alcoholism 

Y 

 

Chronic Obstructive Airways 

Disease 

 

Y 

 

Immunosuppression 

 
Y 

 

Neutropenia 

 

Y 

 

Renal Failure 
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OOtthheerr  TThheerraappyy  AAtt    RRaannddoommiissaattiioonn  

2.1

3 

  

 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Paralytic agents- bolus or continious infusion 

Sedative- continious infusion 

Narcotic- continious infusion 

Inotropes or vasopressors 

Pulmonary artery catheter 

Intermittent or continious dialysis 

Enteral nutrition 

TPN 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

 

Antibiotic therapy 

Intravenous colloids 

within prior 12 hours 

Diuretics within prior 12 

hours 

Prone ventilation within 

prior 12 hours. 

Corticosteriods for ARDS 

Corticosteriods for 

adrenal replacement 

Activated protien C 
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Appendix 9 PHARLAP Study Form 3 Ventilator 

set up 
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PHARLAP 
Study 

 

Ventilator set 
up  

 

DATA FORM 
3 

 

Hospital ID:     

Patient Initials:  

Patient Study Number: 

 

IInniittiiaall  vveennttiillaattiioonn  ppaarraammeetteerrss..  

  
Date of Birth(dd/mm/yyyy) 

Male□□    Female□□ 
Patient Gender        

 cm 

Patient Height (cm) 

 Kg 

(a) Patient Weight (kg) 

□ Estimated or documented 

□   Measured                                                                                                                                                                        

 Kg 

(a) Predicted Body Weight.             

               Male PBW= 50.0 + 0.91x 

(height in cm -152.4) 

               Female PBW= 45.5 

+0.91x(height in cm -152.4)                                                                                                                                                                                                                                                                                                                        
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BBlloooodd  RReessuullttss--((  llaasstt  pprriioorr  ttoo  rraannddoommiissaattiioonn))  

 

VViittaall  ssiiggnnss((2244  hhoouurrss  iinn  IICCUU  pprreecceeddiinngg  rraannddoommiissaattiioonn))  

 Highest           Lowest 

Temperature (
o
C) 

 Highest            Lowest 

MAP 

(Systolic+(Dialstolic*2))/3 

Highest                    Lowest 

Heart rate 

 Highest                   Lowest 

Systolic Blood pressure. 

 

 

 

VViittaall  ssiiggnnss((2244  hhoouurrss  iinn  IICCUU  pprreecceeddiinngg  rraannddoommiissaattiioonn))  
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IInnvvaassiivvee  hhaaeemmooddyynnaammiiccss  ((llaasstt  pprriioorr  ttoo  rraannddoommiissaattiioonn))  

 □□ Not available 

 Cardiac Index (preferable)    □□  CCaarrddiiaacc  oouuttppuutt  □□ 

 

Mean Pulmonary artery pressure 

 
Pulmonary artery occlusion pressure (Wedge) 

CChheesstt  XX--rraayy  ((llaasstt  pprriioorr  ttoo  rraannddoommiissaattiioonn)),,  mmaarrkk  aallll  tthhaatt  aappppllyy  

 

  

Barotrauma 

 

 

Y 

Y 

Y 

Y 

None 

Pneumothorax 

Pnemomediastinum 

Pneumopericardium 

 

Y 

Y 

Y 

 

Pneumoperitonem  

Pnemoretroperitoneum 

Subcutaneous  

emphjysema 

□□  YYeess          □□  NNoo 

 

Is there a chest tube with an active air leak? 

 

Number of chest drains 

 

Number of quadrants with consolidation 
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IInniittiiaall  MMooddee  ooff  VVeennttiillaattiioonn  ((pprriioorr  ttoo  rraannddoommiissaattiioonn))  

 

 

Mode of Mechancial 

ventilation 

 

Y 

Y 

Y 

Y 

Y 

Y 

SIMV PC 

SIMV VC 

PSV 

VS 

PRVC 

AC 

Y 

Y 

Y 

Y 

 

APRV 

HFO 

Other (specify) 

.....................................

........ 

 

 

 litres/minute Minute ventilation 

 

ml 

ml/Kg 

Tidal volume 

 bpm Resp Rate 

cmH20 PEEP External 

 cmH20 PEEP intrinsic  (if measured) 

cmH20 Pplat  □□        /      P peak  □□ 

 FiO2 

AABBGG((llaasstt  ppeerrffoorrmmeedd))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE                  □□  NNeeggaattiivvee          □□PPoossiittiivvee 

 Lactate 

 SpO2 

  
PaO2/ FiO2 Ratio 
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If PaO2 / FiO2 ratio <200 assess again on standard 

ventilator settings. 

However if standard setting goals are already fulfilled 

proceed to randomisation. 

 

Standard ventilation Goals 

 

Y 

 

Mode 

SIMV 

PC/PS 

 

 Goal                                                 

(acceptable range) 

Rate 18                             (≥10  and ≤35) 

Tv  6mls/Kg                     (≥4  and ≤8) 

PC / PS                            (≥10 and ≤20cmH20) 

PEEP 10                          (≥10 and ≤25cmH20 
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SSttaannddaarrdd  MMooddee  ooff  VVeennttiillaattiioonn  ((ppoosstt  rraannddoommiissaattiioonn))  

 

Mode of Mechancial ventilation 

 

 

Y 

 

Mode 

SIMV PC 

 

 Goal           (acceptable) 

Rate 18 (≥10  and ≤35) 

Tv  6mls/Kg ((≥4  and ≤8) 

PC / Ps (≥10 and  ≤20cmH20) 

PEEP 10 (≥10 and ≤25cmH20) 
 

 litres/minute Minute ventilation 

 ml 

ml/Kg 

Tidal volume 

 bpm Resp Rate 

cmH20 PEEP External 

 cmH20 PEEP intrinsic  (if measured) 

cmH20 
Pplat□□        /      P peak□□ 

 FiO2 

AABBGG  ((ssttaannddaarrdd  sseettttiinnggss  1100  mmiinn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE                  □□  NNeeggaattiivvee          □□PPoossiittiivvee 

 Lactate 

 SpO2 

  
PaO2/ FiO2 Ratio (MUST BE ≤ 200 to continue and 

randomise) 
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If the FiO2/SpO2 on standard settings is UNDER 200 

take the baseline bloods / urine and randomise. 

If the FiO2/SpO2 on standard settings is OVER 200 

take the patient is excluded.  

 

RRaannddoommiissaattiioonn  

Stratified to severe sepsis group                                                           

□□  YYeess                          □□  NNoo  

 

PHARLAP 

 

VVeennoouuss  BBlloooodd  GGaass    ((ssttaannddaarrdd  sseettttiinnggss  1100  mmiinn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE                  □□  NNeeggaattiivvee          □□PPoossiittiivvee 

 Lactate 

 SpO2 
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IInniittiiaall  vveennoouuss  sseerruumm  ssaammppllee  ffoorr  ffuuttuurree  aannaallyyssiiss..  

□□  YYeess                          □□  NNoo 

Was the baseline blood sample 

taken? 

□□  YYeess                          □□  NNoo 

Was the blood sample allowed to 

coagulated, centrifuged and frozen 

within 30 minutes?  If not go to 

protocol violation form. 

IInniittiiaall  uurriinnee  ssaammppllee  ffoorr  ffuuttuurree  aannaallyyssiiss..  

□□  YYeess                          □□  NNoo 

Was the baseline mid stream urine 

sample taken? 

□□  YYeess                          □□  NNoo 

Was the urine sample centrifuged 

and frozen within 30 minutes?  If not 

go to protocol violation form. 

 

If PHARLAP group go to page 7 / If control group go to 

page 9. 
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PHARLAP 

PPHHAARRLLAAPP  SStteeppwwiissee  rreeccrruuiittmmeenntt  mmaannooeeuuvvrree  ((oonnllyy  PPHHAARRLLAAPP  ggrroouupp))  

  YYeess                    NNoo 

Was the whole stepwise 

manoeuvre performed? 

If yes go to 

      20cmH20       30cmH20 

      40cmH20 

 

What was the max PEEP reached? 

  YYeess                      NNoo 

Was the manoeuvre abandoned 

secondary to desat or red MAP. If 

yes go to A/E form. 

  YYeess                      NNoo 

Following stabilisation was the 

recruitment manoeuvre repeated 

up to the previously tolerated max 

PEEP . 

Y 

Y 

Y 

20cmH20 

30cmH20 

40cmH20 

 

Was this tolerated? 

If yes go to, If no go to A/E form 

PPHHAARRLLAAPP  DDeeccrreemmeennttaall  PPEEEEPP  MMaannooeeuuvvrree..  ((oonnllyy  PPHHAARRLLAAPP  ggrroouupp))  

□□     2522.5 cmH20   □□ 22.520cmH20 

□□ 2017.5 cmH2O     □□ 17.515 cmH20 

What was the step 

which resulted in a 

≥ 1% decrease in 

SpO2. 

  



Appendix 9 : Ventilation set up 

231 

PPHHAARRLLAAPP  `̀4400ccmmHH2200  ffoorr  6600ss`̀  RReeccrruuiittmmeenntt  MMaannooeeuuvvrree..  ((oonnllyy  PPHHAARRLLAAPP  

ggrroouupp))  

  YYeess                      NNoo 

Was the whole 40 for 60 

manoeuvre performed? 

 cmH20 

What was the PEEP setting. 

  YYeess                      NNoo   

Was there an adverse event? If 

yes go to adverse event form 

PPHHAARRLLAAPP  SSeettttiinngg  MMiinniimmaall  TTiiddaall  VVoolluummee..    

 bpm 
Resp Rate (inc spont resp) 

 cmH20 
PEEP External 

cmH20 
PEEP intrinsic (If measured) 

 cmH20 
Pplat □□          PPppeeaakk  □□ 

 ml 
Tidal volume  

 ml/Kg 
Tidal volume  

 
FiO2 

% 
SpO2 
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Control 

CCoonnttrrooll  MMooddee  ooff  VVeennttiillaattiioonn  

Mode of Mechancial ventilation AC  VC +/- PS 

 litres/minute Minute ventilation 

 ml 

ml/Kg 

Tidal volume (total) 

Tidal volume (mls/Kg) 

bpm Resp Rate (ic spont resp) 

cmH20 PEEP External 

cmH20 PEEP intrinsic (If measured) 

cmH20 Pplat □□          PPPPeeaakk  □□ 

 FiO2 
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Data Collection (hour 1) 

AABBGG  ((11  hhoouurr  ffoolllloowwiinngg  eessttaabblliisshhmmeenntt  ooff  ccoonnttrrooll  //  PPHHAARRLLAAPP  

vveennttiillaattiioonn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE 

 Lactate 

 SpO2 

VVeennoouuss  bblloooodd  ggaass  ((11  hhoouurr  ffoolllloowwiinngg  eessttaabblliisshhmmeenntt  ooff  ccoonnttrrooll  //  

PPHHAARRLLAAPP  vveennttiillaattiioonn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE 

 Lactate 

 SpO2 

MMooddee  ooff  VVeennttiillaattiioonn  

 litres/minute Minute ventilation 

 ml 

ml/Kg 

Tidal volume (total) 

Tidal volume (mls/Kg) 

bpm Resp Rate (ic spont resp) 

cmH20 PEEP External 

cmH20 PEEP intrinsic (If measured) 

cmH20 Pplat □□          PPPPeeaakk  □□ 

 FiO2 
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Data Collection (hour 3) 

AABBGG  ((33  hhoouurrss  ffoolllloowwiinngg  eessttaabblliisshhmmeenntt  ooff  ccoonnttrrooll  //  PPHHAARRLLAAPP  

vveennttiillaattiioonn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE 

 Lactate 

 SpO2 

VVeennoouuss  bblloooodd  ggaass  ((33  hhoouurrss  ffoolllloowwiinngg  eessttaabblliisshhmmeenntt  ooff  ccoonnttrrooll  //  

PPHHAARRLLAAPP  vveennttiillaattiioonn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE 

 Lactate 

 SpO2 

HHoouurr  33  vveennoouuss  sseerruumm  ssaammppllee..  

□□  YYeess                  □□  NNoo 

 

Was the 3 hour blood sample taken? 

□□  YYeess                  □□  NNoo 

Was the blood sample allowed to 

coagulated, centrifuged and frozen 

within 30 minutes. If not go to 

protocol violation form 
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VVeennttiillaattiioonn  PPaarraammeetteerrss  

 litres/minute 
Minute ventilation 

 ml 

ml/Kg 

Tidal volume (total) 

Tidal volume (mls/Kg) 

bpm 
Resp Rate (inc spont resp) 

cmH20 
PEEP External 

cmH20 
PEEP intrinsic (If measured) 

cmH20 Pplat □□          PPPPeeaakk  □□ 

 FiO2 
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Data Collection (hour 6) 

AABBGG  ((66  hhoouurrss  ffoolllloowwiinngg  eessttaabblliisshhmmeenntt  ooff  ccoonnttrrooll  //  PPHHAARRLLAAPP  

vveennttiillaattiioonn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE 

 Lactate 

 SpO2 

VVeennoouuss  bblloooodd  ggaass  ((66  hhoouurr  ffoolllloowwiinngg  eessttaabblliisshhmmeenntt  ooff  ccoonnttrrooll  //  

PPHHAARRLLAAPP  vveennttiillaattiioonn))  

 pH  

 PaCO2 

 PaO2 

 HCO3
- 

 BE 

 Lactate 

 SpO2 

VVeennttiillaattiioonn  PPaarraammeetteerrss  

 litres/minute Minute ventilation 

 ml 

ml/Kg 

Tidal volume (total) 

Tidal volume (mls/Kg) 

bpm Resp Rate (ic spont resp) 

cmH20 PEEP External 

cmH20 PEEP intrinsic (If measured) 

cmH20 Pplat □□          PPPPeeaakk  □□ 

 FiO2 
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PHARLAP 
Study 

 

Daily Data 
Collection  

 

DATA 
FORM 4 

 

Hospital ID:     

Patient Initials:  

Patient Study Number: 

 

  

PPrree  RRaannddoommiissaattiioonn  vveennttiillaattiioonn  ppaarraammeetteerrss..  

Study day                                                                                                                      

 

PHARLAP 
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VVeennttiillaattiioonn  PPaarraammeetteerrss    ((aatt  88  hhoouurrss  ++  22hhoouurrss))  
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VViittaall  ssiiggnnss((CCaalleennddeerr  ddaayy))  

 

 

SSOOFFAA  SSccoorreess  ((llaasstt  pprriioorr  ttoo  rraannddoommiissaattiioonn))  

 

CChheesstt  XX--rraayy  ((llaasstt  pprriioorr  ttoo  rraannddoommiissaattiioonn)),,  mmaarrkk  aallll  tthhaatt  aappppllyy  
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PPHHAARRLLAAPP  4400ccmmHH2200  ffoorr  6600ss`̀  rreeccrruuiittmmeenntt  mmaannooeeuuvvrree  ((oonnllyy  PPHHAARRLLAAPP  

ggrroouupp))  

 

What was the max PEEP reached? 

□□  YYeess          □□  NNoo 

Was an adverse event detected? Go to 

adverse event form. 

PPHHAARRLLAAPP  DDeeccrriimmeennttaall  PPEEEEPP  MMaannooeeuuvvrree..  ((oonnllyy  PPHHAARRLLAAPP  ggrroouupp))  

□   2522.5 cmH20    □ 22.520cmH20 

□   2017.5 cmH20   □  17.515 cmH20 

What was the step which 

resulted in a >1% 

decrease in SpO2. 

CCoo--iinntteerrvveennttiioonnss..  
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PPrroottooccooll  vviioollaattiioonn//  AAddvveerreessee  eevveennttss  aanndd  wweeaanniinngg..  
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Biological Sample collection 

VVeennoouuss  BBlloooodd  GGaass  ((AAMM    oonn  DDAAYY  11  OONNLLYY  ssaammee  ttiimmee  aass  AABBGG))  

 
pH  

 
PaCO2 

 
PaO2 

 
HCO3

- 

 BE                  □□  NNeeggaattiivvee          □□PPoossiittiivvee 

 
Lactate 

 
SpO2 

VVeennoouuss  sseerruumm  ssaammppllee  ffoorr  ffuuttuurree  aannaallyyssiiss..  ((DDaayy  11,,  33  55,,  77  1100,,  1144))..  

□□  YYeess                  □□  NNoo 

Was the baseline blood sample 

taken today? 

□□  YYeess                  □□  NNoo 

Was the blood sample allowed to 

coagulated, centrifuged and 

frozen within 30 minutes?  If not 

go to protocol violation form. 

UUrriinnee  ssaammppllee  ffoorr  ffuuttuurree  aannaallyyssiiss..  ((DDAAYY  33  OONNLLYY))  

□□  YYeess                  □□  NNoo 

Was the baseline mid stream 

urine sample taken? 

□□  YYeess                  □□  NNoo 

Was the urine sample centrifuged 

and frozen within 30 minutes?  If 

not go to protocol violation form 

XX. 
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Lung recruitment: who, when and how 

Editorial, Critical Care and Resuscitation 

A/Prof David Tuxen and Carol Hodgson 

The role of recruitment in acute lung injury (ALI), usually as part of an 

―open lung‖ ventilation strategy, remains controversial. A large randomised 

controlled trial1 (LOVS) that included a recruitment manoeuvre (RM) of 

sustained static lung inflation to pressures of 40 cm H2O for 40 sec (40/40 

RM) failed to improve patient survival. Two systematic reviews of multiple 

studies using similar RMs have shown improved short-term oxygenation 

but have failed to show improvement in other clinically relevant variables1-

3. The study in this issue by Edul et al. using a similar RM (40 cm H2O for 

45 sec) has not only shown no improvement in oxygenation but also 

transient deleterious haemodynamic effects. Does this mean we should 

abandon RMs? 

The motivation for using RMs is based on the CT findings in ALI4. The 

lung, which can appear to have relatively uniform injury on plain chest X-

ray, has 3 functionally distinct zones during tidal ventilation. The most 

dependent lung region that remains collapsed throughout tidal ventilation, 

despite high PEEP levels, resulting in chronic collapse injury5, an 

intermediate lung region that collapses and re-expands with each breath 

resulting in shear stress-induced injury (atelectrauma), and the least 

dependent lung regions, that remain inflated throughout tidal ventilation, 

receive most of the tidal volume, and can receive overinflation lung injury 

(volutrauma) by tidal volumes exceeding 6ml/kg and plateau airway 

pressure exceeding 30-35 cm H2O. All these processes augment the 

pulmonary elaboration and systemic concentration of injurious cytokines 

that contribute to the risk of multiple organ failure and mortality in patients 

with ALI 6-7. 

The ―protective‖ mechanical ventilation strategy, characterized by low tidal 

volume, limitation of plateau pressure and intermediate PEEP levels, has 

shown reductions in mortality and is now widely accepted8-12. However, 
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this strategy may fail to expand the most dependent lung regions and 

inadequately reduce cyclic alveolar collapse. These effects may contribute 

to the progression of lung injury and multiple organ failure. The ―open 

lung‖ ventilation strategy is based on re-inflating these collapsed lung 

regions then preventing collapse during the subsequent mechanical 

ventilation. The aim of this is not simply to improve oxygenation but to 

improve lung health, reduce injurious cytokine production, shorten time to 

recovery and improve patient survival.  

Three large randomised studies have been performed to address this 

hypothesis using higher PEEP levels with and without RMs1, 13-14. One 

used static RMs (35-40 cm H2O for 30 sec) in a small subset of patients13, 

one used the 40/40 RM in all patients1 and the third did not use RMs14. All 

three studies were potentially disadvantaged by using a similar tidal 

volume in the treatment and control groups resulting in a higher plateau 

pressure level in the treatment group and all three studies failed to 

demonstrate a survival advantage compared with control ventilation. 

However, a meta-analysis of these studies15 has suggested benefit from 

higher PEEP in ARDS patients (PaO2/FiO2 ratio <200) but not in ALI 

patients without ARDS (PaO2/FiO2 ratio 200-300).  

In contradistinction, a meta-analysis of ventilation trials including 40/40 

RMs found no significant improvement in length of ventilation, length of 

ICU or hospital stay or mortality3. Although more data was required to 

exclude benefit, this did suggest that the 40/40 RM with the associated 

ventilatory strategies was probably ineffective. Unlike the study by Edul et 

al. two RM meta-analyses did find a significant improvement in 

oxygenation without significant side effects2-3. The reason for this 

difference may lie in the severity of ALI. 
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Table 1. Comparison of Edul et al with RM meta-analyses for 
PaO2/FiO2 

2-3 

 Hodgson (2009) Fan (2008) Edul (2010) 

Study type meta-analysis meta-analysis RCT 
Studies included RCT (2) RCT & obs* (20) 1 
No Patients 490 1185 11 
% ARDS 87% not available 30% 
Initial PEEP 11±3 11±3 13±3 
Baseline P/F 144±48 139±31 215±66 
Post RM P/F 185±69 251±117 212±78 
(obs* = observational) 

 

The meta-analyses that reported improved oxygenation with RMs had 

much lower initial PaO2/FiO2 values with 87% ARDS in one analysis and a 

probable similar high percentage of ARDS in the other analysis based on 

the lower PaO2/FiO2 values. In contrast, the Edul study had a high initial 

PaO2/FiO2 value and lower percentage of patients with ARDS suggesting 

a lower severity of lung injury, possibly with less potential to show 

improvement in oxygenation. This is similar to the high PEEP meta-

analysis which showed benefit only in the ARDS group15. The higher initial 

PEEP in the Edul study may reduce the potential for improvement16.  

The haemodynamic effects of RMs are well documented17-19 and are 

usually transient. Although transient hypotension is reported in many 

papers, most report no significant adverse events2-3. In this issue Edul et 

al reported only a modest reduction in systolic and mean arterial pressure 

during the RM but a large and significant reduction (23%) in cardiac index. 

Although this blood pressure and cardiac index had recovered 2 minutes 

after the RM in this study, it highlights the importance of circulatory 

depression which can cause abandonment of an RM and the importance 

of not performing RMs in hypovolemic or hypotensive patients where 

occasionally severe and prolonged circulatory depression may occur.  

Apart from short term oxygenation improvement, the major RMs trials and 

the RM meta-analyses have failed to show any improvements in outcome. 

This stimulates consideration of whether the 40/40 RMs themselves are 
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the most effective form of RM and whether any recruitment achieved was 

adequately maintained after the RM by sufficiently high PEEP levels and 

by re-recruitment when desaturation, disconnection or suctioning 

occurred.  

When lung recruitment was first proposed20, it was suggested that a static 

lung inflation to 60 cm H2O for 60 seconds was required maximise 

recruitment but possibly because of poor haemodynamic and ventilatory 

tolerance, patient discomfort, concerns with of barotrauma and physician 

discomfort, a more conservative version, the 40/40 RM became much 

more widely used but with little clear success.  

The search for better RMs lead to the use of pressure control ventilation 

with incremental PEEP during the RM21 with the goal that higher alveolar 

pressure applied intermittently would enable better lung recruitment with 

ongoing ventilation and less circulatory depression. Steps up to the 

maximum PEEP allow assessment of tolerance and steps down in PEEP 

after the maximum PEEP allow determination of the point where 

oxygenation first decreased to determine the PEEP level to use after the 

RM. The PEEP increments during the RM led to the name stepwise or 

staircase RM. 

Lim and colleagues studied the effect of different types of RMs (static, 

pressure control with incremental PEEP and extended sigh) in porcine 

lungs with ARDS17, 22-23. They found the most effective RM to improve 

oxygenation was pressure control with incremental PEEP. Borges21 used 

a stepwise manoeuvre in 26 patients with ARDS to maximum Pplat of 60 

cm H2O over a total time for PEEP steps up and down of 20 min. This 

showed a sustained positive response in 24 out of 26 patients (92%) with 

a mean PEEP of 22 ± 4 cm H2O after PEEP titration. Hodgson et al24 

studied 20 patients with ARDS with a similar staircase RM to a maximum 

Pplat of 55±3 cm H2O with incremental and decremental PEEP titration 

over a total time of 15-20 min and found significant improvements in 

PaO2/FiO2 ratio and shunt fraction sustained for an hour after the RM in 

90% of patients. This study also found that that 40% of patients 
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desaturated at maximum PEEP during the RM but still improved their 

oxygenation when PEEP was reduced. Hodgson suggested that only 45% 

of those patients would have responded to a 40/40 RM and Borges stated 

that 54% of patients required Pplat >40 cm H2O for full recruitment (ie only 

46% would have fully responed with a 40/40 RM). Both these studies 

reported transient haemodynamic changes during the RM with no 

significant consequences21, 24.  

A subsequent randomised controlled study of 20 patients with ARDS by 

Hodgson & Nichol et al25 compared the staircase RM with an ARDS-net 

based control group. In this study the treatment group, after PEEP 

titration, received a higher PEEP (15 ± 1 vs 10 ± 0.5 cm H2O) and a lower 

driving pressure (Pplat-PEEP, 13 ± 1 vs 17 ± 1 cm H2O) compared with 

the control group resulting in the same safe Pplat (28 ± 2 cm H2O) in both 

groups. This strategy resulted in improved PaO2/FiO2, compliance and 

systemic cytokine levels and a non-significant reduction in length of 

ventilation, ICU and hospital stay25. While the findings in relation to this 

method of lung recruitment are positive, they require further investigation 

in larger randomised controlled trials before long term benefit can be 

confirmed.  

Our group also provides ECMO for patients with severe acute lung injury 

(SaO2 <90% despite FiO2 1.0 and PEEP ≥17.5 cm H2O) and have found 

that the staircase RM averted the need for ECMO in >30% of patients who 

would have otherwise proceeded to that support. 

These findings suggest that ARDS (initial (PaO2/FiO2 ratio <200) responds 

better to recruitment and high PEEP than ALI without ARDS (PaO2/FiO2 

ratio 200-300) and that staircase RMs may be effective in a higher 

percentage of patients with ARDS than 40/40 RMs. Also, many RM 

studies describe responders and non-responders26-27 and there may be 

benefit in the former subset that is not seen when all patients are included 

in large study analysis. 

In conclusion, studies to date, including the work by Edul et al, indicate 

that sustained lung inflation to a pressure of 40 cm H2O (40/40 RM) may 
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not be effective in patients with mild ALI and have no established long-

term benefit in patients with ARDS. Further trials are needed to establish 

the role of RMs, particularly with regard to disease severity (ARDS versus 

ALI) and their effect on clinically relevant outcomes. But in the meantime, 

this does not mean that RMs should not be used. There is emerging 

evidence that RMs with incremental PEEP and pressure controlled 

ventilation to pressures in excess of 50 cm H2O (such as the staircase 

RMs)  are safe and well tolerated in patients with ARDS, more effective 

than 40/40 RMs, and can be successfully used in patients with significant 

hypoxaemia.  
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