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Abstract

This thesis represents a large scale practice based prospective epidemiological study,
undertaken to estimate the species-specific risks of anaesthetic-related death in small
animals in the UK, to identify risk factors for anaesthetic-related death in dogs, cats and
rabbits and to make recommendations to improve the practice of small animal

veterinary anaesthesia.

A nested case-control study was undertaken in a cohort of small animals anaesthetised
at a group of veterinary practices and referral institutions in the UK. A record of all
small animals anaesthetised at the centres during their period of participation and
whether they were dead or alive, 48 hours later, was made. Anaesthetic-related death (a
case) was defined as perioperative death within 48 hours of termination of the
procedure, except where death was due solely to inoperable surgical or pre-existing
medical conditions. Cases were compared to prospectively randomly selected controls
in dogs and cats. Matched controls from the same clinic as the individual cases were
selected in rabbits. Sick cases (poor health status) were also compared to randomly
selected sick controls in dogs and cats. Following univariable screening, logistic
regression modelling was undertaken. Mixed effects models treating clinic as the
random effect were developed for dogs and cats and a conditional logistic regression

model was built for rabbit mortality.

One hundred and seventeen centres participated in the study between June 2002 and
June 2004. During that time, 98,036 dogs, 79,178 cats and 8,209 rabbits were
anaesthetised or sedated and 163, 189 and 114 anaesthetic-related deaths were
identified respectively, resulting in risks of death of 0.17% (95% Confidence Interval
(95% CI) 0.14 — 0.19%) in dogs, 0.24% (0.21 — 0.27%) in cats and 1.39% (1.11 —
1.64%) in rabbits. Other small animal species tended to have higher risks. In rabbits,
poor health status, procedures lasting 30 or more minutes, and major procedures were
associated with increased odds and the veterinary surgeon being very familiar with the
anaesthetic used with reduced odds of anaesthetic-related death. In dogs, increased odds
were associated with poor health status, extremes of age and weight, increasing
procedure urgency, complexity and duration, and with mask induction of anaesthesia
and maintenance with halothane. In the sick dog study, increased odds were associated

with poor health status, extremes of weight, increasing procedural urgency, halothane
2



anaesthesia and controlled ventilation; preoperative blood testing was associated with
reduced odds. In cats, poor health status, extremes of weight, increasing age, increasing
procedural urgency and complexity, endotracheal intubation and perioperative fluid
therapy were associated with increased odds; pulse and pulse oximetry monitoring were
associated with reduced odds. In the sick cat study, poor health status, increasing weight
and age, and perioperative fluids were associated with increased odds, pulse and pulse

oximetry monitoring and the use of nitrous oxide were associated with reduced odds.

The risks of anaesthetic-related mortality have decreased in dogs and cats since the last
UK study, though they remain substantially greater than the risk reported in man. The
risks in other species appear higher and should be particularly targeted for
improvement. Patient health status, age and weight, and procedural urgency, complexity
and duration would appear valuable factors to aid assessment of anaesthetic risk and
identify patients that require intensive perioperative management. The use of isoflurane
anaesthesia and the avoidance of mask inductions in dogs, the judicial use of
endotracheal intubation in cats and increasing veterinarian familiarity with the
anaesthetic used in rabbits could reduce the risk of anaesthetic-related death. The merits

of pulse and pulse oximetry monitoring and fluid therapy require further evaluation.



Memorandum

This thesis represents the unaided work of the author, except where acknowledged. The

views expressed in this work are those of the author and not necessarily of the

University.

Dave Brodbelt

November 2005



Table of Contents

THE CONFIDENTIAL ENQUIRY INTO PERIOPERATIVE SMALL ANIMAL FATALITIES...1

A BSTRACT ...ttt ettt et ettt st e s at et e et e et ea e eb e e e bt e b e em bt eabeeaeeseteshe e bt em et en bt es b e ebeeeb e e bt e bt embeeatesheenbeeeeenee 2
TABLE OF CONTENTS ....eutitiutettetesteseetesteseesessesessessesessessesessessessssessessssessessssansessssensessssensessssessesessensesessensas 5
LIST OF FIGURES ....utottuietteteietietetetesteteststestetestetesesteeesestesseseetessesessensese st ansese st ensesessensesessensesessensesessennas 7
LIST OF TABLES ...ttt sttt ettt sttt ettt ettt h e b e bt et sat e sbtesb e et e et e e it e sbaesbee bt enbeemneennes 8
LIST OF TABLES ....euttiiteiteitete ettt sttt ettt ettt ettt et st sat e bt et et easeeasesbe e bt eneesnesanesaeenaeenneenne 8
ACKNOWLEDGEMENTS .....cettittettiteritenitenteenteenteenteessestaesteesueesseesnesasesaeesueesseenseenstenseessessnenseenseenneenseennes 11
ACKNOWLEDGEMENTS .....ceuttetteuteeteeutesttesttesteenteenteenseaseaaseesseeaseansesasesmeesseesseanseanseanseenseeseesseenseenseensesnees 11
PREFACE ..ttt ettt ettt ettt et e e e e s e e bt e bt e et e et e aeeeaeesaeeese e et en st en e e eneeeseeeneeneenneenneennes 12
CHAPTER 1: LITERATURE REVIEW .....oiitiiitiiiiiiiiit ittt sttt ettt st sbe ettt et saeenaeens 14
I A L1 oo [N Tox o] o OSSO URPTSOPRPTSOPRN 14
1.2 Perioperative COMPICALION FISKS ......cveiiiiieiiieieisieee ettt 15
1.3 Causes of perioperative death ... 29
1.4 Risk faCtors fOr MOTTAIITY .......ccoiiiiiii et 34
SR/ [=31qToTo (o] [T |V AU POU TP 51
CHAPTER 2: MATERIALS AND METHODS ......utittiiteiiesttesttenteeieenteeseesseesseesseenseensesneesseesseenseenseensesssesneens 57
b0 1311 oo (1 o] OSSO 57
2.2 PHIOt STUAY......e ittt e s e s et e e s tennenteeneere e e eneeneenrenrenne s 57
2.3 Power calculations and sample Size €StIMALES ..........cceveririerieiieieseee e 58
2.4 AIMS AN ODJECTIVES ....cviiiiiitiieee bbb bbb 58
2.5 A Priori HYPONESES. ...ttt s b et b e b bbb nne s 59
2.6 STUAY POPUIALION ...ttt bbbttt b e bbbt e s e e e nbenbe b 60
B A 1110 Vo[- T o SRS 60
2.8 Recruitment, Training and Retention 0f CENLIES ........c.ccvieie e e 66
2.9 Data collection t00] dESIgN ......cviiie st nne s 68
B = o LT T Lot T o PSSR 70
2.11 Data validation, checking and Cleaning ..........cccocooeiiiiiiiiniie s 71
2.12 Statistical MENOUS..........ciiiieieeee ettt seenbeneenne s 72
B T B ol U 11 o] o OSSP UPOURPRURRN 77
CHAPTER 3: PRACTICE CHARACTERISTICS AND ANAESTHETIC MANAGEMENT .......ccoctenienrierinrenreninens 81
T8 1011 (oo 1 o OSSOSO 81
3.2 Materials and MEtNOUS .........c.oviiiiiciiee bbb neenes 81
BB REBSUIES ..ttt b bt R R R bbbt b bt neenes 81
B2 DISCUSSION. ...ttt sttt ettt ekt bttt b e b bt h bt bt eh bttt b et b et et b et et n e bt enes 89
CHAPTER 4: RISKS OF ANAESTHETIC-RELATED DEATH IN SMALL ANIMALS .....cccvteriieeireeereenereeereennns 95
I 1 oo (Vo1 T o USSR 95
4.2 Materials and MEthOOS: ........cviiii e bbb sne s 95
4.3 RESUIES: ..ttt ettt bbb et bbbt E et e R e E bR bt b e bt b e e e e e ntenbe st b 97
I T ol 1] o] OSSPSR 103

5



CHAPTER 5: RISK FACTORS FOR ANAESTHETIC-RELATED DEATH IN RABBITS ...coooeviiiiiiiieeeee e 110

T8 A )0 To [N 4 oo ISP 110
5.2 Materials and MEthOGS .........coiiiiiieiee et 110
B3 RESUILS. ...ttt ettt bt a et bbbt bt E £ e e n bR bbbt et et nn b b 112
5. DISCUSSTON. ...ttt ettt b ekttt ettt bbbt b et e s e e e e b e e b e b e eb £ e R e e n b e b e b e e b e ebe et e e st enteneeebe b e 121
CHAPTER 6 RISK FACTORS FOR ANAESTHETIC-RELATED DEATH IN DOGS .....oovvieiieiieiicieceeeeee, 131
LT 111 oo (1 o OO R SO PRTPSRPR 131
6.2 Materials and MEthOUS ..o et sae e 131
8.3 RESUITS ...ttt bbb e bbbt b et bbb et e b e 133
LR I ST 1S3 o o PR 158
CHAPTER 7: RISK FACTORS FOR ANAESTHETIC-RELATED DEATH IN CATS.....cooeiiiiiiniinicnieeieeicane. 180
T L INEFOTUCTION .ttt bbbt b bbbt n b e bt e b e e e en e e ebe b e 180
7.2 Materials and MEthOUS .........c.oiiiiii bbb 180
7.3 RESUITS ..ttt et b e bR bt E e bt Re b et be e ete et e re et e 182
T DISCUSSION....c.vevteteteseetesteseeteste et st sesbe st seebe e ebeebe st et e e be st e beebe e et e ebe e e b e abe e ebeebe e ebesbe e ebeabeneebeabeeas 207
CHAPTER 8: GENERAL CONCLUSIONS ....cuttiuttitteittettenteeiteettesttesteenteesesaeesueesueenseenseensesmeesseenseensesnsesnees 222
APPENDICES .....tuttttesttettete et et satesteenteemteea e eseeeb e e bt et e embeemteeaeeshee bt e bt emteeateebteebeenbeenbeembesatesaeenbeenbeenee 229
Appendix 2.1 American Society of Anesthesiologists Health Status Classification........................ 229
Appendix 2.2 CEPSAF Case Diary QUESLIONNEAITE..........coeiviirieiiriiiiiniesie s 230
Appendix 2.3 CEPSAF Case-Control QUESHIONNAITE .........ccviiiiriiiieie e 231
Appendix 2.4 Case Definition and Criteria for Independent Review Panel ...........cccccoceiiininnn 232
Appendix 2.5 Causes of Death ClassifiCation............ccccccvviiiiiiieicie e 233
Appendix 2.6 Distribution of Cases and Controls over the Study Period.........c.ccccocevvvvrivrcrnrnnnn, 234
Appendix 2.7 CEPSAF Practice Survey QUEStIONNAIIE..........ccveveriererevenese s seceeee e 238
Appendix 6.1 Drug dose associations with anaesthetic-related death in Dogs ..........c.cccverveinnene. 239
Appendix 6.2 The association of drugs with anaesthetic-related death in Dogs ..........ccccocevvvinnene. 240
Appendix 7.1 The association of drug dose with anaesthetic-related death in cats ............c.......... 241
BIBLIOGRAPHY .....oeiteiieiteieete et sttt ettt et et ste ettt et ese e st sae e bt ebtesn e easesaaesbeenbe e st emnesanesaeesaeenseenne 242



List of Figures

FIGURE 2.1 CONCEPTUAL FRAMEWORK FOR RISK FACTORS FOR ANAESTHETIC-RELATED DEATH............. 75

FIGURE 3.1 DISTRIBUTION OF PRACTICES IN THE UK .....ccitiiiiiiiiiiiieniieeieeteecte et 82

FIGURE 6.1 THE DELTA DEVIANCE DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE
DIOG MODEL .....tiiiiieeiiteciiteste ettt ettt e st set e st e sttt e sabe e sbeesabeesb e e sseesbeensbeensaeesseesseenssesnsseensnesnses 147

FIGURE 6.2 THE DELTA BETA DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE DOG

FIGURE 6.3 THE DELTA DEVIANCE DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE
SICK DOG MODEL ....uvietiiiiiieiieeiieeiteeetteeteeestteeteesteeesseesnseasssesssseessseessseesssessssaesssessseesssessseessses 157

FIGURE 6.4 THE DELTA BETA DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE SICK
DOG MODEL.....cviiiiieeiieiieeeiteeiteettesteeeatesteesaeessteeesseessseeasseesnsseanseesnsaeasseesnssessseesnseeesseesseesseeans 158

FIGURE 7.1 THE DELTA DEVIANCE DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE
CAT MODEL ..e.itteittesiteesiteesteeeeteesiteestteessseessseesase ettt esssessseessseesseassseensseenssessseenssesnsseenssesssseenseesnses 196

FIGURE 7.2 THE DELTA BETA DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE CAT

FIGURE 7.3 THE ASSOCIATION OF ANAESTHETIC-RELATED DEATH IN SICK CATS WITH INCREASING AGE . 204

FIGURE 7.4 THE DELTA DEVIANCE DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE
SICK CAT IMODEL ....uttiitiieiieeiteeeiteetteeiteeteeesteeeteesteaesseesssaassseesssaassseessseesssessssaesssessseesssesssseessses 206

FIGURE 7.5 THE DELTA BETA DIAGNOSTIC STATISTIC VERSUS THE ESTIMATED PROBABILITY FOR THE SICK
(072N 11 (0] 1) ) SRS 206



List of Tables

TABLE 3.1 THE AMOUNT OF FIRST OPINION WORK BY CENTRE .......ueeecuiiiiieerieeiieeteesseeeseesseeesesssseessesans 83
TABLE 3.2 NUMBER OF VETERINARY SURGEONS PER CENTRE .......cuceeeuieeiierrieeieeesieesieeeseesseeeseessseessseesns 84
TABLE 3.3 SEDATION AGENTS COMMONLY USED IN DOGS AND CATS ...ccccuveeiieeieeeieeereeeieessseeesseessseessseesns 85
TABLE 3.4 PREMEDICATION AGENTS COMMONLY USED IN DOGS AND CATS.....cvvieeeiiieeeiieeeeiereeeeeveeeeenneans 85
TABLE 3.5 INDUCTION AGENTS COMMONLY USED IN DOGS AND CATS .....uvteruieeireenireeireenieeesieeensnessseeenneens 86
TABLE 3.6 INJECTABLE ANAESTHETIC AGENTS COMMONLY USED IN RABBITS ....ccccvvieeriiieeeeireeeeeneeeeeveeens 87
TABLE 3.7 RISKS OF ANAESTHETIC-RELATED DEATH AS ESTIMATED BY THE INDIVIDUAL CENTRES............ 89
TABLE 4.1 RISK OF DEATH IN SMALL ANIMALS .....veieitieetieeteeeiseeeseeeiseessseessesssseesssesssssssssessssassssessssessssessns 99
TABLE 4.2 ANAESTHETIC-RELATED RISK OF DEATH IN SMALL ANIMALS.....cc0eeeovieeiienieesereesreessreesseeneneas 100
TABLE 4.3 RISK OF ANAESTHETIC-RELATED DEATH IN HEALTHY AND SICK DOGS, CATS AND RABBITS..... 101

TABLE 4.4 CLINIC LEVEL RISKS OF ANAESTHETIC-RELATED DEATH BY TYPE OF VETERINARY PRACTICE.. 101

TABLE 4.5 CLINIC LEVEL RISKS OF ANAESTHETIC-RELATED DEATH BY PRACTICE STANDARD .................. 102
TABLE 4.6 TIMING OF DEATH IN DOGS, CATS AND RABBITS ......ccooiiiiiiiiiiieeeeeiiireeeeeeeeeeiiveeeeeeeeesarvereeee s 102
TABLE 4.7 PRIMARY CAUSE OF DEATH IN DOGS, CATS AND RABBITS ......uvvvieieeiiiinireeeeeeeeeinnreeeeeeeeeennnenens 103
TABLE 5.1 TIMING OF DEATH OF THE RABBITS .....utiitiiiiieiiieeiee ittt sttt sttt sttt e st sbee e 112
TABLE 5.2 PRIMARY CAUSE AND TIMING OF DEATH IN RABBITS ...cccctiiiiiiiieeeiieeeeieee e eieee e 113
TABLE 5.3 RABBIT BREEDS.......cccotiitiiiitieetieeteeeteesteesveesteessveesaseessseessseassseesssassssesssseesssessssessssessseessses 113
TABLE 5.4 INTENDED PROCEDURES IN RABBITS......cccutteitieeiteeeiieeieesieesseesseesseessseesseesssessssessssesssesssses 114
TABLE 5.5 ANAESTHETIC DRUGS USED IN RABBITS ....ccccvtiiiieeiieiiieeiiesieesreesveesreesseessseesssessssesssessssens 114
TABLE 5.6 PATIENT MANAGEMENT IN RABBITS .....ceitiieiieiiieeiieiieeeieesieeeieesbeeenneesseesnseesnseesnseesnseesnsens 115

TABLE 5.7.A THE ASSOCIATION OF PATIENT AND PROCEDURAL VARIABLES WITH ANAESTHETIC-RELATED
DEATH IN RABBITS ...uttviiiiiiiieiititeeee e ettt eeeeetae e e e e e e eeaaae e e e e e eeeeasaaaeeeeeeesentasseeeeeeesesnsreeeeeeeanaes 116

TABLE 5.7.B THE ASSOCIATION OF ANAESTHETIC AGENT WITH ANAESTHETIC-RELATED DEATH IN RABBITS

........................................................................................................................................................ 117
TABLE 5.7.C THE ASSOCIATION OF ANAESTHETIC MANAGEMENT WITH ANAESTHETIC-RELATED DEATH IN

RABBITS ..ottt ettt ettt e e e st e e bt e e steeeaaeessbeeesseeasseeenseesssaeensaesssaeenseeanseeanseesnseaansessnseesnseeans 118
TABLE 5.8 THE CONDITIONAL LOGISTIC REGRESSION MODEL FOR ANAESTHETIC-RELATED DEATH IN

RABBITS Lttt s bt e sa e st e ettt e s at e e tb e e s abe e st e e abeeasbeensbeensbeesbeensseenssesnseeensnesnses 119
TABLE 6.1 COMPARISON OF CONTROLS AND NON-RETURNED CONTROLS IN DOGS .......cccvvveeiriieeirreeennee, 134
TABLE 6.2 PREMEDICATION GIVEN TO DOGS ....coiuiiiiiiiiiiiiiteete ettt s 135
TABLE 6.3 INDUCTION AGENTS USED FOR ANAESTHESIA AND SEDATION IN DOGS......cccccvviiiiieniieereenenen. 135
TABLE 6.4 MAINTENANCE AGENTS USED FOR ANAESTHESIA AND SEDATION IN DOGS........ccccevcvverieennnen. 136

TABLE 6.5.A THE ASSOCIATION OF PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN DOGS.. 139

TABLE 6.5.B THE ASSOCIATION OF FURTHER PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN

DIOGS ..t e e e e ——— e e et ea ————aaeeeear————aaeeeeana—aaas 140
TABLE 6.5.C THE ASSOCIATION OF PROCEDURAL FACTORS WITH ANAESTHETIC-RELATED DEATH IN DOGS
........................................................................................................................................................ 141



TABLE 6.5.E THE ASSOCIATION OF MANAGEMENT AND MONITORING FACTORS WITH ANAESTHETIC-
RELATED DEATH IN DIOGS ...cutiiiiiieiie ettt eite ettt et e ettt ette e teeettesntaeesaaesnbaeensaesbaeensaesnsaeensneens 143

TABLE 6.5.F THE ASSOCIATION OF RECOVERY AND PERSONNEL VARIABLES WITH ANAESTHETIC-RELATED
DEATH IN DIOGS ..ttt ettt ettt st et e bt bt e s be e e bt e e baeebee e beeenaeeens 144

TABLE 6.6 FINAL MIXED EFFECTS LOGISTIC REGRESSION MODEL OF THE RISK OF ANAESTHETIC-RELATED
DEATH IN DOGS ... etieeiie ettt ettt et e et e et e e vt eeteeesbeesataeessaesssaeesseeansaeasseeansaaansesanseesnsenans 145

TABLE 6.7.A THE ASSOCIATION OF PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN SICK DOGS

TABLE 6.7.B THE ASSOCIATION OF FURTHER PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN
N (6136 D [0 T PR 151

TABLE 6.7.C THE ASSOCIATION OF PROCEDURAL FACTORS WITH ANAESTHETIC-RELATED DEATH IN SICK

TABLE 6.7.D THE ASSOCIATION OF ANAESTHETICS WITH ANAESTHETIC-RELATED DEATH IN SICK DOGS . 153

TABLE 6.7.E THE ASSOCIATION OF MONITORING VARIABLES WITH ANAESTHETIC-RELATED DEATH IN SICK

TABLE 6.7.F THE ASSOCIATION OF RECOVERY AND PERSONNEL FACTORS WITH ANAESTHETIC-RELATED
DEATH IN SICK DIOGS......ooiiiiiiiiiiiiiee ettt e ettt e e e e e eeeaae e e e e s s eesaaaeeeeeseeesssaareeeseessnnnes 155

TABLE 6.8 FINAL LOGISTIC REGRESSION MODEL OF THE RISK OF ANAESTHETIC-RELATED DEATH IN SICK

DIOGS ettt ettt ettt et ettt ettt et e ettt et e e bt e e ab e e bt e e abe e bt e enbeeneeenaeennee 156
TABLE 7.1 COMPARISON OF CONTROLS AND NON-RETURNED CONTROLS IN CATS. .....cceeevvieerrreeenirieennns 183
TABLE 7.2 PREMEDICATION GIVEN TO CATS .....eeiitiiiiieeieeiiteeite st eiee st esteesbeesateesbeesabeesnbeesaseesnbeesaseas 184
TABLE 7.3 INDUCTION AGENTS USED IN CATS ..eioutiiiiieerieiieeeteeeteeeteesseesseessseessseessseesssesssseesssessssesssses 184
TABLE 7.4 MAINTENANCE AGENTS USED IN CATS ..cuvteeiieiieeeiieeieeeieesteesseesseessseessseesssessssessssessssesssses 184

TABLE 7.5.A THE ASSOCIATION OF PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN CATS .. 188
TABLE 7.5.B THE ASSOCIATION OF PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN CATS .. 189

TABLE 7.5.C THE ASSOCIATION OF PROCEDURAL VARIABLES WITH ANAESTHETIC-RELATED DEATH IN CATS

TABLE 7.5.D THE ASSOCIATION OF ANAESTHETIC AGENT WITH ANAESTHETIC-RELATED DEATH IN CATS. 191
TABLE 7.5.E THE ASSOCIATION OF MANAGEMENT AND MONITORING FACTORS WITH ANAESTHETIC-
RELATED DEATH IN CATS ..oiitiiitieetieeteeetteeteeeteeesteeeseesseeassessssseassesssssesssesassseassesssesssessnsessssesans 192
TABLE 7.5.F THE ASSOCIATION OF RECOVERY AND PERSONNEL FACTORS WITH ANAESTHETIC-RELATED
DEATH IN CATS .ot iutteetieeteeeteeeteeeiteesteeeteessseessseessseeasseesnseeasseesnssessseessseeessesanseeassessnsesesessnsessssesans 193
TABLE 7.6 FINAL MULTIVARIABLE LOGISTIC REGRESSION MODEL OF THE RISK OF ANAESTHETIC-RELATED
DEATH IN CATS et iutteeiteeetteetteeteeettesbeesateessbeesateesabeeenseesaseesaseesssaesnseesnseesnseesnsaessseesnseesnseesseessessns 194

TABLE 7.7.A THE ASSOCIATION OF PATIENT VARIABLES WITH ANAESTHETIC-RELATED DEATH IN SICK CATS



TABLE 7.7.D THE ASSOCIATION OF ANAESTHETIC AGENTS WITH ANAESTHETIC-RELATED DEATH IN SICK

TABLE 7.7.E THE ASSOCIATION OF MANAGEMENT AND MONITORING FACTORS WITH ANAESTHETIC-
RELATED DEATH IN SICK CATS ..tttiuiteitteetie ettt ettt ettt eiteesbteeitesbteebtesbaeesitesbaeebeesbaeeseesbaeenaeenns 202

TABLE 7.8 THE FINAL LOGISTIC REGRESSION MODEL OF THE RISK OF ANAESTHETIC-RELATED DEATH IN
SICK CATS 1t etieetie ettt ettt estteesteeetteeteeeteeesseeesaaasseesssaaasseesasaeasseessseaasseessseesssessssaesssessnseesssesssseenssens 204

10



Acknowledgements

I would like to thank Dr James Wood and Professor Dirk Pfeiffer for their guidance and
inspiration over the last three years. Their differing perspectives greatly improved this
work. Thanks also must go to Dr Lesley Young who acted as a further source of advice
and an excellent chair for the independent review panel. The independent review panel
must also be acknowledged. Dr Richard Hammond, Dr Karen Blissitt and Ms Prue
Neath, under the guidance of Dr Lesley Young painstakingly evaluated all dog and cat
cases over three long days. The epidemiology unit at the Animal Health trust must also
be thanked, in particular Drs Kristien Verheyen and William Henley, for their

comments and advice.

Dr Polly Taylor should be thanked for encouraging my interest in the study. Dr Mark
Johnston was an invaluable help in starting up the project and a great source of
experience and advice. All of the longsuffering practices and veterinary institutions that
took part in this study must also be thanked. Their enthusiasm and commitment ensured

the study was completed.

I acknowledge Pfizer Animal Health for funding this study.

I am eternally grateful to my family, my wife and my now three children, who listened
to my thoughts on the subject and managed to keep my feet firmly grounded throughout

the doctorate experience.

Finally, I would like to dedicate this to my parents who encouraged me throughout my

education.

11



Preface

There is very little reporting of small animal perioperative complications in the
veterinary literature. Not since the 1980’s were anaesthetic complications evaluated in
small animal practice in the UK (Clarke and Hall 1990). During the 1990’s,
international work has estimated the risk of anaesthetic death in small animal practice
and identified major risk factors for anaesthetic-related death (Dodman and Lamb 1992;
Rintasalo and Vainio 1995; Dyson, Maxie et al. 1998; Joubert 2000), but this work also
is now out of date and may be less relevant to current UK practice. New drugs,
techniques and equipment have been introduced to UK veterinary practice and the risk
associated with small animal anaesthesia needs re-evaluation. The aims of this study
were to prospectively estimate risks of anaesthetic-related death in small animals in the
UK, to identify risk factors for anaesthetic-related death in dogs, cats and rabbits and to
make recommendations to reduce the risk of death in small animal anaesthesia, based on

their scientific understanding.

Specific hypotheses pertaining to the risk factors in dogs, cats and rabbits were
developed prior to the study based on previous published work and clinical experience.

They included that:

a. Sick patients are at increased risks of death compared to healthy patients.

b. Acepromazine, propofol and isoflurane are associated with reduced risk in dogs and

cats.

c. The use of medetomidine is associated with increased risk.

d. The use of intraoperative fluid and having a separate person monitoring anaesthesia

are associated with a reduction in the risk.

e. Endotracheal intubation in cats is associated with increased risk.

f. Mask inductions are associated with increased risk in rabbits.

12



A study was designed to test these hypotheses and a pilot study was then undertaken, to
test data collection tools and to check the design was appropriate. In the light of the
pilot study, the hypothesis that medetomidine was associated with increased odds of

anaesthetic-related death was revised to a reduction in odds in dogs and cats.

The thesis is divided into eight chapters, comprising the literature review, a general
materials and methods chapter, results and an overall discussion chapter. The
characteristics of the participating veterinary centres, their trends in small animal
anaesthetic management and their perceived risks of anaesthetic-related death are
described in Chapter 3. Species-specific risks of anaesthetic-related death were
estimated in Chapter 4. Risk factors for anaesthetic-related death were identified in
Rabbits, Dogs and Cats in Chapters 5 to 7 respectively, and additionally risk factors for
dogs and cats that were already sick were studied in Chapters 6 and 7 respectively.
Overall conclusions in light of the results in the different species are discussed in

Chapter 8.
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Chapter 1: Literature Review

1.1 Introduction

The assessment of perioperative anaesthetic complications is an important aid to
maintaining and improving anaesthetic standards, and reducing morbidity and mortality.
By quantifying the level of complications, it is possible to evaluate their extent and
provide a benchmark from which to compare any improvements undertaken.
Establishing causes and factors associated with morbidity and mortality allows for the
identification of the underlying aetiology of the complication and may provide the
means to improving standards. This process of critical evaluation of perioperative
complications, or anaesthetic auditing, has been in place in the medical literature since
the 19th century (Bunker 1986) and in the last twenty years has established the
incidence of human anaesthetic mortality to be approximately 0.01 to 0.00167% (Lunn
and Mushin 1982; Buck, Devlin et al. 1988; Tikkanen and Hovi-Viander 1995;
Biboulet, Aubus et al. 2001; Kawashima, Seo et al. 2001). In veterinary medicine the
most recent and comparable work has been undertaken in equine anaesthesia where the
death risk is nearer 1% (Johnston, Taylor et al. 1995; Johnston, Eastment et al. 2002).
Small animal anaesthesia has evaluated perioperative problems, but the most
comparable work is now ten to twenty years out of date (Clarke and Hall 1990; Dyson,
Maxie et al. 1998). This work suggests a practice based mortality risk of nearer 0.1 %,
which though better than equine anaesthesia mortality risks, leaves room for
improvement. With the advent of new drugs and techniques, and improved monitoring,
the need for re-evaluation of perioperative complications in small animal anaesthesia is

great.

Variations in methodology in the medical and veterinary literature restrict the ease of
comparison between studies within and across species. Observational studies are well
suited to the study of perioperative complications; they avoid the potential ethical
problems of intervention studies that may expose a study group to a potential harmful
factor and often they allow the establishment of complication rates and identification of
risk factors (Thrusfield 1986; Hennekens and Buring 1987; Kirkwood 1988). However
they can generally only suggest underlying causes and not conclusively prove causation.

Hence they are often the first major step in establishing underlying causes, but to
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comprehensively establish causation intervention studies must follow (Thrusfield 1986;

Hennekens and Buring 1987).

Of the possible observational study methods, some work in both the medical and
veterinary literature has taken the form of case studies and series (Phillips, Frazier et al.
1960; Langley 1976; Gillick 1981; Holland 1987; Gannon 1991; Beydon, Conreux et al.
2001). These descriptive reports suggested contributory factors but to evaluate
underlying causes critically, analytical studies are required. Cohort and case control
studies allow the evaluation of risk factors. Cohort studies are appropriate to investigate
problems with multiple outcomes and rare exposures and hence are suited to morbid
studies with multiple complications (Thrusfield 1986; Hennekens and Buring 1987).
Mortality, however, is a rare occurrence and under such circumstances cohort studies
can be inefficient and expensive. In contrast, case-control studies are well suited to rare
diseases, such as anaesthetic mortality, to multiple exposures and are generally cost
efficient (Schlesselman 1982). Drawing cases and controls from a predefined cohort
followed over time, i.e. a nested case-control study, can provide many of the advantages
of the cohort study, with the efficiency of the case-control method, allowing risks to be
documented and multiple exposures and risk factors to be assessed. This methodology
has not been documented in the anaesthetic literature. The majority of work in
anaesthesia has focused on cohort studies and in small animal anaesthesia, reports have
generally been limited by their sample sizes and the small number of fatalities recorded
(Dyson, Maxie et al. 1998; Hosgood and Scholl 1998; Gaynor, Dunlop et al. 1999;
Hosgood and Scholl 2002). With anaesthetic mortality being rare, the use of a case-
control study would be an efficient method for evaluating risk factors and the nested

case-control method would additionally allow estimation of the risk of mortality.

1.2 Perioperative complication risks

Documented perioperative complication rates and risks are valuable as they indicate the
likely current extent of the problem and because they provide a benchmark from which
to compare subsequent work. Rates represent the number of incident cases and hence
relate to a given time period. More often deaths are reported in the context of the
number of anaesthetics undertaken during a specified study period, not in relation to
each patient’s period of time at risk, and as such the figures reported in the literature

represent mortality risks. Current anaesthetic complication risks in the medical
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literature, though significantly lower than those seen in veterinary medicine, are still of
interest because they provide a comparative standard (Tikkanen and Hovi-Viander
1995; Eagle and Davis 1997; Suan, Perez-Torres et al. 1997; Biboulet, Aubus et al.
2001; Kawashima, Seo et al. 2001). Large animal complication risks in contrast are
higher than those seen in small animal anaesthesia (Young and Taylor 1990; Young and
Taylor 1993; Johnston, Taylor et al. 1995; Mee, Cripps et al. 1998; Eastment, Johnston
et al. 2002; Johnston, Eastment et al. 2002). They do not provide a gold standard, but do
represent patients being anaesthetised under more similar conditions to those seen in

small animal anaesthesia, and hence are also a relevant comparison.

1.2.1 Morbidity versus mortality

Morbid and mortal complications have been evaluated in the medical and veterinary
literature. The study of morbidity has the advantage that is likely to be more sensitive at
identifying a wider range of complications and provides a broader perspective of
perioperative complications. In contrast, mortal complications may only represent the

tip of the iceberg and as such provides a more superficial overview.

By their nature nonfatal complications are more common and hence more efficient at
generating cases. Small animal anaesthetic morbidity risks range from 2 to 10% (Dyson,
Maxie et al. 1998; Hosgood and Scholl 1998; Gaynor, Dunlop et al. 1999; Hosgood and
Scholl 2002), and thus less anaesthetic events are required to generate sufficient
statistical power in a study. However the definition of a morbid anaesthetic outcome is
prone to problems of misclassification. Previous work in large and small animal
anaesthesia has acknowledged the difficulty of insuring consistent recording of morbid
events in the practice setting (Clarke and Hall 1990; Johnston, Taylor et al. 1995;
Johnston, Eastment et al. 2002). Small animal practice standards of monitoring of
anaesthesia are often superficial (Joubert 2000; Wagner and Hellyer 2000; Nicholson
and Watson 2001) and unless a given complication results in obvious patient
disturbance it may go unnoticed. Additionally when applied to a multi-centre study the
potential for inconsistent classification of a number of morbid outcomes is more likely.
Mortal complications, in contrast, are more clearly identified and classification of a

single outcome increases consistency.
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Evaluating multiple outcomes (e.g. multiple morbid complications) reduces the
appropriateness of the case-control study (Schlesselman 1982; Hennekens and Buring
1987). Within the context of small animal anaesthetic morbidity, the application of a
cohort study is appropriate (i.e. not a rare outcome), but when mortality is also to be
considered (a rare outcome) a cohort study becomes an inefficient method
(Schlesselman 1982; Hennekens and Buring 1987). Hence the simultaneous evaluation
of both morbidity and mortality within the practice setting can prove a difficult task.
Previous small animal studies that have evaluated both morbidity and mortality have
often failed to evaluate both successfully: studies in which morbidity have been
thoroughly considered have had insufficient statistical power to fully investigate
mortality (Dyson, Maxie et al. 1998; Hosgood and Scholl 1998; Gaynor, Dunlop et al.
1999; Hosgood and Scholl 2002), whilst studies evaluating mortality have had limited
value investigating morbidity (Clarke and Hall 1990). Given the difficulties of reliably
recording morbid events (Joubert 2000; Wagner and Hellyer 2000; Nicholson and
Watson 2001) and problems of simultaneously evaluating both morbidity and mortality
within the practice setting (Clarke and Hall 1990; Dyson, Maxie et al. 1998; Hosgood
and Scholl 1998; Gaynor, Dunlop et al. 1999; Hosgood and Scholl 2002), only mortality

is considered in this study.

1.2.2 Considerations for comparing mortality risks

Mortality risks can vary significantly in the literature and to make an appropriate
comparison between figures a number of factors must be considered. The population at
risk may vary from primarily healthy patients (e.g. first opinion veterinary neutering
clinics, human dental anaesthesia patients) to populations with a significant proportion
of systemically ill patients (e.g. referral centres, teaching hospitals). Inevitably these
differing groups of patients will have different risks of mortality. Additionally the
complexity of the operations performed may vary between the populations. These clinic
characteristics are likely to be reflected in mortality risks and in veterinary medicine,
referral based studies will tend to higher risks than those of first opinion practices.
Further, multi-centre studies will tend to reflect a broader, more heterogeneous
population of patients and procedures than single centre studies and will produce
mortality risks representative of a wider spectrum of anaesthetised patients. Single

centre studies often were undertaken for longer periods to record larger samples and
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may be prone to changes in anaesthetic practice with time.

The case definition of anaesthetic mortality varies between studies, but in general can be
divided into risks where anaesthesia was the sole or primary cause of death and those
where anaesthesia contributed to a multi-factorial death. The length of follow-up will
also affect mortality risks. Shorter periods of follow up e.g. until regaining
consciousness, are less prone to losses of follow-up but may exclude a significant group
of postoperative deaths. In contrast prolonged periods of study (e.g. 30 days) may
include a group of deaths without association to anaesthesia and increase the number of
losses to follow-up where outcome is not recorded. Finally, the method of study may
affect the accuracy of mortality risks, particularly if routinely kept records poorly
document complications. If a retrospective method is adopted that relies on individuals’
recall of events over 1-2 years, there could be a tendency to under reporting of deaths.
This is likely to be a particular problem in veterinary practice based studies, where
records are often incomplete or difficult to extract from management computer systems.
In the small animal context, retrospective practice based studies in which records may
be limited and information is based largely on the memory of a practitioner of an
undefined outcome (‘anaesthetic death’) over an extended period of time (1-2 years),
there could be a tendency to underestimate death risks (Dodman 1977; Dodman and

Lamb 1992; Joubert 2000).

1.2.3 Human literature

In human anaesthesia, retrospective and prospective cohort studies have been
undertaken for over fifty years and mortality risks have gradually decreased with time.
Prospective studies are likely to record more accurate anaesthetic death risks, but where
record keeping is good retrospective studies can be comparable. Of primary interest are
hospital-based studies in the developed world as they generally reflect a high standard
of anaesthesia care and provide a gold standard to aim for. Multi-centre studies reflect a
more heterogeneous population, generally have larger sample sizes than single centre
studies and should produce more representative mortality risks of anaesthetised patients

in general than single —centre studies.

Singe-centre studies have been reported, though often reflect a more specific population

and are limited by small numbers of patients (and deaths) and long study periods that
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might reflect changing practices of anaesthesia. A single centre cohort undertaken at a
UK teaching hospital published crude mortality risks of 2.9% in the early sixties,
decreasing to 2.2% in the seventies (Farrow, Fowkes et al. 1982; Lunn, Farrow et al.
1982). They estimated a risk of 1 in 0.54% for patients given a good clinical assessment
(approximately ASA 1-2, see Appendix 1.1). However anaesthetic and surgical causes

were not distinguished, making a sensible comparison with other studies difficult.

A single-centre teaching hospital retrospective cohort study undertaken in Australia
between 1963 and 1972 suggested a lower crude mortality risk of 0.2% within 24 hours
of anaesthesia, decreasing to 0.059% for anaesthetic related mortality and 0.007%
where anaesthesia was the sole cause of death (Bodlander 1975). Harrison, at a single-
centre in South African reported death risks where anaesthesia was a significant
contributory factor of 0.033% between 1956 to 1966, and 0.022% between 1967 and
1976 (Harrison 1968; Harrison 1978). Similarly, Pitt-Miller published a single-centre
study of anaesthetic complications occurring over a 20 year period between 1976 and
1987 (1989). Mortality risks of 0.066% and 0.015% were reported in this study for
anaesthetic-related death risks and death risks solely as a result of anaesthesia,
respectively. A further single centre retrospective study undertaken in Vancouver
between 1973 and 1977, suggested a similar risk of death (Turnbull, Fancourt-Smith et
al. 1980). Pederson and colleagues (1990; 1994), reported an anaesthetic-related rate of
0.04% at a single centre in Sweden between 1986 and 1987. Whilst within 48 hours of
anaesthesia, 0.019% patients died of a ‘possibly preventable’ death (Turnbull, Fancourt-
Smith et al. 1980). A subsequent single-centre study reported similar anaesthetic-related
death risks in South Africa between 1986 and 1987 (Coetzee and du Toit 1992). One in
2,941 (0.034%) died where anaesthesia contributed, decreasing to 0.011% of patients
where anaesthesia was directly responsible (Coetzee and du Toit 1992). In contrast a 12-
year study from a single hospital in the West Indies reported a comparable anaesthetic
related death risk of 0.051% but a much reduced risk where anaesthesia was the sole
cause of 0.002% (Pitt-Miller 1989). In Zambia, a prospective teaching hospital study
was conducted in 1987 and an ‘avoidable’ anaesthetic death risk of 0.094%, was
described (Heywood, Wilson et al. 1989). This is higher than most studies of the time
and may reflect differing hospital conditions, with less monitoring and equipment and

lower anaesthetist input into individual cases.
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Subsequent single centre studies generally reflected lower mortality risks. At the
University Hospital in Kuala Lumpur, between 1980 and 1992, a death risk primarily
due to anaesthesia of 0.004% was documented (Tan and Delilkan 1993). Work in the
late eighties in China also gave a lower death rate at a single hospital, where anaesthesia
contributed, of 0.003% within 7 days of anaesthesia (Wu, Lai et al. 1991). A 30-year
study in Japan, at a single hospital between 1962 and 1992, reported a still lower
anaesthetic death risk of 0.001% (Kubota, Toyoda et al. 1994). Work at a single centre
in France, between 1989 and 1995, published an anaesthetic-related mortality risk of
0.006% within 12 hours of anaesthesia (Biboulet, Aubus et al. 2001). A similar
anaesthetic-related mortality risk of 0.007%, was reported in a nested case-control
undertaken in a single teaching hospital in the USA between 1989 and 1999 (Newland,
Ellis et al. 2002). In contrast a higher death risk of 0.015% within 24 hours of
anaesthesia was reported at a Spanish hospital during 1994, where death was ‘possibly
associated with anaesthesia’ (Suan, Perez-Torres et al. 1997). This higher risk is likely
to partly reflect the more inclusive definition of anaesthetic risk. Though many of these
studies were affected by factors such as their single-centre nature and limited caseload,
the retrospective study method, the long study period or the crude estimation of the
denominator anaesthetic numbers, generally they suggested similar orders of risk for

anaesthetic related mortality and a pattern of reducing risk with time.

Multi-centre studies have reflected more varied populations at risk, though have
generally confirmed similar risks that decreased with time. One of the first major multi-
centre hospital based studies prospectively evaluated mortality within 10 teaching
hospitals in the USA between 1948 and 1952 and documented an overall death risk of
1.33% (Beecher and Todd 1954). When the cause of death was considered, death risks
of 0.064% where anaesthesia was a primary contributory cause and 0.037% where
anaesthesia was directly responsible were reported. Holland reviewed anaesthetic deaths
over 3 decades in New South Wales and reported decreasing numbers of deaths
attributable primarily or in part to anaesthesia over the time periods (1987). Three
hundred and thirty-five deaths were recorded between 1960-69, reducing to 239
between 1970 - 80 and finally to 50 deaths between 1983-85 (Holland 1987). They did
not however provide denominator data and only crudely estimated the number of
anaesthetics undertaken, suggesting approximate anaesthetic related mortality risks of

0.018% in 1960, 0.010% in 1970 and 0.004% in 1984. A multi-centre retrospective
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cohort conducted during 1975 in Finland found a crude mortality risk within 3 days of
anaesthesia of 0.180%, and an anaesthesia related mortality risk (death primarily due to
anaesthesia) of 0.02% (Hovi-Viander 1980). In a follow-up study in Finland in 1986, an
anaesthetic-related risk of 0.006% and a mortality risk, where anaesthesia was the main
cause of death, of 0.005% were reported (Tikkanen and Hovi-Viander 1995). At a
similar time (between 1978 and 1982), a national prospective multi-centre study in
France published mortality risks due to cardiac arrest, within 24 hours of anaesthesia, of
0.026% where anaesthesia contributed to the death and 0.008% where the death was
totally related to anaesthesia (Pottecher, Tiret et al. 1984; Tiret, Desmonts et al. 1986).

The National Confidential Enquiry into Perioperative Deaths (National CEPOD)
undertook a large scale multi-centre evaluation of perioperative complications in the
UK (Lunn and Mushin 1982). An anaesthetic death risk of approximately 0.01% was
identified (Lunn and Mushin 1982), where anaesthesia was the sole cause of death.
Where anaesthesia contributed to the death, the mortality risk was 0.059%. The follow-
up study of National CEPOD in the mid-eighties indicated an anaesthetic-related death
risk of 0.084% and 0.0006% where anaesthesia was solely responsible for the death
(Buck, Devlin et al. 1988). Similarly a multi-centre study in New South Wales found a
mortality rate in which ‘factors under the control of the anaesthetist’ contributed to the
death in 0.010% in the 1970’s, reducing to 0.005% in the nineteen eighties (Warden,
Borton et al. 1994; Warden and Horan 1996). Whilst a multi-centred randomised
clinical trial of 17,000 patients in the late eighties in the USA reported 0.041% of
patients died were anaesthesia ‘possibly played a role’ (Forrest, Cahalan et al. 1990). A
study undertaken at Zimbabwean teaching hospitals in 1992 indicated an avoidable
anaesthetic mortality rate of 0.033% (McKenzie 1996). This is higher than most of the
reported developed world studies of the nineties and again is likely to reflect lower

standards of facilities and expertise in the developing world.

Subsequently, a risk of 0.003%, where anaesthesia played a significant role, was
reported in a multi-centre study in Western Australia between 1990 and 1995 (Eagle
and Davis 1997). In a further multi-centre retrospective cohort conducted in the late
nineties in Japan, a death risk ‘totally attributable to anaesthesia’ was published as
0.001% and a cardiac arrest risk ‘attributable to anaesthesia’ was 0.008% (Kawashima,

Seo et al. 2001). In general these multi-centre studies are more likely to reflect the
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risks of anaesthesia across a spectrum of patients and procedures and give a good

indication of the risk of anaesthesia for a broad spectrum of patients

Dental anaesthetic studies have generally reported much lower risks of death. These
risks have generally reflected the reduced risk of the patients undergoing anaesthesia
and the method of collecting information on deaths, more than the standard of
anaesthesia. Though arguably more similar to standards of equipment, personnel and
monitoring of veterinary patients, the generally low-risk health status of the human
dental population renders this a less useful comparison and standard to aim for. Lytle
and Stamper (1989) reported an anaesthetic death risk of 0.0001% between 1983 and
1987 for Southern California oral and maxillo-facial surgery. This was based on a postal
questionnaire relying on the recall of surgeons of complications over the previous 5
years and is likely to be an underestimate at best. Other studies have reported no deaths
during their study periods (D'Eramo 1999; Matsuura, Hirose et al. 2000).
Approximately 1,500,000 patients undergoing oral or maxillo-facial surgery in one of
these studies reported no anaesthetic deaths, though again this was based on data from a
questionnaire sent out to surgeons and is likely to underestimate the extent of
complications (D'Eramo 1999). In the other study, a prospective hospital based survey,
no deaths were described and this is more likely to reflect the low risk status of the
patients anaesthetised and the small study size than the absolute standards of

anaesthesia (13,959 anaesthetics between 1971 and 2000)(Matsuura, Hirose et al. 2000).

On the basis of both retrospective and prospective cohort studies, the anaesthetic
mortality risk in man over the last decade, occurring primarily as a result of anaesthesia,
was of the order of 0.050% to 0.001%, and where anaesthesia played a contributory role
but was not the sole cause, was approximately 0.02% to 0.005% (Tikkanen and Hovi-
Viander 1995; Eagle and Davis 1997; Suan, Perez-Torres et al. 1997; Biboulet, Aubus
et al. 2001; Kawashima, Seo et al. 2001). The distinction between death amongst
healthy and sick patients has generally not been made, the nature of the operations
performed has varied markedly and the nature of the populations studied has differed
greatly between studies, but the overall level of complications is consistent across
studies and gives a valuable estimate of the frequency of anaesthetic deaths from which

to compare to veterinary studies.
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1.2.4 Large animal work

Work in large animals has concentrated on equine anaesthesia complications. Studies
have focused principally on referral institution populations and death risks most
frequently divided into elective and emergency populations, with the latter principally
representing acute abdominal or ‘colic’ surgery. Mitchell (1970) conducted a
retrospective study at the Royal (Dick) Vet School over a seven-year period, 1962 to
1968. Four hundred and seventy three horses were anaesthetised and seven deaths
occurred (death risk of 1.47%). Short at the University of Missouri, reported a smaller
retrospective study of 125 horses anaesthetised with no deaths (Lumb and Jones 1973).
Heath reported an overall single-clinic perioperative equine mortality risk, between
1968 and 1970, at Colorado State University of 4.35% (13 deaths out of 295
anaesthetics) (Lumb and Jones 1973). The anaesthetic death risk decreased to 1.69%
when only anaesthetic related deaths were considered. In a follow up study at Colorado
State University a reduced overall death risk of 1.18% was published (Lumb and Jones
1984). Many of these fatalities were due to horses undergoing emergency
gastrointestinal surgery and were high-risk patients. The length of follow up was not
reported in these studies so the cut off for anaesthetic related death was unclear. All of
these studies were limited by their small sample size, and can only reflect crude
estimates of death risks. Additionally they may represent very different populations at

risk given individual centres may treat very different populations of horses.

Tevick (1983) retrospectively identified a single-clinic equine perioperative mortality
risk of 2.70% over a 17-year period, reducing to 0.8% due to ‘anaesthesia alone’. The
majority of these deaths were within 24 hours of anaesthesia though 10 occurred after
24 hours (a period of follow-up specified as ‘until the animal left the clinic’).
Gastrointestinal surgery represented the major operation type in those that died and the
majority of these were deemed high-risk cases. This study may have generated a larger
cohort of deaths but again can only reflect the risk of a population similar to that
studied. The long period of study, though helpful for producing a larger number of
anaesthetics limited the value of the reported death risk. Changes in anaesthetic practice
over this extended time period could have resulted in marked changes in death risks

over the study period.
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Further single centre reports have concentrated on vary different populations.
Evaluating horses specifically undergoing colic surgery, Trim and colleagues (1988)
conducted a single-clinic retrospective survey and found a perioperative death risk of
12.5% within 3 days of anaesthesia and 20% within 16 days. In contrast, a retrospective
study by Young and Taylor excluded gastrointestinal surgery and reported a lower
single clinic death risk over a seven-year period of 0.68% (1990; 1993). The follow-up
period was not specified. More recently, Liverpool Veterinary School reported mortality
risks for both elective and emergency procedures in a retrospective single clinic study
(Mee, Cripps et al. 1998; Mee, Cripps et al. 1998). Of 2,276 anaesthetics, 1,279 were
elective and 995 were emergency procedures. Horses were followed until discharged,
for a maximum of three weeks. Of the elective anaesthetics 8 died where anaesthesia
and surgery contributed to the death (0.63%) and 1 (0.078%) died solely due to
anaesthesia (Mee, Cripps et al. 1998). For emergency procedures 1 in 3 died or were
euthanased, with acute abdominal surgery being at increased risk (Mee, Cripps et al.
1998). For non-colic emergencies the surgical / anaesthetic death risk was 2% and for
colic surgeries it was 4.35%, giving an overall emergency surgical / anaesthetic death
risk of 3.85%. The overall surgical / anaesthetic death risk for elective and emergency
procedures was 2%. Again the major limitation of these studies was the single centre
nature of them. They represented very specific populations at risk and the mortality
risks were relevant only to similar populations. Further all of the described studies were
retrospective and were vulnerable to bias due to losses to follow up and may represent

inaccurate estimates.

The first prospective multi-centre perioperative cohort study of equine anaesthesia, the
Confidential Enquiry into Perioperative Equine Fatalities (CEPEF), was undertaken in
the UK between 1991 and 1997 (Johnston, Taylor et al. 1995; Johnston, Eastment et al.
2002). Of a total of 41,824 horses anaesthetised, 39,025 were alive and 785 were dead
at 7 days postoperatively giving death risks of 1.89% (Johnston, Eastment et al. 2002).
When emergency abdominal surgery and delivery of foals were excluded, the death risk
decreased to 0.90% (Johnston, Eastment et al. 2002). This was followed by CEPEF 3, a
randomised controlled trial of 8,242 horses comparing isoflurane with halothane
anaesthesia (Eastment, Johnston et al. 2002). Though representing inhalation
anaesthesia only, they reported similar risks. An overall death risk of 1.61% horses and

when colic and other emergency surgery were excluded a risk of approximately 0.9%
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were described. In both of these studies perioperative death was defined as unexpectant
death or euthanasia for perioperative complications within 7 days of anaesthesia. No
attempt was made to distinguish death caused solely by anaesthesia and death occurring
partly as a result of anaesthesia, and the long period of follow up potentially increased
the risk of losses to follow up. Patient health status (ASA Grade) was not classified and
separate death risks for sick and healthy patients were not given, though the majority of
the non-colic patients were healthy. Despite these limitations the death risk for these
studies covered a wide range of clinic and equine procedure types, is currently the most
representative equine study and remains the benchmark from which to compare other

equine studies to.

In summary, the overall anaesthetic death risks was 2.0%, decreasing amongst non-
emergency horses to approximately 1.0% (Young and Taylor 1990; Young and Taylor
1993; Johnston, Taylor et al. 1995; Mee, Cripps et al. 1998; Eastment, Johnston et al.
2002; Johnston, Eastment et al. 2002). Where anaesthesia was considered the sole cause
of death, a risk of 0.1% was estimated (Mee, Cripps et al. 1998). Emergency
anaesthetics had a death risk of nearer 1 in 10 to 30 (Trim, Adams et al. 1988; Johnston,
Taylor et al. 1995; Mee, Cripps et al. 1998; Johnston, Eastment et al. 2002). These
figures are much higher than those seen in human anaesthesia and reflect species

differences as well as standards of anaesthesia.

1.2.5 Small animal work

In small animal anaesthesia, mortality risks are most comparable when the institution
type and patient health statuses are considered. Referral and university-based studies
generally had higher death risks due to the nature of their patients and procedures,
whilst practice-based studies tend to have healthier populations, simpler procedures and
lower death risks. Initial work focused on single-centre referral centre death risks
(Albrecht and Blakely 1951; Lumb and Jones 1973). Work undertaken between 1946
and 1950, at the Angell Memorial Animal Hospital in Boston published an anaesthetic
death risk of 0.26% in dogs, and 0.36% in cats (Albrecht and Blakely 1951). Five
percent of miscellaneous species (rabbits, monkeys, etc) died perioperatively.
Anaesthetic death was defined as any death occurring from the time of induction of
anaesthesia until the patient returned to consciousness or his preoperative condition.

The Wheatridge Animal Hospital in Colorado reported anaesthetic complications

25



occurring between 1960 and 1969 (Lumb and Jones 1973). Perioperative anaesthetic
death risks of 0.23% in dogs (10 deaths) and 0.40% in cats (7 deaths) occurred.
Anaesthetic death was defined as death interrupting recovery from anaesthesia and
resulting from either sole consequence of anaesthesia, death resulting from airway
obstruction while anaesthetised, or resulting from tissue damage due to inadequate
oxygenation during cardiac arrest and subsequent resuscitation. The University of
Missouri Veterinary Hospital reported higher mortality risks of 0.8% in dogs and 0.53%
in cats between 1968 and 1969, (Lumb and Jones 1973). It is clear from these single
centre studies that the definition of anaesthetic-related death varied significantly and the
relevant death risks reflected very different inclusion criteria. It was less clear if the
populations anaesthetised were comparable for other characteristics, such as health
status, age and procedure types, and again because these were single centre studies the
numbers of death reported were small in all of the studies. Hence these early studies

could only give a very approximate assessment of death risks.

Colorado State University undertook a prospective cohort study of anaesthetics between
1955 and 1957 (Lumb and Jones 1973). They reported high anaesthetic death risks, of
approximately 1.08% in dogs and 1.79% in cats. Anaesthetic death was defined, as ‘any
death occurring from the time of induction until the righting reflex returned, regardless
of cause’. The high risks were attributed to students anaesthetising the majority of the
cases under veterinarian supervision, the complex nature of procedures and the poor
patient health status of their referral population. When healthy dogs and cats were
considered (ASA 1 to 2, Appendix 1) these risks decreased to 0.65% dogs and 1.08% in
cats, whilst ill dogs and cats (ASA 3 to 4) had higher death risks (5% in dogs, 10% in
cats). A follow-up to this study at Colorado State University was undertaken between
1979 and 1981 (Lumb and Jones 1984). They reported improved death risks of 0.43% in
dogs and 0.26% in cats of which 50% were ASA grade 1 to 2. They suggested these
improvements were related to the use of safer drugs and techniques and better
supervision of students undertaking anaesthesia. Subsequent to this study, they
undertook a study between 1993 and 1994 (Gaynor, Dunlop et al. 1999). During this
one-year period, 11 dogs (0.43%) and 3 cats (0.35%) died. Deaths included fatalities
that occurred within 24 hours of anaesthesia. The health status of these fatalities was not

stated.
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Louisiana State University also undertook a prospective cohort study of dogs and cats at
their institution between 1995 and 1996 (Hosgood and Scholl 1998; Hosgood and
Scholl 2002). All dogs and cats over 6 months of age, undergoing inhalation anaesthesia
for at least 30 minutes were evaluated perioperatively for up to 24 hours
postoperatively. Nine hundred and forty two dogs and 138 cats were anaesthetised and
14 dogs and 8 cats died or were postoperatively euthanased within 24-hours, giving
death risks of 1.49% in dogs and 5.80% in cats. These risks would be expected to be
higher given that death was recorded for all patients that died within 24 hours of
anaesthesia independent of cause. However the exclusion of significant strata of
anaesthetised animals, namely very young patients, short inhalation anaesthetics and
those receiving injectable anaesthesia only, would also have affected the reported risks.
Most recently work at the Royal Veterinary College has suggested a referral centre
anaesthetic related mortality risk of 0.58% in dogs (Brodbelt, Hammond et al. 2005).
When healthy dogs (ASA 1-2) were considered the risk was 0.088%, whilst in sick
patients (ASA 3-5) it was 1.37%. This last study emphasises the importance of reporting
risks with health status, as this facilitates a broader comparison. Both these studies again
reflect the limitations of single studies with small numbers of death reported and both

were retrospective making them particularly susceptible to errors due to losses to follow

up.

An early multi-centre cohort of practice anaesthesia evaluated feline mortality
retrospectively in Scotland (Dodman 1977). A death risk of 0.312% in cats was
reported, based on practitioners’ recall of the number of cats that died ‘as a result of
anaesthesia in the last year’. This was followed by a further multi-centre retrospective
cohort study of small animal anaesthetic practice, undertaken in 1989 in Vermont
(Dodman and Lamb 1992). Questionnaires were sent out to 88 practitioners, 41 were
returned and 39 were analysed. The average number of dogs and cats that the
practitioners stated they anaesthetised each week were 15 and 16 respectively. The
number they believed had ‘died as a result of anaesthesia in the last two years’ were 33
dogs and 19 cats, producing death risks of 0.054% and 0.029% respectively (NB the
published figures are incorrect as they reported the total deaths over the two-years study
period, divided by the number of anaesthetics undertaken per year). These risks are
significantly lower than previous studies, but rely on practitioners’ recall over a long

time period and given the unclear case definition that may only refer to deaths
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primarily due to anaesthesia and were likely to be an underestimate. The health statuses
of the patients anaesthetised were not stated, though are likely to be ‘healthier’ than
those reported in the referral studies, and this may reflect a component of the reported

risks.

A similar retrospective study was undertaken in Finland in 1993 (Rintasalo and Vainio
1995). A questionnaire was sent to all Finnish practices and 114 centres responded.
Based on the recall of practices of anaesthetic deaths (not defined) over the last 24
months, they reported a death risk of 0.126% in small animals. The most recent
retrospective study evaluated complications in a South African practice population in
1999 (Joubert 2000). Six hundred questionnaires were sent out and 162 returned of
which 161 were analysed. An estimated mortality risk of 0.081% in dogs and cats was
recorded, though the definition of perioperative death was not stated. All these studies
highlight the limitations of retrospective studies based on information derived from a
single questionnaire sent out to practices. The interpretation of what constituted an
anaesthetic death may have varied greatly between practices as the guidelines given
were not always clear and the estimation of anaesthetics undertaken and deaths

occurring was likely to be inaccurate.

The first prospective multi-centre cohort study of small animal practice complications
was undertaken between 1984 and 1986 in the UK (Clarke and Hall 1990). Fifty-three
practices were recruited, 41,881 anaesthetic events were recorded and anaesthetic death
risks of 0.230% in dogs and 0.294% in cats were reported (48 and 59 deaths
respectively). For healthy patients (ASA 1-2), the death risks were 0.115% in dogs and
0.181% 1in cats, whilst in ill patients (ASA 3-5), 3.13% in dogs and 3.33% in cats died
perioperatively. Perioperative deaths in healthy patients (ASA 1-2), occurring during or
shortly after surgery were considered ‘primarily due to anaesthesia’ unless an obvious
surgical cause was present, whilst in sick patients all deaths were reported and no

attempt was made to separate anaesthetic from other causes.

This was followed by a further prospective multi-centre cohort study of anaesthetic
complications in practice in Ontario, Canada (Dyson, Maxie et al. 1998). For 6 months,
76 practices kept anaesthetic diaries of all small animal anaesthetics. Eight thousand
and eighty-seven dogs and 8,702 cats were anaesthetised, with 9 and 8 perioperative

deaths where anaesthesia contributed, recorded respectively. Overall perioperative
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death risks were 0.111% in dogs and 0.092% in cats, and for healthy dogs and cats
(ASA 1-2) they were 0.067% in dogs and 0.048% in cats. Anaesthetic related death was
considered as perioperative death resulting from cardiac arrest with unsuccessful
resuscitation, though the follow-up period was not specified. The number of
anaesthetics and deaths recorded was relatively small, suggesting the figures could only

reflect a crude approximation.

In summary, the current overall anaesthetic-related death risks in small animal practice
would appear to be of the order of 0.1 — 0.2%, whilst in healthy dogs and cats the risk
decreased to 0.067% to 0.050% in healthy dogs and cats and in sick patients it increased
to 2 to 0.5% (Clarke and Hall 1990; Dodman and Lamb 1992; Dyson, Maxie et al.
1998; Joubert 2000). Current mortality risks solely due to anaesthesia were not
available. In referral institutions the mortality risks were nearer 0.5% in dogs and cats,
but when health status is taken into account these figures were similar to practice reports
(Hosgood and Scholl 1998; Gaynor, Dunlop et al. 1999; Hosgood and Scholl 2002;
Brodbelt, Hammond et al. 2005). Most studies were limited by their small sample sizes
and the most comprehensive study undertaken to date is now nearly 20 years old
(Clarke and Hall 1990). The risk of complications is lower than that seen in large
animal anaesthesia, though it leaves significant room for improvement compared to
human anaesthesia. The reason for these large differences is not immediately apparent
but again may relate to species differences as well as variations in methodology and

standards of anaesthesia.

1.3 Causes of perioperative death

Establishing mortality risks is invaluable for documenting current risks related to
anaesthesia, allowing crude comparisons in standards of anaesthesia, and encouraging
clinical improvement, i.e. the process of clinical audit. The investigation into the causes
of these deaths allows a more complete evaluation of perioperative mortality, and when
risk factors are identified, the knowledge of the major causes of death aids the
understanding of potential underlying mechanisms related to these risk factors.
Perioperative death may result from pre-existing disease, anaesthetic, surgical and
procedural causes or a combination of all of these. Of particular relevance to a study of
anaesthetic deaths are causes of death where anaesthesia contributed, but these deaths

often involve procedural factors and pre-existing disease. The underlying
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physiological cause may also be multi-factorial, involving the failure of a number of
body systems, and when classifying a specific cause the primary precipitating aetiology
is generally chosen. Cardiovascular and respiratory complications represent the major
causes of perioperative deaths in the comparative and small animal literature, though
gastrointestinal, neurological and hepato-renal causes have been reported. The role of
human error is also relevant to causes of death, for though documentation of the primary
precipitating physiological insult may direct methods to reduce fatalities in the future,
documentation of the role of management errors could identify potentially important
correctable problems. Reported causes of mortality were similar across the species,

though the relative frequency of particular causes may be species-specific.

1.3.1 Cardiovascular causes

Cardiovascular causes form a major proportion of perioperative deaths and include
cardiac pump failure and vascular collapse, resulting in failure of delivery of blood to
the vital tissues. Cardiac arrest has been reported to result from cardiac arrhythmias
associated with increased circulating catecholamines, myocardial hypoxia, specific
anaesthetic agents, pre-existing pathology, specific procedures (e.g. vagal traction and
enucleation) and with myocardial depression due to relative anaesthetic overdose (Hall
and Clarke 1991; Hall and Taylor 1994). Hypovolaemia and circulatory failure are the
other major cause of cardiovascular collapse and often are seen in patients with pre-

existing pathology that are insufficiently stabilised prior to anaesthesia.

In human anaesthesia, cardiac arrest due to arrhythmias, myocardial depression and
circulatory failure and hypovolaemia have been frequently recorded causes of death
occurring in 15 to 50 % of all fatalities (Harrison 1968; Bodlander 1975; Harrison 1978;
Hovi-Viander 1980; Turnbull, Fancourt-Smith et al. 1980; Tiret, Desmonts et al. 1986;
Pitt-Miller 1989; Forrest, Cahalan et al. 1990; Harrison 1990; Pedersen, Eliasen et al.
1990; Wu, Lai et al. 1991; McKenzie 1996; Warden and Horan 1996; Fichtner and Dick
1997, Biboulet, Aubus et al. 2001; Kawashima, Seo et al. 2001).

In equine anaesthesia, cardiac arrest and cardiovascular collapse are a major cause of
death, resulting in 20 to 50% of all reported deaths (Tevik 1983; Young and Taylor
1990; Young and Taylor 1993; Johnston, Taylor et al. 1995; Mee, Cripps et al. 1998;

Mee, Cripps et al. 1998; Johnston, Eastment et al. 2002). In small animal anaesthesia
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cardiovascular causes also represent a major, if not more common cause. Previous
studies suggest between 30 and 70% of deaths resulted from relative anaesthetic
overdose and myocardial depression, cardiac arrhythmias or circulatory failure and
hypovolaemia (Lumb and Jones 1984; Clarke and Hall 1990; Dyson, Maxie et al. 1998;
Hosgood and Scholl 1998; Joubert 2000). Halothane, ether and thiobarbiturate
anaesthesia were frequently associated with anaesthetic overdose (Clarke and Hall
1990; Dodman and Lamb 1992). Dogs more frequently had cardiovascular
complications than cats in one study (Clarke and Hall 1990). High-risk patients were the
most likely patients to die from circulatory failure, as they were often hypovolaemic

prior to anaesthesia (Clarke and Hall 1990).

1.3.2 Respiratory causes

Respiratory complications represent the other main cause of anaesthetic-related death.
Problems with airway maintenance and inadequacy of ventilation represent the principal
factors resulting in death. Failed intubation, trauma to the upper airway, inadequate

ventilation and delivery of a hypoxic inspired gas mixture have all been documented.

In human anaesthesia, respiratory complications have represented at least as, if not more
common, a cause of death than cardiovascular causes. Inappropriate airway
management and problems with endotracheal intubation caused 5 to 30% of fatalities
(Bodlander 1975; Buck, Devlin et al. 1988; Caplan, Posner et al. 1990; Harrison 1990;
Gannon 1991; Biboulet, Aubus et al. 2001; Kawashima, Seo et al. 2001). Inadequate
ventilation has been the cause in 15 to 40% of reported deaths (Harrison 1978; Hovi-
Viander 1980; Holland 1987; Caplan, Posner et al. 1990; Harrison 1990; McKenzie
1996, Fichtner and Dick 1997). Additionally the supply of a hypoxic gas mixture, and
development of pneumothorax have been reported (Holland 1987; Gannon 1991).
Hence, overall respiratory causes have represented 20 to 50% of all anaesthetic deaths
(Harrison 1968; Harrison 1978; Hovi-Viander 1980; Turnbull, Fancourt-Smith et al.
1980; Tiret, Desmonts et al. 1986; Holland 1987; Heywood, Wilson et al. 1989; Pitt-
Miller 1989; Caplan, Posner et al. 1990; Forrest, Cahalan et al. 1990; Harrison 1990;
Pedersen, Eliasen et al. 1990; Gannon 1991; McKenzie 1996; Warden and Horan 1996;
Fichtner and Dick 1997; Kawashima, Seo et al. 2001)
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In contrast, equine anaesthetic fatalities have infrequently been due to respiratory
complications. Though Tevik (1983) did not distinguish respiratory from cardiovascular
causes, which when combined accounted for all 10 anaesthetic deaths described, other
studies have reported less than 25% of all deaths resulted from respiratory compromise
(Young and Taylor 1990; Young and Taylor 1993; Johnston, Taylor et al. 1995; Mee,
Cripps et al. 1998; Mee, Cripps et al. 1998; Johnston, Eastment et al. 2002). Johnston
and colleagues’ (1995; 2002) multi-centre study documented only 4% of deaths resulted

from respiratory problems.

Respiratory complications were an underlying cause of death in 30 - 40% of dogs and
about 40 - 50% of cats (Lumb and Jones 1984; Clarke and Hall 1990; Dyson, Maxie et
al. 1998). Endotracheal intubation problems and respiratory obstruction represented the
majority of feline respiratory causes of death (Clarke and Hall 1990; Dyson, Maxie et
al. 1998). In dogs, complications with endotracheal intubation and respiratory failure
were equally reported, though in brachycephalic dogs respiratory obstruction was the
principal cause of respiratory complications (Clarke and Hall 1990; Dodman and Lamb

1992; Dyson, Maxie et al. 1998).

1.3.3 Miscellaneous causes of death

Other causes of perioperative death include inhalation of gastric contents, sepsis, shock
and multiple organ failure, renal failure, failure to regain consciousness and rarely

anaphylactic reactions to the fluids or anaesthetics administered.

In the medical literature, these causes have been infrequently documented. Up to 20%
of all deaths were attributed to shock, sepsis and multi-organ failure and generally these
deaths were seen in the patients that presented for anaesthesia with systemic illness
(Heywood, Wilson et al. 1989; Pitt-Miller 1989; McKenzie 1996; Fichtner and Dick
1997). Other causes reported in the human literature included anaphylactic reactions to
intravenous colloids and blood transfusions, allergic bronchospasm, pulmonary
embolism, inhalation of gastric contents, renal and hepatic failure and equipment failure
(Harrison 1968; Bodlander 1975; Harrison 1978; Hovi-Viander 1980; Turnbull,
Fancourt-Smith et al. 1980; Tiret, Desmonts et al. 1986; Holland 1987; Heywood,
Wilson et al. 1989; Pitt-Miller 1989; Harrison 1990; Pedersen, Eliasen et al. 1990;
Gannon 1991; Warden, Borton et al. 1994; McKenzie 1996; Warden and Horan

32



1996; Beydon, Conreux et al. 2001). This is in contrast to the causes of death in horses.
Non-cardiopulmonary causes have been reported as the cause of death or euthanasia in
up to 77% of all equine fatalities (Tevik 1983; Young and Taylor 1990; Young and
Taylor 1993; Johnston, Taylor et al. 1995; Mee, Cripps et al. 1998; Mee, Cripps et al.
1998; Eastment, Johnston et al. 2002; Johnston, Eastment et al. 2002). Johnston and
colleagues (1995; 2002) attributed death in 55% of all cases to fractures on recovery,
postoperative myopathy and abdominal complication such as sepsis and colitis. Young
and Taylor (1993) reported deaths due to postoperative myopathy and fractures in 7 of 9
deaths. Rarely have horses been reported ‘found dead’ or dying of unknown cause, with

Johnston and colleagues indicating only 5% being ‘found dead’ (2002).

In small animal anaesthesia, causes other than respiratory and