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Abstract

The use of anaesthetic rooms as the standard site of anaesthetic induction in the United
Kingdom has been criticised and debated over several decades, and yet practice has
remained largely unchanged. The impacts of the anaesthetic room on cost, efficiency,

patient experience, and patient safety are either conflicting or unknown.

This research utilised a systems approach to evaluate the efficacy of anaesthetic rooms
and make recommendations for the improvement of both the design and practice of
surgical suites in the UK. The study incorporated mixed methods to investigate the
qualitative and quantitative benefits of anaesthetic rooms for all stakeholders.

A survey of consultant anaesthetists investigated current practice and attitudes
regarding the use of anaesthetic rooms and the importance of various types of
‘evidence’ for affecting change in practice. This study revealed the wide diversity of
current anaesthetic practice and the factors that influence the selection of the site of

induction.

A second study, which used interviews with anaesthetists and perioperative managers
explored the decision making surrounding the continued use of anaesthetic rooms and
the relationship between design and practice. Factors influencing the perpetuation of
anaesthetic rooms were shown to exist systemically across individual, organisational,
and external levels. Willingness to change and the relevance of evidence for decision
making is discussed.

In a third study, a modified participatory design Delphi was used to investigate the
decision making priorities of multiple anaesthetic room stakeholders to reach a
consensus for the design of theatres in a new fictional hospital. The novel Delphi
technique presented conflicting research findings to participants in order to require
them to evaluate and come to agreement regarding the incorporation of anaesthetic
rooms. A critique of this method is presented along with suggestions for future

application.

A cost-benefit analysis of anaesthetic rooms was then conducted in one NHS Trust.
This was supplemented by ethnographic observations of its surgical suites to provide

context to the historical timing data gathered retrospectively for financial and



productive evaluations. The cost-benefit analysis revealed that there are missed
opportunities associated with anaesthetic rooms, as downtime and delay mean that the
potential financial gain and return on investment of anaesthetic rooms cannot be

realised.

An investigation of patient experience with surgical anaesthesia was conducted through
a multi-part questionnaire evaluating patients’ expectations, anxiety, and satisfaction
with their anaesthetic care. The study focused on the impact of the site of induction on
patient experience and revealed that anaesthetic rooms do not appear to have a
significant effect on patient anxiety and satisfaction. Opportunities for improving
patient experience were identified, with the majority of these being unrelated to the site

of induction of anaesthesia.

Through a number of separate studies, this research provides a complete evaluation of
anaesthetic rooms. It has identified the contradictions between stated priorities for
anaesthetic rooms that stakeholders report and the actual choices that they make for the
use and design of surgical suites. The human factors methods and systems approach
that has been taken to this thesis has shown that it is a valuable way of investigating

deeply embedded practices in healthcare.

In addition, this research has set forth a novel method for integrating four dominant
paradigms of healthcare improvement. The integration of participatory ergonomics and
evidence-based practice may provide a useful method for reaching consensus of
contentious issues, aligning systems design with individual and organisational
priorities, and encouraging evidence evaluation as a part of the decision making

process.



Acknowledgements

Firstly, I thank God for leading me to take this opportunity in the UK and sustaining
me through it. I am ever grateful for the blessing that this journey has been in my life.

My deepest gratitude to my supervisors, Dr Sarah Atkinson, Dr Jennifer Martin, and Dr
Emma Rowley, for their continual support and guidance throughout my PhD. Thank
you for your encouragement through the most challenging and frustrating parts of this

process, and graciously teaching this American the British way.

This research would not have been possible without the clinical guidance of Drs Bryn
Baxendale and lain Moppett. | am endlessly grateful for your involvement in this
research and the many doors you opened, and connections you made on my behalf.

Many thanks to the healthcare professionals of Nottingham University Hospitals NHS
Trust, who kindly assisted in this research as facilitators and participants. Additional
thanks to all local collaborators and participants throughout the East Midlands who
gave of their time and energy in the planning and completion of this work. A special
thanks to Drs Anup Biswas, Perihan Ali, and Florence Apaloo -without you, our study
would not have been possible.

Cheers to my colleagues and friends in the Human Factors Research Group for all of
your smiles, cakes, and cups of tea. Thanks to Alex for being my office buddy and

sharing in all of the ups and downs with good laughs and great beers.

Special shout out to my Lincoln Hall and University of Nottingham Volleyball Club

families for bringing me encouragement, friendship, and distraction over the years!

To my family back home — although you still think I do Human Resources, your
prayerful support, care packages, and endless love have been what | have needed to
make it through. I love you always, no matter how far apart we are in the world.

And finally, to Jorge, you have inspired me to be courageous and unafraid to ask
difficult questions. The many things you’ve taught me, the joy you’ve brought me, and
the Mexican food you’ve fed me, have meant the world to me. Thank you for being my

Player 1, my shoulder to cry on, and my best friend.



Table of Contents

ADSEFACT. ... e i
ACKNOWIEAGEMENTS ... i
Table Of CONTENTS .......cuiiiiciii s \Y%
LISE OF FIQUIES ...t IX
LISE OF TADIES ... Xi
LISt OF APPENAICES.....ceiiiiiiiieieieet et Xii
PIETACE. ... et Xiii
Chapter 1 INtrodUCTION........cooiiiiie e ere s 1
1.1 BACKGIOUNG ....oviiiiiitic bbbt bbbt bbbttt b 1
1.2 RESEAICH QUESTIONS .. ..ciiiiiiiiitt ettt te ettt e st et e st e et e e s e e s e e saeesteesaeeseenseeneenneenreens 5
1.2.1  What is the role of anaesthetic rooms in UK practiCe?.........cccvvvvieiieiienieeie e 5
1.2.2  How cost-effective are anaesthetic rO0MS? ..........ccoviiiriiiiine e 5
1.2.3  What are the priorities for design and PractiCe? ...........ccoevririiiiniiiines e 6
1.2.4  To what extent is design and practice evidence-based?...........coovvvereiiineiniineiese s 6
1.3 THESIS OULHNE....c.eiiiiiieeiicte bbbttt ettt b ettt b 6
Chapter 2 LIterature REVIEW ..........cooiiiiiiiiiee e 9
2.1 Chapler OVEIVIEW ......cuiiiiieiiiteieee sttt bbb bbb b et b e bbb bbbt nb e 9
2.2 ANBESTNETIC ROOMS ... ittt ettt b ettt 9
2.2.1  StANdards OF PraCLiCE ......cuiiiiiiiiiieictc ettt 9
A o (1101 0N 4D 1= VTSR 11
2.2.3  PatiENt SAFELY....cviiiiic e 12
S o 1) el = i 1ol =T To3 TSR 14
2.25  NAtioNal GUIJANCE .......cviieiriieiiitiieeese e 17
2.3 PAUIENT SAFELY ...t 21
2.3.1  Risk and Error Management...........couoereiiirieieiinieesie st ebe e sne s 22
2.3.2  SAFELY CUIUE ...ccvieiecte et b et b ettt sne e 24
2.4 Quality Improvement in HEAItNCAre ...........ccoiiiiii e 25
2.4.1  Total Quality ManagemENt..........ccceciiiieiieiieie e e ste et e st a et ae et esreesreeae e 25
2.4.2  Lean HEAINCAIE......c.ciiieiicie et 26
2.4.3  BENCAMAIKING ..ocveiiiiiie e ettt b et e e a e 28
2.5 EVIdeNnCe-Based PraCliCe.........ccioiiiiiiiiiieisie et 29
2.5.1  Evidence-based ManagemeNt ..........cociriiiiriiiiieeee ettt 31
2.5.2  EVIAeNCe-DASEA DESIGN ....ocuiieiiitiiieiiiie ettt ettt ettt re e 32
2.6 IMPIOVEMENT SCIBNCE. ....iviiiitiitiieirte et bbbttt bbb e 33
2.6.1  Behaviour Change ThEOIY ........oiiiiiiieie ettt bbb 34
2.6.2  IMPIemENtation SrAtBgIES .......eieiieiiieie ettt et 39



2.7  Human Factors iN HEAINCAIE ..........ccueiiiiicee ettt 41

2.7.1  Systems Approach to Quality and Safety ..o 42
2.7.2  Design and Change of Healthcare SYStEMS .........ccciiiiiiiiineii e 46
2.8 Chapler SUMMAKY .....cooiiiiiitiitiieit bbbt bbbttt bbb et n b 49
Chapter 3~ Evaluation of Current Anaesthetic Room Practice ........................ 51
3.1 CAPIEE OVEIVIEW ....cviiiiictit ettt bbb bbbt bbbt b b 51
3.2 INTFOTUCTION ...t bbb bbbt b bbbt b b 51
3.3 IMIBENOMS. ... bbbt 52
331 PAITICIPANTS ...ttt et b bbb e b 52
K TR B . 1o OSSP P PSPPSRI 53
3.3.3  Data COMBCLION......cviiiieiceerec e 53
3.3.4  Dat@ ANAIYSIS ..oeeecieeiee e nra e e nae s 55
KB o 1V 0 0] 1 Ty 55
341 EXPErieNnCe & TIaINING «..cvivirieiieteiieiiete ettt sttt sr e bttt sr et sr e ebesne e 55
3.4.2  Infrastructure & Organisational POLICY...........cccoiiiiiiiiiiiiicc e 56
3.4.3  SUrgical SPECIAITIES .....oviviieiiieiiete e 57
344 Changing PrACLICE. .......cceiitiriiiiteiieeete sttt et b et sr et sb et sne e 57
3L RESUIES ...t 58
TR 00 R I T 4o Yo = o ok PSR 58
3.5.2  Infrastructure & Organisational POLICY ..........cccccvieiiiiieeie e 59
3.5.3  Team COMPOSITION .....cciiiiieeie ettt te e e et e st et e e te e aearaesreesneesreenneenes 61
3.5.4  CliNICal PreferenCeS. ....coviiitiiieieite ettt ettt et sne e 63
3.5.5  SUrgical SPECIAITIES .....oviiiieiiiieite e 68
3.5.6  Factors Influencing Site Of INAUCLION ........cooviiiiiiiiiiicc e 71
3.5.7  EVIdence-Based ChanQe..........cccioiiiieiieiieie ettt ettt sre e te e 75
3.8 DIESCUSSION ...ttt ettt b bbbttt bbbt R et r et 77
3.6.1  CliNiCal PrefereNnCeS. ....ccvieiriieeiireir ettt 79
3.6.2  Factors Influencing Site of INAUCHION .........ccoiiiiiiic e 81
3.6.3  EVidence-Based ChanQe .........cooiiiiiiiiii ettt 83
3.7 LIMIEALIONS ...ttt bbbt bbb bbb e 84
3.8 Chapler SUMMAEIY .....cooiiiiiiiiic bbb bbbttt bbbttt 86
Chapter 4  The Role of AnaesthetiC ROOMS..........ccoviiiieiiiincieeee 87
4.1 CRAPLEET OVEIVIEW ....coiiviiiiiiieieteste ettt sttt bbbttt sttt st e ene st 87
4.2 INEFOAUCTION ...ttt ettt et bbbt ettt sttt e ene et ne 87
4.3 IMBENOUS. ...ttt bbb bbbt ne et 88
4.3.1  PArTICIPANTS ..ttt ettt e bbbt bt et et bbb e beene et e e ae e 88
A.3.2 BN et bbbttt nae 89
4.3.3 DAt COIECLION .....c.eitiitiiiitiieeeee ettt sb s 89
4.3.4  DAtA ANAIYSIS ..o.eeieieieeiiiee et bbbttt bt ae et bt nae 91
A4 INTENVIEW RESUILS. ... .ottt ettt e 92



441 High LeVel CatBgOriBS. ... cceiueiieieeeeeieiesiesiesestesreeseesaeseestestestesteessesaessestestestesseesessesnsessessens 93

442  Themes & SUD-TNEMES ......ccoiiiiiiiieiiee e 93
4421 INAIVIAUAT FACTOTS ...ttt 93
44201 PAliENES FACTOIS ..ottt 94
4.4.2.0.2  SEAFT FACLOIS... ettt 99
44272 Organisational FaCIOIS ........ciiiiiiirieie e 105
4.4.2.2.1  COSE-EFFICIENCY ..vviviiie ittt nr e e 106
4.4.2.2.2  INTIASIIUCTUIE ..covivieiiitcee et 109
4.4.2.2.3  LOCAI PrACLICE ...c.cveviiiciiirieee et 113
44224 SEAFFING .oviiiec e e ere e 115
4.4.2.2.5  SYSIEM FACIOIS.....cciiiiieiitiii it 116
4423 EXEEINAL FACIOTS ...ttt bbb 117
4.4.2.3. 1 BESEPIACLICE ....cviitiieiiiti ettt ettt et 117
A.4.2.3.2  CUIRUIE ..ottt b e bbb bt et sr e abenreneas 119
4424 IMProvEMENt ChaNQE. ... .civeieee ettt et e st e ste e beesaesneesnnas 121
44241 Changing BeNAVIOUS ..........c.ccveiiiieie et ste e sne e s 122
44242 EVIdence-Dased PraCtiCe ..........cccouriiviiriiiiiireiseseeee e 124
4.5 DISCUSSION ..ttt ettt s et st b et R et n et n et r et nr e 126
451  INIVIAUAI FACTOIS......iiiiiitiiiiiiitiiecet ettt ettt nbe e 128
452  OrganiSationNal FACIOS ..........ciiiiiiiiiieict ettt sbe e 129
453 EXIEINAI FACIOIS. . .cuiitiiiiiitiieeiite ettt ettt bbb et sb et b 131
4.5.4  IMProvement ChanQE .......cccuciieiiieiee ettt ra e s re e sre e naeenae s 132
455 CONCIUSION.....cciiiiiiiiititeee ettt b bt et n e e arenn e 133
4.6 LIMITATIONS. ..ottt 134
A7 FUBUFE WOTK ..ottt ettt 135
4.8 Chaper SUMIMAIY ......ccooiiiiiiiiiiie ettt bbb bbbttt 136
Chapter 5  Evidence-Based Hospital Design ..........cccoevvieniienininecieeeee, 137
T O 0T (=T g @ L =T oY - OSSR 137
5.2 INTFOTUCTION ...ttt bbbt bbbt b et bbbttt ettt 137
5.3 IMIBENOMS. ...ttt bbbt 138
5.3.1  PAITICIPANTS ..ttt bbbt et bbb 138
5.3.2  ENICS ittt bbb 139
5.3.3  Data COMIBCTION ....c.veiiitiiciite et 139
5.3.4  DAta ANAIYSIS ..o bbb bbbt ae e e 146
B4 RESUITS ...ttt bbbttt 147
541 DEMOGIAPNICS. c i iteeiieiie ittt bbb bbbt bt e nre e 147
5.4.2  Ranking of Theatre Design FACIOIS ........ccoieieiiirieiieiee et 149
5.4.3  Influence of ReSEArch LItEratUre .........c.ccooieieiiinieiie e 152
5.4.4  Theatre Build Consensus and Rationale ............cooeiiiieiiieneiieeseee e 154
5441 Benefits of anaesthetic r00MS .........cooiiiiice e 155

Vi



5.4.4.2 Disadvantages of anaesthetic FOOMS ........ccvvveiererire e 156

5443 Shared anaesthetic FOOMS ........coviviiririeiie e 157
5.4.4.4 Changing anaesthetiC PraCliCe ........c.ccoveieiiiiiei e 158
5.5 DISCUSSION ...ttt ettt ettt ekt bbbt bbb bbbttt bbbttt bbb 159
5.5.1  Priorities fOr DESIGN ....cueiiiiiieiieiieisie ettt bbb 159
5.5.2  PartiCipatory DESIGN ....c.cvieiieiieiieisie ettt bbb 161
5.5.3  EVvidence-based PraCtiCe..........cocuiriiiiiiiiie e 161
554 LIMITALIONS ..ovoiiiiiicieiiece e 162
5.5.5  FULUIE WOTK ..ot 165
5.6  Chapler SUMMEAIY ....ccooiviiiieie sttt ettt te e teese et et e sr e bestesbeeneeneesaensentenneas 166
Chapter 6  Cost-Efficiency of the Anaesthetic Room ...........cccoecvvvieiveiene 167
TR O 0 -1 (=T gl @ L =T oY - OSSR 167
8.2 INTFOTUCTION.....c.eiiiiiieceit et nr et nr s 167
6.3 Ethnographic Observation Methods ...........ccoiiiiiiiiiii s 169
B.3. 1  ENICS ettt 169
6.3.2  Data COMIBCTION ....c.eeiiiieieiiitc et bbb 170
6.3.3  DAA ANAIYSIS ..ottt bbb 172
6.4 Secondary Data MEthOUS..........coiviiiiie e 172
TR R |V 1= 1 o To (o] [0 | USSR 172
6.4.2  Data COIBCTION......eciiiiiciirc e 174
6.4.2.1 ULHHSAEION DAL, ......cveeieeiieieeri e 174
6.4.2.2 REVENUE ... et nne e 176
6.4.2.3 EXPEINSES ... 181
6.4.2.4 ANGESTNELIC ROOM COSES......cuviviitiieieiiiteetcie bbb 184
6.4.3  Dat@ ANAIYSIS ...cuviiiicie ettt re e te e ae e 185
6.4.3.1 Data REAUCTION ......evieiecee e 185
6.4.3.2 EFficiency Data ANAIYSIS ......ccveiieie e 188
6.4.3.3 COSt Data ANAIYSIS ....eivieiecieeie ettt re e ae e e e e nraen 192
6.5 Secondary Data ANalysisS RESUILS.........cccoiiiiiiiiiiie s 193
6.5.1  Theatre ULHHSAtION .......coveiiiiieiieieerie e bbb 193
6.5.2  TIME INLEIVAIS. ..o bbb 198
B.5.3  SHATTING ..o e 200
6.5.4  SPECIATISALION ...eeveiiiiii it bbbt ae e 200
6.5.5  COSt-BENEFit ANAIYSIS. ....coviiiitiiieiieiee e bbbt 201
B.5.6  SPACE AIOCALIONS .....cueiiiiiiee sttt e bbbt ae e 204
6.6 Ethnographic Observation RESUILS...........ccoi it 205
6.6.1  QUANLITALIVE RESUILS ....o.veiiiiiiieeeiee ettt ee e e 206
6.6.2  QUANTALIVE RESUILS ...c.eoeiiece e et nns 208
6.6.2.1 Anaesthetic Room Use and Benefits ........cccoreiiiiiiiiiiisres e 208
6.6.2.2 Theatre Set-up and Preparation...........ccoeeiereiieieise st 209

vii



6.6.2.3 PatiENt EXPEIIENCE ...veviveieeeeeeeie e steste e ste s e e e et te e ste s e e e e e e e aeseestesreaneeseeneeneenrens 210

6.6.2.4 Requirements For OVEIIAP.......c.oovie i 211
6.6.2.5 SEAFFING .ot e 212
6.6.2.6 OrthoPaIC PIaCHICE. ......eveiiiteieciecte et 213
6.6.2.7 ORMIS DAta ENTIY ...ttt sttt sae e nnee 214
6.6.2.8 DIBIAYS ..ttt bbbt 214
6.6.3  NHS Treatment Centre: Operating without Anaesthetic ROOMS............cccccoeveveveeicieninnn, 215
8.7 DIHSCUSSION ..ttt b ettt b ettt n et 216
6.8 LIMITATIONS.....viiicieiec e 220
8.9 FULUIE WOTK ..ottt n e 221
6.10 Chapler SUMMAIY .......cooiiiiieie ettt bbbt b bbb 222
Chapter 7 Patient Experience with Surgical Anaesthesia.........c..cccoccevvennne. 223
S O - T (=T gl @ L =T oY -SSR 223
7.2 INEFOTUCTION ..ottt bbb bbbttt bbbttt 223
7.3 IMIBENOAS. ...ttt bbb bbbttt 224
731 PAITICIPANTS ...ttt b e e bbbt bbb 224
732 ENHCS et b bbb 225
7.3.3  Data COlIECTION ...t 226
7.3.4  Dat@ ANAIYSIS ..ocuvveiicie et e e te e aenae e 230
Th  RESUITS ..ot 230
A R B T T4 To Yo = o ok USSR 230
7.4.2  Patient EXPECLATIONS ....c..oiiviieiiiieiiee ittt 232
743 Pre-0Perative ANXIELY .....cooi ittt b e et 234
7431 ANXIELY SCOTE RESUILS. ...ttt 234
7.4.3.2 CaUSES OF ANXIBLY ....uviiiiecieccie et e et e e ste e s e e saeenaesnresreenreens 237
7.4.3.3 Ways 0f REHEVING ANXIELY ....ooiviiiiee ettt e 238
744  Patient SAtiSTACTION ......c..ciiiririeiie e 240
7.5 DIESCUSSION ...ttt ettt bbb skt r b bbbt e et nb et n et nn s 242
T8 LIMITALIONS ....cviieieitcieiet bbb bbb bbbt b ettt b 244
TT FULUFE WOTK oottt bbbttt 245
7.8 Chapler SUMMATY .....coiiiiiiiieie ettt b bbbt b bbb bbbt s b nnenes 246
Chapter 8  DISCUSSION. .....ccuiiiiiiiiieiiieieie ettt bbbt 247
8.1 ChapLer OVEIVIEW ... .cuiiviieiiciiieet ettt bbbt b ettt bttt es et eens 247
8.2  Summary of Research FINAINGS.......ccoiiiiiiiiiiciieese e 247
8.3 Achievement of Research QUESLIONS..........c.coviiiviiiieice e 249
8.3.1  What is the role of anaesthetic rooms in UK practiCe?..........ccoouevrveneneneneiinieeeie e 249
8.3.2  How cost-effective are anaesthetic r00MS? .........cccovveieiiiircinee e 253
8.3.3  What are the priorities for design and practiCe? ...........ccocevereririiiene e 254
8.3.4  To what extent are design and practice evidence-based? ..........ccccooverereniniiinicncnenene, 257
8.4 Balancing the Work System of Anaesthetic ROOMS ..........cccviriiiiniiinseee s 260

viii



8.5 Analysis of the Evidence Base for Anaesthetic ROOMS ..........ccccvivveiivenicne s 264

8.5.1  The ANalySis FraAMEWOIK .......cccoviieieiiieiese s eee e ste ettt sr et sreena e e e srennas 265

8.5.2  Evaluation Using the ANAIYSIS ..ottt 269

8.5.3  Benefits and Limitations of the ANAIYSIS ........cccceriiiiiiiiiiiee e 271
8.6 Novel Contributions to KNOWIEAQGE. ..........coeiiiiiiiiiiiic s 272
8.7  Limitations of the RESEAICN ........ccooiiiiie e 274
8.8  ChaPLer SUMMEAIY ...ccvciiiiie ittt ettt s et e e e s r e bestestesneeneesaenseneenneas 277
Chapter 9  Conclusions and Recommendations............cccceeeviveveeiiesieeseennene 278
0.1 ChAPLEr OVEIVIBW ...c.cviieiieiici ittt b bbbt bbbt b ettt et 278
9.2 Conclusions and ReCOMMENAEALIONS .........couiiiiiiirieieirieieese et 278
9.3  Recommendations fOr FULUIE WOIK ..o s 280
LSRR O o Tod 180 [T g [0 ] -1 =T 4 ) SRS 281
RETEIEINCES ... ettt 283
F A o] 0 1=1 o [ Tor =TSSR TSUOSPRRR 303

List of Figures

Figure 1.1 A view from the anaesthetic room looking into the operating theatre............c.ccocooiveiiinennn 1

Figure 1.2 Anaesthetist and operating department practitioner in the anaesthetic room (Hindmarsh &

PIINICK, 2002, P.143) oottt sttt sttt ettt st et e Rt et be s RenReereene e e nre e e 4
Figure 1.3 Outline of theSis CRAPLEIS ......c.vccvieiece et re e esreesreens 7
Figure 2.1 Diagram of the depth of anaesthesia 'gap' (Chapman & O'Connor, 2015, p.369)................. 20
Figure 2.2 Swiss cheese model of system accidents (Reason, 2000, p.769)........ccccccvvveviveiieeieeseesneenn, 23
Figure 2.3 The 18 building blocks of lean healthcare (Manos et al., 2006, P.26).........ccccovirerriirennnnn 27
Figure 2.4 Broader influences on individual practice (Nutley & Davies, 2000, p.337) .c.ccccvervvvrennne. 38
Figure 2.5 Simplified version of Moray's (2000) model of a sociotechnical system............ccccocecvvenene. 43
Figure 2.6 The SEIPS 2.0 model (Holden et al., 2013, P.1672) .....ccceovrririiiriiiiinieneesieeecse s 44
Figure 3.1 Anaesthetic room qUEStIONNAINE SECLIONS ........ccveiieiiiie e 54
Figure 3.2 International training and WOk eXPerinCe .........cocvevierieiiieiiesie e se e 59
Figure 3.3 The prevalence of anaesthetic rooms in the public and private Sectors...........ccccccevvvevveneane. 60
Figure 3.4 Number of non-medical staff per theatre (NHS & private SECtOr) ..........ccevvvievieeieeveecienn, 62
Figure 3.5 An example safety Checklist fOr SUFGErY ........cooiiiiiiicc s 64
Figure 3.6 Frequency of use of anaesthetic rooms by specialty in the NHS ..........cocoovininniiicnnn, 69
Figure 3.7 Frequency of use of anaesthetic rooms by specialty in the private sector..........c.ccoceevvenne. 69
Figure 3.8 Significance of relative importance for reasons to induce in the anaesthetic room............... 72
Figure 3.9 Significance of relative importance for reasons to induce in the operating theatre................ 74
Figure 3.10 Significance of relative importance for types of influential evidence............cc.ccooveenenenn. 77
Figure 3.11 Schematic of a laminar flow ceiling canopy (McHugh et al., 2015, p.53) ....cccoeviieinnenn. 81
Figure 4.1 Qualitative coding (Hahn, 2008, P.6) .......ciuiriiiiiiiiieieee et 91



Figure 4.2 Node hierarchy of main high level categories and themes............ccocvvevevevivvie e, 92

Figure 4.3 INdIVIAUAI FACIOIS......cviiiicie ettt e e st et esteere e e e e e nrenns 94
Figure 4.4 Organisational FaCLOIS ........c.ciiiiiiiie ettt 106
Figure 4.5 EXIErNAl FACLOIS .....cviuiiiiiitiieeiie ettt ebenn e 117
Figure 4.6 IMProvement ChaNQE ..........cociiiiiiii ettt ab bbb nne e 122
Figure 4.7 Main high level categories of the INtErVIEWS...........ccocoreiiiiiiiiiiicccs e 127
Figure 4.8 Links between design and PraCtiCe.........cceieveiiieiieieerieiesesesesee e sre s se e eae e see e 130
Figure 4.9 Factors affecting anaesthetic ro0m PractiCe .........ccevveveieveiiisie s 134
Figure 5.1 Administration of the modified Delphi ProCess ........ccccccovvieiiiiiciieierese e 141
Figure 5.2 Number of participants Per NHS TTIUSE ........ccciiiiiieieeieie et 147
Figure 5.3 Diagram of the number of years in current role (N, %) .......ccccovireiiieneinncseeseae 148
Figure 5.4 Experience working without an anaesthetic room (N, %) .........cccverviireinineneneeeneas 148
Figure 5.5 Numbers of participants in all phases of the StUdY ...........cccoeiiiiiiiiiiiie 149
Figure 5.6 Codes for participant design Priorities ..........ccoviiriieiiiiiiire e 152
Figure 5.7 Sample of results presented to participants in Phase 3.........ccccoevvvieviee e v 153
Figure 6.1 ORMIS USEE INTEITACE ......oivveiiciece ettt ae e sne e e e sreens 175
Figure 6.2 Calculation of surgical specialty profits -fOCUS 0N FEVENUE ...........cccevevveeie e 177
Figure 6.3 Payment and information flow diagram for surgical WOrk..............cccoeeevivivieeieevecienieniens 179
Figure 6.4 Calculation of surgical specialty profits -fOCUS 0N EXPENSES.........ccovvireiiiiiiiiiieeeieae 181
Figure 6.5 Data reduction FIOW diagram .........ccceiiieiiiiiiiecene et 186
Figure 6.6 Example of utilisation gap @NalySiS.........cccereiiiriiiiiniiieneese s 191
Figure 6.7 Boxplots of overlap time per SPeCIalty ..........ccocviviiiiiiii i 196
Figure 6.8 Boxplots of downtime per SPECIAILY ........cccveiiiie i 197
Figure 6.9 Cost-benefit graph of extra costs and potential profits (overheads included) ..................... 202
Figure 6.10 Cost-benefit graph of extra costs and potential profits (no overheads included) .............. 202
Figure 6.11 Cost-benefit graph of physician’s assistants’ cOntribution..........ccceceverviiriiienennieneeas 203

Figure 6.12 A large 17 m? orthopaedic anaesthetic room (Top) and an average sized 14.1 m?

anaesthetic ro0M (BOTIOIM) .......ciuiiiiiiieiirie st b ettt 205
Figure 6.13 A view into an anaesthetic room in paediatric day SUIgery .......c.cocvereiieneienenenieenieeas 208
FIgure 6.14 Theatre PreP FOOM ......ccviiiecteeieeiestesieesteesteeste et e st e steesteeste e beaseesseessaesaeesaeeseanseansesseesreens 210
Figure 6.15 Laminar flow ventilation unit in the theatre ...........ccocvvveiieic e 213
Figure 7.1 Study process flOW iagram ............ccueiiiiiiiiiie st 227
Figure 7.2 Visual analogue scale for anXiety....... oo 228
Figure 7.3 Diagram of participant age groups (N, %0) «.....coveereerereienerieesese s 231
Figure 7.4 Diagram of patient length of residence in the UK (N, %) .......ccccoviiiniinicnincieeenieas 232
Figure 7.5 Diagram of number of previous operations (N, 90) ......c.cooveererrerereneneieseseese e 233
Figure 8.1 The interacting work system diagram of factors influencing anaesthetic rooms................. 261
Figure 8.2 The multi-disciplinary approach to healthcare improvement.............cccccoviiiiiiiiniienee 272



List of Tables

Table 1.1 RESEAICH QUESLIONS ......c.viviiieiiitiiieiicie ettt b bbbt nr et nb e b nne e 8
Table 2.1 NICE hierarchy of evidence for efficacy of intervention studies (NICE, 2006, p.35)............ 30
Table 2.2 Framework for participatory ergonomics (Hignett et al., 2005)........cccccevevvivnienieerereseneens 48
Table 3.1 Distribution of responses based 0N StUAY SIte........ccivereiieiieriiiie e 58
Table 3.2 Common uses for the anaesthetic room in the NHS and private Sector..........cc.ccocvevveververnnn. 63
Table 3.3 Preference for site of induction based on patient type by number of respondents (%)........... 65
Table 3.4 Adjusted standardised residuals (ASR) for the preferred site of induction .............c.cccooene. 67
Table 3.5 Adjusted standardised residuals (ASR) for the frequency of anaesthetic room use based on

surgical specialty iNthe NHS ... 70
Table 3.6 Hypothesis testing of willingness to change and various eXperienCes........ccovvevvevvesverveninens 75
Table 3.7 Summary Of hYPOtheSIS tESTING.......ccviiieiiciie e nreens 78
Table 4.1 Sample of interview protocol for managers and anaesthetistS............cccoevvieevieeieccvsiesiesens 90
Table 4.2 Responses related to compelling evidence to change practice ...........ccoceovvvervieneneinennens 125
Table 5.1 Ranked factors from Phase 1 and research findings ...........ccoevrerennieninnineseseee e 143
Table 5.2 Delphi SUVEY QUESTIONS ......o.viuiiiiiiiiriiieiiriee st bbb 146
Table 5.3 Mean rank of design deciSion TaCIOrS .........cooeviiiiiini e 150
Table 5.4 Ranking of design factors DY groUPS ........c.eciveiieieiieeie e 151
Table 5.5 Frequency of build selections in Phase 1/ Phase 2/ Phase 3........ccccccovevviievieveeseeceeneen, 154
Table 6.1 Surgical specialties evaluated by research StUdIES...........ccoevvviierieriierieie e 171
Table 6.2 Secondary data fields analySEd.........c..coviiieiiiiie e 176
Table 6.3 REVENUE VAITADIES. .......cei ittt e e 177
Table 6.4 Example of @ multi-episode SPell ..o e 180
Table 6.5 EXPENSE VANADIES .....c..oeiieiieie sttt sttt ne et sne e 182
Table 6.6 Staffing 1eVels i ORIMIS ..o et 183
Table 6.7 Calculated time INTEIVALS .........coiiiiiee e 189
Table 6.8 Percentage of overlap and downtime occurrence per Specialty .........ccccoovvevevieeiieeieeseesnnenn, 194
Table 6.9 Descriptive statistics of time INErValS..........ccoov e 198
Table 6.10 Missing and erroneous tiMe ata ...........cceviveiiriieeieeie e 198
Table 6.11 Dominant location of second patient at downtime by specialty ..........ccccooviriininiiiennn 199
Table 6.12 Measured time INTEMVALS .......cccviveieeiere et e e nnenes 206
Table 6.13 AnaesthetiC rO0M ACHIVITIES ......cviieeriie e e ees 207
Table 6.14 Mean number of teamM MEMDEIS ......cc.oiiiivii e see e 207
Table 7.1 Patient preference for location of induction and knowledge of the anaesthetic room .......... 233
Table 7.2 Mean anxiety scores (£ SD) and test statistics by gender..........ccccooeveniiiniieninieicieee, 235
Table 7.3 Mean anxiety scores (+ SD) and test statistics by study site and specialty...........cccccoeuenee. 236
Table 7.4 Mean anxiety scores (+ SD) and test statistics by induction site and gender ....................... 237
Table 7.5 Participant responses t0 CauSes O @NXIELY ......cviviieieririeiesise e 238
Table 7.6 Proposed ways Of redUCING GNXIELY ........cvririiiiiieireere e 239

Xi



Table 7.7 Mean satisfaction scores (+ SD) by study site, surgical specialty, and induction site .......... 241
Table 8.1 Summary of key research findings .........ccocvviviiiieiiicics s 248
Table 8.2 Research questions and relevant thesis Chapters..........coooieiineinee e 249

Table 8.3 Work system factors and interactions for anaesthetic room contribution to performance and

WBIT-DBING .ot b bbb bbbttt 262
Table 8.4 Summary of evidence for safety, quality, and performance of anaesthetic rooms ............... 266
List of Appendices

Appendix A Sample of the Anaesthetic ROOM SUIVEY ...........cociiiiiiiiieneeee e 303
Appendix B Survey Results NEWSIELET .........ccciiiiiiieiee e 309
Appendix C P-values for Factors for Choosing INduction Site ...........cceveiieiienvieeve e 310
Appendix D Interview Participant Information Sheet ...........cccccvevieiiiii i 311
Appendix E Phase 1 Delphi SUIVEY .........ooiiiii ettt 312
Appendix F P-values for Delphi DeSign FaCtorS ..ot 317
Appendix G Ethnographic ObServation SHEEt...........ccoiiiiiiiiiiic e 318
Appendix H Correspondence with Circle Treatment Centre .........coocovveneiireneie s 319
Appendix | Coding Logic for Tariff CalCulation............c.cocieriiiiiniiie e 321
Appendix J Anaesthetic EQUIPMENT COSES.......uiiiiiiiieiieiic e st s ee e e e steeseeeae e s e sneeseeens 323
Appendix K Full ORMIS Data Analysis PrOCEAUIES ........c.cccveiieiieiieie e e seeste e eve e e snee e 324
Appendix L 3-Part Patient EXPErENCE SUIVEY ........cccuviiiiie et se e ee e steesee e e esneesnaens 335

xii



Preface

Healthcare improvement became a passion of mine in 2010 when | began working in
the surgical department of a large West Michigan hospital in the United States. Due to
my degree in engineering and experience working for several years for a lean
manufacturing company, | was entrusted to design and implement a total re-
organisation of surgical equipment within the hospital. Little did I realise at the time
that it would be my first healthcare experience seeking stakeholder involvement to
improve practice and co-design a better system of working. It would also be my first
experience confronting the resistance to and challenges of bringing about organisational

change.

In 2011, I moved to the United Kingdom to pursue a master’s degree in industrial
engineering and operations management where | was able to research continuous
improvement in the local National Health Service Trust. This doctoral research
emerged from a visit to the Trust’s operating theatres where | became aware of a
noticeable difference between US operating rooms and UK operating theatres. The
view from the corridors was not into theatres as expected, but into a separate room
leading into the theatre called the anaesthetic room.

This room contained storage cabinets, counter tops, supply trolleys, and an anaesthetic
machine. Although the equipment was familiar, the sight of a second anaesthetic
machine located a few metres away in the operating theatre and the seemingly
expansive store of anaesthetic drugs and supplies were curious. From a foreigner’s
perspective, a single anaesthetic drug trolley and machine located in the operating
room, which was the norm in the US, was replaced with an entire room with storage
and duplicated equipment. The topic came up in a later conversation with one
anaesthetist who expressed his belief that the anaesthetic room is only used because of
British tradition; however, in recent years its benefit has been contested within the
anaesthetic community. It was this brief visit and conversation that led to the
exploration of a very complex sociotechnical system, where | set out to discover the

value of anaesthetic rooms from the eyes of an outsider.
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1.1 Background

Chapter 1 Introduction

1.1 Background

The anaesthetic room is a feature of most operating theatre suites across the United
Kingdom (UK), but has largely been abandoned in countries such as the United States,
Canada, and Australia (Broom et al., 2006). This introduction identifies the origin of
the anaesthetic room (AR) as the standard location for inducing anaesthesia in England,
before moving on to discuss how the AR has become a requirement for practice in

public sector healthcare in the UK, despite the change of direction abroad.

Figure 1.1 A view from the anaesthetic room looking into the operating theatre

There have been multiple accounts regarding the introduction and first mention of ARs
(Zuck, 1995; Meyer-Witting & Wilkinson, 1992; Soni & Thomas, 1989a). The earliest
account of a separate room for induction of anaesthesia is thought to be in 1860 (British
Journal of Anaesthesia, 1963), where the image portrayed is of ... the patient...
inhaling chloroform in an adjoining apartment... when the unconscious patient iS

brought in by a couple of sturdy porters, and laid upon the operating table’ (p.332).



1.1 Background

In 1873, Tomes shared an account of the use of a separate room for induction of
anaesthesia in his witness of ether being administered in a surgical anaesthetic at

Massachusetts General Hospital in Boston. Tomes (1873) stated:

The patients are etherised in small anterooms adjoining the operating
theatre...’, and ‘...when anaesthesia is complete, the patient is picked up, and

carried in the arms of a stout attendant into the theatre’ (p.297).

A few years later, in a reply to a British Medical Journal survey regarding provision of
anaesthesia across the UK, Osborn, a surgical registrar at St. Thomas’ Hospital in
London and the only respondent to specifically mention the place of induction, wrote

about his preference for anaesthetic induction, stating that:

‘... chloroform should be always administered... in a small room adjoining the
theatre, previously to the patient being brought in for the operation, as he does
not then become excited and is more quickly brought under the influence’
(Reports of Medical and Surgical Practice in the Hospitals and Asylums of
Great Britain, 1876, p.13).

Zuck (1995) discussed other responses from this nationwide questionnaire, stating that
responses mentioned the administration of chloroform to patients on the wards, as an
avoidance of inducing on the operating table. In Zuck’s historical evaluation, he posited
a correlation of the widespread introduction of ARs with the switch from chloroform to

ether as an anaesthetic agent, as they occurred at the same time.

In 1875, during the planning stage of Johns Hopkins Hospital in Baltimore, a collection
of essays was published with recommendations for the hospital design, suggesting a
room adjacent to the operating theatres where induction of anaesthesia could take place
(Billings et al., 1875). Three of the five essays proposed the incorporation of a
chloroform room; an etherizing room; and ‘a private room in which anaesthetics are
administered without exposure of the sick to the gaze and often ridicule of medical
students’ (Billings, et al., 1875, p.319). Some years later, a compilation of hospital
plans by Burdett (1893) showed evidence of a room for the purpose of anaesthesia in 8
of nearly 70 hospitals across the world. These included four hospitals in the United
Kingdom, including Derbyshire Royal Infirmary (in 1889), one in Australia, and three
in the United States, including Johns Hopkins Hospital.
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Several other examples of early ARs provide indications into the rationale surrounding
their inclusion. Many of these factors have been considered and challenged in more
contemporary studies surrounding the benefits or disadvantages of ARs in modern
hospital design. Meyer-Witting & Wilkinson (1992) mention St. George’s Hospital in
London as an early example of a hospital that incorporated an induction room for each
theatre, in order to prevent the patient from seeing things that might cause distress, such
as the surgical equipment and instruments. A quiet place for induction of anaesthesia
was also valued (Ferguson, 1914). Rawlings (1930) shed light into the psychological
aspects of anaesthesia induction, and the design and ambiance requirements of the AR
in relation to psychological well-being. He recommended a room that was ‘peaceful,
warm, light, not gaudy in decoration’ (Rawlings, 1930, p.127). He even went so far as
to suggest an avoidance of oak panelling in the AR, in case it was perceived as being
reminiscent of a coffin! Wheeler and Cassels (1947), two anaesthesiologists from
Chicago, suggested the trend toward anaesthetising patients in a separate room helped
to alleviate the operating theatre from time spent on preparations outside of actual
surgical tasks. They noted unnecessary delay when using the operating theatre for

anaesthetising and even suggested a minimum of two ARs for three operating theatres.

Seventy-seven years after the first mention of an induction room in the UK, the Ministry
of Health published recommendations for ARs to be built adjacent to each operating
theatre (Ministry of Health, 1937 cited in Meyer-Witting & Wilkinson, 1992, p.1021).
Although there were not many hospitals built between the World Wars in the UK, by
the end of the Second World War, guidelines for hospital planning ensured the
construction of ARs within surgical facilities (Zuck, 1995). In contrast, around the same
time, the US Public Health Service (USPHS) did not include recommendations for the
construction of ARs as a norm for general hospitals (USPHS, 1952). This seems to be
when the UK and US diverged in philosophies regarding ARs. Whilst their use
diminished in the US and eventually disappeared from building programmes, the UK
was embracing the AR as a standard requirement within the National Health Service
(Anon, 1965). As of 2002, 81% of operating theatres in Switzerland and 94% in the UK
had separate induction rooms; however, in the US, Canada, Australia, and most
Scandinavian countries, separate rooms were not built (Sieber & Leibundgut, 2002;
Bromhead & Jones, 2002; Broom et al., 2006).



1.1 Background

Space in the hospital environment is a limited, and thus valuable, resource. Whether it
is used for service provision, extra storage, or simply preserved for freer movement,
space within the hospital setting must be wisely allocated to maximise its potential. In
some cases, the AR has been referenced as a useful anteroom, disregarding its intended
function as a place for induction.

Figure 1.2 Anaesthetist and operating department practitioner in the anaesthetic room
(Hindmarsh & Pilnick, 2002, p.143)

The AR can be used as the site for installation of venous cannulation and the connection
of monitoring such as blood pressure cuffs and electrocardiogram electrodes (O’Connor
et al., 2003; Broadway et al., 2001). Figure 1.2 depicts typical activity in the
anaesthetic room, as the anaesthetist injects a patient while the designated assistant, an
operating department practitioner, stands by to assist. Meyer-Witting and Wilkinson
(1992) refer to the AR as a space providing suitable working surfaces and close
proximity to necessary drugs and equipment for provision of various anaesthetics. The
space can also be utilised as a location for teaching junior doctors. The AR is seen as a
benefit for the anaesthetist and patient, but was warned against becoming merely a
passage for the theatre team, as Ostlere (1950, p.91) said, ‘The anaesthetic room should
be the anaesthetist’s undisputed territory. It is not a store-room, nor a corridor, nor a
convenient retiring-room for the operating team,” with the purpose of focusing on the

‘bodily and mental comfort of the patient.’
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The existence of ARs in the UK is well-established, nevertheless, further exploration is
necessary to fully understand why they have continued to exist, despite their

abandonment in other countries.
1.2 Research Questions

The main aims of this doctoral research are to understand the value of anaesthetic rooms
and to determine if they should continue to exist within UK hospitals. The studies
presented within this thesis are guided by the overall aims of investigating four research

questions:

e What is the role of anaesthetic rooms in UK anaesthetic and surgical practice?
e How cost effective are anaesthetic rooms for mixed specialty providers?
e What are the clinical and management priorities for design and practice?

e To what extent are design and practice evidence-based?
1.2.1 What is the role of anaesthetic rooms in UK practice?

The main aim of this research question is to explore the purpose, functionality, and
current use of anaesthetic rooms. The scope of this question includes the relevance of
anaesthetic rooms within perioperative practice, and the beliefs and attitudes about the
anaesthetic room from stakeholders including theatre personnel, managers, and
patients. This question also explores the qualitative value of anaesthetic rooms to the

people who are affected by their existence in UK surgical facilities.
1.2.2 How cost-effective are anaesthetic rooms?

The objective of this research question is to determine both the financial implications
of utilising an anaesthetic room and the perceptions of benefit or detriment to cost
efficiency of the organisation based on anaesthetic room use. This involved mixed
research methods to capture the quantitative argument for anaesthetic rooms and the
beliefs held by managers and staff members regarding the financial and productive

effects of using the anaesthetic room.



1.3 Thesis Outline

1.2.3 What are the priorities for design and practice?

The rationale of both clinical team members and managers regarding anaesthetic room
use and incorporation in the design of theatres is needed to understand the factors that
are important to these decision leaders. In addition, the individual priority given to these
factors may help to provide understanding of the requirements necessary to bring about
improvement change. This question also allows for a comparison of what is said to be

prioritised versus what appears to be prioritised in practice.
1.24 To what extent is design and practice evidence-based?

Finally, the last research question, and the most important, evaluates the degree to
which the decisions made regarding anaesthetic rooms in British healthcare are
evidence-based. The question enables the exploration of what is considered to be
‘evidence’ and how it affects the decision making regarding best practice and future
planning of the healthcare environment. The pursuit of this question helps to shape
recommendations for how best to translate research evidence into real change on the

ground.
1.3  Thesis Outline

The progression of this research is presented in Figure 1.3, which depicts the individual
studies here within, and the chapters where they will be presented. Literature informed
the design and discussion of all chapters, and all conclusions and recommendations

were a result of the development of knowledge through each stage of the research.
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Figure 1.3 Outline of thesis chapters?

The research questions being investigated are shown in Table 1.1 as they correspond
to the chapters within this thesis.

! Colours are indicative of the stakeholder groups who were recruited for the corresponding studies.
Green = anaesthetists; Red = managers; Blue = theatre staff / surgeons; = patients. White arrows
depict the formative influences of the research studies.
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2.1 Chapter Overview

Chapter 2 Literature Review

2.1 Chapter Overview

The literature presented in this chapter represents a wide range of topics relevant to this
research. The context of this research will be explored beginning with the literature
pertaining to the anaesthetic room and its use in clinical practice. Additionally, five key
research areas are described which enhance understanding of the research questions in
hand: patient safety research, quality improvement approaches, evidence-based
practice, improvement science, and the human factors approach to healthcare
improvement. While many of the theories, philosophies, and constructs discussed in
this chapter originate from various disciplines and industries, those presented have

specific applications to the healthcare setting.

This review excludes methodological literature relevant to the subsequent study
chapters, as the literature for individual methods will be discussed within those
chapters. The themes of research included are not exhaustive of all relevant subjects;

however, they will provide the necessary foundation for understanding this thesis.
2.2 Anaesthetic Rooms

This section will summarise the range of literature available relating to the use of
anaesthetic rooms; various clinical perspectives of the topic; studies pertaining to
patient anxiety and safety; the available cost and efficiency research which considers
the anaesthetic (induction) room contribution to operating theatre throughput and

efficiency; and the national guidelines which address their use.
2.2.1 Standards of Practice

At the turn of the century, the prevalence of anaesthetic rooms in UK surgical suites
was debated through several correspondences published in the Anaesthesia journal
from British healthcare professionals both for and against anaesthetic rooms (Evans,
2004; O’Connor et al., 2003; Sawyer, 2001; Newport, 2001; Broadway et al., 2001).

An overwhelming preference for ARs remained seemingly unchanged throughout the

1990s and early turn of the century, when much of the debate came to light. Masters
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and Harper (1990) conducted a survey which demonstrated a strong prevalence of ARs
in UK hospitals and a majority opinion that anaesthetists find them necessary. A year
later, at the Association of Anaesthetists of Great Britain and Ireland (AAGBI) annual
meeting, a survey of 100 consultant anaesthetists showed similar results with 96% using
ARs nearly all of the time on routine operating lists (Meyer-Witting & Wilkinson,
1992). Over a decade later, Bromhead and Jones (2002) surveyed 247 anaesthetic
departments across the UK showing 96% of respondents used the AR as the standard
site for induction, and 79% preferred to use them. Additionally, they determined that
eight of ten departments that changed to in-theatre induction was for patient safety
purposes, whilst the other two did so due to costs. Eighty-seven percent of respondents
who used AR induction did not think clinical governance would lead to change in
practice, despite safety risks. General perceptions from respondents showed that in-
theatre induction seems to reduce efficiency, increased patient anxiety, provided for a

worse teaching environment, and did not improve patient safety.

In contrast to the majority opinion of ARs, a postal survey of members of the Obstetric
Anaesthetists’ Association demonstrated an aversion to anaesthetic rooms in obstetric
practice (Husain et al., 2005). Of 252 respondents, regarding elective caesarean section
procedures, 70% of clinicians never used ARs, and in emergency caesarean sections,
83% never did. Over 68% of 88 departments had departmental standards for practice or
policies which required induction of all anaesthesia for caesarean sections in the
operating theatre. As this study focused specifically on obstetric procedures, it raises

questions of which specialties should have standard in-theatre inductions.

More recently, a poster was presented at the AAGBI Winter Scientific Meeting in 2013
showing that 83% of responding anaesthetists would be willing to anaesthetise their
patients in the operating theatre if it were deemed safer, although it did not specify what
criteria would be compelling enough. The same percent of respondents indicated they
would anaesthetise more in the operating theatre if it were set-up to allow it. Overall,
evaluation of patient opinion showed a majority was willing to be anaesthetised
wherever the anaesthetist saw fit and where they would receive the best treatment
(Erinle & Bourne, 2013).

10
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2.2.2 Patient Anxiety

The pre-operative experience is an important consideration for clinicians as their
patient’s level of anxiety may have physiological effects, which could impact upon the
ease of induction. The AR is seen as a quieter and calmer environment than the
operating theatre, as it is perceived to have fewer distractions present. Newport (2001,
p. 691) refers to inducing in the theatre as ‘... taking away the “quiet induction room
environment” and placing the patient in the operating room with people “milling”
about’. He emphasises the importance of retaining a space, which is free from noise,
interruption, and distraction, and ranks this requirement above all other factors.
Broadway et al. (2001) mention that staff members may be nervous to set up surgical
equipment with the patient present in the room, and the patients may be distressed by
the sights and sounds of the theatre.

Some of the earliest research on ARs pertains to the impact of the induction
environment on patient experience and anxiety. During the 1950s, anaesthetists
concerned themselves with the aesthetic of the induction room, proposing that attention
to décor and ambiance could impact patient anxiety (Hewer, 1955; Steel, 1959). Lewis
(1985) referred to an informal study of 50 patients induced in an AR with a mural or

without a painting, but no difference in anxiety was determined.

These previous studies only considered the discomfort or worry of the patient with the
assumption that they would be anaesthetised in the AR. Soni and Thomas (1989b) went
further to question the use of the AR by conducting a study of 100 patients and
concluded that there was no significant difference between the anxiety scores of
patients induced in either the AR or the operating theatre. Looking at in-theatre
induction alone, Kennedy et al. (1992) conducted a survey of mothers undergoing
caesarean sections under regional anaesthesia and found that their anxiety was related
to the procedure itself, the possibility of pain, and the welfare of their child, but not the

theatre environment.

Whether the theatre environment alone induces anxiety in patients or not, the noise
levels in the theatre are thought to be an added distress. Liu and Tan (2000) investigated
this potential anxiety by measuring noise levels during the induction and maintenance
of general anaesthesia in the operating theatre and interviewed patients. From a sample
of 100 patients, 33 found the operating theatre to be a noisy environment, and 16 were

11
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distressed by those noises. The continuous noise levels at the time of induction were a
mean (standard deviation) of 70.3 (+16.8) decibels, which is higher than recommended
levels for critical care, and higher than the threshold for physiological impacts. This
study did not; however, address what behaviour change can be employed to minimise

noise contributors.

Patient anxiety is a special consideration, particularly when the patient is of a young
age. Paediatric patients and their guardians are a unique concern for clinicians as it has
been generally understood that parents of adolescent patients must be permitted in the
AR with their child to alleviate the worry of their child (and their own) throughout the
induction process (Broadway et al., 2001; Meyer-Witting & Wilkinson, 1992). In a
questionnaire study of parents’ perceptions of the benefit of their presence at induction,
Ryder and Spargo (1991) found 99% of 139 respondents believed accompaniment was
a benefit to their child and 95% thought it benefited the anaesthetist. The authors who
mention the concern for parents who wish to accompany their children during the
induction of anaesthesia do not acknowledge the possibility for the parents to enter the
operating theatre, as an alternative to the AR. In 2003, a trial of in-theatre induction
demonstrated a third of patients did not recall the room they were anaesthetised in, and
those who did were not disturbed by the environment. Addressing the plight of
paediatric patients, infection control representatives were consulted and determined that
parents could enter the operating theatre with appropriate theatre footwear and sterile
gowns over their clothes. In eight of the nine paediatric cases, parents commented that
they were reassured to know exactly where their child was, opposed to leaving them in
the AR (O’Connor et al., 2003).

2.2.3 Patient Safety

The most commonly referenced disadvantage for using ARs for induction is the
potential risk to patient safety. As is the norm, the patient is brought into the AR,
connected to monitoring equipment, brought under anaesthesia, disconnected from
monitoring, and transferred into the theatre where monitoring is re-established. This
break in continuity of monitoring during the transfer of the patient from the anaesthetic
room to the operating theatres is a patient safety risk (Broom et al., 2006), and presents
an opportunity for adverse incidents to occur, as the patient is unmonitored,

unventilated, and anaesthetised. Husain et al. (2005) points out the theoretical risks of

12
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transferring an anaesthetised patient, stating that the peri-induction period takes on risks
such as anaphylaxis, severe hypotension and cardiac arrest. Brahams (1990, p. 333) is
often quoted, in reference to an accidental anaesthetic death which was partially
attributed to the transfer from the AR, regarding the concept of transferring a patient
without monitoring or oxygen supply as ‘clumsy and ill-conceived.” Besides breaking
continuity of the anaesthetic record (Meyer-Witting & Wilkinson, 1992), which is
essential for liability purposes, the anaesthetised patient’s arterial oxygen saturation is

reduced during the transfer, which takes on average 51 seconds (Riley et al., 1988).

The practice of transferring the anaesthetised patient between two rooms has safety risk
implications not only for the patient, but for the medical professionals assisting in the
surgical suite. There are several references to the potential hazards of transferring and
positioning an unconscious patient (Broom et al., 2006; Meyer-Witting & Wilkinson,
1992). Raising staff well-being to the conversation, Evans (2004) linked occupational-
related injuries to the debate over induction location, pointing out the advantage of in-
theatre induction as conscious patients can move themselves from the transfer trolley
to the operating table and position themselves without risking the health and safety of

the nurses and staff members involved.

There are specialties and circumstances in which ARs are abandoned for the security
of anaesthetising in the theatre. A majority of consultants will anaesthetise a patient in
the operating theatre occasionally, generally based on how ill the patient is (i.e. the
patient’s ASA grade -American Society of Anesthesiologists classification of the
patient’s physical status), if it is an emergency procedure, or if the patient requires
continuous monitoring (Masters & Harper, 1990; Meyer-Witting & Wilkinson, 1992).
Exceptions to the general rule of inducing in the AR include day surgery, minor

operations, obstetric and dental procedures.

To focus on the exact safety risks that could occur due to the use of ARs for induction,
Broom et al. (2006) conducted an observational study of 80 patients being transferred
from the AR to the operating theatre and measured the duration of apnoea and time
without monitoring during the process. The results showed a drop in arterial oxygen
saturation and provided evidence that the transfer period may be a patient safety risk.
The median time duration the patient was disconnected from breathing support in the
AR to the first breath in the theatre was 54 seconds. It was observed that minor
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distractions could accumulate during the transfer process and result in increased time
of disconnection, risking the safety of the anaesthetised patient. To add to these
considerations, in response to the publication, Herriman and Vernon (2007) highlighted
the added risk and potentially longer times involved in transferring the morbidly obese.

The AR has been referenced as a ‘safe haven’ (Meyer-Witting & Wilkinson, 1992)
where the patient and anaesthetist are separated from the noise and distraction of
activities taking place in the operating theatre. Distraction during anaesthesia,
particularly during induction, can significantly impact the anaesthetic team (Savoldelli
et al., 2010), due to stimuli such as alarms, conversations, workspace difficulties,
teaching, and many others. Broom et al. (2011) studied noise and distraction during
anaesthesia and found the loudest noise and interruption from entrance or exit of people
was highest during emergence, opposed to induction, which could be due to the physical
separation of the AR. The noise in operating theatre is acknowledged by a study by
Hodge and Thompson (1990), which showed how noise can act as a barrier to clear

communication.

In an observational study by Campbell et al. (2012), distractions were frequently noted
during induction and transfer to the theatre, but most often during emergence.
Following with interviews of consultant anaesthetists, they found that distraction is an
integral part of anaesthetic work and can be managed through non-technical skills of
experienced practitioners, gained through tacit knowledge (explored further in section
2.6.1); however, they identified a perception of increased distraction in the AR, despite
higher frequency of distraction at emergence. It should also be acknowledged that
distraction and interruption may also occur from the movement in and out of the AR,

necessitated by the storage of supplies and equipment outside of the operating theatre.
224 Cost-Efficiency

The key claimed benefit of ARs is improved efficiency. Anaesthetic rooms were
designed and constructed in a way so that a second patient can be brought into the room
to commence anaesthesia, before the first patient has left the operating theatre. This
‘anaesthetic overlap’ or ‘doubling up’ can, therefore, provide quicker transitions
between procedures, as initial preparations of patients can begin without waiting for the
operating theatre to be vacated. It is also important to mention the time savings brought

14



2.2 Anaesthetic Rooms

from using ARs for providing local and regional anaesthetics. Harmer (2000)
mentioned a trend towards the preference for using local and regional anaesthesia and
analgesia. The AR can be used to initiate regional anaesthesia without delaying the
operating list.

The debate surrounding ARs has also addressed the financial implications of their
construction and use. Although ARs may already be a part of existing hospital
infrastructure, the intentional construction of these spaces requires investment. In order
to utilise these rooms, there is also an investment in purchasing duplicate monitoring
equipment and paying to maintain it (Bromhead & Jones, 2002; Meyer-Witting &
Wilkinson, 1992; Soni & Thomas, 1989b). To prevent the use of inadequate monitoring
equipment for measuring vital functions during induction, the expensive duplication of
equipment is necessitated (Anderson, 2000). There are obvious costs of housing an
anaesthetic machine that is fully capable of ventilation and maintaining anaesthesia —
yet only used for a few minutes to induce anaesthesia, that is situated only a few metres
away from a duplicate machine within the operating theatre. Specialist registrars,
Bromhead and Jones, conducted a survey in 2002, which estimated the cost of
equipping ARs in the UK to be £30 million since 1994. In a different consideration of
costs, Chakladar and White (2010) analysed the estimated power consumption of AR
monitors when left on but not in use, and supposed that the contribution of 170 acute

NHS Trusts consumes £36,615 per year, not including carbon emissions.

In 2000, Williams et al. compared the anaesthesia-controlled times (ACT) for various
anaesthesia techniques and locations. The ACT time represented the time from entry
into the operating theatre until surgical preparations began, with the addition of the time
from the end of the surgical procedure to when the patient left the operating theatre.
From the various combinations of anaesthetic provision, regional anaesthesia in the
induction room provided the lowest ACT of 11.4 (1.3 minutes), compared to general
anaesthetic alone (20.3 £1.2 minutes). Additionally, regional anaesthesia that was
administered in a ‘block room’ helped to reduce pre-operative theatre time compared

to those performed within the operating theatre.

In order to test the benefit, or detriment, of in-theatre induction, three clinicians in
Ipswich conducted a trial and responded to an editorial in Anaesthesia with the results.
Broadway et al. (2001) concluded that there was an insignificant delay in the operating
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list, patients found it acceptable, theatre staff were able to set up instruments, and
parents were able to come into the theatre with their children. Despite the positive
results, there were minor problems in finding a quiet environment for teaching,
although the researchers stated the importance of providing re-education for existing

staff and teaching new surgical staff of the new way of working.

In 2003, O’Connor et al. conducted a 4-week trial inducing in the operating theatre and
interviewed surgeons, scrub nurses, and anaesthetic assistants to determine their
perceptions of productive timeliness. The AR was still used for initiation of monitoring
and intravenous access. Neither the anaesthetic assistant nor the scrub nurse felt there
was a delay in the list. Regarding list efficiency, the lead surgeon, anaesthetic assistant,
and scrub nurse perceived an increase in efficiency of the running of the list in four,

nine, and five occasions out of 21, respectively.

Torkki et al. (2005) conducted a comprehensive study analysing operating theatre times
in Finland. They first used the ‘traditional’ in-theatre induction model for 5 weeks and
continued for 4 weeks with a new model utilising a team of two nurses and an
anaesthetist added to one operating theatre to provide parallel anaesthesia induction in
an AR. Parallel working allowed for non-operative time to be reduced, and although
time was saved between phases, this could have been attributed due to the time pressure
of the concurrent anaesthesia provision. Taking place in an orthopaedic and trauma unit,
the researchers found that an additional urgent orthopaedic case was possible during a

7-hour workday due to the time savings from parallel anaesthesia induction.

Published in the same issue of Anesthesiology as the Finnish study, Hanss et al. (2005)
discussed the benefits and costs of overlapping induction of anaesthesia. The study
evaluated 335 surgical cases with an additional team of one anaesthetist and one nurse
for either two theatres or three, and measured turnover time, anaesthesia-controlled
time, and nonsurgical time. Despite requiring additional staff, the model increased
productivity and profit, as it made possible two more cases per day (for the model with
an extra team for three operating theatres). There was, however, only indirect evidence
that overlapping induction decreased the time in the operating theatre and increased the

number of cases because the study could not be conducted double blinded.

In 2009, Saha et al. investigated causes for wasted time in the operating theatre by

considering the time intervals between various points of the patient journey to and from
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surgery in 55 elective gynaecological surgeries with general anaesthesia. The result
showed significant wasted time in transferring the patient from the ward to the AR. The
authors called for two anaesthetists at the end of surgery to reverse anaesthetic in one
patient and begin induction of the next. The research study proposed parallel working

to reduce surgeon and anaesthetist waits.

Much of the research evaluating the turnover times and efficiency of operating theatres
has concluded that additional staffing and the use of overlapping induction will allow
for an additional case to be fit into an operating list. These results vary based on the
model employed, the types of procedures, required anaesthesia, and available staffing.

An additional consideration for efficient working is the task breakdown of anaesthetic
activities. Using a human factors hierarchical task analysis method, Phipps et al. (2008)
found induction of anaesthesia to be the most demanding phase of anaesthesia requiring
the most tasks to be done, including multiple tasks required solely due to the transfer
of the patient from the induction room to the operating theatre. The authors consider
abandoning ARs if only considering task analysis.

225 National Guidance

The National Institute for Health and Care Excellence (NICE) produces evidence-based
recommendations for health, public health, and social care practitioners in order to
provide safe and quality care. Although there is an absence of NICE guidelines specific
to AR use, the anaesthetic professional bodies such as the AAGBI and the Royal
College of Anaesthetists (RCoA) have advice pertaining to their use, and the
Department of Health (DOH) provides building requirements for healthcare facilities
to ensure compliance with ventilation and infection control best practice through their
Health Building Notes (HBN) and Health Technical Memoranda (HTM).

Health Technical Memorandum

The Health Technical Memorandum is aimed at estate managers, design engineers, and
operations managers and it specifies the ventilation design and installation requirements
relating to air-change rates, clean air-flow, and air pressure stabilisers in healthcare

premises in order to prevent against medical gas exposure and healthcare-associated
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infections. It would seem the ventilation design for UK surgical suites is based around

the assumption of ARs, as it states:

‘Separate scrub-up or disposal facilities are not necessary for air cleanliness,
although operational policy may prefer such a provision. However, a separate
anaesthetic room should be provided’ (DOH, 2007, p. 55).

The ventilation requirements stated in the HTM are based on various acts, regulations,
British standards, and other publications. However, no published article was identified
in the references explicitly comparing air cleanliness of the operating theatre with and

without anaesthetic rooms.

The HTM suggests referral to first principles when designing non-standard rooms or
theatre layouts. An example of a non-standard theatre configuration was that of cardiac
theatres where the theatre is 50% larger than normal theatres and a perfusion laboratory
is built, but no AR.

Although pressure stabilisers between the OT and AR are described, as well as
recommended stabilisers between the AR and corridor, the air flow must not be so high
as to cause a draught. The AR is also classed as a clean room, whereas the preparation
room, scrub bay, and operating room are classed as sterile rooms which require different

nominal pressures.
Health Building Notes

The Health Building Notes provide standards for the built environment and are intended
for design teams, estates directors, private finance initiative (PFI) consortia, and
private-sector contractors for the recommended design of healthcare buildings. The
most recent HBN (26, Vol 1) for surgical procedure facilities presents an appendix
weighing the advantages and disadvantages of the AR described by the lead anaesthetist
of the NHS Modernisation Agency, yet no evidence is cited in the appendix nor
throughout the guidance (DOH, 2004).

Recommendations are debatably biased in favour of ARs, for example:

e ‘... the inclusion of anaesthetic rooms will be necessary if the expected benefits

are to be achieved.’ (3.15)
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e ‘Once theatres are built without anaesthetic rooms, some anaesthetists maintain
that efficiency can never be increased...” (3.17)

e ‘... the omission of an anaesthetic room will compromise the ability of a theatre
suite ventilation system to maintain pressure.’ (3.18)

e ‘Where a preparation room is omitted, an anaesthetic room must be provided as
the laying-up of instrument trolleys is not acceptable at the same time that the

patient is being induced in the operating theatre.” (3.21)
The additional building requirements are as follows:

e The minimum size requirement for the AR is 19 m? (4.34).

e At least 4 people in addition to the patient, as well as appropriate equipment
should fit within the space (4.36).

e ARsshould be identical and not handed, and allow for access to the patient from
all sides (4.37).

e Maintaining privacy and an undisturbed environment is emphasised (4.38).

e The AR should be sound insulated to maintain a calm and relaxing environment
(4.39).

Royal College of Anaesthetists Guidelines

The Royal College of Anaesthetists’ (RCoA) website provides a statement of intent for
the guideline documents which are downloadable from the site. It states that:

‘The documents below are for guidance only. They are not intended to replace
the clinical judgement of the individual anaesthetist, and the freedom to
determine the most appropriate treatment for individual patients in a particular
place at a specific moment should not be constrained by a rigid application of
this guidance.” (RCoA, 2014).

RCoA guidelines for anaesthetic services do not explicitly recommend induction in the
AR over theatre induction; however, they do acknowledge the room as somewhat of a
standard for practice. Guidelines recommend building ARs according to the
Department of Health building guidelines; informing patients of what to expect in the
AR (RCoA, 2014); providing sufficient monitoring to similar specification and
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condition as the equipment in the operating theatre (RCoA, 2015a); and enabling
parents and carers to accompany children to the AR (RCoA, 2015b).

Association of Anaesthetists of Great Britain and Ireland Guidelines

The AAGBI also provides published guidelines available on their website. Some
explicit statements are made regarding the AR. The guidance on ‘The Anaesthesia
Team’ (AAGBI, 2010Db) states that in some units the anaesthetist and trained assistant
should be joined by a third member of staff in order to assist in the case of an untoward
event, a morbidly obese patient, or the presence of carers within the AR. An additional
member of staff should be in close proximity to the AR in any case, so as to be available
for any arising problem. In collaboration with the Society for Obesity and Bariatric
Anaesthesia (SOBA), specific guidance on care of the obese patient states that
anaesthetising in the theatre should be considered for the obese patient because of
possible problems in transporting an anaesthetised obese patient, whereby in-theatre

induction allows for the patients to position themselves (AAGBI, 2015).
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Figure 2.1 Diagram of the depth of anaesthesia ‘gap' (Chapman & O'Connor, 2015, p.369)

The AAGBI’s acknowledgement of possible risk of arterial desaturation during transfer
was cited from the observational study of patients during transfer by Broom et al.
(2006), as described earlier. In addition, the AAGBI references the 5" National Audit
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Project (NAP5) which was a joint project of the RCoA and the AAGBI focusing on
accidental awareness during general anaesthesia (AAGA). The transfer between the AR
and operating theatre was determined to be a period of risk for AAGA at 1:19,600
(Pandit et al., 2014). Chapman & O’Connor (2015) highlight the ‘gap’ in anaesthesia
that puts patients at risk for AAGA during the initiation of maintenance of anaesthesia.
As shown in Figure 2.1, following the induction of anaesthesia, the transition to
maintenance results in a decline of intravenous anaesthetic while volatile agents are
increasing in concentration, resulting in a gap in the depth of anaesthesia. This gap often
coincides with the disconnection of breathing circuits and interruption of volatile agents
while the patient is physically moved between the AR and the operating theatre.
Accidental awareness is also of greatest risk for obese, emergency, obstetric, cardiac,

thoracic, neurosurgery, and difficult airway patients (Chapman & O’Connor, 2015).

2.3 Patient Safety

In 2000, the Institute of Medicine in the United States brought patient safety to the
forefront of healthcare quality management with their report (call to action), ‘To Err Is
Human’, in which it was estimated that nearly 100,000 Americans die each year in
hospitals due to medical errors (Kohn et al., 2000). Improving patient safety became a
national priority with gained support from government agencies. Similarly, in the UK,
the Department of Health’s (2000) report, ‘An organisation with a memory,” addressed
many organisational failures of the NHS and called for a national reporting system to
measure and analyse adverse events. The patient safety movement is now established
and is widely promoted through clinical training, guidelines, organisational structures,

industry regulations, and research.

Patient safety research frequently overlaps with the pursuit of the evidence-based
medicine agenda (discussed later). The Agency for Healthcare Research and Quality
(AHRQ) in the US, compiled a report which critically examined the existing research
literature on treatments and technologies in order to make evidence-based
recommendations for patient safety best practice (Shojania et al., 2001). However,
Leape et al. (2002) critiqued their report by identifying the absence of review of not
only efficacious treatments/technologies, but also methods for ensuring patients receive

the preferred treatment, and eliminating errors from the system delivering care.
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It is understood that patient safety is complex and must be tackled from multiple levels
(i.e. individuals, teams, management, organisations, etc.), however it is argued that a
shift from the dominant (and sometimes overly simplistic) patient safety paradigm to
an understanding of the rich socio-cultural elements and complexities which influence
the organisations striving for improved patient safety is warranted (Rowley & Waring,
2011). The human factors systems approach to patient safety is discussed in section
2.7.1.

2.3.1 Risk and Error Management

Many lessons in enhancing safety can be learned from high reliability industries such
as aviation, nuclear power, and petro-chemicals, where accidents can result in
significant harm. A large proportion of the patient safety initiative has focused on
failure reduction and prevention. This can be undertaken using an individual or systems
approach. While placing individual blame for unsafe behaviour can be gratifying, a
systems approach recognises the inherent fallibility of human nature and strives to
install safeguards within the systems level in order to improve the conditions in which

the human works (Reason, 2000).

Cook et al. (2000) offer an alternative from the conventional view of accidents, that
assumes safety is designed into a system which is compromised by its human
components. This perspective emphasises the use of rules, guidelines, and technology
to minimise human interference, whereas Cook et al. emphasise the ‘gaps’ which
naturally occur in the continuity of care which are naturally bridged by practitioners
modifying their technical work and coping with new demands. Valuing the robustness
of ‘sharp end’ practitioners’ ability to manage these gaps may be a beneficial way to

approach patient safety improvements.

James Reason’s (2000) Swiss cheese model, shown in Figure 2.2, is famously used to
depict the combination of active errors and latent factors (holes within defences)
aligning to result in failure. Active errors (i.e. human errors) can be done both of
commission or omission (e.qg. slips, lapses, fumbles, neglecting protocol, etc.), whereas
latent conditions are inherent to the system and can combine with active failures
resulting in accidents. Examples of latent conditions include increased time pressure,

fatigue, or understaffing.
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Figure 2.2 Swiss cheese model of system accidents (Reason, 2000, p.769)

Incident reporting and documentation of near-misses or adverse events is a common
retrospective approach to error management. In healthcare, sometimes errors are not
easily detected until adverse events take place. Errors of treatment can be more easily
identified compared to diagnostic or prevention errors due to the often rapid appearance
of adverse events (Hoff et al., 2004). Spontaneous active event reporting or the self-
reporting of an incidence by the ‘sharp end practitioner’ is beneficial, but tends to under
report (Bates et al., 1995). It is also more likely to recall an error of commission than

an error of omission (@vretveit, 2009).

There are several methods for identifying risks besides incidence reporting including
reviewing archival records, process mapping, and probabilistic risk assessment (Battles
& Lilford, 2003). Root cause analysis (RCA) and Failure Mode and Effect Analysis
(FMEA) are commonly used process analysis methods. RCA is a formalised and
structured way of analysing the circumstances which resulted in an error -identifying
the latent conditions linked to the unsafe behaviour. While useful, the analyses are
retrospective, speculative in nature, and should not be considered representative of
clinical outcomes (Shojania et al., 2001). In addition, hindsight bias is an issue as
knowledge of the outcome can influence retrospective studies (Cook et al., 2000). The
Veterans Affairs National Center for Patient Safety developed a simplified FMEA for
healthcare (HFMEA) which is preventative and considers the likelihood and severity
of outcomes resulting from failure (DeRosier et al., 2002). It is seen as a gold standard
for proactive analysis and is required for all Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) accredited organisations in the US to be conducted
annually (La Pietra et al., 2005).
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2.3.2 Safety Culture

Safety culture is a patient safety strategy that takes an organisational culture view,
aiming to promote an employee ethos which prioritises safety. In contrast to a safety
culture is a ‘blame culture’ or ‘pathological culture’, which is punitive to failure and is
more inclined to deny the existence of problems and may attempt to hide them
(Westrum, 1993). Additionally, non-compliance can become normalised within the
prevailing culture of an organisation, which requires adjustment (Vaughan, 1999).
Several challenges to safety culture in healthcare include organisational priorities of
efficiency and cost controls, the inability of medical staff to acknowledge fallibility,

and the ‘professional norms of perfectionism’ (Nieva & Sorra, 2003).

An example of a poor safety culture is the very public case of the Bristol Children’s
Heart Surgery scandal where mortality rates twice that of the national average were
reported for paediatric cardiac surgery patients between 1984 and 1995. After internally
auditing and identifying questionable outcomes from particular surgeons, the
‘whistleblower’ who raised these concerns to upper management eventually resigned
due to feelings of threat from a ‘blame and shame’ culture (BBC News, 2001). In review
of the case, Smith (1998) reiterated the fact that collected performance data should not
be used for judgement, but for improvement.

Safety culture and safety climate are sometimes used interchangeably but can be
distinguished from one another. Safety culture is a combination of the underlying
beliefs and values of the organisation, which may not be directly associated to safety
(Guldenmund, 2000). Safety climate, in contrast, is most visible and can be understood
as the ‘surface’ of the underlying culture (Arfanis et al., 2011). Denison (1996) argued
that while quantitative surveys can measure organisational climate, qualitative methods

are necessary to fully understand the context of the organisational culture.

Colla et al.’s (2005) systematic review of patient safety climate surveys revealed five
common dimensions: leadership, policies and procedures, staffing, communication, and
reporting. These cultural evaluation tools were used for both internal and external
benchmarking (between departments or wards and hospitals), but rarely was
organisational safety climate linked to patient outcomes. These tools can also be used
to compare safety climate or culture between professions (i.e. doctors, nurses, ancillary

staff, etc.), to identify areas for improvement, to evaluate change after a patient safety

24



2.4 Quality Improvement in Healthcare

programme is implemented, and as a way of abiding by regulatory requirements (Nieva
& Sorra, 2003).

Specifically addressing the safety culture within anaesthesiology, Arfanis et al. (2011)
present the concept of a safety ‘microcultures’ which can exist within a larger
organisation. The safety microculture reflects the shared understanding of a group, i.e.
anaesthetists, of what should be regarded as safe practice, what risks are regularly
encountered, and what methods are accepted for managing risk. Group knowledge
about safety can be shared both formally (i.e. training, peer-reviewed publication) or
informally (i.e. observation, gossip). The individual personalities, membership to
professional groups, and shared tacit knowledge are all influencing factors to safety

culture in anaesthesia (Arfanis et al., 2011).
2.4  Quality Improvement in Healthcare

In healthcare, patient safety falls under the wide umbrella of quality improvement (QlI).
This section will briefly overview a few popular quality improvement approaches
including total quality management, lean healthcare, benchmarking, and evidence-

based medicine/practice, which will be discussed more in section 2.5.

There are many valid approaches to healthcare quality improvement, with varying
degree of evidence to support them, including accreditation and accountability,
professional development and revalidation, business process re-engineering, Six
Sigma, continuous quality improvement, 1SO 9000, risk management and error
prevention, organisational development and leadership enhancement, disease
management and managed care, or patient empowerment. With a plethora of strategies
for improving quality and safety in healthcare, a scientific approach is essential in order
to prevent implementation which are unproven, may be wasteful of scarce resources,
may not result in positive change, and could cause harm (Auerbach et al., 2007). Some
reviews of QI literature have shown study design flaws (i.e. short duration, selection
bias, and low external validity) (Alexander & Hearld, 2009), which calls for higher

quality and robust evaluations of the effectiveness of various QI interventions.

24.1 Total Quality Management

Total Quality Management (TQM) is a management philosophy and management

method which encourages and empowers all staff to improve quality within the
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organisation. TQM originated from industry with influence from notable authorities
such as Edwards Deming, Joseph Juran, Philip Crosby, and Armand Feigenbaum,
among others (Parsley & Corrigan, 1999). Examples of TQM implementation, in and
outside of healthcare, has been carried out to varying degrees. Key components of TQM
include (Qvretveit, 2000):

e Customer focus (both internal and external)

e Process analysis; statistical control

e Quality project teams

e Systematically implemented methods which analyse problems, make change,
and evaluate the results of quality improvement (e.g. Plan-Do-Check-Act cycle)

e Data collection for identification of problems and assessment

e Implementation of change.

An important consideration in healthcare applications of TQM is the understood
definition of quality. Deming (1986) addresses the difficulty in defining quality in
medical care provision as quality is determined by managers, providers, and patients.
Considerations must be made for patient quality, professional quality, and management
quality (@vretveit, 1992).

Research evaluating TQM programme implementation across European healthcare has
shown little evidence of benefit, although it has been successful in some individual
projects. Several difficulties can arise with this type of organisation wide approach due
to the cost of investment (without guaranteed return on investment), internal resistance
to cultural changes and teamwork (across professional boundaries) required for
sustained change, as well as the time constraints, and promoting continuous

improvement with low market incentives (@vretveit, 2000).

24.2 Lean Healthcare

Lean Thinking (a.k.a. Lean) is another management philosophy which originates from
the Toyota Production System in manufacturing. The primary principles of lean are the
reduction of ‘waste’ or non-value adding activities in order to satisfy the customer and
improve productivity. This assumes the organisation is comprised of processes where
waste can be removed, value can be added, and the process can be incrementally and

continuously improved (Ohno, 1988).
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Figure 2.3 The 18 building blocks of lean healthcare (Manos et al., 2006, p.26)

The application of lean to healthcare (Lean Healthcare) requires some adaptation to suit
the particular setting, while the building blocks of lean remain the same (see Figure
2.3). For example, most hospitals are not-for-profit and value adding for patients is
different than for customers in manufacturing. Defining what the customer values in
the product/service can be difficult in healthcare as the customer may be considered the
patient or commissioners (Radnor et al., 2012). Eliminating waste is a key principle of
lean and TPS identifies seven forms of waste: waiting, defects, motion, inventory,
overproduction, transportation, and processing. Manos et al. (2006) include an eighth
form of waste —underutilising staff or failing to utilise the knowledge and creativity that

employees can bring.

The Institute for Innovation and Improvement launched the ‘Productive Series’ in the
NHS (including the ‘Productive Theatre’ programme), which was a large scale
implementation of Lean and applied various tools and a 5S (sort, set, shine, standardise,
sustain) approach for workplace organisation. Like TQM, implementation of Lean,
which calls for whole organisational change and involvement, has varied between
organisations. Many managers have tended to implement only a collection of Lean
tools, such as PDCA cycles, process mapping, and waste audits (Womack & Jones,
2003) instead of a system-wide culture of improvement (Waring & Bishop, 2010). This
type of tool-based Lean approach can be detrimental as understanding across the system
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may be limited. As well in the NHS, the organisation as a publically owned and
controlled institution presents strong forces of organisational and professional cultures
(Radnor et al., 2012). Additional resistance can be found from staff being wary of
management priorities for reducing costs and potentially staff numbers. There may also
be lack of trust in expert credibility, available time to participate in lean activities, and

a perception of overly standardised procedures (Waring & Bishop, 2010).

2.4.3 Benchmarking

Benchmarking was introduced by the Xerox Corporation in the 1980s when it sought
to reduce production costs in order to stand up against competitors. Camp (1989)
describes benchmarking as the superior and more efficient performance of one
organisation being defined and transferred to another organisation as ‘best practice’.
This type of performance measurement and comparison has gained traction in the
healthcare sector due to the need to control costs, to manage risk and quality of care,
and to satisfy patients’ expectations (Ettorchi-Tardy et al., 2012). Benchmarking is
beneficial across competing organisations, within an organisation (internal
benchmarking), and between organisations from different spheres whose business
processes are relevant to one another (Mayle et al., 2002).

In 1997, the Department of Health’s White Paper, ‘The New NHS: Modern,
Dependable’ made a call for benchmarking and sharing good practice to improve the
NHS, which would be beneficial on an intra-organisational level due to the sheer size
of the NHS (Newell et al., 2003). Comparative benchmarking of performance metrics
or indicators is an important part of government policy in the UK. These indicators are
used to rank hospitals in competitive league tables, which are used for governance and
consumer knowledge (Northcott & Llewellyn, 2005). It is important to note, however,
the difference between ‘indicator-benchmarking’ and ‘ideas-benchmarking’, where the
former can overlook the organisational learning (to be discussed later) possible from
broader knowledge outside of performance metrics, and the latter transfers that valuable

knowledge of how to improve the organisational process (Mayle et al., 2002).

Benchmarking does not guarantee improvement. Pollitt (1996) points out several
problems which can arise including the selection of a process to benchmark which is
unimportant; ignoring measured data showing an area that could be improved; and a

lack of investment of time or resources to the benchmarking process.
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In addition to benchmarking as a method for improving practice, important
consideration must be taken for the translation of ‘best practice” knowledge. Newell et
al. (2003) argues that process knowledge, or knowledge of current practice within an
organisation, is essential for successful translation of product knowledge (i.e.
knowledge of the ‘best practice’). As current practice is only known partially by
individual actors, emphasis should be placed on the importance of communicating and

interacting with those actors to establish process knowledge.
2.5 Evidence-Based Practice

This section will discuss the evidence-based practice broadly and what is considered
‘evidence’. The integration of evidence in management and design decisions will also

be discussed.

Evidence-based medicine/practice (EBM/EBP) emerged as a way to improve the
decision making of physicians in providing patients with the most effective treatments.
EBP is inherently an improvement method which overlaps with other quality
improvement initiatives of sharing ‘best practice’ knowledge to learn and implement
change. Sackett et al. (1996) famously defines EBM as:

‘... the conscientious, explicit, and judicious use of current best evidence in making
decisions about the care of individual patients. The practice of evidence-based
medicine means integrating individual clinical expertise with the best available

external clinical evidence from systematic research’ (p.71).

Sackett’s definition of EBM reveals the traditional view of ‘evidence’ as research
evidence, and specifically quantitative research where randomised controlled trials
(RCTs), systematic reviews, and meta-analyses are upheld as the gold standards for
evidence as they control for bias. Table 2.1 presents the hierarchy of evidence as used
by NICE in the development of public health guidance, which is consistent with this
view of RCTs, systematic reviews, and meta-analyses as the highest quality evidence,
Type 1. Cohort studies, controlled before and after (CBA) studies, interrupted time
series (ITS) studies, and correlation studies are Type 2. Non-analytical studies are Type
3, followed by expert opinion and formal consensus as the lowest form of evidence at

Type 4.
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Table 2.1 NICE hierarchy of evidence for efficacy of intervention studies (NICE, 2006, p.35)

Type and quality of evidence

1™ | High quality meta-analyses, systematic reviews of RCTs, or RCTs
(including cluster RCTs) with a very low risk of bias

17 Well conducted meta-analyses, systematic reviews of RCTs, or RCTs
(including cluster RCTs) with a low risk of bias

1 Meta-analyses, systematic reviews of RCTs, or RCTs (including cluster
RCTs) with a high risk of bias

27 | High quality systematic reviews of these types of studies, or individual,
non-RCTs, case-control studies, cohort studies, CBA studies, ITS, and
correlation studies with a very low risk of confounding, bias or chance
and a high probability that the relationship is causal

2F Well conducted non-RCTs, case-control studies, cohort studies, CBA
studies, ITS and correlation studies with a low risk of confounding, bias
or chance and a moderate probability that the relationship is causal

2 Non-RCTs, case-control studies, cohort studies, CBA studies, ITS and
correlation studies with a high risk — or chance — of confounding bias,
and a significant risk that the relationship is not causal

3 Non-analytic studies (for example, case reports, case series)

4 Expert opinion, formal consensus

NB: for policy interventions, then CBA can be awarded level 1 evidence.

Many voices within the EBP discourse are recognising the importance of additional
considerations when integrating ‘best evidence’ into practice. While practitioners must
be able to search research literature, and critically appraise the findings by evaluating
their strengths and weaknesses, they must also synthesise best evidence combining
clinical judgment with data (Rosswurm & Larrabee, 1999). Haynes (1999) explains in
a BMJ editorial the need to include more effectiveness and efficiency studies to ensure

interventions are appropriate for context and that they are cost-effective.

The relationship between the practitioner and patient necessitates additional sources of
evidence besides research evidence, including clinical experience, patient experience,
values, circumstances, and contextual information (Rycroft-Malone et al., 2004;
Hoffmann et al., 2013). This dynamic relationship does not allow decisions to be made

on evidence alone. Oxman and Flottorp (2001) state that:

‘Empathy and compassion are necessary in establishing a good relationship
between providers and recipients of care and to ensure that patients’ needs and

anxieties are recognised and addressed’ (p.102).

The cost of prioritising RCTs and quantitative research methods is the undervaluing of
qualitative research, which is essential for gathering insights and nuances of the
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individual stakeholders or communities affected by EBP (Hoffmann et al., 2013).
Qualitative research is useful for decision making as it informs the practitioner or
manager of the ‘feasibility, appropriateness or meaningfulness of a certain intervention
or activity’ (Hoffmann et al., 2013, p.222). Further research is required to make explicit
the craft knowledge and clinical experience of practitioners so it can be critiqued
(Rycroft-Malone et al., 2004). Collecting this information is beneficial as evidence has

more power when research matches the clinical experience (Ferlie et al., 1999).

Much of the ‘best practice’ and ‘best evidence’ discussed in this section relates to
knowledge generation and its validation. Nutley and Davies (2000) consider these
components of EBP as well as its dissemination and adoption. The gaps between the
creation of research and its implementation are explored further under the topic of

improvement science.

25.1 Evidence-based Management

Despite the advancement of the EBP movement, the concept of evidence-based
management has not progressed with equal success (Kovner et al., 2000). It has been
questioned why managerial and policy innovations are not held to the same standards
of a quality evidence-base which clinical innovations are (Walshe & Rundall, 2001),
particularly considering the tendency in managerial practice to rush into adopting the
newest quality improvement fads (such as those listed previously) —implemented to
varying degrees with equally variable success (Staw & Epstein, 2000). Developing
evidence-based management research could provide a wider body of shared knowledge
in areas such as cost control, productivity, quality of care, and health outcomes (Finkler
& Ward, 2003).

The implementation of EBP within management has its own challenges in contrast to
EBP within the clinical domain. Walshe & Rundall (2001) explain several of the
differences, as opposed to being highly professionalised and unified, healthcare
managers come from diverse backgrounds and do not share a common language.
Healthcare managers may not be trained in researching evidence and critically
appraising that evidence. Decision making on the management level relies more on
personal experience and beliefs than a shared body of knowledge such as in the medical
profession. This decision making process is not easily defined, happens on a longer

time scale, and may require decisions of greater magnitude. These decisions are
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typically made with the input of others, in order to gather support for a decision. Wider
system constraints such as organisational policies and procedures, resource availability,
and the interests of varying stakeholders may contradict research or restrict the total
incorporation of evidence into management decisions. A competitive environment may

also limit the open sharing of information (Finkler & Ward, 2003).

Learmonth and Harding (2006) present the difficulties of utilising evidence for
organisational management decisions as the definitions of what counts as evidence and
the highly debatable nature of the questions to be answered can be morally and
politically driven. While evidence-based management may grant credibility to the
otherwise presumed lack of scientific knowledge of managers, it may also undermine
management desire for power and influence, which may be a difficult pill to swallow.
Pfeffer and Sutton (2006) overheard a former Netscape CEO who stated:

‘If the decision is going to be made by the facts, then everyone’s facts, as long
as they are relevant, are equal. If the decision is going to be made on the basis

of people’s opinions, then mine count for a lot more’ (p.73).

2.5.2 Evidence-based Design

The literature on evidence-based medicine has more recently extended toward
evidence-based design decision making, which draws on scientific research for
guidance on the physical environment in the healthcare setting (Hamilton, 2003). The
physical environment can be a major component affecting the provision of care.
Although verifying causality is unachievable, correlations have been studied between
the built environment and health outcomes, including environmental considerations of

noise, lighting, air handling, layout, art, and way-finding (Codinhoto et al., 2008).

In 2008, researchers from Texas A&M University and Georgia Institute of Technology
expanded on an earlier literature review, which sought to evaluate research on
healthcare design and implications for patient safety, and outcomes for both patients
and staff. The body of literature regarding hospital design contained few RCTs,
showing recognition of the complexity of altering the physical environment, which can
have many simultaneous effects that are not easily controlled (Ulrich et al., 2008).

Some early findings of their work indicated that single-bed rooms improve quality of
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care and satisfaction of patients, and increased exposure to daylight and artwork can

help to reduce depression and pain (Ulrich, 2006).

Codinhoto et al. (2009) acknowledge the role of national guidance as a resource for UK
hospitals to bridge the gap between research and design of healthcare facilities, as they
affirm the evidential base for NHS Health Building Notes and Health Technical
Memoranda. However, the design of the built environment requires input from
architects, budget holders, contractors, managers, and (ideally) users. Further research
is required to investigate the theory, methods, tools, and guidelines, which these
decision-makers can use to incorporate best evidence into the design process
(Codinhoto et al., 2009).

2.6 Improvement Science

The term ‘improvement science’ is a relatively new one, which lacks consensus on how
it should be used and applied. Improvement science is an emergent area of research
focusing on the improvement of healthcare. Other names include implementation
science, science of improvement, translational research, quality improvement science,
evidence-based practice, knowledge translation, and research utilisation (The Health
Foundation, 2011). Schackman (2010) used the following definition for

implementation science:

‘Implementation science is the scientific study of methods to promote the
integration of research findings and evidence-based interventions into healthcare
policy and practice and hence to improve the quality and effectiveness of health

services and care’ (p.S28).

The goal of improvement/implementation science is not equivalent to that of quality
improvement initiatives. Bauer et al. (2015) contrast implementation science with
quality improvement by stating how QI is often driven by a specific problem that needs
addressing, whereas improvement science originates from underutilised EBP. It aims

for the spread of generalizable knowledge. Bauer et al. (2015) goes on to explain that:

‘The emerging science of implementation provides a systematized approach to
identifying and addressing barriers and facilitators to system change, and thus

represents a critical component of any learning healthcare system’ (p.10).
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Improvement science focuses on the process of implementing EBP and fostering
partnerships between academics (experts of research methodologies) and practitioners
(frontline workers understanding the work context) to oppose prevailing culture and
develop new ways of thinking and acting (Marshall et al., 2013). These main themes of
improvement science, behaviour change (for improvement) and strategies for
implementation of EBP, will be explored in more depth to consider varying theories

and frameworks which have added to the body of improvement science knowledge.

2.6.1 Behaviour Change Theory

Research in the field of implementation science must theorise about the predictors for
health professional behaviour change in order to formulate strategic implementation.
Even with full awareness of evidence and clinical willingness to change, health
practitioners may have difficulty countering the ‘well established patterns of care’,
particularly when the broader contextual environment is not conducive to change (Grol
& Grimshaw, 2003, p.1225).

Nutley and Davies (2000) discuss macro and micro approaches to change or
combinations of the two. The macro, or whole systems change, approach is usually top-
down systems redesign. The micro approach, bottom-up, is targeted at modifying the

attitudes and behaviours of individuals.

Gaps between clinical best practice and actual practice are not a result of ill intent.
Numerous factors can act as incentives or barriers to change. Oxman and Flottorp
(2001) noted that often knowledge is insufficient to ensure behaviour change. They
consider three main areas affecting behaviour change: the practice environment,
prevailing opinion, and knowledge and attitudes. Implementation strategies should be
tailored specifically to the local context by collecting data on potential barriers and
incentives for change using methods such as interviews, surveys, focus groups, Delphi
methods, observations, auditing routinely collected data, and analysis of documents
(Grol & Wensing, 2004).

Consistent with and adding to the areas identified by Oxman and Flottorp, Grol and
Wensing (2004) propose consideration of barriers and incentives with a multi-level

approach, primarily considering six levels:
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Innovation

Patient

Individual professional

Social context / healthcare team

Organisational context

o o~ w b F

Economic and political context / wider environment.

It is essential to apply theories for behaviour change to the relevant level, as
interventions may apply best to the individual, the team, the organisation, or the wider
system (Eccles et al., 2005). Numerous theories coming from various disciplinary
perspectives can be used to understand behaviour change including: cognitive theories,
adult-learning approaches, behavioural theories, social influence theories, marketing
theories, organisational theories and others (Grol & Grimshaw, 2003). The following
sections will briefly mention some relevant theories from the individual, social, and

organisational levels.
Individual Professionals

The task of the individual to translate EBP knowledge into action requires an
understanding of human cognition and knowledge management. From the psychology
literature, the nature of memory reveals different types of knowledge/memory which
are created: °‘declarative’ and ‘procedural’ knowledge (Nutley & Davies, 2000).
Declarative (also codified) knowledge is explicit and is able to be stated. Procedural (or
personal) knowledge is sometimes referred to as ‘tacit knowledge’ or ‘craft expertise’
and it is inherent to being a professional because of the deep embeddedness of this
knowledge, which is not readily articulated. Tacit knowledge is the most influential in
development of practitioner routines and is developed from practical problem solving
within the socio-technical system (Nutley & Davies, 2000; Eraut, 2000). In a survey of
330 clinical nurses, Gerrish and Clayton (2004) found that most nurses relied less on
formal knowledge acquired from research literature than from experiential knowledge,
gained from interaction with patients and colleagues. Tacit knowledge is built around
custom and practices, which may be ineffective, yet it can be deeply embedded and
therefore pose as a potential barrier to change and EBP implantation (Nutley et al.,
2003).
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Cabana et al. (1999) conducted a review of 76 studies investigating barriers to clinical
adherence to practice guidelines and identified salient barriers including: awareness,
absence of external barriers, agreement, familiarity, self-efficacy, overcoming inertia
of previous practice, and outcome expectancy. Many of these factors and how they
affect the individual have been theorised in different ways. Drawing from health
psychology, Eccles et al. (2005) reference various theories which are relevant to

behaviour change of the individual including:

e Motivational theories: seek to explain how individuals come to wish to change;

e Action theories: seek to explain how individuals move from intention to
behaviour change;

e Stage theories: proposes a methodical advance through stages of behaviour

change.

Eccles et al. (2005) emphasise the importance of making explicit the theoretical
underpinnings and rationale for interventions, as theory is not always systematically

used in implementations science.
Social Context

Socio-cultural theories of learning posit that health professionals learn their
professional practices and ways of thinking from ‘communities of practice’ (COP)
(Lave & Wenger, 1991). Even with continued professional development, experiential
learning is also important for health professionals to undertake EBP (Hoffmann et al.,
2013). Communities of practice theory unites COPs, which are formed by people
sharing a common concern, and engages them in collective learning. This can be across

professional, organisational, and geographical boundaries.

Social cognitive theories can provide insight into the cognitive mechanisms
underpinning behaviour (Godin et al., 2008). Examples of these theories include the
Theory of Reasoned Action, the Theory of Planned Behaviour, Bandura’s social
cognitive theory, and Triandis’ theory of interpersonal behaviour. Godin et al. (2008)
conducted a systematic review of 78 social cognitive theory studies and identified
variables explaining intention and predicting behaviour: beliefs about consequences,
moral norm, role & identity, characteristics of healthcare professional, beliefs about

capabilities, habit / past behaviour, and social influences. Oxman and Flottorp (2001)
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reference the social influences model of behaviour change, which emphasises the

importance of opinion leaders in communicating what is appropriate behaviour.

The successful implementation of change is highly affected by the social arrangements
of professional and occupational groups and their boundaries. Some professionals may
be resistant to EBP due to a lack of trust of experts and an effort to retain authority of
their profession in the face of increasing managerialism (Traynor, 2002). Clinical
autonomy is very valuable to doctors —even if sometimes that means providing care

which conflicts with best evidence (Oxman & Flottorp, 2001).

The social distinctions of professional groups and inherent hierarchies are important.
Newman et al. (1998) found from an organisational appraisal of an acute hospital NHS
trust that barriers to change presented themselves through strong professional
distinctions and the sense of powerlessness from nurses in decision making. This lack
of authority was apparent again in a survey of nurses undergoing EBP implementation,

as well as time constraints and a resistant ward culture (Gerrish & Clayton, 2004).
Organisational Context

More traditional explanations of the gap in theory and practice has tended to emphasise
the attitudes and behaviour of the individual, without proper consideration of the social,
economic, political, and organisational influences (Rafferty et al., 1996). As Nutley and
Davies (2000) stated:

‘The interventions to achieve change may begin by targeting individuals, but if
change is to endure it needs to move beyond the individual and become

embedded within ... structures, systems and resources’ (p.322).

The influences on individual practice from Nutley & Davies (2000) is shown below in
Figure 2.4. The aspects of research evidence (EBP), craft knowledge (individual), and
social factors such as peer values and pressures and service user demands have been
covered. The remaining broader influences include organisational structures and

cultural norms or organisational culture, as well as organisational resources.
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Figure 2.4 Broader influences on individual practice (Nutley & Davies, 2000, p.337)

Organisational culture has the power to enable or disable particularities of individual
practice. In the effort to increase the value of EBP within an organisation, it should also
be reflected in evidence-based management. Additional organisational influences
include resource availability, i.e. people, property/equipment, budgets, etc. These
resources can be fixed and limited and may therefore reinforce the status quo (Nutley
& Davies, 2000).

The concept of organisational learning (Argyris & Schon, 1996) helps to explain the
generation of knowledge through ‘double-loop learning’. This double loop connects the
observed effects of any action with strategies and values, to inform and allow the
organisation to learn. This cannot be done with an overly restrictive management.
Management should place broad constraints to allow for new learning (avoid inhibitory
loops) (Morgan, 1986). Senge (1990) describes the five disciplines to become a learning
organisation: open systems thinking; improving individual capabilities; updating
mental models; a shared vision; and team learning. Similarly, learning from
communities of practice can take place at an organisational level, in ‘communities-of-

communities’ (Brown & Duguid, 1991).
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2.6.2 Implementation Strategies

Valuable insight can be found from the research utilisation and knowledge translation
literature with respect to the best strategies for implementing safety, quality, or
evidence into healthcare practice. Everett Rogers’ Diffusion of Innovations Theory has
been used to understand the dissemination of an innovation through the participants of
a social system. Within his theory, the process of diffusion ranges on a continuum from
highly centralised to highly decentralised, where power and control of innovation
diffusion is shared (Rogers, 1995). Nutley & Davies (2000) describe EBP
implementation as the diffusion of an ideology, technical innovation, and organisational
innovation. Literature tends to emphasise the uptake of new innovations, but brings less
attention to calls for discontinuance of ineffective practices. Evidence may not always

promote a new practice/innovation.

Traditionally, the model for the dissemination of research evidence into practice is
depicted as a linear process from the distinct domains of the university researchers as
(objective) knowledge creators to frontline practitioners (actors in the subjective
practice). This has alluded to a natural hierarchy of university-centred knowledge
creation. Green (2008) refers to the inaccuracy of assuming a linear transfer of research
into practice as the ‘pipeline’ fallacy. An alternative model depicts knowledge at local
levels from centres of expertise as well as expert centres, and the two domains are

collaborative in generating and utilising knowledge (Nutley & Davies, 2000).

Despite the differences in the interests, language, and time scales of researchers and
practitioners, greater collaboration is required between the two groups. Nutley et al.
(2003) suggest the importance of understanding how practitioners conceptualise the
problem with their existing knowledge, which may vary from the researcher’s
understanding. Successful implementation should, therefore, focus on the attitudes and
local practices of recipients of research. Green (2008) proposes production of research
closer to local practice such as through action research, participatory research, and
practice-based research. External validity should also be promoted, opposed to a focus

on internal validity only.

Due to the substantial amount of published research that health professionals would
need to be aware of, guidelines are a useful tool for presenting new evidence in concise

recommendations for practice. Guidelines ‘aim to reduce variations in practice across
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health professionals for the same condition and improve patient outcomes’ (Hoffmann
et al., 2013, p.314). This brings into question the development of these guidelines and
the translation and use of the guidelines. The development of such guidelines (such as
those from national or professional bodies) should be done using systematic reviews of
evidence (Oxman & Flottorp, 2001). Dissemination of guidelines should be strategic in
order to achieve successful implementation. Both written and personal approaches (i.e.
scientific journals, outreach visits, local consensus discussions, etc.) should be used to
explain guidelines (Grol, 2001).

The Cochrane Collaboration’s Effective Practice and Organisation of Care (EPOC)
group is responsible for undertaking systematic reviews of intervention effectiveness.
Based on a review of 41 systematic reviews considering interventions for behaviour
change, they found that no single intervention was effective all of the time (Grimshaw
et al., 2001). Interventions which had variable successes included audit and feedback;
use of local opinion leaders; local consensus-generating procedures; and patient-
mediated interventions. The most consistently effective interventions were interactive
education meetings; education outreach visits; and reminders. Multifaceted
interventions (combining more than one) was seemingly more effective than any single
intervention alone. Similarly, Oxman et al. (1995) reviewed 102 systematic reviews of
educational interventions in healthcare and found there were no ‘magic bullets’ for
improving healthcare. Additionally, the EPOC members have found that targeting
interventions for change at specified barriers to change and at different levels are more
effective than non-specific interventions (Grol & Grimshaw, 2003), and that there is a
dearth of economic evaluations and cost analyses that accompany intervention

implementation (Grimshaw et al., 2004).

While there are several theories, concepts, and frameworks for the successful
implementation of EBP, one of particular interest is the Promoting Action on Research
Implementation in Health Services (PARIHS) framework. Harvey & Kitson (2015)
consider the variables for successful implementation (SlI) to be a function of evidence,
context, and facilitation with an assumption of equal importance —expressed as Sl =
f(E,C,F). Evidence (strength of evidence), context (culture, leadership, and
measurement), and facilitation (characteristics, role, style) are each scored on a

continuum from low to high. Taking for example evidence on the continuum,
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e Unsystematic and anecdotal evidence = low
e Lack of professional consensus = low

e Patients’ opinions overlooked = low

Harvey & Kitson do suggest that “...if clinical experience and patient preferences come
out in favour of a particular intervention, even though the research evidence is low, then

there may be more likelihood of it being adopted or continued’ (2015, p.150).
2.7 Human Factors in Healthcare

Human factors and ergonomics (HFE) can be defined as the ‘scientific discipline
concerned with the understanding of interactions among humans and other elements of
a system, and the profession that applies theory, principles, data and methods to design
in order to optimize human well-being and overall system performance’ (International

Ergonomics Association, 2016). The three primary domains of HFE include:

e Physical ergonomics (i.e. physical space redesign, safety and health);
e Cognitive ergonomics (i.e. decision making, work stress, training); and
e Organisational/social (macro) ergonomics (i.e. teamwork, work design,

participatory design, safety culture).

Crossing all of these domains, HFE aims to systematically address human interactions
with the system(s) in which they operate and optimise both the social and technical
aspects of the system. In the realm of healthcare, Gurses et al. (2011, p.1-5) describe
the effort of HFE specialists in studying and designing all parts within a system as ‘an
integrated whole (e.g. hospital) to maximise the system’s overall performance,

including patient safety, efficiency, and clinicians’ quality of working life.’

Knowledge and use of HFE principles, theory, concepts, and methods have grown in
healthcare, with applications in medical devices, equipment, and information systems
(Norris, 2012). Although clinical familiarity with HFE was lacking only a decade ago,
the field has grown and many healthcare providers have come to value human-centred
systems thinking (Catchpole, 2013). Anaesthesiology has been a leading medical
specialty in the adoption of HFE techniques, drawing from high reliability industries
such as aviation, in the effort to improve patient safety (Gaba, 2000).
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With the uptake of HFE in healthcare, a false equivalency of ‘human factors’ with
‘human error’ has emerged, blaming the behaviour of people as the cause for failure
resulting in adverse events or patient harm. This misunderstanding of HFE incorrectly
concentrates effort on the individual instead of the system, allows the perpetuation of
underlying problems, and attempts to modify behaviour by training instead of system
redesign to support performance (Russ et al., 2013; Catchpole, 2013). The HFE
approach to healthcare improvement is explored further in the following sections,
which will discuss specifically a systems approach to improving healthcare quality and

patient safety, and literature surrounding the (re)design of healthcare.

2.7.1 Systems Approach to Quality and Safety

HFE is by nature a systems discipline and should acknowledge the existence and
interactions of the broader context on any individual component (Wilson, 2014).
Healthcare, among other domains, consists of multiple, tightly coupled, sub-systems
with work practices crossing numerous boundaries and interacting with one another,
thus increasing complexity significantly. Additional complexity arises from the role of
the healthcare practitioner and patient (‘customers’) in the design of products and
services (Carayon, 2006). Complexity science supplements this understanding of
healthcare by recognising the interconnected individual units within the system will act
in ways that are relatively unpredictable, non-linear, self-organising, and adaptive
(Plsek & Greenhalgh, 2001).

The sociotechnical system (STS) considers multiple levels of interactions between
people and elements of the work system such as organisational structures and processes.
Rasmussen (1997) and Moray (2000) depicted the STS within vertical models, with
interactions taking place between system levels. A simplified depiction of Moray’s
‘onion’ model is shown in Figure 2.5. The complexity of some systems may not be
easily depicted in a linear fashion as many systems exist as nested, ‘systems of
systems’, with systems and sub-systems, parent-child systems, or sibling-sibling
systems (Wilson, 2014). In the healthcare delivery system, Karsh and Brown (2010)
describe the hierarchical and nested nature of systems, as a hospital contains multiple
units consisting of doctors and nurses. The patient is nested under the supervision of a
nurse, but may be under the responsibility of multiple nurses across different shifts, and

the charge nurses, nurse manager, and supervisor. An additional hierarchy exists for the
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more junior physicians caring for the patient under supervision of more senior
physicians. Karsh and Brown (2010) suggest the macro-ergonomics is the way forward

in patient safety research, by investigating the influence of multiple levels.

Societal and Cultural Pressures

Legal and Regulatory Rules

Organisational and Management Behaviour

Team and Group Behaviour

Individual Behaviour

Physical Ergonomics

Physical
Devices

Figure 2.5 Simplified version of Moray's (2000) model of a sociotechnical system

The systems perspective of risk management has been fostered by the works of Charles
Perrow (1984) and James Reason (1995) who have considered the interactions of
failures resulting in a cascade of more serious failures and organisational contributions
to ‘latent conditions’ which permit errors to occur, respectively. In an example of HFE
systems thinking, Vincente (2003) utilised Rasmussen’s (1997) framework to show the
relationships between different levels affecting the decision making within a medical
device manufacturer. The systems approach in risk management should not, however,
strictly focus on error identification and minimisation, but on enhancing human
performance on all levels (Cook & Woods, 1994). Holden (2011) reviewed the
implementation of Lean thinking in emergency departments, showing the impact on
organisational change, such as work structures and processes, that indirectly affect
healthcare quality and outcomes. He suggested a HFE approach could supplement such
organisational change by understanding better the needs of people (e.g. patients and

employees) and their contributions in the change process.
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Dul et al. (2012) differentiate HFE from other disciplines such as engineering,
medicine, and psychology, based on its two-fold focus on the outcomes of any system:
performance and well-being. Performance relates to outcomes of the work system such
as productivity, efficiency, quality, flexibility, and reliability. Well-being is also a
product of the system, including factors such as health, safety, satisfaction, learning,
and personal development. Specialists in HFE are equipped to manage the practical
trade-offs of complex systems to help solve problems of improving performance and
safety (Wilson et al., 2009).

Originally funded by the AHRQ, the Systems Engineering Initiative for Patient Safety
(SEIPS) was developed as a work systems model which incorporates a systems
approach to improve patient safety and performance (Carayon et al., 2006) and was
updated to SEIPS 2.0, in 2013 (Holden et al., 2013). The model, shown in Figure 2.6,
draws on Donabedian’s (1988) structure-process-outcome (SPO) framework for the

assessment of quality in healthcare.

WORK SYSTEM PROCESSES OUTCOMES
* Physical e Cognitive e Social/behavioral
/ Desirable

Technology

Distal
Professional Work

Person(s)

Collaborative
Professional-Patient Work

Patient Professional Organizationalg

Internal
Environment

Patient Work

Proximal

K Undesirable /

External
Environment

* Anticipated or unanticipated e Short- or long-lasting e Intermittent or regular

ADAPTATION
Figure 2.6 The SEIPS 2.0 model (Holden et al., 2013, p.1672)

The SEIPS model places focus on the work system, or structure in the traditional SPO
framework, which will affect the clinical processes and eventual outcomes of patients,
employees, and organisations. Carayon et al. (2006) models the various interactions

between five key components of the work system:

e Person (e.g. experience, motivation, physical and psychological characteristics)

e Tasks (e.g. work load, autonomy, control, time pressure, attention needs)
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e Tools and technologies (e.g. information technology, medical devices)
e Physical environment (e.g. physical layout, noise, lighting, temperature)

e Organisation (e.g. teamwork, (safety) culture, scheduling, management style).

In 2013, the updated version of the model (SEIPS 2.0) proposed several changes to the
work system model including the following:

e Patient includes both patients and healthcare professionals simultaneously.

o Differentiation of the internal and external environments to address macro-level
factors including influences from society and policy, etc.

e Incorporation of a hierarchical arrangement between factors on an individual,

organisational, internal, and external environment levels.

The work processes were changed in SEIPS 2.0 to represent physical, cognitive, and
social or behavioural performance processes. Additionally, the work outcomes relating
to the patients, professionals, and organisations were reframed to encompass outcomes
which may become evident through time (i.e. proximal and distal) and may be desirable
or undesirable. SEIPS 2.0 also developed the model further to incorporate three

additional concepts of configuration, engagement, and adaptation.

The concept of configuration focuses on the interactions taking place between various
system components, sometimes simultaneously. In Figure 2.6, the work system model
depicts the numerous possibilities of networked system elements with spheres relevant
to each work system component. Holden et al. (2013) describe “relevant” interactions
to be those that strongly influence the performance of the work process. Akin to
different properties being exhibited based on molecular configuration, the dynamic
work system will have changing configurations that are relevant to certain processes at

specific points in time.

Engagement in work activities was defined by Holden et al. (2013), considering both
agents and co-agents involved in work activity. The main categories for engagement
were differentiated as professional, patient, and collaborative work. Professional
centred on the professional or team of professionals providing care to the patient,
whereas patient work considered engagement from patients, family members, and non-
professionals. Collaborative work captured the active involvement of a combination of

agents along the continuum of engagement.
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Finally, the concept of adaptation was incorporated into SEIPS 2.0 with the addition of
feedback loops showing adaptations, both intended and unintended. Wilson (2014)
discussed the inevitability of adaptations to complex sociotechnical systems, and
Holden et al. (2013) described the variability of adaptations as being anticipated or

unanticipated, short or long-lasting, intermittent or regularly occurring.

This conceptualisation of work systems has been applied to identify both obstacles and
facilitators to performance. The SEIPS model was used after identifying major
performance obstacles to intensive care unit nurses in order to test the impact on nursing
workload, quality of care, and quality of nurse work life (Gurses & Carayon, 2009;
Gurses et al., 2009). Through this exercise, areas within the work system were
identified which could be changed in order to improve quality and performance. The
decision making involved in redesigning the work system is discussed in the next
section. The SEIPS model can also be combined with root cause analyses in order to
systematically consider possible contributing factors to adverse events (Carayon et al.,
2014). In practice, Carayon et al. (2006) warned of possible misalignment of what the
work system model identifies and the individual professional autonomy expected from
healthcare providers within their work system. This resistance to management of work

processes using this approach could result in difficulty implementing the SEIPS model.

2.7.2 Design and Change of Healthcare Systems

The HFE systems approach can be taken to identify areas for improvement, and
incorporate that knowledge in change initiatives or systems (re)design. In the effort of
improving patient safety, several paradigms have been proposed, mainly focusing on
reducing injury, reducing error, or improving evidence-based practice. Karsh et al.
(2006) argue the mechanisms for such paradigms are unexplained in their effect on
injury, error, and quality, and therefore suggest a HFE paradigm aiming to improve
healthcare practitioner (HCP) performance and reduce hazards. Building on the SEIPS
model, previously discussed, Karsh et al. (2006) described the system inputs (work
system) similarly; however, they emphasised the three transformations/processes which
patients and HCPs undergo -physically, cognitively, and socially, which was later
added to the SEIPS model. Although as the authors stated, ‘all human activities are

essentially ‘cognitive’ to the extent that the brain is involved in everything we do’
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(p.162). Designing systems to enhance performance (and therefore eliminating hazards),

is proactive, encourages positive thinking, and identifies the needs of HCPs.

The Balance Theory was developed by Smith and Carayon in the 1980’s as an
integration of literature surrounding job design, worker well-being, and performance
(Smith & Sainfort, 1989). The core principles of the Balance Theory are (1) to eliminate
any negative aspects within the work system model, and (2) to balance the work system.
As it may not always be possible to eliminate all negative aspects of the work system,
a balance of the system can be achieved by compensatory balance, where positive
elements can compensate for any negative elements, or overall system balance can be
achieved where there are more overall benefits compared to problems. The Balance
Theory can be used for job design and even organisational design to reduce work stress
and health and safety problems while improving motivation and performance (Carayon
& Smith, 2000). Smith & Sainfort (1989) describe the stress load on the individual as
a physical demand of the individual resulting in a psychological response which is
affected by the perception of the demand. Drawing from several job stress theories, the
Balance Theory recognises the influence of perception of load, based on factors such
as individual personality, past experiences, and social situations. This theory utilises
the work system model to identify stressful elements in all areas of the work system, to
balance overall those elements. Although the Balance Theory integrates system
thinking and provides a holistic conceptualisation of work stress and design in order to
improve the system, the theory lacks in recommending how organisations can reconcile
individual perceptions of stress and reasonable workloads, and the resulting conflicts
which may exist. Additionally, the theory requires judgements to be made as to what is
good or bad (or tolerable), and who should be making such judgements. This idea will

be explored throughout this thesis.

A key feature of HFE is involvement of end users as participants in the design and
development process (Noro & Imada, 1991). In order to match the needs of ‘customers’
to products or services, user-centred design has become more prevalent; however, the
‘user as subject’ design approach relies on a researcher as an expert to gather input from
users. Participatory design or co-design treats the ‘user as partner’ and involves the
collaboration of multiple users in the design process (Sanders & Stappers, 2008). In
healthcare, participatory design has been used in design of healthcare facility (Caixeta

et al., 2013) and information systems (Sjoberg, & Timpka, 1998).
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In asimilar vein, participatory ergonomics (PE) emphasises the involvement of workers

to improve the productivity and quality of their job. PE has been applied in industries

including manufacturing, military, construction, transport, healthcare and others

(Hignett et al., 2005). Early work by Haines et al. (2002) provided practical guidance

for PE initiatives by framing multiple dimensions relevant to PE, shown in Table 2.2

in ranked order of importance (as in Hignett et al., 2005). The most important

dimensions for PE related to who is given decision making power and ensuring

involvement of participants at all levels.

Table 2.2 Framework for participatory ergonomics (Hignett et al., 2005)

Rank Dimension

Extent of dimension

1

Decision making

Mix of participants

Remit

Role of ergonomics

specialist

Involvement

Focus

Level of influence
Requirement

Permanence

Group delegation; Group consultation; Individual
consultation

Operators; Supervisors; Middle management;
Union personnel; Specialist/technical staff; Senior
management

Process development; Problem identification;
Solution generation; Solution evaluation; Solution
implementation; Process maintenance

Initiates and guides process; Acts as a team
member; Trains participants; Available for
consultation

Full direct; Partial direct; Representative
Designing equipment or tasks; Designing jobs,
teams or work organisation; Formulating policies or
strategies

Entire organisation; Department/work group
Compulsory; Voluntary

Ongoing; Temporary

Wilson & Haines (1997) recommend early involvement of those who would be affected

by an innovation to ensure successful implementation and sustainability of the

innovation. In healthcare, HCPs and patients are system users and must be involved in
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design in order to meet their needs. Dul et al. (2012) present the four main groups of

stakeholders who can value from being involved in system design:

e System actors (i.e. employees, patients)
e System experts (i.e. professionals, including engineers and HFE specialists)
e System decision makers (i.e. managers, purchasesrs)

e System influencers (i.e. government, regulators, media, general public)

The challenges of change have been previously discussed with regards to individual,
social, and organisational change theories; however, the challenge of systems design
must continue after undergoing organisational or technological change -beyond the
implementation (Clegg, 2000). Carayon (2006) integrated the model and principles for
learning, development, and continuous change (Engestrom, 2000; Weick & Quinn,
1999) to compile an initial set of principles for macroergonomic continuous system
adaptation and improvement including the following:

e Participate — active participation of customers (e.g. participatory ergonomics);
e Interact — continuous interactions between customers and the organisation;

e Design — continuous system design and redesign;

e Adapt — adaptive product/service and long-run system adaptability;

e Learn—supporting individual and organisational learning;

e Make Sense — sense-making of on-going changes and their impact.

While the literature included in this review is non-exhaustive, it has provided sufficient
background into complex system design, with a focus on the goals of system (re)design,
those who should participate in the design process, and the need to continually learn

and adapt following change implementation.
2.8 Chapter Summary

The literature surrounding anaesthetic rooms, specifically, and strategies for
improvement change, more broadly, have been discussed in this chapter. The studies
pertinent to aspects of anaesthetic room use are conflicting and do not entirely align
regarding a support or challenge to this practice. The wider goals of improved patient
safety and healthcare quality have been explored, and the unique strategies and

challenges of achieving them presented. While tools and approaches for understanding
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organisational culture and change are prevalent in the literature, a gap exists as to the
mechanism by which conflicting research evidence, individual goals, and
organisational priorities can be balanced in devising solutions for healthcare practice
and systems design.
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Chapter 3 Evaluation of Current Anaesthetic Room Practice

3.1 Chapter Overview

This chapter explores current practice and preferences of consultant anaesthetists for
the use of anaesthetic rooms. Considering the outcomes from previously published
surveys investigating anaesthetic room use, this chapter presents the findings of a
questionnaire study examining the most current opinions and preferences of consultant

anaesthetists within the East Midlands region of the UK.
3.2 Introduction

The professional discourse surrounding anaesthetic rooms has been published in the
form of editorials, correspondences, ad-hoc audits, and some peer-reviewed studies
aiming to either justify or disprove their necessity (Evans, 2004; O’Connor et al., 2003;
Sawyer, 2001; Newport, 2001; Broadway et al., 2001). Standards of practice and
personal preferences for the use of anaesthetic rooms in the UK have been investigated
using surveys in the past (e.g. Husain et al., 2005; Bromhead & Jones, 2002; Masters
& Harper, 1990). Considering the known contention on the subject and claims of
seemingly little change within the anaesthetic community (Harmer, 2000), a current
view of practice was needed to identify where individual anaesthetists have chosen to

align themselves in this disagreement.

This questionnaire study was developed in order to explore current anaesthetic practice
and general perspectives of anaesthetists on anaesthetic room use. The aims of the study

were to:

e explore the role of anaesthetic rooms across multiple organisations;

e identify the ways in which anaesthetic rooms are used;

e gather the reasons for preference of in-theatre or anaesthetic room induction;

e investigate the willingness of anaesthetists to change anaesthetic room practice;

e and find which types of evidence would be most influential in changing practice.

In order to understand current anaesthetic practice and the range of opinions

surrounding anaesthetic rooms, consultant anaesthetists were selected as the key



3.3 Methods

stakeholders that would best be able to describe both their own practice and the

rationale behind it.

3.3 Methods

3.3.1 Participants

Consultant anaesthetists were identified as the ideal participants for this study aiming
to explore current practice and gauging individual willingness to change anaesthetic
room practice. Eligibility criteria for this study was limited to consultant grade
anaesthetists, as was suggested by two anaesthetists involved in the design of this
questionnaire. They advised that experienced anaesthetists at consultant level would be
able to decide the site of induction for patients without repudiation of their choice from
more senior anaesthetists, which could be the case for registrars or other trainee grade

anaesthetists.

Based on membership data from the AAGBI, the entire population of anaesthetists
within the UK is well over 10,500, with 55% being domestic practising non-trainee
anaesthetists (AAGBI, 2014). The sampling frame for this study was limited to the East
Midlands region of the UK, because although data collection across the UK was
pursued by contacting a membership officer of the AAGBI, it was not possible due to
lack of membership of the researcher to the association. Based on correspondence with
the AAGBI officer, a postcode search of membership within the East Midlands showed
761 AAGBI members of varying statuses (J. Gallagher 2014, personal communication,
15 May).

A random sampling method (Gray, 2014) was used to recruit from all consultant
anaesthetists working within the East Midlands NHS Trusts which granted study
approval. Clinical local collaborators were identified in each Trust in order to facilitate
recruitment in each site. The anaesthetic advisors of this research initiated connections
with local hospitals to involve local collaborators. All local collaborators were members
of the anaesthetic or surgical directorates within their Trusts and distributed a study
invitation email (and two reminders at one week and three weeks) to all consultant
anaesthetists within their Trusts. Collaborators were identified in ten NHS Trusts within
the East Midlands, of which nine approved the study to take place in the desired time

frame for the research.
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3.3.2 Ethics

The questionnaire study of this chapter was part of a larger study protocol including
studies from Chapter 3-6. The protocol (version 3) was approved by the University of
Nottingham Faculty of Engineering Research Ethics Committee on 22" May, 2014.
Due to the self-completing nature of this questionnaire study, consent of participants
was assumed upon completion of the survey. No written consent was required;
however, a participant information sheet was sent to all participants within the email

invitation distributed to them by the local collaborator of their site.

All data collected maintained confidentiality of the participants; however, participants
were able to provide an email address at the end of the survey so that a summary of the
study results could be sent to them and recruitment for future studies could take place.
These email addresses were stored separately from survey data to prevent identification

of individual participant responses.

3.3.3 Data Collection

As a cross-sectional study, a self-completed online survey was chosen as the method of
data collection, gathering both quantitative and qualitative data regarding attitudes and
behaviour of respondents. This method was selected as the most economical and timely
option (Bowling, 2014) for distributing and collecting completed questionnaires from
participants across an entire region of the country. A web-based survey is also argued
as superior to traditional paper-and-pencil surveys in ensuring better completeness of
data (Kongsved et al., 2007). Setting the requirement or optionality of each question in
a web-based survey automatically prompts the participant to complete unanswered
required questions, if they attempt to proceed to the next page without completing the
questions. The University of Nottingham provided a free license for use of the Bristol

Online Surveys (BOS) tool in developing the survey.

A criticism of survey methodology is that it assumes a common language and
understanding of statement wording between the researcher and respondents (Bowling
2014). In order to prevent miscommunication of an American researcher to British-
practising anaesthetists, the initial survey design and questions were content validated
by two consultant anaesthetist collaborators. Some terminology was changed which
differed between the USA and UK, such as the abbreviations EKG versus ECG for
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electrocardiogram. Certain activities were clarified in terms which would be better
understood by using professionally accepted acronyms (e.g. World Health Organisation
(WHO) checklist, arterial (ART) and central venous pressure (CVP) lines, National
Confidential Enquiry Into Patient Outcome and Death (NCEPOD) lists). The survey
was reviewed in its final form by two experienced healthcare researchers at The

University of Nottingham.

6. Personal
1. Introduction Opinions on
Anaesthetic Rooms

7. Changing
Practice

5. Current
Anaesthetic Room

(Optional)

4. Current
3. Personal Details Anaesthetic Room 9. Conclusion
Practice (NHS)

Figure 3.1 Anaesthetic room questionnaire sections

The survey design consisted of nine sections, as shown in Figure 3.1, which included
six data entry sections. Questions included multiple choice (single and multiple
answers), rating scales (e.g. Never to Always, or ‘Not At All Important’ to ‘Very
Important’), and open responses. Rattray & Jones (2007) suggest that closed questions
can limit the depth of responses provided by respondents, which may be inappropriate
if little is known regarding a subject area, open response questions were used to further
explore rationale and decision making, which would not be made evident through

multiple choice responses alone.

The survey took approximately 10 minutes to complete and consisted of 22 questions.
It was launched on 22" July, 2014 and closed on 31% December, 2014, with a total
duration of 5 months. The portions of the survey, Parts 3-4 and 6-7, are shown in

Appendix A2,

2 Part 5 is excluded from the appendix as the questions are identical to Part 4, but oriented toward
experience in the private sector, which was optional depending on individual experience.
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3.34 Data Analysis

Quantitative data analysis of the questionnaire responses required descriptive, bivariate,
and multivariate statistics. The statistical analysis was conducted using version 22 of
the Statistical Package for Social Sciences (SPSS). Descriptive statistics were used to
define the demographics of respondents and the frequency of use of anaesthetic rooms.
Bivariate analysis was used to determine the relationship between individual
characteristics of the participants versus preference and opinions, using contingency
tables of Pearson’s Chi-square analysis. Multivariate analysis of the importance of
various factors for choosing the site of induction was done using the Wilcoxon Signed
Rank Test, as the rating scales used for factors of importance (anchored from 0 = ‘Not
at all Important’ to 4 = ‘Very Important’) on a Likert scale should be considered ordinal
data, thereby requiring nonparametric testing. Although this rule of thumb is commonly
disregarded, as Jamieson (2004, p. 1218) states ‘the average of ‘fair’ and ‘good’ is not
‘fair-and-a-half’; this is true even when one assigns integers to represent ‘fair’ and
‘good’!” In addition to quantitative analysis of the survey data, open response questions

were categorised using Microsoft Excel® to identify frequently referenced topics.
3.4 Hypotheses

The survey was designed to explore the role and importance of anaesthetic rooms, while
also testing the relationships of variables referenced in literature. The following section
presents the hypotheses which were formulated from anaesthetic room literature and

collaborative input from local anaesthetists.

34.1 Experience & Training

Previous surveys of anaesthetic practice have shown that younger anaesthetists are less
adamant in terms of whether they will induce in the anaesthetic room or the theatre
(Husain et al., 2005; Masters & Harper, 1990). Therefore, it is possible that more senior
anaesthetists would be less willing to alter their practice.

Hypothesis 1. More experienced anaesthetists will prefer to use the anaesthetic
room more often.
Hypothesis 2. More experienced anaesthetists will be less willing to change

their practice in regard to the site of induction.
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Working abroad may also have an influence on anaesthetic preferences as consultants
who worked in countries where anaesthetic rooms are not the norm were less likely to

feel anaesthetic rooms are always desirable (Masters & Harper, 1990).

Hypothesis 3. Anaesthetists with experience training or working outside of the
UK will not prefer to anaesthetise in the anaesthetic room as
frequently as those who do not have international experience.

Hypothesis 4. Anaesthetists with experience training or working outside of the
UK will be more willing to change their practice in regard to the
site of induction.

A final aspect of individual experience, which may have an impact on adaptability and
therefore willingness to change practice, is work within the independent sector in
addition to NHS practice. This theory was developed from knowledge of a local private
treatment centre which did not have any anaesthetic rooms built as part of the relatively
new theatre complex. The ability to practise in both organisations and both models of
working may be evident in the willingness to change of anaesthetists who practise

between the public and private sectors.

Hypothesis 5. Anaesthetists that practise in the private sector will be more
willing to change anaesthetic practice than those who only work
in the NHS.

3.4.2 Infrastructure & Organisational Policy

Based on literature, the existence of anaesthetic rooms is the norm in UK hospitals, and
although the Department of Health’s requirements for anaesthetic rooms mention both
the advantages and disadvantages of building such a room, they are still strongly
supported in the Health Building Note on facilities for surgical procedures (DOH,
2004).

Hypothesis 6. The majority of hospitals will have anaesthetic rooms built
adjacent to most operating theatres.

During the development stage of the study, local collaborators informed the research
team of the private treatment centre which chose not to include anaesthetic rooms when

the facility was constructed. As construction of new hospitals is infrequent in the NHS,
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it is possible that more private hospitals, which were built more recently, may have
chosen not to build anaesthetic rooms. This could suggest that there is a relationship

between the healthcare sector and the prevalence of anaesthetic rooms.

Hypothesis 7. There will be a relationship between the healthcare sector and
presence of anaesthetic rooms in the hospital.

3.4.3 Surgical Specialties

The specialty of surgery has been relevant to the debate on anaesthetic rooms as the
benefit of the room differs depending on the type of surgical procedure. While the use
of anaesthetic rooms can increase the number of cases done on an orthopaedic list
(Torkki et al., 2005), the majority of obstetric anaesthetists have abandoned anaesthetic
room induction for patient safety reasons (Husain et al., 2005). This suggests that the
preferred site of induction may vary significantly between specialties, and also with

respect to the type of patient being anaesthetised:

Hypothesis 8. Preference for anaesthetic rooms will vary significantly based on
specialty of surgery.
Hypothesis 9. Preference for anaesthetic rooms will vary significantly based on

type of patient.

3.4.4 Changing Practice

Based on previously mentioned surveys, there appears to be a lack of change over
decades of debate on anaesthetic rooms, therefore, it is a likely assumption that the
majority of anaesthetists are unwilling to change accepted practice.

Hypothesis 10.  The majority of anaesthetists will be unwilling to change

anaesthetic practice in regards to the site of induction.

Additional factors that may affect willingness to change include professional
experience, international experience, and experience working in the private sector (see

Hypotheses 2, 4, and 5, respectively).
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3.5 Results

A brief summary of results was compiled in the form of a newsletter for respondents
that wished to receive the results of the study. The results summary that was shared

with participants can be seen in Appendix B.

3.5.1 Demographics

A total of 202 consultant anaesthetists completed the questionnaire, with an estimated
overall response rate of 42% for the nine NHS Trusts that distributed the survey. As
the link to the web-based survey was distributed by local collaborators within each NHS
Trust, all respondents were practising clinicians within the NHS. Ninety-one (45%) of
those anaesthetists also practised in the private sector. The distribution of responses

between Trusts is shown below in Table 3.1.

Table 3.1 Distribution of responses based on study site

Site NHS Trusts Participants Estimated
(% of total) Response
Rate
1 University Hospitals of Leicester 50 (25%) 45%
2 Nottingham University Hospitals 32 (16%) 33%
3 Northampton General Hospital 27 (13%) 79%
4 Derby Teaching Hospital 23 (11%) 41%
5 Peterborough and Stamford Hospitals 19 (9%) 46%
6 Doncaster and Bassetlaw Hospitals 17 (8%) 43%
7 Sherwood Forest Hospitals 13 (6%) 45%
8 United Lincolnshire Hospitals 12 (6%) 26%
9 Chesterfield Royal Hospitals 9 (4%) 41%

The majority of respondents had practised as consultant grade anaesthetists for between
5 to 14 years (40%), with most others qualifying either 15-24 years before (27%) or
within the last 5 years (25%). The remaining respondents were consultants for over 25

years (7%).

In terms of training and experience working outside of the British healthcare system,
53.5% of respondents (n = 108) had only trained and worked within the UK, whereas
the remaining 46.5% (n = 94) had either trained or worked abroad. Figure 3.2 shows
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the breakdown of training and work experience of all of the respondents. Of the 94
anaesthetists who had international experience, 54 had undertaken their medical
training outside of the UK and 76 had practised anaesthetics internationally. The
differentiation between anaesthetists with international experience and those without
was used for testing the significance on clinical preference and attitudes toward
changing practice (hypotheses 3 and 4).

60% - 53.5%

50%
40%
30%
20%
10%

0%

No International Trained Abroad Practised Abroad Both Trained &
Experience Practised Abroad

Figure 3.2 International training and work experience

The most frequently reported countries where consultants had trained or worked were
Australia, India, the USA, South Africa, and the Netherlands. For those who worked or
trained internationally, the typical site of induction for the last country where the
consultant worked was the operating theatre for 73% of respondents, the anaesthetic
room for 22%, and 4% had no typical site of induction. This demonstrates that for the
majority of consultants with international experience, they have had practice or training

with in-theatre induction, opposed to anaesthetic room induction.

Hypothesis testing in regards to experience and training (hypothesis 1-5) will be
presented in sections 3.5.4 and 3.5.7 as they related to clinical preference and change

in anaesthetic practice.

3.5.2 Infrastructure & Organisational Policy

Prevalence of Anaesthetic Rooms (Hypotheses 6 & 7)

Responses resulted in an overwhelming consensus for the prevalence of anaesthetic

rooms in current practice. All participants provided information regarding the
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prevalence of anaesthetic rooms in the NHS hospitals where they worked, and the
private hospital, if they also worked in the private sector. The survey revealed the
existence and use of anaesthetic rooms as dominant in both the private and public
sectors. Figure 3.3 summarises the prevalence of anaesthetic rooms and the vast
majority of patients who are induced in the anaesthetic room. These results support

hypothesis 6, that the current majority of hospitals have anaesthetic rooms.

99%  96%

100% -
m NHS

o/
80% = Private
60% -
40% -

0, _

0% -

No Yes

(a) Do you have anaesthetic rooms adjacent to your operating theatres?

08% 100%

100% -
° m NHS

80% 1 mPrivate

60% -

40% -

20% -
0% 0% 3% 0%

0% i .

Less than half More than half All or almost alll

(b) How many operating theatres have a corresponding anaesthetic room?

98% 100%

100% -
m NHS
80% 1 mPrivate
60% -
40% -
20% -
1% 0%
0% .
Operating Theatre Anaesthetic Room

(c) Where are most patients induced for surgery in your hospital?

Figure 3.3 The prevalence of anaesthetic rooms in the public and private sectors
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As shown in Figure 3.3, the incidence of anaesthetic rooms in private hospitals was
slightly lower (3%) than within NHS hospitals, and more respondents (3%) indicated
there were no ARs in their private hospitals. The results of a Pearson Chi-square (two-
sided) test to determine the relationship between the healthcare sector on the existence
of anaesthetic rooms violated the assumption of no more than 20% of expected counts
being less than 5, due to the extremely low response rate for occurrences of hospitals
without anaesthetic rooms. Therefore, the Fisher’s exact test result was used and
indicated a p-value = 0.131, meaning that the healthcare sector and the existence of
anaesthetic rooms is not statistically significant. It can therefore be concluded that
hypothesis 7 can be rejected and there is no significant relationship between whether a

hospital is public or private and there being anaesthetic rooms built, within this sample.
Organisational Policy for Site of Induction

When asked if there were any hospital policies regarding the site of induction, over half
indicated there was no policy (62.5% and 60.8% in the NHS and private hospitals,
respectively). No respondents indicated the operating theatre to be the standard site of
induction by policy. A third of respondents indicated that their hospital policy called
for anaesthetic room induction (31% and 33.8%). The remaining respondents selected

‘Other’, which they explained meant they were unaware or unsure of any existing

policy.
3.5.3 Team Composition

The number and type of staff members within the surgical suite are crucial to
understand the typical work environment, as this may affect the general crowdedness,
noise, activity level, available support, and the ability to turnover cases efficiently.
Survey respondents were asked to indicate the typical number and type of non-medical
staff per theatre. A comparison of responses on staffing between the NHS and private

hospital are shown below in Figure 3.4.

The typical team composition was the same within the private and public sectors. A

typical theatre team consisted of the following:

e 1 circulating practitioner
e 1 scrub practitioner

e 1 operating department practitioner (ODP) or anaesthetic nurse
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e 1 support worker
One respondent clarified that although the above is the ideal staffing:

‘... there are a number of times when there may be no support worker or

circulating practitioner (i.e. 3 staff only).”

Private

Support Worker
PP NHS

ODP/Anaesthetc | | | | |

Scrub Practioner | | [ | =0
m1
Circu'ating Practitioner .......................................... : §

Physician's Assistant -~ | | |

0% 20% 40% 60% 80% 100%
Figure 3.4 Number of non-medical staff per theatre (NHS & private sector)

The highest occurrence of multiple staff members of the same role was the scrub
practitioner, where a second scrub may be available. A total of 15% of respondents

reported having two scrubs per theatre in their NHS hospital (9% in private).

Although the majority of consultants did not report having any non-medical first
assistants or physician’s assistants, 37.3% of consultants indicated they had a first

assistant in the private sector (17.3% in the NHS).

Additional staff that were mentioned in the comments included a midwife in the case
of obstetrics procedures, a recovery person who will take care of the patient following
the operation, and a ‘theatre technician’. As consultants were asked to provide the
details of staffing for the operating lists they typically do, it may be possible that these
individuals are regular team members for certain specialties at specific hospitals.
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354 Clinical Preferences

Uses for the Anaesthetic Room

The respondents were asked to indicate in which ways they use the anaesthetic room,
both in their NHS hospitals and within their private hospitals (if applicable). All 202
respondents completed this question for the NHS, whereas only 74 of 91 private
practising respondents completed the same questions for their private hospitals. Table
3.2 shows the most common uses for the anaesthetic room ordered by the highest to

lowest frequency of response in the NHS.

Table 3.2 Common uses for the anaesthetic room in the NHS and private sector

Uses for the Anaesthetic Room NHS Private
Induction of anaesthesia 191 (95%) 72 (97%)
Establishing pre-operative monitoring 189 (94%) 71 (96%)
Placing invasive monitoring 185 (92%) 67 (91%)
Administering regional or peripheral nerve blocks 183 (91%) 68 (92%)
Store of anaesthetic supplies 170 (84%) 60 (81%)
Store of anaesthetic equipment 158 (78%) 53 (72%)
WHO sign-in 135 (67%) 51 (69%)
Pre-list team briefing 117 (58%) 30 (41%)
Communication with patients & family 104 (51%) 43 (58%)
End-of-list team debriefing 20 (10%) 7 (9%)
Store of surgical equipment 9 (4%) 2 (3%)
Other 23 (11%) 3 (4%)

The primary uses for the anaesthetic room, across both sectors, included provision of
anaesthetics (general and regional), establishment of basic patient monitoring (e.g.
intravenous lines, ECG leads, etc.), as well as invasive monitoring such as ART and
CVP lines. The anaesthetic room is also used as a store for anaesthetic supplies and

anaesthetic equipment, but not as commonly used for surgical equipment storage.

More than half of the respondents also use the space for communication purposes. The
World Health Organisation (WHO) Surgical Safety Checklist has been adapted in many
hospitals and requires a ‘Sign-in’ step, which double checks the patient information,

clarifies allergies, and requires a verification from the surgeon, scrub team, and

63



3.5 Results

anaesthetist that the anaesthetic can proceed. This is shown in Step 2 of the example
safety checklist from the Nottingham University Hospitals NHS Trust in Figure 3.5.
This check is typically conducted in the anaesthetic room. Additionally, team
communication, both before and after the daily list, may take place there. The
anaesthetic room was also shown to be used as a site for patient communication and
family communication, likely in the case of paediatric patients where guardians may

escort the child into the anaesthetic room prior to the commencement of surgery.

Step 2
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difference: ‘ : s .
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redundant -

Briefings  Sigm-in,  Time-out  Sign-out

Setting the Is it safe to start Is it safe to start Safe handover to next

expectations for theday 4 anaesthesia? surgery? ‘ phase of care
Five together Most checks by ODP Senior surgical * Most questions are
starts in reception now | leadership is key factor coﬂﬂrrrr\\auo: mallread . Even if they are not
« Shan r redundant "« Wholeteam engaged something has al ly
with the whoe te: « Even if they are not throughout . :emr:)l done % physma“y present,
Whole needs physically present, « Tick-Boxing without . les must
afle w:!:,mm! ? N need to check with the lhotg‘l will lead to ;:Secked against patient % need to check with the
surgeon and scrub team B errors - no exceptions !
that they are happy to surgeon and scrub team
goahead "
« If in doubt - STOP that they are happy to
goahead

« If in déubt - STOP

Figure 3.5 An example safety checklist for surgery

Some respondents provided additional uses for the anaesthetic room, which were not
listed in the questionnaire. Seven respondents indicated that they use the room for
coffee, refreshments, or lunch, particularly on long lists or when they are not able to get
relief. Drug preparation was listed four times. The same number also used the
anaesthetic room for orthopaedic surgical preparation, including patient positioning,
skin preparation, draping, and catheterisation. Three consultants felt the need to specify
that the anaesthetic room is used to prepare a patient when there is a patient already in
the operating theatre to minimise the time between cases. Further uses of the anaesthetic
room included teaching trainees, providing privacy or quiet for patients, a place to avoid
radiation if lead aprons are not available, a passageway to access the operating room,

and the location for various short surgical procedures.
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Patient Specific Considerations (Hypothesis 9)

The consultants were asked to indicate their preferred site of induction based on various
types of patients. Categories of patients included elderly, paediatric, standard adults,
patients with an anticipated difficult airway, emergency patients, morbidly obese, and
high risk patients. Although the term ‘high risk’ was not defined for the consultants and
difficult airway, morbidly obese, and emergency patients could also be categorised as
‘high risk’, a separate category allowed for other high risk patients such as those with
cardiovascular instability (e.g. abdominal aortic aneurysms) or obstetric patients where
the time between induction and knife-to-skin should be minimised. Table 3.3 shows

the preferred site of induction for different types of patients.

Table 3.3 Preference for site of induction based on patient type by number of respondents (%6)

Site Preference

Type of Patient Angesthetic Operating No Differenie
oom Theatre Preference  (AR-OT¥)
Paediatric 177 (88%) 3 (2%) 22 (11%) 86%
‘Standard’ Adult 148 (73%) 21 (10%) 33 (16%) 63%
Elderly 143 (71%) 27 (13%) 32 (16%) 57%
Anticipated Difficult Airway 138 (68%) 52 (26%) 12 (6%) 43%
Emergency 95 (47%) 73 (36%) 34 (17%) 11%
Morbidly Obese 66 (33%) 118 (58%) 18 (9%) -26%
High Risk 56 (28%) 129 (64%) 17 (8%) -36%

*The difference in percentage of respondents is indicative of the relative strength of preference of one
site over the other. A positive difference represents an overall preference for the AR, whereas a negative
difference shows overall preference for the OT.

It was evident that the majority of consultants preferred to anaesthetise all types of
patients in the anaesthetic room, with the exception of high risk (64%) and morbidly
obese (58%) patients, with whom they preferred to anaesthetise in the operating theatre.
Based on open responses, this is done to eliminate the transfer of the patient, to reduce
the amount of time to surgery, or to induce in an environment with more staff available

to help in case of deterioration of the patient. Two respondents stated that:

‘... those patients who are obese, difficult airways, or life/death need to be done

quickly or in a place where there is lots of help, should it be needed.’
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‘We are used to having an AR available. We deviate from that routine only if
there is a positive indication (i.e. patient safety; less transfers for an unstable

or very obese patient).’

The strongest preference to use the anaesthetic room for induction was in the case of
paediatric patients, which resulted in an 86% difference in percentage of respondents
in favour of anaesthetic room induction. Based on open responses, those who generally
preferred to anaesthetise in the operating theatre found paediatric patients to be a
compelling reason to induce in the anaesthetic room, or said it was not possible to
induce children in the theatre. For example, one respondent wrote:

‘I use the anaesthetic [room] only when anaesthetising children in order to

enable parental presence. Otherwise | almost always anaesthetise in theatre.’

In contrast, the patient type with the weakest overall preference was emergency
patients, which only presented an 11% difference between proponents of anaesthetic

room versus operating theatre induction.

In order to test hypothesis 9 and determine if a statistical difference exists between the
type of patient and the preferred site of anaesthetic induction, a cross-tabulation was
conducted. The result of the Pearson Chi-square test was X2(12) = 361.328, p = .000,
V = 0.357, which presents an omnibus result stating some significant difference within
the various relationships assessed. Table 3.4 shows the calculated adjusted standardised
residuals (ASR) of the Chi-square test, and highlights which cells contributed the most
to the test statistic. While the accepted critical value for small contingency tables is +2,
for larger tables, values of £3 can identify cells that may reject the null hypothesis

(Sharpe, 2015). This study merely highlights all ASRs of magnitude greater than £2.

It is evident from Table 3.4 that the same pattern from Table 3.3 exists, as the largest
residual magnitudes are in favour of the anaesthetic room for paediatric patients, and in
favour of the operating theatre for both high risk and morbidly obese patients to a
significant degree. A larger amount of respondents also indicated either ‘No Preference’
or in-theatre induction for the case of emergency patients compared to the expected

numbers, which highlights the flexibility of use depending on specific circumstances.
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Table 3.4 Adjusted standardised residuals (ASR) for the preferred site of induction

Site of Preferred Induction
Anaesthetic Operating No

Patient Type Room Theatre  Preference
Paediatric

‘Standard” Adult

Elderly

Anticipated Difficult Airway 3.1 -1.4 -2.8
Emergency -3.5 2.1 2.3
Morbidly Obese -1.4
High Risk -1.6

Red = ASR > |£5|, Orange = ASR between |£3| and |£5|, Yellow = ASR between |£2| and |3|

While the preference for inducing ‘anticipated difficult airway’ patients in the
anaesthetic room was clear, this contradicted free responses which indicated the use of
the operating theatre to induce patients with ‘difficult airways’, ‘airway compromise’,
and for the purpose of ‘emergency airway management’. It is possible, that as the
survey specified anticipated difficult airway as a type of patient, that responses were
indicative more of patients with known, challenging airways, where the anaesthetic
room may be preferred as it is the primary location for all required anaesthetic
equipment and supplies. It is therefore possible that patients with airways that may
require surgical intervention or other emergency response were classified as ‘high risk’

or ‘emergency’ patients.
Relationship of Site Preference and Experience (Hypotheses 1 & 3)

Hypothesis 1 proposed that there was a relationship between the preferred sites of
anaesthetic induction based on the experience level of consultants. The Pearson Chi-
square (2-sided) test result indicated that 16.7% of cells had an expected count less than
5; however, this did not violate the assumption of 20% or more. Therefore, the test
result can be interpreted, as X?(6) = 3.528, p =.740, which is not statistically significant.
The null hypothesis is therefore upheld and no relationship exists between the
experience level of consultants and their preferred site of induction of a standard adult

patient.

Hypothesis 3 suggested the presence of a relationship between having had international

experience training or working as an anaesthetist, and the preferred site of anaesthetic
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induction. The test result was X?(2) = 5.733, p = .057, which demonstrated no

significant relationship between the two variables.

Follow-up tests were also conducted in order to break down the international experience
into different measures and compare to site preference. The variable categories
compared are listed below:

e Type of Work Experience (Hypothesis 3a)
o Trained Only / Worked Only / Trained & Worked vs Preferred Site of
Induction in the UK
e Typical Site of Induction Outside of UK (Hypothesis 3b)
o Operating Theatre / Anaesthetic Room / No Typical Location vs
Preferred Site of Induction in the UK

Both chi-square tests violated the assumption of sufficient expected counts of more than
5 and would therefore provide unreliable results; however, the likelihood ratio

presented very similar test statistics to those of the violated chi-square tests.

Hypothesis 3a resulted in a Pearson Chi-square result of X?(4) = 3.232, p = .520,
whereas the likelihood ratio was X?(4) = 2.881, p = .578. Similarly, hypothesis 3b
resulted in a Pearson Chi-square result of X?(4) = 1.922, p =.750, and a likelihood ratio
of X%(4) = 1.821, p = .769. In either case, no significant association between the
indicators of international experience and preference for site of induction in the UK

exists for this sample of consultants.

3.55 Surgical Specialties

All respondents were asked to indicate how frequently they use the anaesthetic room to
induce patients under anaesthesia in both the NHS hospital and their private hospital (if
applicable), based on the specialties with which they work. As the section of the survey
capturing the private sector data was optional, not all questions were answered by all
respondents. Below is a presentation of the frequency of use of anaesthetic rooms in
the NHS (Figure 3.6) and the private sector (Figure 3.7). Where all 202 consultants
answered for all specialties in reference to the NHS, responses to the private sector were

between 86 and 90 respondents of the 91 who reported working in the private sector.
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Figure 3.6 Frequency of use of anaesthetic rooms by specialty in the NHS
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Figure 3.7 Frequency of use of anaesthetic rooms by specialty in the private sector
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Relevance of Specialty on Anaesthetic Room Use (Hypothesis 8)

A cross-tabulation was conducted of the frequency for using the anaesthetic rooms
against the surgical specialty for those cases and resulted in a Pearson Chi-square test
statistic of X?(51) = 720.916, p = .000, V = 0.341. Although the degrees of freedom for
this contingency table were quite high, the significance was p < 0.001. This test accepts
hypothesis 8, showing a significant difference in the use of anaesthetic rooms based on
surgical specialty. Table 3.5 identifies the largest contributors to the test statistic by
showing the adjusted standardised residuals of the highest magnitudes, but highlighting
those which are greater than |+2|. Due to the size of the contingency table, only the
highest ASRs are discussed as potentially significant (see Sharpe, 2015).

Table 3.5 Adjusted standardised residuals (ASR) for the frequency of anaesthetic room use based
on surgical specialty in the NHS

Frequency of Anaesthetic Room Use

Surgical Specialty Never  Sometimes  Mostly Always
Cardiac - -1.4 -1.9 -1.8
Daycase -15 2.7 -3 1.9
Ears, Nose, Throat -2.9 0 -0.3 2.0
General Emergencies -3.2 2.7 _
Gynaecology -1.9 0.1 -0.1 1.1
Major Abdominal -1.6 0.2 1.7 -0.7
Neuro Surgery -1.6 -1.9 -14
Obstetrics . 2.1 -4.4 -
Ophthalmics -0.8 -0.3 -1.6 2.1
Oral & Maxillofacial -1.9 1.5 0.6 -0.3
Orthopaedics (Elective) -3.5 -1.8 -0.9 4.2
Orthopaedics (Trauma) -3.5 -0.5 1.8 0.8
Paediatrics -1.8 -1.8 -15 3.6
Plastics 0.2 0.1 -0.7 0.5
Spines 1.2 -1.4 -3 3.0
Thoracics 4.5 2.1 -1.4 -0.1
Urology -3.8 -0.8 0.7 2.3
Vascular 1.2 -0.7 1.3 -1.5

Red = ASR > |£5|, Orange = ASR between [+3| and |£5]|, Yellow = ASR between [+2| and |+3|

70



3.5 Results

The frequencies which contributed the largest residuals are summarised below:

e Obstetric, Cardiac, and Neuro surgery had a significantly higher response rate
for Never using the anaesthetic room for induction.

e Obstetrics also had far fewer Always responses than expected.

e General emergencies were less likely to be Always or Never responses, and had
a larger frequency of Mostly using the anaesthetic room, which is similar to site
preference for emergency patients.

e Thoracics had a higher percentage of Never responses than expected.

e Elective Orthopaedics and Paediatrics also had larger percentages of Always

responses for anaesthetic room induction.

The private sector responses were not analysed in the same way because of the test
assumption of sufficient counts in all cells. Due to the lower portion of consultants
working in the private sector and also requiring representation of responses across the

various specialties, the results would have been unreliable.

3.5.6 Factors Influencing Site of Induction

In order to understand the various reasons for choosing to induce patients in either the
anaesthetic room or the operating theatre, and determining the relative importance of
those reasons, consultants were asked to indicate the level of importance for each listed
factor on a scale of Unimportant (0), Of Little Importance (1), Moderately Important
(2), Important (3), and Very Important (4).

All 202 respondents indicated the importance for factors affecting the choice to
anaesthetise patients in the anaesthetic room; however, the response rate varied from
between 154 to 166 for the reasons to induce in-theatre. This lack of response could be
due to respondents having had difficulty with the question. It is possible they did not
know how to evaluate each factor, or chose not to respond to certain factors which did
not apply to them. The option for ‘No AR’ was available for the questions evaluating
reasons to choose to induce in-theatre, as a lack of an anaesthetic room would eliminate
the need to actively choose to induce in-theatre. The factor for choosing to induce in
the operating theatre with the largest amount of respondents (n = 166) was patient

safety.
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A Friedman test was conducted for all reasons to induce in the anaesthetic room to
determine any significant difference between the factors. This was also done with the
reasons to induce in-theatre. Both tests resulted in a p-value of .000, which concludes a
significant difference in the importance of some factors. The Wilcoxon signed rank test
was then used for each factor against the others for the paired samples. The resulting p-

values for each factor can be seen in Appendix C.

The Bonferroni correction was used to adjust the significant p-values for each set of
comparisons, as the higher the number of comparative tests would indicate an increased
chance of finding a significant outcome (MacDonald & Gardner, 2000). Based on 6
factors and 8 factors measured for reasons to induce in the anaesthetic room and
operating theatre, 15 and 28 comparative tests were conducted, respectively. This
adjusted the significant p-values (formerly p < .05) to .05/15 and .05/28, or p <.0033
for the reasons to induce in the anaesthetic room, and p < .0018 for reasons to induce
in-theatre. Figures 3.8 and Figure 3.9 graphically present the relative aggregated
importance on a scale of 0 (Unimportant) to 4 (Very Important) for each factor for
selecting the site of induction, and displays the significant differences between them.
Factors of different colours are statistically different from one another based on the

Bonferroni corrected alpha values for each set of tests, presented in Appendix C.
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Figure 3.8 Significance of relative importance for reasons to induce in the anaesthetic room
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For the factors which influence the choice to use the anaesthetic room, the factors which
were most often ranked with higher importance were a quiet environment and patient
experience. The use of the anaesthetic room for teaching and communication purposes
was ranked higher in importance than efficiency. The least important factors were
personal preference, patient safety, and efficiency for choosing to induce patients in the

anaesthetic room.

Free responses were consistent with the high weight of a quiet environment, as this was
referenced the most. Respondents valued the calm and quiet of the anaesthetic room in

comparison with the theatre, as one anaesthetist stated:

‘The theatre staff set up for each case in theatre and do not do it quietly.
Anaesthetic rooms are essential for quiet and trouble free induction of

anaesthesia...’

Multiple respondents related the importance of a quiet environment to distraction which
occurs in the operating theatre due to theatre staff behaviour. Where some responses
briefly connected these topics (e.g. ‘Low discipline of theatre staff, noise, distraction in
theatres’), one anaesthetist discussed the benefit of a controlled environment, saying:

‘... once in theatre, distracting things, like the WHO checklist, start to get in the

way of safe patient care.’

The patient experience was also frequently mentioned as an important factor for
choosing to induce in the anaesthetic room. Patient experience was referenced with

regards to patient privacy and possible fear or anxiety from in-theatre induction.

Although efficiency was the lowest rated reason for choosing anaesthetic room
induction, free responses expanded on the benefit of the anaesthetic room to
simultaneously allow anaesthetics whilst the surgical team prepares the theatre. In some
hospitals where a ‘layup room’ or ‘prep room’ was unavailable for surgical instrument

set-up, the anaesthetic room was discussed as an essential logistical component:

‘To run an efficient list, it must (respondent’s emphasis) be possible to have a
quiet area for induction whilst the scrub team do their preparation. If that can

happen outside of theatre, then induction can happen in theatre.’
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Figure 3.9 Significance of relative importance for reasons to induce in the operating theatre

The priorities and motivations for choosing to induce patients in the operating theatre
were in contrast with those for the anaesthetic room. The most significantly important
reason to anaesthetise patients in-theatre was for patient safety concerns. This factor
was followed by the inadequate space in the anaesthetic room and the personal
preference of the anaesthetist. This may suggest that the existing anaesthetic rooms are
not of sufficient size for the preferences of anaesthetists. While patient experience was
significantly more important than potential noise or disruption in the anaesthetic room,
all of the remaining factors were not significantly differentiable in level of importance.

Consistent with these findings, respondents who chose to induce in-theatre did so to
avoid the transfer of the patient between rooms and to maintain monitoring. Most safety
considerations were related to patient characteristics which augmented risk of transfer.

One anaesthetist summarised their reason for choosing the theatre, being:

‘... not wanting to transfer an unconscious patient. This may be for a variety of
clinical reasons, the main ones being obesity, lateral positioning, extremes of

age, and marked cardiovascular instability.’
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Although the cost of the anaesthetic room and duplicated equipment was not included
as a determining factor for why an anaesthetist would choose to anaesthetise in-theatre,
several respondents discussed the benefit of saving on equipment costs, as one

anaesthetist said:

‘We could half the number of anaesthetic machines needed in a hospital!’

3.5.7 Evidence-Based Change

Experience & Willingness to Change (Hypotheses 2, 4 & 5)

The vast majority of consultants, 88.6% (n = 179), did not want to see the site of
induction changed from the place where it currently takes place —i.e. the anaesthetic
room for most participants. This resistance to change was described by one respondent
who stated that:

‘I would absolutely resist any attempt to make me induce all of my patients in

an operating theatre.’

This apparent resistance to change in anaesthetic practice was test