




Anaesthesia 

for Veterinary Nurses

Second edition

Edited by

Liz Welsh

A John Wiley & Sons, Ltd., Publication



This edition fi rst published 2009
First edition published 2003

© 2009, 2003 by Blackwell Publishing Ltd

Blackwell Publishing was acquired by John Wiley & Sons in February 2007. Blackwell’s 
publishing programme has been merged with Wiley’s global Scientifi c, Technical, and 

Medical business to form Wiley-Blackwell.

Registered offi  ce
John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, 

PO19 8SQ, United Kingdom

Editorial offi  ces
2121 State Avenue, Ames, Iowa 50014-8300, USA

9600 Garsington Road, Oxford, OX4 2DQ, United Kingdom

For details of our global editorial offi  ces, for customer services and for information about 
how to apply for permission to reuse the copyright material in this book please see our 

website at www.wiley.com/wiley-blackwell.

The right of the author to be identifi ed as the author of this work has been asserted in 
accordance with the Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system, or transmitt ed, in any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise, except as permitt ed by the UK Copyright, Designs and Patents Act 

1988, without the prior permission of the publisher.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in 
print may not be available in electronic books.

Designations used by companies to distinguish their products are oft en claimed as 
trademarks. All brand names and product names used in this book are trade names, service 
marks, trademarks or registered trademarks of their respective owners. The publisher is not 
associated with any product or vendor mentioned in this book. This publication is designed 
to provide accurate and authoritative information in regard to the subject matt er covered. It 

is sold on the understanding that the publisher is not engaged in rendering professional 
services. If professional advice or other expert assistance is required, the services of a 

competent professional should be sought.

Library of Congress Cataloging-in-Publication Data
Anaesthesia for veterinary nurses / edited by Liz Welsh. – 2nd ed.

  p. ; cm.
 Includes bibliographical references and index.

 ISBN 978-1-4051-8673-5 (pbk. : alk. paper) 1. Veterinary anesthesia. I. Welsh, Liz.
 [DNLM: 1. Anesthesia–nursing. 2. Anesthesia–veterinary. 3. Nurse Anesthetists. 

SF 914 A532 2009]
 SF914.A48 2009
 636.089’796–dc22

 2009021832

A catalogue record for this book is available from the British Library.

Set in 10/13 pt Sabon by SNP Best-set Typesett er Ltd., Hong Kong
Printed in Singapore

1 2009

www.wiley.com/wiley-blackwell


 iii 

Contents

Contributors v
Preface vii
Acknowledgements viii

 1 The Role of the Veterinary Nurse in Anaesthesia 1
Joan Freeman

 2 Physiology Relevant to Anaesthesia 19
Mary Fraser

 3 Preoperative Assessment and Preparation of the Patient 39
Joan Duncan

 4 Anaesthetic Machines and Ventilators 61
Craig Johnson

 5 Breathing Systems and Airway Management 90
Craig Johnson

 6 Anaesthetic Drugs 121
Derek Flaherty

 7 Analgesia 162
Derek Flaherty



iv Contents

 8 Intravenous Access and Fluid Therapy 191
Liz Welsh

 9 Monitoring the Anaesthetised Patient 233
Louise Clark

10 Nursing the Patient in Recovery 267
Nichole Hill

11 Cardiopulmonary Cerebral Resuscitation and Other Emergencies 296
Kirstin Beard

12 Rabbits, Ferrets and Rodent Anaesthesia 317
Simon Girling

13 Avian Anaesthesia 336
Simon Girling

14 Reptile Anaesthesia 354
Simon Girling

15 Large Animal Anaesthesia 372
Fiona Strachan

Index 389



 v 

 Contributors 

         Joan Freeman Dip AVN(Surg)  
 Northwest Surgeons Ltd, Delamere House, Ashville Point, Sutton Weaver, 

Cheshire, WA7 3FW 

    Dr Mary Fraser BVMS PhD CertVD PGCHE FHEA CBiol MIBiol 
MRCVS  
 Girling  &  Fraser Ltd, Unit 3 Breadalbane Terrace, Perth, PH2 8BY 

    Dr Joan Duncan BVMS PhD DipRCPath CertVR MRCVS  
 NationWide Laboratories, 23 Mains Lane, Poulton - le - Fylde, FY6 7LJ 

    Dr Craig Johnson BVSc PhD DVA DipECVA MRCA MRCVS  
 Institute of Veterinary, Animal and Biomedical Sciences, Massey University, 

Private Bag 11 222, Palmerston North, New Zealand 

    Derek Flaherty BVMS, DVA, DipECVAA, MRCA, MRCVS, FHEA  
 University of Glasgow Faculty of Veterinary Medicine, Bearsden Road, 

Glasgow, G61 1QH 

    Dr Liz Welsh PhD, BVMS, MRCVS  
 Kate - Mora, Low Barmore, Stoneykirk, Stranraer, DG9 9BP 

    Louise Clark BVMS, CertVA, Dipl. ECVA, MRCVS  
 Davies Vet Specialists, Manor Farm Business Park, Higham Gobion, Hitchin, 

Herts, SG5 3HR 



vi Contributors

    Nichole Hill DipAVN(surg)VN  
 Davies Vet Specialists, Manor Farm Business Park, Higham Gobion, Hitchin, 

Herts, SG5 3HR 

    Kirstin Beard VN DipAVN(Surg)VTS(ECC)  
 University of Edinburgh Hospital for Small Animals, Easter Bush Veterinary 

Centre, Roslin, Midlothian, EH25 9RG 

    Simon Girling BVMS (Hons) DZooMed CBiol MIBiol MRCVS  
 Girling  &  Fraser Ltd, Unit 3 Breadalbane Terrace, Perth, PH2 8BY 

    Fiona Strachan BVMS Cert VA MRCVS  
 University of Edinburgh Hospital for Small Animals, Easter Bush Veterinary 

Centre, Roslin, Midlothian, EH25 9RG 

       



 vii 

 Preface 

      There have been many changes in veterinary medicine since the fi rst edition 
of  Anaesthesia for Veterinary Nurses  was published in 2003. There is an 
increasing number of specialist referral hospitals, and the speciality of emer-
gency and critical care has blossomed in the United Kingdom. However, still 
central to much that is achieved in veterinary practice is the ability to sedate 
and anaesthetise patients safely. The protocols and methods involved in vet-
erinary anaesthesia are often complex and vary considerably from patient to 
patient. 

 The veterinary nurse has a pivotal role in anaesthesia, being directly involved 
before, during and after the anaesthetic period. I hope that this fully updated 
edition of  Anaesthesia for Veterinary Nurses  will help those starting out in 
their career to navigate the essential physiological, pharmacological and physi-
cal principles of anaesthesia, while acting as a useful reference to those dealing 
with the daily challenges of anaesthetising patients. In addition, I hope this 
book provides a platform for the increasing number of nurses specialising in 
the fi eld of anaesthesia and undertaking further qualifi cations to advance their 
knowledge in this challenging and ever - changing discipline.      
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1 The Role of the Veterinary 

Nurse in Anaesthesia  

  Joan   Freeman       

     Veterinary surgeons must work within the legal constraints of the Veterinary 
Surgeons Act (1966). They must also abide by the rules of conduct for veteri-
nary surgeons ( ‘ Guide to Professional Conduct ’ ) set up by the Royal College 
of Veterinary Surgeons (RCVS), the professional body in the United Kingdom. 
Veterinary surgeons can be found negligent and guilty of malpractice, not only 
as a consequence of their own actions but also for the injurious actions of an 
employee, including veterinary nurses and student veterinary nurses. Therefore, 
veterinary nurses are not entitled to undertake either medical treatment or 
minor surgery independently. Nevertheless, veterinary nurses have a duty to 
safeguard the health and welfare of animals under veterinary care and, as 
anaesthesia is a critical procedure, the need for knowledge and an understand-
ing of the procedures involved in anaesthesia cannot be overestimated.  

  LEGISLATION GOVERNING VETERINARY NURSES 

 Student veterinary nurses who achieve an S or NVQ level 3 award in veterinary 
nursing, or who have passed the relevant examinations for a degree in veteri-
nary nursing, or passed the RCVS Part II veterinary nursing examination in 
the United Kingdom and fulfi ll the practical training requirements at an 
approved centre, are entitled to have their names entered on a list of veterinary 
nurses maintained by the RCVS and to describe themselves as listed veterinary 
nurses (RCVS,  2002 ). In September 2007, the non - statutory Register for vet-
erinary nurses opened. Any veterinary nurse that qualifi ed on or after the 1 st  
January 2003 is automatically entered on the register. Veterinary nurses that 
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qualifi ed prior to this date may agree to enter the register or may choose to 
remain on the non - registered part of the list. 

 The Veterinary Surgeons Act (1966) states that only a veterinary surgeon 
may practise veterinary surgery. Exceptions to this rule apply solely to listed 
veterinary nurses, and are covered under the 1991 amendment to Schedule 3 
of the Act. 

 The exceptions are: 

   •      Veterinary nurses (or any member of the public) may administer fi rst aid in 
an emergency as an interim measure until a veterinary surgeon ’ s assistance 
can be obtained.  

   •      A listed veterinary nurse may administer  ‘ any medical treatment or any 
minor surgery (not involving entry into a body cavity) to a companion 
animal ’  under veterinary direction.    

 The animal undergoing medical treatment or minor surgery must be under the 
care of the veterinary surgeon and he or she must be the employer of the 
veterinary nurse. 

 The Act does not defi ne  ‘ any medical treatment or any minor surgery ’  but 
leaves it to the individual veterinary surgeon to interpret, using their profes-
sional judgment. Thus veterinary nurses should only carry out procedures that 
they feel competent to perform under the direction of a veterinary surgeon, 
and the veterinary surgeon should be available to respond if any problems 
arise. Recent changes to the Veterinary Surgeons Act 1966 (Schedule 3 amend-
ment) Order 2002 now entitles listed veterinary nurses to perform nursing 
duties on all species of animal, not just companion animals, and in addition 
allows student veterinary nurses to perform Schedule 3 tasks during their 
training, provided they are under the direct, continuous and personal supervi-
sion of either a listed veterinary nurse (Figure  1.1 ) or veterinary surgeon.   

 Registered veterinary nurses (RVNs) accept both responsibility and account-
ability for their actions. Consequently, RVNs are expected to demonstrate 
their commitment by keeping their skills and knowledge up to date through 
mandatory continuing professional development and following the Guide to 
Professional Conduct for Veterinary Nurses (RCVS,  2007a ). Equally it is 
important that veterinary nurses acknowledge their limitations and, if relevant, 
make these known to their employer. 

 Veterinary nurses receive training in many procedures and should be com-
petent to carry out the following under the 1991 amendment to Schedule 3 
of the Veterinary Surgeons Act (1966): 

   •      Administer medication (other than controlled drugs and biological 
products) orally, by inhalation, or by subcutaneous, intramuscular or 
intravenous injection.  
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   •      Administer other treatments such as fl uid therapy, intravenous and urethral 
catheterisation; administer enemas; application of dressings and external 
casts; assisting with operations and cutaneous suturing.  

   •      Prepare animals for anaesthesia and assist with the administration and 
termination of anaesthesia.  

   •      Collect samples of blood, urine, faeces, skin and hair.  
   •      Take radiographs.    

 The veterinary surgeon is responsible for the induction and maintenance 
of anaesthesia and the management to full recovery of animals under their 
care. The veterinary surgeon alone should assess the fi tness of the animal for 
anaesthesia, select and plan pre - anaesthetic medication and a suitable anaes-
thetic regime, and administer the anaesthetic if the induction dose is either 
incremental or to effect. In addition, the veterinary surgeon should administer 
controlled drugs such as pethidine and morphine. However, provided the 
veterinary surgeon is physically present and immediately available, a listed 
veterinary nurse may: 

   •      administer the selected pre - anaesthetic medication;  
   •      administer non - incremental anaesthetic agents;  
   •      monitor clinical signs;  
   •      maintain an anaesthetic record;  
   •      maintain anaesthesia under the direct instruction of the supervising 

veterinary surgeon.    

     Figure 1.1     A listed veterinary nurse supervising a veterinary nurse trainee during a clinical 
procedure.  
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 In 2005 the RCVS Council proposed that only a veterinary nurse or a student 
veterinary nurse should carry out maintenance and monitoring of anaesthesia. 
However in 2006 the Advisory Committee decided that further evidence was 
needed to justify this advice. As of October 2007 an advice note on the RCVS 
website states that,  ‘ the most suitable person to assist a veterinary surgeon to 
monitor and maintain anaesthesia is a veterinary nurse or under supervision, 
a student veterinary nurse ’  (RCVS,  2007b ).  

  DEFINITIONS IN ANAESTHESIA 

 Many different terms are used in anaesthesia and it is important to be familiar 
with those listed in Table  1.1 .    

  PRINCIPLES OF ANAESTHESIA 

 The purposes of anaesthesia are: 

   •      To permit surgical or medical procedures to be performed on animals. The 
Protection of Animals (Anaesthetics) Acts 1954 and 1964 state that:

   carrying out of any operation with or without the use of instruments, involving 
interference with the sensitive tissues or the bone structure of an animal, shall 
constitute an offence unless an anaesthetic is used in such a way as to prevent 
any pain to the animal during the operation.     

   •      To control pain.  
   •      To restrain diffi cult patients. Patients may need to be restrained for radiog-

raphy, bandage or cast application, etc.  
   •      To facilitate examination by immobilising the patient. Anaesthesia and seda-

tion allow diffi cult animals to be restrained and handled, reducing the risk 
of injury to both staff and patients.  

   •      To control status epilepticus in animals. Diazepam and phenobarbital may 
be injected to control status epilepticus. Low doses of propofol administered 
by continuous infusion may also be used for this purpose.  

   •      To perform euthanasia. Euthanasia in dogs and cats is performed using 
concentrated anaesthetic agents.    

  Types of  a naesthesia 
 General anaesthesia is the most commonly used type of anaesthesia in small 
animals. However it is important for veterinary nurses to understand and be 
familiar with local and regional anaesthetic techniques. 
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 Table 1.1     Terms used in anaesthesia. 

   Term     Defi nition  

  Anaesthesia    The elimination of sensation by controlled, 

reversible depression of the nervous system  

  Analeptic    Central nervous system stimulant, e.g. 

doxapram  

  Analgesia    A diminished or abolished perception of pain  

  General anaesthesia    The elimination of sensation by controlled, 

reversible depression of the central nervous 

system. Animals under general anaesthesia 

have reduced sensitivity and motor responses 

to external noxious stimuli  

  Hypnosis    Drug - induced sleep. Originally hypnosis was 

considered a component of anaesthesia 

along with muscle relaxation and analgesia, 

however human patients administered 

hypnotics could recall events when 

apparently in a state of anaesthesia  

  Local anaesthesia    The elimination of sensation from a body part 

by depression of sensory and/or motor 

neurons in the peripheral nervous system or 

spinal cord  

  Narcosis    Drug - induced sedation or stupor  

  Neuroleptanalgesia and 

neuroleptanaesthesia  

  Neuroleptanalgesia is a state of analgesia and 

indifference to the surroundings and 

manipulation following administration of a 

tranquilliser or sedative with an opioid. The 

effects are dose dependent and high doses 

can induce unconsciousness 

(neuroleptanaesthesia), permitting surgery  

  Pain    An unpleasant sensory or emotional experience 

associated with actual or potential tissue 

damage  

  Pre - emptive analgesia    Administering analgesic drugs before tissue 

injury to decrease postoperative pain  

  Sedative, sedation 

Tranquilliser, tranquillisation 

Neuroleptic 

Ataractic  

  These terms are used interchangeably in 

veterinary medicine. The terms refer to drugs 

that calm the patient, reduce anxiety and 

promote sleep. However, they do not induce 

sleep as hypnotics do, and although animals 

are more calm and easier to handle they 

may still be roused  
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  General  a naesthesia 
 General anaesthesia is the elimination of sensation by controlled, reversible 
depression of the central nervous system. Animals under general anaesthesia 
have reduced sensitivity and motor responses to external noxious stimuli. 

 The ideal general anaesthetic would produce these effects without depres-
sion of the respiratory or cardiovascular systems, provide good muscle 
relaxation, and be readily available, economical, non - irritant, stable, non - toxic 
and not depend on metabolism for clearance from the body. Unfortunately, 
such an agent is not available, but a balanced anaesthetic technique can be 
employed using more than one drug to achieve the desired effects of narcosis, 
muscle relaxation and analgesia. This approach has the added advantage that 
the dose of each individual agent used may be reduced and consequently the 
side effects of each agent also tend to be reduced. 

 General anaesthetic agents may be administered by injection, inhalation or 
a combination of both techniques. The subcutaneous, intramuscular or intra-
venous routes may be used to administer injectable anaesthetics. In some 
species the intraperitoneal route is also used. The safe use of injectable agents 
depends on the calculated dose being based on the accurate weight of the 
animal. Propofol and alphaxalone (Alfaxan  ®  ) are commonly used intravenous 
agents; ketamine is a commonly used intramuscular agent, although it may be 
administered subcutaneously. Inhalational anaesthetic agents may be either 
volatile agents or gases and administered in an induction chamber, by mask 
or by tracheal intubation. Isofl urane, sevofl urane and nitrous oxide are 
commonly used in small animals.  

  Local  a naesthesia 
 Local anaesthesia is the elimination of sensation from a body part by depres-
sion of sensory and/or motor neurons in the peripheral nervous system 
or spinal cord. Local anaesthetic drugs (e.g. lidocaine) and opioids (e.g. 
morphine) are commonly used in this way (see Chapter  6 ). 

 Both general and local anaesthesia have advantages and disadvantages and 
a number of factors will infl uence the type of anaesthesia used. 

  (1)     The state of health of the animal: an animal with systemic disease or 
presented for emergency surgery will be compromised and a different 
anaesthetic regime may be required to that for a young healthy animal 
undergoing an elective procedure.  

  (2)     Pre - anaesthetic preparation: animals presented for emergency procedures 
are unlikely to have been fasted for an appropriate length of time prior to 
anaesthesia.  

  (3)     Species, breed, temperament and age of the animal: certain anaesthetic 
agents may be contra - indicated in certain species.  

  (4)     The duration of the procedure to be performed.  
  (5)     The complexity of the procedure to be performed.  
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  (6)     The experience of the surgeon will infl uence the duration of the procedure 
and trauma to tissues.  

  (7)     A well equipped and staffed veterinary hospital may be better able to deal 
with a general anaesthetic crisis.      

  Anaesthetic  p eriod 
 Veterinary nurses are involved from the time of admission of the patient to 
the veterinary clinic until discharge of the animal back to the owner ’ s care. 

 The anaesthetic period can be divided into fi ve phases, with different nursing 
responsibilities and patient risks associated with each phase. The surgical team 
is responsible for the welfare of the patient at all stages and it is important 
that they work as a team. Communication between team members is 
important to minimise both the risks to the patient and the duration of the 
anaesthetic. All members of the team must be familiar with the surgical pro-
cedure. The anaesthetic area and theatre should be prepared and equipment 
which may be required checked and available for use. Members of the team 
should also be familiar with possible intra -  and postoperative complications 
and the appropriate action to be taken should they occur. 

  (1)     Preoperative period:     The animal is weighed and examined and an anaes-
thetic protocol devised by the veterinary surgeon to minimise the risk to the 
individual animal. The animal ’ s health, the type of procedure, the ability 
and experience of both the anaesthetist and the surgeon are all factors that 
should be considered. The area for induction and maintenance of anaesthe-
sia must be clean and prepared. All equipment should be checked for faults, 
and drugs and ancillary equipment should be set up for use.  

  (2)     Pre - anaesthetic period:     Pre - anaesthetic medication is given as part of a 
balanced anaesthesia protocol. Sedatives and analgesics are used to reduce 
anxiety, relieve discomfort, enable a smooth induction and reduce the 
requirement for high doses of anaesthetic induction and maintenance 
agents. The animal should be allowed to remain undisturbed following 
administration of the pre - anaesthetic medication, although close observa-
tion during this period is mandatory.  

  (3)     Induction period:     Anaesthesia should be induced in a calm and quiet 
environment. Placement of an intravenous catheter allows for ease of 
administration of intravenous agents and prevents the risk of extravascular 
injection of irritant drugs; it is also invaluable should the patient suffer 
from an unexpected event during anaesthesia, e.g. cardiopulmonary arrest. 
To ensure a smooth transition from induction to maintenance, appropriate 
endotracheal tubes, anaesthetic breathing system and ancillary equipment 
must be prepared for use. Suitable intravenous fl uids should be adminis-
tered during anaesthesia.  

  (4)     Maintenance period:     Unconsciousness is maintained with inhalational or 
injectable agents. This allows the planned procedure to be performed. A 
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properly trained person should be dedicated to monitor anaesthesia. 
Unqualifi ed staff should not be expected to monitor anaesthesia. An anaes-
thetic record should be kept for every patient. Monitoring needs to be 
systematic and regular, with intervals of no more than 5 minutes recom-
mended. This enables trends and potential problems to be identifi ed.  

  (5)     Recovery period:     Administration of anaesthetic drugs ceases and the 
animal is allowed to regain consciousness. Monitoring must continue until 
the patient is fully recovered.       

    THE NURSE ’ S ROLE DURING THE ANAESTHETIC PERIOD 
     •      To ensure that the animal is prepared for anaesthesia according to the 

instructions of the veterinary surgeon.  
   •      To observe the patient following administration of the pre - anaesthetic 

medication.  
   •      To ensure that the necessary equipment is prepared for induction of 

anaesthesia and place an intravenous catheter.  
   •      To assist the veterinary surgeon with induction of anaesthesia.  
   •      To assist with tracheal intubation and connect monitoring equipment.  
   •      To monitor both the patient and equipment during the anaesthetic period.  
   •      To provide ancillary devices to maintain the patient ’ s temperature.  
   •      To observe the patient during the postoperative period.  
   •      To administer treatments as directed by the veterinary surgeon.  
   •      To alert the veterinary surgeon in the event of unexpected changes in the 

patient ’ s status.     

  Consent for  a naesthesia 
 Initial communication with the client is very important, and often for elective 
procedures the veterinary nurse is the initial contact. In addition to being a 
legal requirement, completion of an anaesthetic consent form is also an 
opportunity for the nurse to introduce himself or herself to the client. 

 The nurse needs to maintain a professional friendliness and be approach-
able. It is important that the client understands the risks associated with all 
anaesthetics and surgical procedures. The nurse can explain to the client how 
the practice aims to minimise these risks. In addition, they can reassure the 
client by informing them that their pet will receive a full physical examination 
prior to administration of the anaesthetic, and that the practice will contact 
the client should further diagnostic tests be required, e.g. blood tests or radio-
graphs. The nurse can explain to the client that modern anaesthetics are safer 
than those used in the past and that their pet will receive pre - anaesthetic 
medication, which will help both by calming the animal and by reducing the 
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total amount of anaesthetic required. It is also important to reassure the client 
that trained veterinary nurses or supervised trainees will monitor their pet 
throughout the procedure and during recovery. 

 Details on the anaesthetic consent form may include: 

   •      the date;  
   •      the client ’ s name and address;  
   •      contact telephone number;  
   •      the animal ’ s identifi cation;  
   •      the surgical or diagnostic procedure to be performed, including 

identifi cation of lesion(s) for removal if appropriate;  
   •      known allergies;  
   •      current medication;  
   •      a brief summary of the risks relating to anaesthesia;  
   •      the client ’ s signature;  
   •      extra information may be recorded, such as an estimate of the cost of the 

procedure, any items left with the animal, dietary requirements, and so on.      

  HEALTH AND SAFETY ASPECTS OF ANAESTHESIA 

 Health and safety legislation ensures that the workplace is a safe environment 
in which to work. Several regulations are enforced to minimise the risk of 
exposure to hazardous substances and accidents within the workplace. 

  The  H ealth and  S afety at  W ork  A ct (1974) 
 This act states that the employer is responsible for providing safe systems of 
work and adequately maintained equipment, and for ensuring that all 
substances are handled, stored and transported in a safe manner. Safe systems 
of work should be written as standard operating procedures (SOPs) and be 
displayed in the appropriate areas of the workplace (Figure  1.2 ).    

  The  C ontrol of  S ubstances  H azardous to  H ealth ( COSHH ) (1988) 
 COSHH assessments involve written SOPs, assessing hazards and risks for all 
potential hazards within a veterinary practice. All staff should be able to 
identify hazards, know the route of exposure and the specifi c fi rst aid should 
an accident occur.  

  Misuse of  D rugs  A ct (1971) and  M isuse of  D rugs  R egulations 
(1986) 
 In the United Kingdom the use of drugs is controlled by the Misuse of 
Drugs Act (1971) and the Misuse of Drugs Regulations (1986). The 1971 
Act divides drugs into three classes depending on the degree of harm 
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     Figure 1.2     Health and safety documentation prominently displayed within a veterinary 
hospital.  

attributable to each drug. Class A drugs (or class B injectable agents) are 
deemed to be the most harmful and class C drugs the least. The 1986 
Regulations divide controlled drugs into fi ve schedules that determine the 
nature of the control. 

 The 1986 Regulations cover a wide range of drugs, of which only a few 
are in regular use in veterinary practice. Schedule 1 drugs, for example, LSD, 
are stringently controlled and are not used in veterinary practice. Schedule 2 
drugs include morphine, pethidine, fentanyl (Hypnorm  ®  , Sublimaze  ®  ), alfent-
anil, methadone and etorphine (Immobilon  ®  ). Codeine and other weaker 
opiates and opioids are also Schedule 2 drugs. An opiate is a drug derived 
from the opium poppy while an opioid refers to drugs that bind to opioid 
receptors and may be synthetic, semi - synthetic or natural. Separate records 
must be kept for all Schedule 2 drugs obtained and supplied in a controlled 
drugs register. These drugs can only be signed out by a veterinary surgeon and 
the date, animal identifi cation details, volume and route of administration 
must be recorded. The controlled drug register should be checked on a regular 
basis and thefts of controlled drugs must be reported to the police. Schedule 
2 drugs must be kept in a locked receptacle, which can only be opened by 
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authorised personnel (Figure  1.3 ). Expired stocks must be destroyed in the 
presence of witnesses (principal of the practice and/or the police) and both 
parties involved must sign the register.   

 Schedule 3 drugs are subject to prescription and requisition requirements, 
but do not need to be recorded in the controlled drugs register. However, 
buprenorphine is required to be kept in a locked receptacle. It is recommended 
that other drugs in this schedule such as the barbiturates (pentobarbital, 
phenobarbital) and pentazocine should also be kept in a locked cupboard. 

 The remaining two Schedules include the benzodiazepines (Schedule 4) and 
preparations containing opiates or opioids (Schedule 5).  

  Specifi c  h azards 
  Compressed  g as  c ylinders 
 Anaesthetic gas cylinders contain gas at high pressure and will explode if 
mishandled. Gas cylinders should be securely stored in a cool, dry area away 
from direct sunlight. Size F cylinders and larger should be stored vertically by 
means of a chain or strap. Size E cylinders and smaller may be stored 
horizontally. Racks used to store cylinders must be appropriate for the size 

     Figure 1.3     A locked, fi xed receptacle for storing controlled drugs. Keys should never be 
left in the lock of controlled drug cabinets.  
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of cylinder. Cylinders should only be moved using the appropriate size and 
type of trolley. Cylinders should be handled with care and not knocked vio-
lently or allowed to fall. Valves and any associated equipment must never be 
lubricated and must be kept free from oil and grease. 

 Both oxygen and nitrous oxide are non - fl ammable but strongly support 
combustion. They are highly dangerous due to the risk of spontaneous com-
bustion when in contact with oils, greases, tarry substances and many 
plastics.  

  Exposure to  v olatile  a naesthetic  a gents 
 Atmospheric pollution and exposure to waste gases must be kept to a minimum. 
Long - term exposure to waste anaesthetic gases has been linked to congenital 
abnormalities in children of anaesthesia personnel, spontaneous abortions, 
and liver and kidney damage. Inhalation of expired anaesthetic gases can result 
in fatigue, headaches, irritability and nausea. In 1996 the British Government 
Services Advisory Committee published its recommendations,  Anaesthetic 
Agents: Controlling Exposure Under the Control of Substances Hazardous to 
Health Regulations 1994 , in which standards for occupational exposure were 
issued. The occupational exposure standards (OES) (see box) are for an 8 - hour 
time - weighted average reference period for trace levels of waste anaesthetic 
gases.   

    OCCUPATIONAL EXPOSURE STANDARDS 
    100   ppm for nitrous oxide  
  50   ppm for enfl urane and isofl urane  
  10   ppm for halothane  
  20   ppm for sevofl urane     

 These values are well below the levels at which any signifi cant adverse effects 
occur in animals, and represent levels at which there is no evidence to suggest 
human health would be affected. Personal dose meters may be worn to 
measure exposure to anaesthetic gases. A separate dose meter is required for 
each anaesthetic agent to be monitored. These should be worn near the face 
to measure the amount of inspired waste gas. The dose meter should be worn 
for a minimum of 1.5 hours, but it will give a more realistic reading if worn 
over a longer period. At least two members of the surgical team should be 
monitored on two occasions for the gases to which they may be exposed. 
When analysed, an 8 - hour weighted average is calculated and a certifi cate 
issued. 
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  Sources of  e xposure 
 The main ways in which personnel are exposed to anaesthetic gases 
involve the technique used to administer the anaesthetic and the equipment 
used.  

  Anaesthetic  t echniques 
     •      Turning on gases before the animal is connected.  
   •      Failure to turn off gases at the end of the anaesthetic.  
   •      Use of uncuffed or too small diameter endotracheal tubes.  
   •      Use of masks or chambers for induction.  
   •      Flushing of the breathing system.     

  Anaesthetic  m achine,  b reathing  s ystem and  s cavenging  s ystem 
     •      Leaks in hoses or anaesthetic machine.  
   •      Type of breathing system used and ability to scavenge.  
   •      Refi lling the anaesthetic vaporiser.  
   •      Inadequate scavenging system.     

  Precautions 
 Anaesthetic vaporisers should be removed to a fume hood or a well ventilated 
area for refi lling. It is important not to tilt the vaporiser when carrying 
it.  ‘ Key - indexed ’  fi lling systems are associated with less spillage than  ‘ funnel -
 fi ll ’  vaporisers, however, gloves should be worn. The key - indexed system 
is agent specifi c and will prevent accidental fi lling of a vaporiser with the 
incorrect agent (see Chapter  4 ). Vaporisers should be fi lled at the end of 
the working day, when prolonged exposure to spilled anaesthetic agent is 
minimised. 

 In the event of accidental spillage or breakage of a bottle of liquid volatile 
anaesthetic, immediately evacuate all personnel from the area. Increase the 
ventilation by opening windows or turning on exhaust fans. Use an absorbent 
material such as cat litter to control the spill. This can be collected in a plastic 
bag and removed to a safe area.  

  Soda  l ime 
 Wet soda lime is very caustic. Staff should wear a face mask and latex gloves 
when handling soda lime in circle breathing systems.    

  Safety of  p ersonnel 
 The safety of personnel should not be compromised. Veterinary nurses should 
wear slip - proof shoes, and  ‘ wet fl oor ’  signs should be displayed when neces-
sary to reduce the risk of personal injury from slips and falls. Staff should 
never run inside the hospital. 
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 Care should be taken when lifting patients, supplies and equipment. 
Hydraulic or electric trolleys or hoists should be used wherever possible and 
assistance should be sought with heavy items. 

 The risk of bites and scratches can be minimised by using suitable physical 
restraint, muzzles, dogcatchers and crush cages. Fingers should not be placed 
in an animal ’ s mouth either during intubation or during recovery. It is impor-
tant to learn the proper restraint positions for different species and focus 
attention on the animal ’ s reactions. 

 Sharp objects such as needles and scalpel blades should be disposed of 
immediately after use in a designated  ‘ sharps ’  container. All drugs drawn up 
for injection should be labelled and dated (Figure  1.4 ). If dangerous drugs are 
used the needle should not be removed and both the syringe and needle should 
be disposed of intact in the sharps container.   

 To prevent the risk of self - administration or  ‘ needle - stick ’  injuries, the 
following guidelines should be observed: 

   •      Unguarded needles should never be left lying about.  
   •      Needles should not be recapped but disposed of directly into a sharps 

container.  
   •      Do not place needle caps in the mouth for removal, as some drugs may be 

rapidly absorbed through the mucous membranes.  
   •      Do not carry needles and syringes in pockets.  
   •      Never insert fi ngers into, or open, a used sharps container.    

 Guidelines on the safe use of multidose bottles or vials in anaesthesia, and the 
use of glass ampoules in anaesthesia, are given in Figures  1.5  and  1.6 .     

  MORTALITY 

 Anaesthesia in fi t and healthy small animals is a safe procedure and should 
pose little risk to the animal. However, although there is little information 
regarding the incidence of anaesthetic complications in veterinary species, the 
mortality rate following anaesthesia in small animals appears to be unneces-
sarily high when compared to humans. One study conducted in the United 

 Figure 1.4     Intravenous induction agent drawn up into a syringe and appropriately labelled 
with the drug name and date. 



(a) (b)

(c)

(e)

(d)

 Figure 1.5     Use of multidose bottles in anaesthesia.   
 •      Wash and dry hands.  
   •      Select the appropriate drug and check drug concentration. If the drug has not been 

stored according to manufacturer ’ s recommendations it should be discarded.  
   •      Check that the drug is within the manufacturer ’ s expiry period.  
   •      Make a visual check for evidence of gross contamination or the presence of particulate 

matter in the solution or suspension.  
   •      Remove any protective caps covering the rubber top (a).  
   •      Wipe the top of the vial or bottle with a fresh cotton swab soaked with 70% alcohol, 

and allow it to dry (b).  
   •      Use a new hypodermic needle  and  syringe every time fl uid is withdrawn from a multidose 

vial.  
   •       Never  leave one needle inserted in the vial cap for multiple uses.  
   •      Inject replacement air into the vial, ensuring that the needle tip is above the fl uid level 

as injection of air into some solutions or suspensions can distort dosages.  
   •      Invert the vial and syringe to eye level and adjust needle tip to under the fl uid level.  
   •      Rotate the syringe to allow calibrations to be viewed.  
   •      Draw up a slight excess of fl uid.  
   •      Holding the syringe perfectly straight, tap the barrel to dislodge air bubbles, and expel 

both air and excess fl uid back into the vial.  
   •      Remove the needle and syringe from the vial by grasping the syringe barrel.  
   •      Recapping needles can lead to accidental needle - stick injuries. This is of particular 

concern with certain drugs used for pre - anaesthetic medication, induction and 
maintenance of anaesthesia. If at all possible, dispose of needles immediately without 
recapping them. If a needle must be recapped, e.g. to avoid carrying an unprotected 
sharp when immediate disposal is not possible, recap the needle using the  ‘ one - hand ’  
technique, as follows. Place the needle cap on a fl at surface and remove your hand 
from the cap (c). Using your dominant hand, hold the syringe and use the needle to 
scoop the cap onto the needle (d). When the cap covers the needle completely, use your 
other hand to secure the cap on the needle hub (e).  

   •      Place a new needle on to the syringe and, if the drug is not to be administered 
immediately, label syringe appropriately.  

   •      Wash and dry hands.    
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(a)

(b)

(c)

(d)

Kingdom reported a mortality rate related to anaesthesia of 0.23% in dogs 
and 0.29% in cats (Clarke and Hall  1990 ), while in humans it was estimated 
that 1 in 10   000 patients died purely as a result of the anaesthetic procedure 
(Lunn and Mushin  1982 ). Many of the deaths reported occurred when the 
animal was not under close observation. However, deaths were reported to 
be due to failure of the oxygen supply, overdose of anaesthetic agents, unfa-
miliarity with drugs, respiratory obstruction and misinterpretation of depth 
of anaesthesia. In cats, complications following endotracheal intubation and 
mask induction of anaesthesia were identifi ed as risk factors. The death rate 
for dogs and cats with pathological but not immediately life - threatening condi-
tions was estimated to be 1 in 31. Most of these animals died while under-
going diagnostic radiography. This highlights the need for careful physical 
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 Figure 1.6     Use of glass ampoules in anaesthesia.   
 •      Wash and dry hands.  
   •      Select the appropriate drug and check drug concentration. If the drug has not been 

stored according to manufacturer ’ s recommendations it should be discarded.  
   •      Check that the drug is within the manufacturer ’ s expiry period.  
   •      Make a visual check for evidence of gross contamination or the presence of particulate 

matter in the solution or suspension.  
   •      Many ampoules have coloured neckbands indicating a prestressed area to facilitate 

opening.  
   •      Invert the selected ampoule and shake fl uid into the top of the ampoule (a). Afterwards, 

holding the bottom of the ampoule, rotate it slowly to displace the fl uid to the bottom (b).  
   •      Clean the neck of the ampoule before opening, e.g. wipe with a clean swab and 70% 

alcohol solution, to reduce bacterial contamination of the medication.  
   •      Hold the prepared ampoule in your non - dominant hand with the ampoule neck above 

your fi ngers.  
   •      Secure the top of the ampoule between the thumb and index fi nger of the dominant hand. 

A clean swab or alcohol wipe may be used to protect the fi ngers of the dominant hand (c).  
   •      Using strong steady pressure, without squeezing the top of the ampoule too tightly, the 

top may be snapped off.  
   •      If any glass splinters enter the ampoule it should be discarded. Glass particle contami-

nation of medications may occur when opening ampoules, and if such particles are 
injected they can cause phlebitis and granuloma formation in pulmonary, hepatic, 
splenic, renal and interstitial tissue. Filter needles are available to prevent aspiration of 
glass splinters but are rarely used in veterinary medicine.  

   •      The ampoule top (and swab or wipe) is discarded safely.  
   •      Reusable ampoule breakers with a built - in long - life cutter, suitable for both prestressed and 

unstressed ampoules, are available (d), as are disposable, single - use ampoule breakers. Such 
breakers reduce the chance of injury and allow for the safe disposal of the top of the ampoule.  

   •      Draw up the medication using an appropriate needle and syringe and, if the drug is 
not to be administered immediately, label syringe appropriately.  

   •      Wash and dry hands.    

examination prior to investigation and the need to anticipate potential anaes-
thetic problems (see Chapter  3 ). 

 More recently a large - scale multi - centre study of anaesthetic - related deaths 
in small animals has been carried out in the United Kingdom (Brodbelt  2006 ; 
Brodbelt  et al.   2008a, 2008b ). Results of this study indicated that the risks of 
anaesthetic - related mortality has decreased in both dogs (0.17%) and cats 
(0.24%), although they remain substantially greater (nearly 10 times greater) 
than the risk reported in humans. The reduction in risk, particularly in healthy 
patients suggests changes in anaesthetic technique, equipment and improved 
safety of small animal anaesthesia. The postoperative period was identifi ed as 
a signifi cant risk period perioperatively, with 50% of the postoperative deaths 
occurring within three hours of termination of anaesthesia. This suggests that 
closer monitoring is required in this early postoperative period. Sick patients 
remain particularly at risk of perioperative death and improved anaesthetic 
management of these cases is required. Although this study shows that stan-
dards have improved there is still substantial scope for further improvement 
(see Chapter  10 ).  
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2 Physiology Relevant 

to Anaesthesia  

  Mary   Fraser       

     A good understanding of normal physiological processes is essential for 
veterinary nurses because all anaesthetic agents affect the organ function of 
anaesthetised animals to a greater or lesser extent, whether healthy or 
otherwise.  

  RESPIRATORY SYSTEM 

 The main function of the respiratory system is to carry oxygen into the body 
and remove carbon dioxide. The respiratory tract is also used to deliver vola-
tile and gaseous anaesthetic agents. Therefore in order to carry out successful 
anaesthesia the normal functioning of the respiratory system must be 
understood. Consequently, any disease of the respiratory system will need to 
be considered when deciding upon an anaesthetic regime for an individual 
animal. 

  Respiratory  c ycle 
 At rest, the lungs are held expanded in the thoracic cavity due to negative 
pressure in the intrapleural space: in healthy animals this is equal to  − 4   mmHg. 

 During quiet breathing, it is mostly movement of the diaphragm and ribs 
that causes inspiration. Inspiration begins with movement of the diaphragm 
caudally. This increases the volume of the thorax, and air is pulled into the 
lungs. During physical activity contraction of the abdominal muscles results 
in a greater negative pressure within the thorax, and therefore an increase in 
the volume of air inspired. 



20 Anaesthesia for Veterinary Nurses 

 During expiration, diaphragmatic, intercostal and possibly also the abdomi-
nal muscles relax. This decreases the volume of the thorax and air is forced 
out of the lungs. Again, when the animal is breathing more forcefully, active 
contraction of the intercostal muscles forces more air out of the lungs. In 
addition to the movement of muscles, elastic recoil of the lungs themselves 
also forces some air out of the airways.   

    MUSCLES OF RESPIRATION 
     •      Diaphragm  
   •      External intercostal muscles  
   •      Internal intercostal muscles  
   •      Abdominal muscles     

 The co - ordinated movements of diaphragmatic and intercostal muscles to 
produce inspiration and expiration are controlled by two main factors: fi rstly, 
chemical constituents within the bloodstream such as oxygen and carbon 
dioxide, and secondly, stretch receptors that prevent overinfl ation, located in 
the lungs themselves. 

 The chemical constituents within the bloodstream are detected by chemo-
receptors located in three main sites in the body: the carotid body on each 
side of the carotid bifurcation; the aortic body near the arch of the aorta; and 
in the medulla. All of these areas have a high blood fl ow, so that they can 
easily detect any changes in the concentrations of carbon dioxide, oxygen and 
hydrogen ions (pH) in the bloodstream. Information from the carotid body is 
transferred to the medulla via the glossopharyngeal nerve and that from the 
aortic body via the vagus nerve. 

 The concentrations of gases in the body fl uids are described by their partial 
pressure. This is the pressure exerted by an individual gas where there is a mixture 
of gases. The symbol  P  is used to denote the partial pressure of specifi c gases, for 
example,  P O 2  (oxygen) and  P CO 2  (carbon dioxide). If the amount of oxygen 
present increases then the  P O 2  will increase; the same applies for carbon dioxide. 

 Any increase in the partial pressure of carbon dioxide ( P CO 2 ) or in the 
hydrogen ion (H + ) concentration, or a decrease in the partial pressure of 
oxygen ( P O 2 ) will be detected by the chemoreceptors mentioned above, and 
will cause an increase in the activity of the respiratory centre in the medulla. 
Stimulation of the respiratory centre results in contraction of the muscular 
portion of the diaphragm and the intercostal muscles so that respiratory rate 
(tachypnoea) and depth (hyperpnoea) are increased. Although carbon dioxide, 
oxygen and hydrogen ion concentration are monitored, carbon dioxide is the 
main controlling factor because the respiratory centre in mammals works to 
keep  P CO 2  levels constant. This is illustrated in the following example. 
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 If the air that an animal inhales has a low level of oxygen then the respira-
tory centre will be stimulated so that respiration increases. However, this 
increase in respiration will result in a decrease in blood carbon dioxide level 
due to increased expiration of carbon dioxide from the lungs. This decrease 
in  P CO 2  will be detected by the chemoreceptors and respiration will be 
decreased so that blood carbon dioxide level can increase back to normal 
(Figure  2.1 ).   

 In the same way, if an animal inhales 100% oxygen, then the increased 
blood oxygen level will be detected by chemoreceptors and respiration will be 
depressed. An animal will only be given 100% oxygen if there is a potential 
problem with its respiration; obviously an unwanted outcome is to depress 
respiration to the extent that the animal stops breathing. It is important to 
give 100% oxygen for only relatively short periods of time so that inhibition 
of respiration is minimised (Figure  2.2 ).   

 In conditions where animals have a shortage of oxygen in the body (hypoxia), 
or more specifi cally in the blood (hypoxaemia), respiration will eventually 
increase, but only once the factors controlling carbon dioxide concentrations 
and hydrogen ion concentrations are overridden. 

 Pulmonary stretch receptors are present within the smooth muscle of the 
airways. When the lungs infl ate the stretch receptors are activated and send 
impulses to the respiratory centre via the vagus nerve. This causes inhibition 

Inhaled air is low in oxygen 

Oxygen in bloodstream decreases (PO2 is decreased) 

Respiratory centre stimulates respiration 

Increased respiratory rate and depth 

Increased amount of O2 breathed in. Increased amount of CO2 breathed out 

Carbon dioxide in bloodstream decreases (PCO2 decreases) 

Chemoreceptors induce depression of respiration 

Decreased inhalation 

Decreased oxygen inhaled 

 Figure 2.1     Changes in respiratory cycle due to low oxygen levels. 
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of the medullary inspiratory neurons and inspiration is stopped, thus prevent-
ing the lungs from being overinfl ated. Similarly, when the lungs defl ate, the 
stretch receptors are no longer activated; inhibition of inspiratory neurons 
stops and inspiration can take place. This mechanism is known as the Hering –
 Bruer refl ex. 

 The Hering – Bruer refl ex plays an important role during intermittent posi-
tive pressure ventilation (IPPV) in anaesthetised or unconscious patients. 
Manual or mechanical IPPV infl ates the lungs, activating airway smooth 
muscle stretch receptors and inhibiting spontaneous respiration.   

Inhale 100% oxygen 

Oxygen levels increase 

PO2 increases 

Respiration is depressed 

 Figure 2.2     Effect of 100% oxygen on respiration. 

    AVERAGE NORMAL RESPIRATORY RATES 
    Dog: 10 – 30 breaths per minute (faster in small breeds)  
  Cat: 20 – 30 breaths per minute     

 The respiratory rate can be affected by a variety of different factors, some of 
which are listed in the next box.   

    FACTORS AFFECTING RESPIRATORY RATE 
     •      Age  
   •      Temperature  
   •      Stress  
   •      Drugs  
   •      Exercise  
   •      Body size  
   •      Disease     

 Many of the drugs used during anaesthesia of small animals will affect the 
control of respiration. For example, ketamine induces characteristic changes 
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in respiration known as an apneustic response. Here the cat or dog will inspire 
slowly, pause and then expire rapidly: thiopental and propofol can cause 
temporary cessation of breathing (apnoea) post induction of anaesthesia (post -
 induction apnoea), whereas newer drugs such as alfaxalone are much less 
likely to do this.  

  Lung  v olumes 
 Air that is present in the airways can be classifi ed in different ways. Individuals 
who administer or monitor anaesthesia need to understand these classifi cations 
as they are of practical importance (Figure  2.3 ).   

 The simplest way of describing air in the lungs is by  tidal volume . This is 
classically defi ned as the volume of air that is breathed in or out in one breath; 
note that it is  not  the sum total of the volume of air breathed in and out. In 
the dog the normal tidal volume is 15 – 20   ml/kg. 

 When an animal breathes out, the airways do not collapse and some air is 
always left in them. The volume of air that is left in the lungs following normal 
expiration is known as the  functional residual capacity . This means that 
throughout the entire respiratory cycle, air is in contact with the alveoli. Hence 
during anaesthesia volatile or gaseous anaesthetic agents will be present in the 
alveoli and can continue to diffuse into the bloodstream even during expira-
tion. The functional residual capacity allows the concentration of oxygen and 
volatile and/or gaseous anaesthetic agents present in the alveoli to remain 

                                                       Total lung capacity 

Residual
volume

                              Vital capacity 

Tidal volume 
Functional residual 
capacity 

Expiratory 
reserve 
volume

Inspiratory 
reserve 
volume

 Figure 2.3     Comparison of different lung volumes. 
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constant over a short period of time instead of fl uctuating between inspiration 
and expiration. 

 Although the functional residual capacity is left in the lungs at the end of 
normal expiration, it is still possible to force more air out of the lungs by using 
the thoracic muscles. This volume is known as the  expiratory reserve volume . 
It is possible, but not desirable, to reduce the expiratory reserve volume by 
pressing on the patient ’ s chest when checking the position of an endotracheal 
tube following intubation. In addition to being able to force more air out of the 
lungs at the end of expiration, it is possible to take more air into the lungs at the 
end of normal inspiration. This is known as the  inspiratory reserve volume . 

 Following the most forceful expiration, some air still remains in the lungs. 
This is known as the  residual volume  and prevents the lungs from collapsing. 
It is not possible to force all air out of the lungs following forceful expiration 
due to the elasticity of the lungs holding the airways open and holding air 
within them. 

 Following the most forceful expiration, the lungs can take in more air than 
during normal respiration. If a patient were to breathe in as much air as pos-
sible at this point, then this volume would be the most that it could take in, 
in one breath. This is known as the  vital capacity . The total volume of air 
present in the lungs at this time is calculated by adding the vital capacity to 
the residual volume and is known as the  total lung capacity  (Figure  2.3 ). 

 The purpose of breathing is to supply the alveoli with oxygen and to remove 
carbon dioxide from them. However, gaseous exchange takes place at the 
surface of the alveoli. Therefore, although we can measure different volumes 
of air that pass into or out of the lungs, only a very small proportion of this 
air is involved in gaseous exchange. 

 The area within the respiratory tree where gaseous exchange does not take 
place is known as  dead space . This can be described in different ways. The 
simplest is  anatomical dead space : this includes the trachea down to the 
level of the terminal bronchioles. Anatomical dead space is relatively fi xed, 
however it can change slightly due to lengthening or shortening of the bron-
chiole during respiration. In addition, atropine and other parasympatholytic 
agents relax airway smooth muscle, increasing anatomical dead space. 

 When dogs pant, dead space air from the upper airways moves in and out 
of the body, cooling the animal by evaporative heat loss. It is important that 
this movement of air does not interfere with gaseous exchange because the 
animal would then hyperventilate and oxygen and carbon dioxide levels would 
be affected. 

 Anaesthetic apparatus (for example, an endotracheal tube extending beyond 
the tip of the nose) can increase the effect of dead space; the additional space 
is referred to as  mechanical  or  apparatus dead space . 

 The other way of describing dead space is  physiological dead space . This 
depends on the dimensions of the airways and the volume of air that enters 



Physiology Relevant to Anaesthesia 25 

the alveoli but does not diffuse. For example, air in the alveoli may not diffuse 
due to inadequate capillary perfusion of the alveoli. Therefore physiological 
dead space also takes into account the cardiovascular system and gives us a 
more accurate description of the proportion of air that is not being used by 
the body. 

 The  ventilation perfusion ratio  (V/Q ratio) is used to indicate the con-
centrations of oxygen and carbon dioxide in the bloodstream related to the 
alveolar ventilation and the amount of blood perfusing the alveoli. With regard 
to anaesthesia, alveolar ventilation is very important because this will control 
the amount of volatile or gaseous anaesthetic agent that can diffuse into the 
bloodstream. Any increase in alveolar ventilation will increase the uptake of 
anaesthetic agent into the pulmonary blood. 

 When describing gaseous anaesthetic fl ow rates the term  minute ventila-
tion  (or  minute respiratory volume ) is often used. This is defi ned as the 
total amount of air that moves in or out of the airways and alveoli in 1 minute, 
and is calculated by multiplying the respiratory rate by the tidal volume. For 
example, the minute volume for a dog with a respiratory rate of 15 breaths 
per minute and a tidal volume of 15   ml/kg is 225   ml/kg.  

  Oxygen  t ransport 
 Oxygen is transported round the body in the haemoglobin contained within 
red blood cells (erythrocytes). Haemoglobin is a large molecule made up 
of four haem molecules and one globin molecule. Each haem molecule is 
associated with an atom of iron, which has the ability to combine with oxygen. 
Therefore, each haemoglobin molecule can transport four molecules of 
oxygen. 

 Oxygen in the alveoli diffuses across the cell membrane into interstitial 
water, then into vascular water (plasma) and fi nally into the erythrocyte (Figure 
 2.4 ). Within erythrocytes, oxygen is present both in the intracellular water and 
combined with haemoglobin. The erythrocytes then travel round the body. In 
areas of reduced oxygen concentration, oxygen leaves the erythrocytes, enters 
the plasma and then passes across the cell endothelium lining the capillary into 
interstitial water. Finally it enters the target cell where it will be used.   

 Oxygen is a relatively soluble gas and the amount of oxygen that is in solu-
tion is directly related to the  P O 2  and the solubility coeffi cient for oxygen 
(Henry ’ s law). The oxygen requirement of a dog or cat is 4 – 5   ml/kg/min and 
will infl uence the fresh gas fl ow rate during anaesthesia. 

 Carbon dioxide is much more soluble than oxygen. Carbon dioxide pro-
duced by aerobic cell metabolism diffuses from an area of high concentration 
in the cell to an area of low concentration in the interstitial water. The carbon 
dioxide then crosses into plasma and fi nally enters the intracellular water of 
the erythrocyte. 
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 Carbon dioxide can be carried on haemoglobin, dissolved in cellular fl uid 
or hydrated to carbonic acid (H 2 CO 3 ). This unstable molecule breaks down 
to produce hydrogen ions (H + ) and bicarbonate (  HCO3

−), as shown below:

   CO H O H CO H HCO2 2 2 3 3+ ↔ ↔ ++ −
  

 This equation illustrates why carbon dioxide is important in the acid – base 
balance of the body. Some of the hydrogen ions can diffuse into plasma, but 
haemoglobin also plays a role by buffering the hydrogen ions to keep the pH 
constant within the cell. Once the erythrocytes reach the lungs, carbon dioxide 
diffuses out of the erythrocyte into plasma and into the alveoli where it is 
breathed out. 

 Where concentrations of carbon dioxide increase, some of this is converted 
to carbonic acid with the release of hydrogen ions. This means that increases 
in carbon dioxide levels will lead to a decrease in body pH and the develop-
ment of respiratory acidosis.  

  Infl uence of  d isease or  a naesthesia on  r espiration 
 Many diseases can affect how well the respiratory system functions. Clearly, 
animals with pneumonia or bronchitis will have impaired respiration, due to 
secretions building up in the airways and reducing the volume of air that comes 
in contact with the surface of the alveoli, or the alveoli themselves becoming 
damaged or thickened. Healthy alveoli are one cell thick and gases can diffuse 
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 Figure 2.4     Oxygen transport. 
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easily across them. Thickening of the alveoli will reduce the degree of gaseous 
diffusion that can take place, causing decreased alveolar ventilation and an 
increased physiological shunt, that is, blood passes through the lungs but is 
not adequately oxygenated. 

 It has been noted that it is important that alveoli have an adequate blood 
supply. Normally, at rest, the dorsal aspects of the lungs have greater ventila-
tion than perfusion, whereas the ventral aspects have greater perfusion than 
ventilation. However, in recumbent animals the position changes and there is 
an uneven distribution of blood fl ow and ventilation. This will affect the ven-
tilation perfusion ratio (V/Q ratio) and the animal may develop respiratory 
problems. Recumbent posture can occur for any number of reasons, such as 
geriatric animals or spinal disease, but is probably most important in the 
anaesthetised animal. 

 While the fl ow rate of oxygen and gaseous anaesthetic agents and the 
concentration of volatile anaesthetic agents administered to an animal may be 
adjusted, it is important to take account of potential inequalities of ventilation 
and perfusion as this will affect the uptake of gases and the depth of anaes-
thesia achieved. Where the recovery period is prolonged, it is important to 
turn the animal regularly, so that gaseous and volatile anaesthetic agents can 
be removed from the lungs effi ciently. 

 Changes in acid – base balance also affect respiration. The medulla monitors 
the concentration of carbon dioxide, oxygen and hydrogen ions in the blood-
stream. Where an animal suffers from acidaemia or alkalaemia, the hydrogen 
ion concentration will have changed. One way that the body can rectify this is 
by altering the amount of carbon dioxide in the body. For example, in the case 
of metabolic acidosis (e.g. due to diabetes mellitus) the hydrogen ion concentra-
tion will have increased. Carbon dioxide can be combined with water to 
produce carbonic acid and so bicarbonate and hydrogen ions. This reaction can 
be reversed to remove hydrogen ions and produce carbon dioxide. If the animal 
is acidaemic, hydrogen ions are removed from the circulation with the result 
that more carbon dioxide is produced. Therefore the respiratory rate needs to 
increase so that the carbon dioxide can be removed from the circulation via the 
lungs. Similarly, if an animal is affected by metabolic alkalosis, ventilation will 
be depressed and carbon dioxide builds up in the body. Some carbon dioxide in 
the bloodstream will convert to carbonic acid with a concomitant increase in 
hydrogen ion concentration that will neutralise the acidosis. 

 Changes in respiratory rate (either voluntary or during anaesthesia) will 
affect the body ’ s hydrogen ion concentration. Hyperventilation results in the 
loss of carbon dioxide and a drop in hydrogen ions. This is known as  respira-
tory alkalosis . Conversely, during hypoventilation,  respiratory acidosis  will 
result. 

 If an anaesthetised animal breathes in carbon dioxide (for example, if there 
is a problem in carbon dioxide removal in a closed breathing system) the 
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animal will hyperventilate to try to remove the carbon dioxide. If carbon 
dioxide levels continue to increase so that the level of carbon dioxide in the 
alveoli reaches that of the bloodstream, it becomes diffi cult for the animal to 
excrete carbon dioxide. This will result in a state of  hypercapnia . Hypercapnia 
can cause depression of the central nervous system, and will result in coma if 
not corrected.   

  CARDIOVASCULAR SYSTEM 

 The heart is responsible for pumping blood around the body and consists of 
four chambers: two atria and two ventricles. Vessels carrying blood from the 
heart are called arteries, while those carrying blood to the heart are called 
veins. Lymphatics assist in returning fl uid from the interstitial spaces to the 
blood. 

 The cardiovascular system works in conjunction with the respiratory system 
to ensure delivery of oxygen and nutrients to the body tissues and removal of 
carbon dioxide and other waste products from the tissues. 

 Muscle contraction is dependent on a fl ow of electrical charge across muscle 
cell membranes. Heart or cardiac muscle is no exception. At rest the interior 
of cardiac muscle cells is negative relative to the exterior so that the resting 
membrane potential is  − 90   mV. 

 The electrolytes sodium, chloride, potassium and calcium are all important 
for normal cardiac function. Initial depolarisation of the cell takes place when 
sodium channels in the cell membrane open, increasing sodium permeability. 
The resting membrane potential becomes less negative due to an infl ux of 
positive sodium ions. The cell begins repolarising when the sodium gates close 
and negatively charged chloride ions begin to move into the cell. Calcium 
channels open, allowing infl ux of these ions. During fi nal repolarisation 
calcium channels close and potassium permeability increases. At this time the 
interior of cardiac muscle cells is negative relative to the exterior once again. 
Thus any deviation from normal plasma concentrations of these electrolytes 
can affect cardiac muscle function. 

 All cardiac muscles have the potential to contract, but the normal heart 
beats automatically and rhythmically. For the heart to function effectively in 
this manner, depolarisation and thus contraction must occur in an ordered 
and controlled fashion. This is achieved by the  conduction system  of the 
heart (Figure  2.5 ).   

 The sino - atrial node (SAN, a small area of specialised cardiac muscle 
located in the wall of the right atrium) initiates the heartbeat. Impulses from 
the SAN spread to the atrioventricular node (AVN, located in the intraven-
tricular septum). Impulses to the rest of the heart are transmitted via the 
bundle of His, the bundle branches and the Purkinje fi bres. If any part of the 
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cardiac muscle becomes damaged then these impulses will not be transmitted 
in a synchronised fashion. This can lead to irregular heart contractions and a 
reduction in cardiac output. Damaged areas of the heart can continue to 
contract, but will follow their own inbuilt pacemaker rather than the SAN. 

 The SAN acts as an intrinsic cardiac pacemaker and controls the rate of 
heart contractions. Both the parasympathetic and sympathetic nervous systems 
innervate the SAN. The neurotransmittors  –  acetylcholine and norepinephrine 
(previously referred to as noradrenaline)  –  affect sodium, calcium and potas-
sium channels and can increase or decrease depolarisation. Conditions such 
as stress (for example, during handling or anaesthesia) may cause the produc-
tion and release into the bloodstream of epinephrine (previously referred to 
as adrenaline), increasing the heart rate. Various drugs used as pre - anaesthetic 
medications or sedatives can affect heart rate. For example, alpha - 2 agonists, 
such as medetomidine or dexmedetomidine, can decrease the heart rate; 
anticholinergics, such as atropine, directly increase the heart rate. In these 
situations heart rates need to be monitored. 

 The sequence of events that occurs during one complete heartbeat is referred 
to as the  cardiac cycle : 

   •      Blood fl ows into the atria from the venae cavae and pulmonary veins.  
   •      The atrioventricular (mitral and tricuspid) valves open when atrial pressure 

exceeds ventricular pressure.  
   •      Blood fl ows into the relaxed ventricles (ventricular diastole).  
   •      Atria contract to complete fi lling of the ventricles.  
   •      Atria relax and begin refi lling.  
   •      Ventricles contract (ventricular systole) and atrioventricular valves close as 

ventricular pressure exceeds atrial pressure.  
   •      Ventricular contraction generates suffi cient pressure to overcome arterial 

pressure and blood fl ows out of the ventricles through the semilunar (aortic 
and pulmonic) valves.  

   •      Ventricles begin to relax and arterial pressures exceed ventricular pressures, 
closing the semilunar valves.    

• Sino-atrial node 
• Atrioventricular node 
• Bundle of His 
• Bundle branches 
• Purkinje fibres

 Figure 2.5     Conduction system of the heart. 
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 Blood pressure is the force exerted by the circulating blood on the walls of 
the blood vessels and is usually recorded in millimetres of mercury (mmHg). 
During systole (ventricular contraction) blood pressure will be at its highest; 
during diastole blood pressure will be at its lowest. Normal blood pressure in 
the dog is approximately 120/70   mmHg (i.e. systolic blood pressure 120   mmHg/
diastolic blood pressure 70   mmHg) and in the cat is 140/90   mmHg. It is impor-
tant that blood pressure is maintained within this normal range to ensure 
normal function of the other major body systems including the brain and 
kidneys etc. 

  Systemic arterial pressure  (arterial blood pressure) is determined by 
cardiac output (predominantly controlled by the heart) and resistance to fl ow 
(predominantly controlled by the blood vessels).  Baroreceptors  are stretch -
 sensitive mechanoreceptors and detect the pressure of blood fl owing through 
the vessels or areas in which they are located. They are present in numerous 
sites throughout the cardiovascular system, including the carotid sinus, the 
aortic arch, the walls of the left and right atria, the left ventricle and the 
pulmonary circulation. 

 Any alteration in blood pressure within the cardiovascular system is detected 
by the baroreceptors and the circulatory system is stimulated to respond via 
the medulla. If the blood pressure increases, the baroreceptors will be stimu-
lated and there will be a decrease in the sympathetic outfl ow to the heart, 
arterioles and veins. Conversely, the parasympathetic outfl ow to these organs 
will increase. This will result in vagal inhibition of the heart, causing the heart 
rate to slow (bradycardia) and vasodilation so that the blood pressure will 
fall, ideally to within a normal range. Drugs such as halothane can also cause 
bradycardia because they decrease vagal tone. 

  Cardiac output  depends on the rate and the force of heart contractions. 
The SAN controls the heart rate and is innervated by both the sympathetic 
and parasympathetic nervous system. The force of heart contractions depends 
on a number of factors. Starling ’ s law explains that the degree of stretch that 
the heart muscle undergoes will affect the force of contraction  –  the greater 
the degree of stretch, the greater the force of contraction. Thus, if a large blood 
volume fi lls the heart during diastole then the force of contraction will be 
increased, as will the cardiac output. Blood volume will also affect blood pres-
sure. This will infl uence the volume of venous blood that returns to the heart, 
diastolic volume, stroke volume and therefore cardiac output. 

 In addition to neural mechanisms controlling blood pressure, a number of 
chemical mediators infl uence blood vessel diameter and hence the resistance 
to fl ow. For example, vasoactive substances such as kinins present in the 
bloodstream can cause venodilation, lowering blood pressure; drugs such as 
the phenothiazines (for example, acepromazine) also cause vasodilation. 
Alternatively, substances such as antidiuretic hormone and epinephrine can 
cause vasoconstriction and increase blood pressure. 
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 Whether an animal is lying down or standing up will have an effect on the 
baroreceptors and on blood pressure. If humans stand up suddenly, the blood 
supply to the head is decreased. This is detected by baroreceptors and the heart 
rate increases to compensate. A similar mechanism operates in animals. 

 Pathological causes of increased blood pressure (hypertension) include: 

   •      decreased arterial oxygen concentration;  
   •      increased arterial carbon dioxide concentration;  
   •      decreased blood fl ow to the brain;  
   •      increased intracranial pressure.    

 In contrast visceral pain causes a decrease in blood pressure (hypotension). 
Many anaesthetic agents can affect blood pressure (see Chapter  6 ). 

 The blood supply to body tissues is affected by a number of factors: those 
that affect the cardiovascular system in general and local regulatory mecha-
nisms. General controlling factors (which have been discussed already) are 
those that alter the output of the heart, change the diameter of blood vessels 
and alter blood pooling in the venous system. 

 Local controlling factors will cause vasodilation or vasoconstriction of 
specifi c areas of blood vessels. For example vasodilation can be caused by: 

   •      a decreased oxygen tension due to: reduced oxygen in inspired gases, reduced 
alveolar ventilation, ventilation perfusion inequalities, anaemia or pyrexia, 
causing increased oxygen demands;  

   •      decreased pH (acidaemia), for example, due to respiratory or metabolic 
acidosis;  

   •      increased carbon dioxide concentrations due to: increased carbon 
dioxide in inspired gases, increased production of carbon dioxide or 
hypoventilation;  

   •      increased temperature.    

 Local vasoconstriction can be caused by chemicals released by injured arteries 
and arterioles to reduce blood loss. 

 Anaesthesia often causes hypotension, reducing the blood supply to organs 
such as the kidney, damaging the kidneys and impairing excretion of anaesthetic 
agents. Blood supply to the lungs will also be affected during anaesthesia 
because the animal will be recumbent. This affects the ventilation perfusion 
ratio and hence the uptake of gaseous agents, so it is important to monitor blood 
pressure during anaesthesia and ensure that it remains within normal range. 

  Blood –  b rain  b arrier 
 The blood – brain barrier restricts the movement of molecules into the brain. 
Only water, carbon dioxide and oxygen can enter or leave the brain easily by 
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crossing this barrier. Other molecules cross into the brain more slowly. The 
rate is dependent on molecular size and lipid solubility; smaller molecules and 
those with high lipid solubility cross the barrier most rapidly. Anaesthetic 
agents must cross the barrier in order to exert their effect on the brain. Most 
of the inhalational anaesthetic agents used in veterinary practice are lipophilic. 
The more easily they can enter the brain the more potent they are.  

  Shock 
 Shock is defi ned as a circulatory state where the cardiac output is insuffi cient 
to maintain adequate blood fl ow to tissues. Causes of shock include haemor-
rhage, dehydration, heart failure and anaphylaxis. 

 In the initial stages of shock the animal will attempt to compensate physi-
ologically for the loss in blood volume. Systemic vasoconstriction and increased 
heart rate attempt to maintain cardiac output and blood supply to major 
organs. Antidiuretic hormone is released from the pituitary gland to stimu-
late resorption of water and electrolytes, which will also maintain blood 
pressure. 

 As shock progresses, these changes cannot maintain blood volume. The 
heart rate continues to increase and vasoconstriction of the vascular beds of 
the skin and muscle takes place. Fluid from the interstitial space moves into 
plasma, resulting in clinical dehydration. Blood supply to heart, kidney and 
central nervous system is also impaired. 

 If the loss in blood volume continues then the animal will develop irrevers-
ible shock. The animal will have a low cardiac output and low blood pressure. 
Hypovolaemia will result in a prolonged circulation time and reduced periph-
eral circulation. This means that the brain will receive an increased proportion 
of the blood, and, relative to the rest of the body, the brain will actually receive 
more anaesthetic agent. Decreased splanchnic fl ow means that redistribution, 
metabolism and excretion of drugs will be decreased.   

  KIDNEYS AND CONTROL OF FLUID 

 The kidneys have a number of important functions with regard to anaesthesia. 
They are involved in the excretion of many anaesthetic agents and aid in 
the control of blood volume, blood pressure and electrolyte balance. During 
anaesthesia blood supply to the kidneys is often reduced and it is therefore 
important that kidney function is checked before anaesthesia to ensure that 
it can withstand any additional demands that are put upon it (see Chapter  3 ). 

 The kidneys control the excretion and retention of electrolytes such 
as sodium, chloride, potassium, hydrogen and bicarbonate, in addition to 
controlling the excretion of water. The commonest electrolyte imbalance is 
probably metabolic acidosis, due to, for example, chronic vomiting, diarrhoea 
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or diabetes mellitus. Here the plasma concentration of hydrogen ions is 
increased. The kidney increases the excretion of hydrogen ions into the urine 
in exchange for sodium that is reabsorbed from the urinary fi ltrate. The kidney 
also increases bicarbonate resorption from the fi ltrate so that body fl uids 
become more alkaline. 

 In respiratory acidosis, carbon dioxide is retained and converted to 
carbonic acid with an increase in hydrogen ion concentration. In this 
situation, the kidney also increases hydrogen ion excretion so that acidosis 
is reduced. 

 Plasma pH will affect the actions of anaesthetic drugs such as thiopental. 
If the animal is acidotic, the amount of active thiopental in the circulation will 
be increased and therefore lower doses are often required. 

 Renal disease can cause both metabolic acidosis and electrolyte imbalances, 
especially affecting potassium concentration. Renal disease can also 
cause hypoalbuminaemia due to protein loss through the kidney. As many 
anaesthetic and analgesic drugs are transported in the circulation bound to 
albumin, there will be more active drug in the circulation in patients with 
hypoalbuminaemia. Hence animals may require lower doses of protein - bound 
anaesthetic and analgesic agents. In kidney disease, renal excretion of many 
anaesthetic agents will be decreased, meaning that the drug half - life will be 
increased. 

 The kidney is involved with the endocrine system. Alterations in blood 
pressure result in the release of renin from the kidney, which then results in 
the production of aldosterone from the adrenal gland. Aldosterone will act on 
the kidney, causing retention of sodium and water. 

 The kidney also produces erythropoietin in response to a fall in packed cell 
volume. Erythropoietin will induce the production of red blood cells by the 
bone marrow. Animals suffering from kidney disease can therefore be anaemic 
because of a lack of erythropoietin. 

 The kidney produces prostaglandins, such as PGE, which can decrease 
systemic blood pressure, increase blood fl ow in the renal medulla and increase 
urinary sodium excretion. Non - steroidal anti - infl ammatory drugs (NSAIDs) 
are often administered to animals undergoing surgery. It is important to be 
aware that as NSAIDs block prostaglandin production (see Chapter  7 ); this 
will reduce renal blood fl ow and can cause varying degrees of renal damage. 
The extent to which renal prostaglandin production is decreased varies with 
different NSAIDs but it is an important consideration when NSAIDs are 
administered to an animal undergoing anaesthesia.  

  LIVER 

 The liver is important in anaesthesia for a number of reasons. 
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  Drug  t ransport 
 Many anaesthetic and analgesic agents are transported in the bloodstream 
bound to albumin, a protein produced by the liver. Liver disease may cause 
decreased levels of albumin in the bloodstream (hypoalbuminaemia) and con-
sequently a greater proportion of the drug will be free and active in the 
circulation. Thus animals with low albumin levels may require reduced doses 
of anaesthetic and analgesic agents.  

  Drug  m etabolism 
 Anaesthetic agents can directly affect the blood supply to the liver. For example, 
halothane reduces liver blood supply by 30%. 

 The liver is involved in the metabolism of many anaesthetic agents including 
thiopental and propofol. Liver disease, including endocrine disease, decreases 
the liver ’ s ability to metabolise and excrete many anaesthetic drugs, and the 
dose may need to be reduced to avoid overdose. Liver function in diseases 
such as diabetes mellitus, Cushing ’ s syndrome and hypothyroidism is impaired, 
mainly due to the accumulation of fat within the liver. Even when suitable 
precautions are taken, animals suffering from liver disease (acquired or con-
genital) may take longer to recover from an anaesthetic than healthy patients. 

 Breeds such as sighthounds are particularly sensitive to the effects of drugs 
such as thiopental. It is possible that this is because these dogs are usually very 
thin and recovery from thiopental anaesthesia initially is by redistribution of 
the drug into fat. However, it is also possible that these dogs lack particular 
liver enzymes involved in the metabolism of thiopental.  

  Colloid  o ncotic  p ressure 
 Proteins (especially albumin) produced by the liver help to retain fl uid in the 
circulation. If the liver is diseased then albumin levels fall and fl uid is lost from 
the circulation as the colloid oncotic pressure is no longer adequate to coun-
teract the effects of hydrostatic pressure. This can present clinically as oedema 
and ascites.   

  NERVOUS SYSTEM 

 The nervous system can be divided up into the somatic nervous system (involv-
ing voluntary actions such as those of skeletal muscle) and autonomic nervous 
system (involving involuntary actions such as those of the viscera). 

 The main transmitter substance in the somatic nervous system, transmitting 
impulses between nerves and skeletal muscle, is acetylcholine (ACh). 
Acetylcholine is released by the motor axon at the neuromuscular junction, 
travels across the synapse, binds to the muscle cell surface and causes depo-
larisation of the muscle (Figure  2.6 ). Acetylcholine has a very short - acting 
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effect because it is rapidly degraded by the enzyme acetylcholinesterase. The 
speed of transmission of this impulse can be affected by anoxia, anaesthetics 
and some drugs.   

 Many muscle relaxants act on cholinoreceptors. For example, competitive 
neuromuscular blocking drugs, such as atracurium, compete with acetylcholine 
to reversibly combine with cholinoreceptors, resulting in fl accid paralysis. 
However, the skeletal muscles can be fl accid or contracted due to 
suxamethonium. 

 In order for acetylcholine to be released from the nerve cell, suffi cient levels 
of calcium are required. Therefore, if the animal is hypocalcaemic (for example, 
in cases of lactational hypocalcaemia), less acetylcholine is released so muscle 
contraction may not occur and the animal will demonstrate varying degrees 
of weakness. 

 The autonomic nervous system transmits impulses between nerves and 
effector organs in a method similar to that described above. Postganglionic 
nerve fi bres release either acetylcholine or norepinephrine. The transmitter that 
causes an effect distinguishes receptors. Those receptors that respond to 
acetylcholine are known as cholinergic and those that respond to norepineph-
rine are known as adrenergic. 

 Cholinergic receptors are present in both the parasympathetic and sympa-
thetic branches of the autonomic nervous system. Some acetylcholine receptors 
will bind the substance muscarine. The effects of muscarine will mimic those 
of acetylcholine and these receptors are therefore known as muscarinic 

Motor axon 

ACh ACh 
ACh 

ACh 
ACh

ACh
MUSCLE 

 Figure 2.6     Action of acetylcholine. ACh released by the motor axon crosses the synapse 
and binds to the surface of the muscle cell, causing depolarisation. 
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receptors. Atropine will compete with acetylcholine to bind to muscarinic 
receptors so that acetylcholine cannot bind to them. Thus atropine is often 
given as a pre - anaesthetic medication to inhibit the effects of the parasympa-
thetic nervous system, and is variably referred to as a parasympatholytic or 
anticholinergic or antimuscarinic agent. 

 Adrenergic receptors can be further divided into alpha or beta receptors, 
dependent on the type of effect that these receptors have. For example alpha -
 adrenergic receptors are present where norepinephrine has an excitatory activ-
ity, except in the alimentary tract where norepinephrine has an inhibitory 
effect. Beta receptors are present at junctions where norepinephrine relaxes 
smooth muscle or excites cardiac muscle. Alpha receptors can be further 
divided into  α  1  and  α  2  groups. Alpha - 2 agonists, such as medetomidine, are 
discussed later (see Chapter  6 ).  

  OVERVIEW OF AVIAN RESPIRATORY PHYSIOLOGY 

 The avian respiratory system is different to that of mammals in a number of 
ways and is extremely complicated. The description that follows is a simplifi ed 
version of that to be found in Edling  (2006) . 

 The most notable difference between birds and mammals is that the lungs 
of birds are rigid structures, attached to the underside of the thoracic verte-
brae. To allow air to move back and forth, the bird has a series of thin - walled 
elastic air sacs that act as bellows. On average there are nine air sacs  –  a 
cervical air sac in the lower neck, paired clavicular air sacs (at the neck inlet), 
cranial thoracic air sacs, caudal thoracic air sacs and abdominal air sacs. These 
expand by contraction of the external intercostal muscles which pull the ribs 
laterally and cranially, and the movement of the sternum ventrally and crani-
ally. These actions increase the volume of the body cavity (known as the 
coelomic cavity; there is no division into a thorax and abdomen) and allow 
the air sacs to infl ate. Reversal of the process by dorsal and caudal movement 
of the sternum, and contraction of the internal intercostal muscles moving the 
ribcage medially and caudally, decreases body cavity size. In association with 
the natural elastic recoil of the air sacs, air is thus expelled, allowing expira-
tion to occur. 

 On inspiration fresh air is inhaled. The inspired air and the air already in 
the dead spaces may largely bypass the lung structure and go straight to the 
most caudal air sacs in the abdomen. Air already in the airways is displaced 
cranially through the gaseous exchange portion of the lung structure and on 
into the cranial air sacs in the thorax and cervical areas. During the following 
expiration, air in the caudal air sacs (abdominal and caudal thoracic) is passed 
again through the portions of the lung responsible for gaseous exchange. This 
allows the bird to extract oxygen from air on both inspiration and expiration, 
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but if the chest or abdomen is in any way constricted, the ribs cannot move 
and the air sacs cannot work and so the bird will rapidly asphyxiate. 

 The air sacs are important in that they can be cannulated directly to supply 
air to the bird if there is a physical obstruction to the trachea. It does not 
matter whether the air sac cannulated is a cranial air sac or an abdominal air 
sac, as air fl ow through the airways does not alter the bird ’ s ability to extract 
oxygen from it. The air sacs will also accumulate anaesthetic gases, so recovery 
may be more prolonged with certain gaseous anaesthetics in comparison with 
mammals. 

 Many anaesthetic agents suppress respiration in birds. One such drug is 
halothane, which will depress the intrapulmonary chemoreceptors ’  ability to 
detect a rising  P CO 2  level during anaesthesia; this can lead to respiratory sup-
pression and anoxia.  

  REPTILE PHYSIOLOGY RELEVANT TO ANAESTHESIA 

 Reptiles are ectothermic, that is, they rely on external heat to maintain their 
body temperature at a physiologically optimum level. Each reptile has a pre-
ferred body temperature (PBT) at which it functions most effectively. To 
enable it to maintain its PBT the reptile must be kept in a temperature zone 
covering this PBT so that it may regulate its body temperature by movement 
within the temperature gradient provided. This temperature is known as the 
preferred optimum temperature zone (POTZ). As all metabolic processes are 
enhanced by increasing the temperature at which they work, it can be seen 
that to ensure safe recovery from an anaesthetic, particularly from an anaes-
thetic which has to be metabolised by the body in order for the reptile to 
recover, the reptile must be kept at or near its PBT during the recovery period. 

 Other factors to be considered in reptile anaesthesia include the ability of 
many species to hold their breath. This is particularly true for members of the 
Chelonia family. They may breathe so slowly, and utilise anaerobic respiration 
so effectively, that some species can survive for many hours without breathing 
oxygen at all. This makes induction of anaesthesia using volatile anaesthetic 
agents futile in these species. In addition, the stimulus for reptiles to breathe 
is based on a decrease in the  P O 2  and not an increase in the  P CO 2 . Thus 
placing a reptile in an oxygen - enriched atmosphere will inhibit breathing 
rather than enhance it. 

 Finally, many reptiles possess a unique blood fl ow pattern in the caudal 
half of their bodies, which has a bearing on where drugs such as injectable 
anaesthetics should be administered. The renal portal system is a blood drain-
age system whereby the blood from the caudal limbs and tail may be passed 
through the renal parenchyma before returning to the heart. This pattern of 
blood fl ow may not occur at all times, but the fact that it occurs at all should 
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make the operator wary of administering any nephrotoxic drug into the caudal 
half of a reptile ’ s body. In addition, anaesthetic agents excreted by the renal 
route may be discharged from the body before they have had a chance to 
work. Injectable medications should therefore be administered, if possible, into 
the cranial half of reptiles.  
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 Preoperative 

Assessment and 

Preparation of the 

Patient  

  Joan   Duncan       

     The perfect anaesthetic drug would induce reversible unconsciousness, anal-
gesia and muscle relaxation without depression of the heart and lungs. It 
would not require metabolism and would be non - toxic to the patient. Although 
the anaesthetic agents used for veterinary patients have improved greatly in 
recent years, they still fall short of this ideal. Consequently, careful pre -
 anaesthetic assessment of patients before sedation and anaesthesia is essential 
to identify physiological, pathological or drug - related factors which may com-
plicate the anaesthetic management or the surgical procedure, the expected 
outcome of surgery, or the management of the patient. This chapter reviews 
the components of the pre - anaesthetic assessment and the actions that may be 
required to investigate or stabilise any abnormalities. 

 It is essential to collect a detailed medical history and perform a thorough 
physical examination before any procedure. On the basis of these examina-
tions, further diagnostic tests may be recommended, or the perioperative 
management tailored to the individual ’ s needs (Figure  3.1 ). Initial assessment 
of the patient is often performed by the veterinary surgeon when medical or 
surgical options are being outlined to the client. Examination at this time 
means that any further tests which may be required can be discussed with the 
pet owner. Assessment of the patient should be repeated on admission of the 
animal, to ensure that nothing has been overlooked and that the patient ’ s 
condition has not changed since the time of the initial consultation.   

 The risk of anaesthesia - related deaths is increased in ill patients and it is 
valuable to implement the ASA (American Society of Anesthesiologists) 
classifi cation scheme (as detailed in the box) in order to identify higher - risk 
individuals.    
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     Figure 3.1     Components of assessment.  

     ASA  (AMERICAN SOCIETY OF ANESTHESIOLOGISTS) CLASSIFICATION 
SCHEME 
  I    Healthy patient  
  II    Mild systemic disease; no functional limitation  
  III    Severe systemic disease; defi nite functional limitation  
  IV    Severe systemic disease that is a constant threat to life  
  V    Moribund patient unlikely to survive 24 hours with or without surgery  
  E    Added to the above classifi cation if the patient is presented on an emergency 

basis; denotes additional risk inherent in rushing into a procedure  

  HISTORY 

 A standard approach to recording a medical history is essential to ensure that 
important factors are not missed. The most important topics are outlined 
below, but it can be diffi cult to gain accurate information from some pet 
owners. 
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  General  c onsiderations 
    (1)     Confi rm identity of patient. This may include practice details, e.g. case 

number, in addition to general information such as species.  
  (2)     Confi rm age of patient. Both very young and geriatric ( ≥ 75 – 80% of life 

span) patients are more susceptible to the effects of anaesthetics.  
  (3)     Breed. Many owners of purebred animals are concerned about breed sen-

sitivities to selected anaesthetic drugs. Currently, there is little scientifi c 
information to support these fears although many breed websites perpetu-
ate the concerns. However, it is important to consider disease susceptibility 
in specifi c breeds, for example, von Willebrand ’ s disease in the Dobermann. 
The increased susceptibility of brachycephalic and large - breed dogs 
to acepromazine is well recognised, as is the increased susceptibility 
of sighthounds to thiopental. Other, more general, breed - related 
concerns might have to be considered during the anaesthetic period, 
such as the possibility of upper airway obstruction in brachycephalic 
breeds.  

  (4)     Entire or neutered? If the patient is an entire female, then when was her 
last season? In entire females consider the possibility of pregnancy and the 
effects the gravid uterus may have on cardiovascular and respiratory func-
tion. Additionally, it is important to consider the effect of the chosen 
anaesthetic agents on the fetus, e.g. teratogenicity, abortion.  

  (5)     Prior adverse reactions to drugs or anaesthetic agents. Review any previ-
ous anaesthetic records available for the patient.  

  (6)     Prior medical history.  
  (7)     Recent and current drug therapy. Diuretic therapy may have signifi cant 

effects on body water content and electrolyte concentrations, while long -
 term glucocorticoid treatment can impair the ability of the patient to 
mount an appropriate stress response. The administration of some antibi-
otics can affect the action of anaesthetic agents, for example, aminogly-
coside antibiotics can affect the action of non - depolarising muscle 
relaxants. Other drugs that may affect the course or outcome of the anaes-
thetic include digoxin, phenobarbital, cimetidine and other H 2  blockers, 
beta blockers, insecticides, calcium channel blockers, angiotensin convert-
ing enzyme (ACE) inhibitors, bronchodilators, glucocorticoids and non -
 steroidal anti - infl ammatory drugs. In general, drug therapy should be 
continued as normal, ensuring administration before premedication.  

  (8)     Main complaint and history.     

  Cardiovascular  h istory 
     •      Exercise tolerance: one of the most useful indicators of cardiac  ‘ fi tness ’ . It 

is advisable to investigate reported exercise intolerance before surgery, and 
stabilise any identifi able cardiopulmonary disease.  
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   •      Coughing?  
   •      Diffi culty breathing?     

  Gastrointestinal  h istory 
     •      Persistent, recurrent or recent vomiting?  
   •      Persistent, recurrent or recent diarrhoea?  
   •      Altered water intake? Investigation of polydipsia and polyuria (PUPD) 

should be considered before surgery, since many of the causes of PUPD 
would also be associated with increased anaesthetic risk, for example, renal 
disease, feline hyperthyroidism.  

   •      Altered appetite?     

  Neurological  h istory 
     •      Prior seizures or collapsing episodes. Acepromazine may decrease the seizure 

threshold in epileptic patients and induce seizures.  
   •      Muscle twitching.     

  Dermatological  h istory 
     •      Masses or swellings present? Recently noticed? Rapidly enlarging? Record 

any erythema or pain on handling the lesion. When handled, mast cell 
tumours can release histamine that can cause hypotension.  

   •      Confi rm with owner, and record, the location of lesions for investigation or 
removal.     

  General  h istory 
     •      Behavioural changes?  
   •      Signs of pain?  
   •      Sleeping position: may indicate respiratory compromise, e.g. animals with 

bilateral pleural effusions often sleep upright.    

   ‘ Red  a lert ’   a nswers or  e vasions 
 In many patients with systemic disease the owner has identifi ed signifi cant 
changes (for example, in appetite or exercise tolerance) but may have failed 
to recognise the signifi cance of these changes, or perhaps attributed them to 
the ageing process. Careful physical examination is particularly important in 
geriatric patients and where the owner has reported exercise intolerance, 
coughing and polydipsia.    

  PHYSICAL EXAMINATION 

 The physical examination of a patient may be performed in many ways but it 
is important to establish a routine, which ensures that all body systems are 
examined. 
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  Cardiovascular  a ssessment 
     •      Heart rate and rhythm.  
   •      Pulse rate and quality: ensure that there is no pulse defi cit present; that is, 

each heart beat should generate a palpable pulse.  
   •      Murmurs: gallop rhythms and murmurs in cats must be taken seriously since 

these patients may be poor anaesthetic candidates.  
   •      Mucous membrane colour.  
   •      Capillary refi ll time: not a sensitive indicator but refl ects poor circulation 

or hypovolaemia if the refi ll time is  > 2   sec.  
   •      Temperature of extremities.  
   •      Jugular vein examination: check for distension or presence of a jugular 

pulse.     

  Respiratory  a ssessment 
     •      Respiratory rate (normal dog: 10 – 30 breaths per minute; normal cat: 20 – 30 

breaths per minute).  
   •      Respiration character: rapid, shallow breathing can be noted in pulmonary 

disease or the presence of pleural effusion (air or fl uid), while a slow respira-
tion rate with increased effort can be noted with airway obstruction, for 
example, tracheal collapse.  

   •      Pulmonary auscultation.  
   •      Percussion to assess thoracic resonance; for example, dullness on percussion 

could refl ect the presence of free pleural fl uid.     

  Oral  e xamination 
     •      Examination for masses, ulceration (possibly associated with uraemia) and 

petechiation (most commonly associated with thrombocytopenia).     

  Lymph  n odes 
     •      Generalised or localised lymphadenopathy? Cytological examination of a 

fi ne needle aspirate or histological examination of a biopsy would be 
required for further investigation.     

  Abdominal  p alpation 
     •      Renal size.  
   •      Abdominal mass present?  
   •      Abdominal pain present?     

  Dermatological  e xamination 
 Examination for: 
   •      masses or swellings;  
   •      discoloration, including petechiation and bruising;  
   •      other skin lesions, for example, pustules, erythema, scale.     
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  Reproductive  s ystem 
     •      Examination of the vulva in an entire bitch.  
   •      Check mammary glands or testicles for swellings or masses.     

  General  a ssessment 
     •      Body condition:     Obesity compromises the cardiovascular system and 

demands an increased respiratory effort. Obese patients should receive drug 
dosages calculated on ideal body weight. Cachexic patients are physiologi-
cally stressed and have little metabolic or homeostatic reserve. They 
may have a reduced ability to metabolise injectable anaesthetic agents 
because of impaired hepatic function. Care should be taken during the 
anaesthetic procedure to minimise heat loss and to pad pressure points in 
these patients.  

   •      Demeanour:     The veterinary surgeon may choose different pre - anaesthetic 
or general anaesthetic drugs for patients that are very excitable, nervous or 
aggressive compared to those for a quiet, relaxed patient.     

  Hydration  s tatus 
 The results of the following observations are important in the identifi cation 
of dehydration and/or hypovolaemia: 

   •      skin elasticity;  
   •      pulse rate and quality;  
   •      mucous membrane colour: mucosal pallor may refl ect hypovolaemia, poor 

circulation or anaemia (however, in chronic anaemia the mucosal colour 
may appear relatively normal);  

   •      capillary refi ll time;  
   •      respiratory rate;  
   •      temperature of extremities;  
   •      mental alertness.      

  THE SIGNIFICANCE OF ABNORMALITIES 

 The common causes of some of the most important abnormalities detected 
during patient assessment are listed in Table  3.1 .   

 Further assessment or investigation, before surgery, is warranted for many of 
these clinical presentations, but this is especially true for exercise intolerance, 
coughing, polydipsia, suspected hepatic encephalopathy and bleeding disor-
ders. Many of the causes of these presenting signs could have a signifi cant 
impact on both anaesthetic and surgical procedures. A brief guide to the proce-
dures, which may be required for further investigation, is given in Table  3.1 , but 
in some cases it is not possible to fully investigate the signs, or establish a 
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 Table 3.1     Pre - anaesthetic abnormalities, possible causes and the tests often used to inves-
tigate these clinical presentations. Anorexia may be associated with many systemic diseases 
and is not listed here. 

   Clinical abnormalities 

noted or reported  

   Possible causes     Further tests often 

required to reach an initial 

diagnosis  

  Exercise intolerance    Cardiac disease 

 Respiratory disease 

 Systemic disease including 

anaemia  

  Thoracic radiography 

 Electrocardiogram (ECG) 

 Ultrasound examination 

 Haematology and 

biochemistry screen  

  Respiratory 

embarrassment  

  Pleural effusion 

 Diaphragmatic rupture 

 Pulmonary disease  

  Thoracocentesis 

 Radiography  

  Coughing    Cardiac disease 

 Respiratory disease  

  Thoracic radiography 

 Bronchoscopy 

 Tracheal wash 

 Blood tests, e.g. NT - proBNP 

(prohormone brain 

natriuretic peptide) 

 Therapeutic trials, e.g. 

diuretic therapy  

  Episodic collapse    Cardiac disease 

 Pulmonary disease 

 Neurological disease 

 Hypoglycaemia  

  Radiography 

 ECG 

 Ultrasound examination 

 Biochemistry profi le  

  Vomiting    Gastric disease 

 Intestinal disease 

 Pancreatic disease 

 Pyometra 

 Renal disease 

 Liver disease 

 Feline hyperthyroidism 

 Diabetes mellitus 

 Hypoadrenocorticism  

  Radiography 

 Biochemistry screen 

(including electrolytes) 

 For pancreatitis: amylase, 

lipase and canine/feline 

pancreatic lipase 

immunoreactivity 

 Endoscopic examination 

 Biopsy  

  Diarrhoea    Intestinal disease 

 Feline hyperthyroidism 

 Liver disease 

 Hypoadrenocorticism  

  Faecal examination 

 Biochemistry screen 

(including electrolytes) 

 Trypsin - like immunoreactivity 

(TLI), folate, cobalamin 

 Breath hydrogen test 

 Intestinal permeability tests, 

e.g. sugar probes 

 Biopsy (intestinal or hepatic)  
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   Clinical abnormalities 

noted or reported  

   Possible causes     Further tests often 

required to reach an initial 

diagnosis  

  Polydipsia    Renal disease 

 Liver disease 

 Pyometra 

 Feline hyperthyroidism 

 Diabetes mellitus 

 Hyperadrenocorticism 

 Hypercalcaemia 

 Hypoadrenocorticism 

 Diabetes insipidus 

 Psychogenic polydipsia  

  Urinalysis, haematology and 

biochemistry screen 

(including calcium and 

electrolytes) 

 Feline thyroxine (T4) 

 Bile acid stimulation test 

(hepatic function) 

 Low dose dexamethasone 

suppression test or 

adrenocorticotrophic 

hormone (ACTH) 

stimulation test (for 

hyperadrenocorticism)  

  Petechiation/bruising    Thrombocytopenia 

 Coagulation defects 

 Trauma 

 Vasculitis  

  Haematology profi le with fi lm 

examination 

 Coagulation profi le, e.g. 

activated clotting time 

(ACT), prothrombin time 

(PT), activated partial 

thromboplastin time (APTT), 

fi brinogen  

  Lymphadenopathy    Reactive lymphoid 

hyperplasia 

 Metastatic neoplasia 

 Lymphadenitis 

 Lymphoma  

  Examination of drainage 

region of enlarged nodes 

 Cytological examination of 

fi ne needle aspirate 

 Histological examination of 

biopsy  

  Neurological signs or 

behavioural changes  

  Primary neurological disease 

 Hepatic encepholopathy, 

e.g. congenital 

portosystemic shunt 

 Hypoglycaemia 

 Hypocalcaemia  

  Biochemistry screen 

 Diagnostic imaging 

 Cerebrospinal fl uid analysis 

 Serology 

 Magnetic resonance imaging  

Table 3.1 (Continued)

diagnosis, before anaesthesia or surgery. However, even without a defi nitive 
diagnosis, steps can still be taken to stabilise the patient, or provide a more suit-
able anaesthetic protocol, for example, preoperative oxygenation and short-
ened surgical procedures for animals with possible cardiopulmonary disease.  



Preoperative Assessment and Preparation 47 

  PREOPERATIVE MANAGEMENT OF SYSTEMIC DISEASE 

 For most of the diseases listed in Table  3.1 , it is important to establish a 
diagnosis or narrow the differential diagnosis list before anaesthesia. Where 
anaesthesia is required in an emergency then consideration should be given to 
all the possible causes of physical abnormalities or reported signs. For many 
diseases, anaesthesia may be required to perform the procedures necessary to 
make a diagnosis, for example, radiography, bronchoscopy and liver biopsy. 
The following sections briefl y describe the effects of specifi c conditions on 
homeostatic mechanisms relating to anaesthesia, and highlight some of the 
methods for stabilising patients before anaesthesia or surgery. 

  Dehydration 
 Dehydration or hypovolaemia should be suspected if the following are 
reported in the history: vomiting, diarrhoea, sepsis, trauma and diuretic 
treatment. In addition to absolute volume depletion, there may be other 
abnormalities: 

   •      reduced tissue perfusion (this is particularly important as many drugs are 
metabolised by the liver and excreted by the kidneys);  

   •      electrolyte disturbances;  
   •      acid – base disturbances;  
   •      reduced oxygen - carrying capacity where there has been haemorrhage.    

 When possible, hypovolaemia should be corrected before surgery. It may be 
necessary to replace fl uid losses and correct electrolyte disturbances during 
and after surgery but it is recommended that hypoglycaemia and hypo -  and 
hyperkalaemia be corrected before anaesthesia. Calculation of fl uid require-
ments should take into consideration the degree of dehydration, gastrointes-
tinal losses, e.g. vomiting, blood loss and insensible losses (Welsh and Girling 
 2007 ).  

  Trauma and  a naemia 
 In addition to assessment of obvious injuries, consider: 

   •      Severity: Suspect internal haemorrhage if there are multiple fractures.  
   •      Onset and duration: some internal consequences such as pulmonary 

contusions may not be evident for 24 – 48 hours. If possible anaesthesia 
should be delayed until the contusions have resolved.  

   •      Blood loss: The packed cell volume (PCV) and total protein concentration 
are initially within the reference range. After 12 – 24 hours, redistribution of 
body water into the vascular space (to maintain blood volume) produces a 
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decline in total protein concentration, and then PCV. Initially, therefore, the 
PCV is not a reliable indicator of the amount of blood lost. Decreased PCV 
will affect the total oxygen - carrying capacity of the blood and demands 
more critical interpretation of  S pO 2  results obtained by pulse oximetry. 
Small changes in  S pO 2  are of greater signifi cance in anaemic patients than 
in non - anaemic individuals. For chronic and acute anaemia, blood 
transfusion (Knottenbelt and Mackin  1998a, b ) or administration of bovine 
haemoglobin (Rentko  2000 ) may be required to maintain the oxygen - 
carrying capacity of the blood.  

   •      Possibility of ruptured diaphragm.  
   •      Possibility of ruptured bladder.     

  Cardiac  d isease 
 Where possible, make an accurate diagnosis so that specifi c effects can be 
predicted and the perioperative management tailored to the individual patient. 
Anaesthesia should be avoided in uncontrolled cardiac disease. When anaes-
thesia is undertaken the following should be considered: 

   •      Lower dosage and slower infusion rates of injectable agents may be required.  
   •      Possibility of reduced renal clearance and hepatic removal of drugs.  
   •      Pulmonary oedema should be treated before surgery since it decreases 

oxygenation.  
   •      Noxious stimuli (including anaesthesia) initiate the stress response, which 

in most circumstances is a lifesaving mechanism. However, sodium retention 
and water conservation are features of the stress response that could 
complicate anaesthesia in patients with cardiac disease.  

   •      Take care with administration of fl uids to patients with cardiac disease. 
Frequent monitoring is essential to detect pulmonary oedema.  

   •      Frequent physiological monitoring is essential during the perioperative 
period.     

  Pulmonary and  t horacic  d isease 
 Anaesthesia is frequently required in patients with chronic pulmonary disease 
to facilitate radiography and advanced diagnostic imaging techniques, 
bronchoscopy, collection of material for cytological examination and collec-
tion of material for culture. Many patients have suffered chronic hypoxia and 
have blood gas abnormalities with altered uptake of gaseous anaesthetics. In 
these individuals, and in animals with severe disease, therapy may be required 
to stabilise the patient before investigative procedures. Stabilisation may 
require antibiotic therapy, diuretics and bronchodilators, which may, unfor-
tunately, have some effect on the cytological features of the disease and the 
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culture results. Procedures should be as short as possible and some (for 
example, transtracheal wash) may be performed without chemical restraint or 
with light sedation alone. Increasing the oxygen content of inspired air before 
induction can be helpful for patients with pulmonary disease. 

 In cases of trauma, especially where there are multiple fractures, there 
should be an increased suspicion of pulmonary contusions. The full extent of 
pulmonary lesions associated with both trauma and smoke inhalation is likely 
to develop over 24 – 48 hours and may be missed on initial presentation. Where 
pleural fl uid is suspected, this should be drained by thoracocentesis before 
anaesthesia.  

  Hepatic  d isease 
 The following are potential consequences of hepatic disease, which may impact 
upon anaesthetic or surgical procedures: 

   •      prolonged action of anaesthetic agents which require hepatic metabolism, 
e.g. thiopental;  

   •      hypoalbuminaemia results in a relative overdosage of albumin - bound drugs, 
e.g. thiopental;  

   •      hypoalbuminaemia may increase risk of pulmonary oedema;  
   •      ascites may impair respiration;  
   •      hypoglycaemia;  
   •      hepatic encephalopathy;  
   •      electrolyte disturbance;  
   •      clotting defects;  
   •      platelet dysfunction.    

  Diagnosis of  l iver  d isease 
 For patients undergoing anaesthesia for biopsy of the liver, it is likely that a 
large amount of information is available. The tests and investigations com-
monly performed are listed in Table  3.2 .   

 A wide range of extrahepatic diseases and drugs can affect the liver enzymes 
(see box) and care should be taken in the interpretation of pre - anaesthetic 
blood profi les which include liver enzymes. 

 Confi rmation of primary hepatic disease is likely to require: 

   •      measurement of liver function indicators;  
   •      exclusion of extrahepatic disease on basis of clinical signs and history;  
   •      exclusion of extrahepatic disease on basis of further tests;  
   •      diagnostic imaging;  
   •      liver biopsy.       
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 Table 3.2     Laboratory tests and other procedures commonly used in the investigation of 
liver disease in dogs and cats. 

   Liver enzymes     Liver function tests     Other tests  

  Alanine aminotransferase (ALT)    Bilirubin    Total protein  

  Aspartate aminotransferase (AST)    Albumin    Glucose  

  Alkaline phosphatase (ALP)    Urea    Haematology  

  Gamma - glutamyl transferase (GGT)    Cholesterol    Radiography  

  Bile acids    Ultrasound examination  

  Ammonia    Fine needle aspirate  

    INFLUENCES ON LIVER ENZYMES 

  Extrahepatic  c onditions 

    Intestinal disease  
  Pancreatic disease  
  Cardiac disease  
  Shock  
  Hypothyroidism  
  Hyperthyroidism  
  Diabetes mellitus  
  Hyperadrenocorticism  
  Severe dental disease  
  Pyometra  
  Abscess  
  Trauma     

  Drugs 

    Glucocorticoids  
  Anticonvulsants      

  Preoperative  m anagement of  l iver  d isease 
 It is advisable to stabilise patients with hepatic encephalopathy by medical 
means before any surgical intervention, for example, for ligation of a shunt 
vessel. Ascites should also be treated medically before surgery if possible, since 
large amounts of abdominal fl uid can cause respiratory embarrassment. 
Medical management is preferred, but slow manual drainage may be required 
if there is signifi cant respiratory distress. 
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 Liver dysfunction and obstruction of the bile duct can produce coagulation 
defects secondary to impaired synthesis of coagulation factors and failure of 
vitamin K absorption, respectively. It is therefore essential to check the clotting 
times before biopsy of the liver. Parenteral treatment with vitamin K for 12 – 24 
hours before surgery corrects the vitamin K defi ciency associated with biliary 
obstruction, but infusion of fresh or fresh frozen plasma or fresh whole blood 
(administered within 6 hours of collection) would be required to replace the 
coagulation factor defi ciency of liver dysfunction. Any whole blood for trans-
fusion must be fresh, since ammonia accumulates in stored blood and may 
precipitate hepatic encephalopathy. 

 Signifi cant platelet dysfunction can be associated with liver disease and 
is identifi ed using the buccal mucosal bleeding time, a test of primary 
haemostatic function (see box and Figure  3.2 ). Abnormal results are a 
consequence of thrombocytopenia, platelet dysfunction or von Willebrand ’ s 
disease.       

    PERFORMANCE OF BUCCAL MUCOSAL BLEEDING TIME ( BMBT ) 

  Equipment 

     •      Simplate  ®   (a spring - loaded device which delivers two incisions of standard 
length and depth to a mucosal surface)  

   •      Length of bandage to tie around the everted upper lip and maxilla  
   •      Filter paper, blotting paper or tissue     

  Method 

     •      Evert the upper lip and tie it so that the mucosal surface is exposed.  
   •      Place the Simplate  ®   against the mucosal surface and trigger the device, 

delivering two incisions to the lip. Ensure the device is not close to large 
blood vessels.  

   •      Blood oozing from the incisions is blotted. Blot the area next to the incision 
and do not disturb the wound.  

   •      Record the time taken for bleeding to stop. A marked difference in bleeding 
times for the two incisions usually refl ects laceration of a blood vessel by 
one blade.     

  Results 

 In normal, sedated or anaesthetised dogs and cats the BMBT is less than 4 
minutes.   
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  Renal  d isease 
 The following factors should be considered in patients with renal disease: 

   •      Uraemia increases the sensitivity of the patient to anaesthetic drugs.  
   •      Decreased renal perfusion during anaesthesia may precipitate clinical disease 

in individuals with pre - existing subclinical disease.  
   •      Anaemia (associated with chronic renal failure) reduces tolerance to 

decreased tissue perfusion.  
   •      Hypertension may be noted with chronic renal failure.  
   •      Hypoproteinaemia (secondary to proteinuria) increases the risk of 

pulmonary oedema during fl uid therapy.  
   •      Postrenal obstruction, for example, feline lower urinary tract obstruction, 

may cause dehydration, hyperkalaemia, uraemia and acidosis.    

  Diagnosis of  r enal  d isease 
 Renal failure is defi ned as an inability of the kidneys to maintain normal 
homeostatic functions and is noted when approximately 75% of normal func-
tion is lost. Diagnosis usually relies upon identifi cation of azotaemia (raised 
urea and creatinine concentrations) and a failure to maximally concentrate 
urine (Figure  3.3 ). Care must be taken when interpreting the urea and 
creatinine concentrations, since increases can be associated with pathological 
processes other than primary renal failure (Table  3.3 ). Raised urea and 
creatinine commonly refl ect pre - renal disease (hypovolaemia) and need not 
indicate primary renal disease. In addition, the creatinine concentration in any 
individual is related to the muscle mass and glomerular fi ltration rate (GFR). 
Therefore, in patients with reduced muscle mass (common in geriatric cats), 

 Figure 3.2     Performance of a buccal mucosal bleeding time (BMBT). 
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Azotaemia (↑urea, ↑creatinine) 

USG <1.030 dogs 
USG <1.035 cats 

Consider renal disease* 

USG >1.030 dogs 
USG >1.035 cats 

Consider pre-renal 
causes 

 Figure 3.3     Interpretation of urea and creatinine concentrations and the urine specifi c 
gravity (USG). Ideally, urine should be collected at the time of blood sampling.  * Other 
diseases, which impair tubular function, will also produce urine that is not maximally con-
centrated, e.g. hypercalcaemia, hypoadrenocorticism. 

 Table 3.3     Causes other than primary renal failure of raised urea in dogs and cats. 

   Cause     Additional useful tests  

  Dehydration    Physical examination and history 

 PCV 

 Total protein concentration 

 Urine specifi c gravity (SG) 

 Electrolytes  

  Cardiac disease    Physical examination and history 

 Diagnostic imaging  

  Recent high - protein meal    History  

  Intestinal haemorrhage    History 

 Haematology profi le (to identify an iron - defi ciency 

anaemia secondary to chronic blood loss) 

 Faecal occult blood test (patient must be on a 

meat - free diet)  

  Postrenal obstruction    History and physical examination  

the creatinine concentration may be within the reference range, even in patients 
with renal disease. The urine specifi c gravity is used to assess tubular function 
and provides additional supportive evidence of renal disease where other 
causes of tubular dysfunction (e.g. hypercalcaemia, pyometra, hyperadreno-
corticism) have been excluded (Figure  3.3 ).      

  Preoperative  m anagement 
 The aim of management is to avoid reduced renal perfusion that can precipi-
tate clinical disease in patients with subclinical disease and cause deterioration 
in patients with recognised disease: 

   •      Maintain fl uid balance.  
   •      Avoid non - steroidal anti - infl ammatory agents.  
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   •      Avoid water deprivation.  
   •      Maintain normotension.    

 Treatment of hyperkalaemia in postrenal obstruction should be undertaken 
before anaesthesia, and may require fl uid therapy, administration of sodium 
bicarbonate and peritoneal lavage with potassium - free fl uid (Cowgill and 
Francey  2005 ).   

  Endocrine  d isease 
 The body responds to noxious stimuli, including anaesthesia and surgery, by 
initiating the stress response. The stress response ensures suffi cient energy for 
tissues, facilitates water conservation and allows for healing (by increased 
protein synthesis) in the time following the noxious stimulus. Many patients 
with endocrine disease cannot mount an appropriate stress response. Most 
endocrine diseases, therefore, can have major implications for the periopera-
tive management of patients (Table  3.4 ).    

  Ocular  d isease 
 The following are considerations when planning ocular surgery: 

   •      Avoid drugs that induce vomiting and therefore an increased intraocular 
pressure.  

   •      Patients for cataract surgery may have diabetes mellitus and require specifi c 
planning for the timing of surgery, perioperative management of insulin 
therapy and intraoperative blood glucose measurements (Table  3.4 ).  

   •      Mannitol may be given before surgery, to decrease intraocular pressure.      

  GERIATRIC PATIENTS 

 Individuals are considered to be geriatric when they are older than 75 – 80% 
of their expected life span. They have an increased risk of age - related disease 
and particular care must be taken when obtaining the patient ’ s history and 
performing the physical examination. Reports of exercise intolerance and 
increased thirst are of concern since these could refl ect cardiac disease and 
early renal disease, respectively. The physiological factors, which may be 
important in any geriatric patient, include: 

   •      Decreased drug elimination secondary to reduced hepatic mass and blood 
fl ow.  

   •      Decreased dose of injectable anaesthetics required.  
   •      Decreased renal perfusion. Consideration should be given to administration 

of fl uid therapy routinely in older patients. However, care must be taken in 
patients with cardiac disease.  
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 Table 3.4     Management considerations for patients with endocrine disease. 

   Disease     Anaesthetic considerations  

  Diabetes mellitus    Correct ketoacidosis and fl uid defi cits prior to surgery 

 Place intravenous cannula for easy access 

 Follow patient ' s normal insulin - feeding regime as closely as 

possible 

 Give half dose insulin at premedication 

 Detect hypoglycaemia by frequent blood glucose 

measurements during and after surgery. Collect blood 

sample for glucose estimation at a different site from fl uid 

administration 

 Expect upset glycaemic control for a few days after surgery  

  Insulinoma    Risk of massive insulin release after tumour has been handled 

 Place intravenous cannula for easy access 

 Monitor blood glucose frequently. Collect blood sample for 

estimation at a different site from fl uid administration 

 Avoid large boluses of glucose to correct hypoglycaemia  –  

these may stimulate further insulin secretion. Use of 

intravenous dextrose (2.5%) solutions prevents signifi cant 

hypoglycaemia 

 Increased risk of postoperative pancreatitis and hyperglycaemia  

  Hyperadrenocorticism 

(Cushing ’ s disease)  

  Increased risk of pulmonary thromboembolism 

 Increased skin fragility  

  Hypoadrenocorticism 

(Addison ’ s disease)  

  Inability to mount a stress response 

 Replacement glucocorticoids required (in addition to 

maintenance mineralocorticoids)  

  Hyperthyroidism    Hypertrophic cardiomyopathy, hypertension, impaired renal 

function, poor body condition and aggression 

 Medical management for 3 – 4 weeks prior to surgery, in order 

to achieve euthyroidism. Check T4 and renal function prior 

to surgery since establishment of euthyroidism can lead to 

deterioration in renal function 

 Check for postoperative hypocalcaemia after thyroidectomy. 

 Signs include increased vocalisation, restlessness, muscle 

twitching and seizures  

  Hypothyroidism    Obesity, bradycardia, laryngeal paralysis. May also have other 

endocrine disease, especially diabetes mellitus or 

hypoadrenocorticism 

 Delayed recovery and risk of hypothermia  
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   •      Potential for decreased oxygenation.  
   •      Increased physiological monitoring including blood pressure, if possible.  
   •      Long procedures (e.g. dental surgery) present an increased risk of 

hypothermia.     

  PREOPERATIVE BLOOD TESTS 

 The aim of preoperative blood testing in apparently healthy patients is to 
identify disease processes which may progress as a consequence of the patient ’ s 
management (e.g. subclinical renal disease), diseases which would benefi t from 
preoperative stabilisation, and those which may have an impact on the anaes-
thetic regime (e.g. hypoalbuminaemia). There is some controversy over routine 
pre - anaesthetic screening and one study failed to demonstrate an additional 
benefi t of testing where a thorough physical examination and detailed medical 
history revealed no signifi cant abnormalities (Alef  et al .  2008 ). However, many 
clinicians prefer to include a minimum of the baseline tests listed in Table  3.5 . 

 Table 3.5     Tests included in a baseline pre - anaesthetic blood profi le. 

   Test     Reason for inclusion  

  PCV or 

haemoglobin 

(Hb)  

  Indicator of: 

    oxygen - carrying capacity of blood 

    hydration status 

    chronic hypoxia 

 Chronic anaemia is often diffi cult to detect on the basis of mucosal 

colour alone, and measurement of the PCV is required  

  Visual 

appraisal of 

serum or 

plasma  

  Check for changes which could refl ect systemic disease: 

    lipaemia 

    haemolysis 

    icterus  

  Total protein    Indicator of: 

    hydration status 

    infl ammatory disease 

    hypoproteinaemia (haemorrhage, hepatic, renal or gastrointestinal 

disease)  

  Albumin    Indicator of: 

    hydration status 

    hypoalbuminaemia (hepatic, renal or gastrointestinal disease)  

  Urea and 

creatinine  

  Used as indicators of glomerular function, but can be affected by 

other processes (see Table  3.3 )  

  Glucose    Hypo -  and hyperglycaemia create metabolic disturbances which 

interfere with anaesthetic management and risk neurological 

damage  
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Other tests may also be selected on the basis of abnormalities identifi ed on 
physical examination or history. In the older cat, hyperthyroidism is a major 
concern regarding anaesthetic risk and thyroxine is commonly included, 
especially where clinical signs could be compatible with this diagnosis.   

 In addition to disease, a number of physiological, error - related and statisti-
cal factors may cause results to be outside the reference interval in healthy 
patients (Table  3.6 ).    

 Table 3.6     Potential causes of abnormal blood results, other than disease. 

   Factors     Comment  

  Lipaemia    Interferes with assay methodologies  

  Glucocorticoid therapy    Increased liver enzyme activity (ALP, ALT, AST)  

  Anticonvulsant therapy    Increased liver enzymes (ALP, ALT, AST)  

  Fluid therapy    Decreased proteins and PCV  

  Haemolysis    Interferes with assay methodologies  

  Icterus    Interferes with assay methodologies  

  Breed    Reference intervals are usually not breed -

 specifi c. Some breeds have characteristics 

variation, e.g. raised PCV in greyhounds  

  Age    Reference intervals are usually not age -

 specifi c. This is of particular importance for 

puppies and kittens  

  Sample error    Sample incorrectly labelled  

  Preparation error    Sample preparation, e.g. failure to completely 

separate serum may affect phosphorus 

result  

  Operator error    A standard operating procedure (SOP) should 

be produced and made available for each 

commonly performed task. Staff must have 

suffi cient training for operation of 

equipment and should always take care to 

follow the SOP  

  Equipment error    Probability of equipment error is reduced by 

adequate maintenance and implementation 

of a quality control scheme  

  Reagent failure    Follow SOP for preparing, diluting and 

storing reagents. Check and record freezer 

and refrigerator temperatures at regular 

intervals  

  Clerical error    Transcription of results into wrong patient 

record  

  Reference ranges    For many assays, 5% of healthy patients have 

a test result outside the reference interval  
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  GENERAL PREPARATION GUIDELINES AND ADMISSION 

 On admission, it is advisable to confi rm the patient ’ s identity, weigh the patient 
accurately and perform a physical examination. Check that the patient has been 
fasted and that the owner and the practice are in agreement over the details of 
the surgical procedures to be performed (especially if the presenting problem is 
unilateral, for example, investigation of lameness). Obtaining the owner ’ s 
consent for procedures to be performed is important, but does not provide legal 
protection if the veterinary staff are found to be negligent (see Chapter  1 ). 

 Pre - anaesthetic fasting is recommended to reduce regurgitation and aspira-
tion of gastric contents and minimise the development of tympany (bloat). For 
most patients, it is suffi cient to withhold food for 6 hours before surgery. 
Unfortunately, this is not always possible, for example, for caesarean section 
or following trauma. Fasting is not recommended for young animals, small 
mammals and birds because this can cause hypoglycaemia. Fresh water should 
be provided until pre - anaesthetic medication is administered. This is particu-
larly important in geriatric patients that may have subclinical renal disease. 

 It is essential to reduce the stress of admission and hospitalisation to mini-
mise the release of catecholamines (e.g. epinephrine) into the circulation, and 
special housing requirements should be considered for cats, small mammals 
and birds. 

 Tranquillisers, sedatives and other pre - anaesthetic medications may be 
administered intramuscularly, subcutaneously or intravenously. Following 
administration of these drugs patients should be disturbed as little as possible 
to allow the full effects of the medication to develop. However, they must be 
observed frequently (preferably every 5 minutes) in case any unexpected events 
occur such as idiosyncratic drug reactions or vomiting. The veterinary nurse 
should ensure that the correct equipment is available and has been checked 
before the patient receives a general anaesthetic (box). Intravenous catheters 
may be placed following sedation or pre - anaesthetic medication.    

    EQUIPMENT CHECKLIST 
     •      Anaesthetic trolley available: clean; safety checks performed (oxygen fl ush, 

alarm systems); rotameters functional; cylinders attached and labelled 
( ‘ Full ’ ,  ‘ Empty ’ ,  ‘ In - use ’ ); piped gases attached.  

   •      Gases (oxygen, nitrous oxide) switched on. Back - up supply available.  
   •      Vaporiser checked. Filled with appropriate agent.  
   •      Scavenging system available. Switch on; assemble; weigh charcoal 

absorbers to ensure activity.  
   •      Endotracheal tubes selected. Cleaned; cuff checked for leaks; no 

luminal obstructions.  
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   •      Cuff infl ator available.  
   •      Method of securing endotracheal tube available. White open - weave 

bandage generally used.  
   •      Lubricant for endotracheal tube. Water, sterile water - soluble gel or sterile 

silicone spray.  
   •      Laryngoscope: assembled; light functional; stylet available if required.  
   •      Local anaesthetic spray available for cats.  
   •      Mouth gag.  
   •      Assistant. To restrain patient during placement of intravenous catheter, 

induction of general anaesthesia.  
   •      Appropriate breathing system selected and assembled correctly. Check for 

leaks. Soda lime checked if appropriate. Attached to anaesthetic trolley.  
   •      General anaesthetic agent. Chosen by veterinary surgeon, drawn up and 

labelled.  
   •      Equipment for placement of intravenous catheter. See Chapter  8 .  
   •      Scissors or clippers. Clip hair from injection site.  
   •      Surgical scrub and alcohol. Swab or cotton wool to prepare the intravenous 

injection site.  
   •      Location of emergency drugs identifi ed and readily accessible.  
   •      Monitoring equipment laid out.  
   •      Non - medicated ocular lubricant to prevent corneal drying during general 

anaesthesia.     

  SUMMARY 

 The preoperative assessment of a patient is an essential part of all procedures. 
The history and physical examination are the fundamental requirements. 
Based on the results of these examinations, other diagnostic tests may 
be performed, anaesthetic risk assessed and specifi c management regimes 
selected.  
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4 Anaesthetic Machines 

and Ventilators  

  Craig   Johnson       

     The anaesthetic machine is a vital tool for inhalation anaesthesia. At fi rst 
inspection its size and complexity can be intimidating, but it is essential that 
personnel using it understand how it provides gases to the breathing system 
and how to use it in such a way as to not break it. Such knowledge is impera-
tive to ensure the safety of both the patient and the operator. 

 Although the anaesthetic machine is central to the practice of anaesthesia, 
it remains a machine and the principles that govern it are found in the realm 
of physics. Students of veterinary anaesthesia from different backgrounds can 
have very different levels of exposure to the study of physics. This chapter is 
therefore divided into two sections. The fi rst section covers the anaesthetic 
machine without explaining the physical principles involved. In the second 
section, readers without a fi rm grounding in physics will fi nd all the relevant 
processes described. It is suggested that the reader becomes familiar with the 
fi rst section before embarking on the second section. Once the second section 
has been read, it should be possible to reread the fi rst section with a deeper 
understanding of the processes involved.  

  THE ANAESTHETIC MACHINE 

 Inhalation anaesthetics are delivered by means of anaesthetic machines that 
may be free - standing or form part of a larger anaesthesia delivery system. They 
can be broken down into a number of parts (Figure  4.1 ) that perform specifi c 
functions.     



(b)

(a)

(c)

 Figure 4.1     Anaesthetic machine. 
(a) Diagrammatic; (b) MIE Salisbury 
machine; (c) Salisbury with instru-
ment tray removed. 
 (A) oxygen cylinder, (B) nitrous 
oxide cylinder, (C) reducing valves, 
(D) nitrous oxide cut - off, (E) oxygen 
alarm, (F) needle valves, (G) rota-
meters, (H) vaporiser, (J) key fi ller, 
(K) agent level window, (L) pressure 
relief valve, (M) oxygen fl ush, (N) 
common gas outlet. 
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    FUNCTIONS OF ANAESTHETIC DELIVERY SYSTEMS 

  Storage and  t ransport of  a naesthetic  g ases 

    Cylinders  
  Gas pipeline     

  Processing of  a naesthetic  g ases and  v olatile  a gents 

    Pressure reduction valves  
  Vaporisers     

  Mixing of  a gents 

    Needle valves  
  Rotameters  
  Vaporisers     

  Delivery of  g as  m ixture to  p atient 

    Breathing system (circuit)     

  Removal of  g as  m ixture from  p atient and  d isposal 

    Scavenging systems      

  Cylinders and  p ipelines 
  (Physical principles 1 and 2; see       pages 86 – 87   )  
 Anaesthetised patients breathe gas mixtures that have a different composition 
to room air. This means that the anaesthetic delivery system must have a store 
of gases to deliver to the patient. Unfortunately, gas is inconvenient to store 
and move round due to its high volume (a 20   kg dog will breathe 240 litres 
of gas an hour, that is about one - and - a - half dustbins full). Anaesthetic systems 
usually overcome the problem of high volume by storing gas at high pressure 
in metal (molybdenum steel) cylinders. Pressurised gas has the added advan-
tage of providing energy to push the gas through the anaesthetic machine. Gas 
cylinders are available in a range of sizes (AA (smallest) to J (largest)). A full 
 ‘ E ’  cylinder of oxygen stores gas at approximately 13 300   kPa (133 atmo-
spheres). This is the equivalent of 680 litres of gas at atmospheric pressure, 
enough to keep a 20   kg dog supplied for almost 3 hours. 

 At this pressure, accidental damage caused by, for example, knocking over 
a cylinder left leaning against a wall can have dramatic effects. Cylinders have 
been recorded propelling themselves along corridors and through brick walls 
before coming to a halt. They can cause severe damage to buildings and are 
potentially lethal. Anaesthetic cylinders should always be stored properly and 
handled with care. This means that they should be stored in a secure fashion 
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away from busy parts of the clinic. Most cylinder stores secure the cylinders 
to the wall using chains or purpose - made hoops; other systems such as racks 
may be acceptable. It is wise to keep the cylinder store locked so that un -
authorised personnel cannot gain access and inadvertently injure themselves. 

 Cylinders can be removed from the gas store manually and transported to 
the anaesthetic machine (usually smaller cylinders), or the cylinders in the store 
can be connected to a pipeline that carries the gas to outlets in the clinic (usually 
larger cylinders). Where a pipeline system is used, two banks of cylinders of 
each gas used are optimal  –  one  ‘ in use ’  and one  ‘ in reserve ’ . The anaesthetic 
machine is plugged in to a pipeline outlet before use via wall -  or ceiling -
 mounted Schraeder - type sockets. Anaesthetic machines should be able to hold 
two oxygen cylinders via specialised hanger yokes in addition to two nitrous 
oxide cylinders, though nitrous oxide is optional. These two systems can be 
compared to electrical appliances that can be operated using mains electricity or 
batteries. Small cylinders (batteries) cost less to set up (no installed wiring), but 
pipelines (mains) are cheaper to run as each litre of gas costs less. Even when a 
pipeline is used, it is good practice to have cylinders available as back - up in case 
there is an interruption in the gas supply while a patient is being anaesthetised. 

 Cylinders (and pipelines) are colour coded to allow gas to be rapidly identi-
fi ed. The United Kingdom coding for six different cylinders is shown in Table 
 4.1  and Figure  4.2 . It should be noted that colour codes in the US are different 
to those in the UK. Gases in cylinders can be stored as compressed gases (e.g. 
oxygen) or as liquids (e.g. nitrous oxide). When a gas is stored as a liquid it 
simply means that it has been compressed to such a pressure that it condenses 
in the cylinder. This distinction is important when determining how much gas 
is left in a partly used cylinder. If the contents are gaseous then the pressure 
in the cylinder will be proportional to the volume of gas left in the cylinder. 
If the contents are liquid then the pressure will remain constant until all the 
liquid has evaporated. At this point the cylinder will be almost empty and the 
pressure in the cylinder will fall rapidly from  ‘ full ’  to  ‘ empty ’ .      

   ‘ Check ’   v alves 
 These valves prevent retrograde fl ow of gases from cylinders  ‘ in use ’  to vacant 
hanger yokes, allowing empty cylinders to be removed while the anaesthetic 

 Table 4.1      U nited  K ingdom colour codes for medical gas cylinders. 

   Cylinder containing     Body of cylinder     Head of cylinder  

  Oxygen    Black    White  

  Medical air    Grey    Black and white  

  Carbon dioxide    Grey    Grey  

  Nitrous oxide    Blue    Blue  

  Entonox    Blue    Blue and white  

  Cyclopropane    Orange    Orange  
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machine is being used. In addition they prevent retrograde fl ow between  ‘ in 
use ’  cylinders of high and low pressure.  

  Pressure  g auge 
 When gas cylinders are attached to an anaesthetic machine, a pressure gauge 
indicates the pressure of the gas remaining within the cylinder, measured in 
kilopascals (kPa). For oxygen the pressure in the cylinder will be proportional 
to the volume of gas left in the cylinder. The length of time the remaining 
anaesthetic gas will last can then be calculated:

   
Length of time remaining

Volume remaining in gas cylinder l
=

iitres
Fresh gas glow litres min

( )
( )  

    

Oxygen Medical Air Carbon Dioxide

Nitrous Oxide Entonox Cyclopropane

     Figure 4.2     United Kingdom colour codes for medical gas cylinders.  

    OXYGEN 
 

   

Volume of gas remaining in oxygen cylinder
Original volume oof gas in cylinder

Pressure of gas left in cylinder
Origin

=
aal gas pressure

    Example, for a type E cylinder: 

   

Volume of gas remaining in oxygen cylinder
 litres

Press
680

= uure of gas left in cylinder
kPa13300

 
(Continued)
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  Pressure  r eduction  v alves 
  (Physical principle 3; see       page 87   )  
 As already discussed, gas at very high pressure is dangerous and diffi cult to 
work with. The fi rst step in preparing gas for a patient to breathe is to reduce 
the pressure to an intermediate level. The aim is to make the fl ow rate of the 
gas easier to regulate while keeping enough pressure to drive the gas through 
the remainder of the anaesthetic machine. Most anaesthetic machines operate 
at a standard machine pressure of approximately 410   kPa (4 atmospheres), 
which is referred to as pipeline pressure. Gas from the cylinder is passed into 
a reducing valve that produces a reduced and constant supply pressure for the 
anaesthetic machine, i.e. a constant fl ow of gas is provided downstream from 
the valve, removing the requirement for constant small adjustments to the 
fl owmeter as the amount of oxygen remaining in the cylinder (and thus the 
pressure within the cylinder) falls. The reducing valve can be part of the 
anaesthetic machine and diffi cult to identify, for use with attached cylinders, 
or part of the pipeline installation. 

 A typical pressure reduction valve is illustrated in Figure  4.3 . The pressure 
is reduced by passing the gas through a valve that opens against the force of 
a spring. The pressure of the regulated side of the valve is compared to atmo-
spheric pressure in order to maintain a constant pressure output.    

  Needle  v alves 
  (Physical principles 4 and 5; see       pages 87 – 88   )  
 Needle valves (Figure  4.4 ) are used to regulate the fl ow of gas into the 
low - pressure part of the anaesthetic machine (vaporiser and common gas 
outlet) where the gases mix and are at a pressure just greater than atmospheric. 
Needle valves are an example of a variable orifi ce device. They utilise 

   i.e. Litres remaining current pressure 133 100kPa= ×( ) × 680    

  NITROUS OXIDE 
 The calculations for oxygen are not suitable for nitrous oxide. However, the 
weight of the cylinder can give an indication of the amount of nitrous oxide 
remaining in the cylinder.

   

Volume of gas remaining in nitrous oxide cylinder
= Weight off cylinder kg empty weight of cylinder kg( ) − ( )[ ] × 534   

 The weight of the empty cylinder is generally stamped on the neck of the 
cylinder.  
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the relationship between resistance, pressure and fl ow to adjust the fl ow of 
gas to the patient. Adjusting the area of the valve orifi ce alters the resistance, 
the pressure is held constant by the reducing valve and so the fl ow is 
controlled.   

 Most needle valves are designed so that the spindle seats into the 
valve before the thread reaches its end. This means that the control knob 
should only be turned until there is no fl ow. If it is forced round until the end 
of the thread is reached, the spindle will be forced into the valve and can bend 
or break off. This will prevent the valve from working correctly. At best 
the fl ow of gas will no longer be altered smoothly as the valve is opened 
and at worst the valve will need replacing before the machine can be used 
again.  

(a)

(b)

     Figure 4.3     (a) Simplifi ed diagrammatic section through reducing valve. (A) high pressure 
inlet, (B) high pressure chamber, (C) regulated pressure chamber, (D) regulated pressure 
outlet, (E) atmospheric pressure chamber, (F) spring. 
 (b) Arrows represent forces: black arrows  –  forces due to high pressure gas, white arrows 
 –  forces due to regulated pressure gas, dashed arrows  –  forces due to atmospheric gas, 
dotted arrows  –  force due to spring.  
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     Figure 4.4     Diagrammatic section through needle valve. Turning the knob moves the 
needle into or out of its seat and alters the area through which gas may fl ow, thereby 
altering the resistance and so the fl ow of gas.  

  Rotameters 
  (Physical principles 4 and 5; see       pages 87 – 88   )  
 Rotameters are the most commonly encountered example of a number of 
devices which measure the gas fl ow. They allow precise adjustment of the total 
fresh gas fl ow and the proportions of different gases in the mixture. The rota-
meter (Figure  4.5 ) functions according to similar principles to the needle valve. 
Downward force is constant (due to gravity acting on the bobbin) and the 
bobbin moves up or down in a graduated tube with a variable orifi ce. At 
equilibrium the upward force due to the resistance of the gas passing through 
the orifi ce is equal to the force of gravity.   

 Rotameters have either a fl oat which spins in the airfl ow and is read from 
the top or a ball which tumbles in the airfl ow and is read from its centre 
(Figure  4.6 ). The reading is only accurate if the fl oat or ball is free to spin or 
tumble. Common causes of the rotameter not reading properly are that the 
tube is tilted to one side so that the fl oat sits against the wall of the tube or 
that there is dirt inside the tube which is impeding the movement of the fl oat. 
Floats have a dot painted on the side so that it is easy to verify that they are 
spinning; balls are half painted so that they can be seen to be tumbling.    

  Vaporisers 
  (Physical principles 6, 7 and 8; see       pages 88 – 89   )  
 A vaporiser adds a volatile anaesthetic agent to the gas mixture. Volatile 
anaesthetics are liquids that are added to the gas mixture as a vapour. There 



Anaesthetic Machines and Ventilators 69 

(a) (b)

(c) (d)

     Figure 4.5     Diagrammatic representation of rotameter. 
 (a) Vane type; (b) ball type; (c) at low fl ows the area of the space between the vane and 
the cylinder is small; (d) at high fl ows the area is larger.  

     Figure 4.6     Vane rotameters should be read from the top; ball rotameters should be read 
from the centre of the ball. The correct level at which to read these two rotameters is 
indicated by the arrow.  

are two kinds of vaporiser: plenum and draw - over. Gas is driven through 
plenum vaporisers by positive pressure from the anaesthetic machine and 
through draw - over vaporisers by the patient ’ s respiratory efforts. Draw - over 
vaporisers are uncommon in current veterinary anaesthesia. 

  Draw -  o ver  v aporiser ( i n -  c ircuit  v aporiser) 
 When using a circle breathing system, it is possible to mount the vaporiser 
either before the gas enters the breathing system (out - of - circuit) or within the 
breathing system itself (in - circuit). In - circuit vaporisers are draw - over vaporis-
ers placed (usually) in the inspiratory limb of the breathing system. They must 
have low resistance to breathing and therefore are of relatively simple design. 
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Their output cannot be accurately controlled as can that of a plenum vapo-
riser, but because of the manner in which they are used this is not an important 
consideration. The most common examples of such vaporisers in current use 
are found on Stephens and Komesaroff anaesthetic machines. 

 Each time anaesthetic gases pass around a circle system, they will be driven 
through the in - circuit vaporiser and pick up more volatile anaesthetic agent. 
This means that the greater the patient ’ s minute volume, the more gas will 
pass through the vaporiser, leading to increased delivery of anaesthetic agent. 
Volatile anaesthetics cause respiratory depression, leading to feedback between 
the respiratory system and the depth of anaesthesia. If a patient comes  ‘ light ’  
due to insuffi cient anaesthetic or increased surgical stimulation, its minute 
volume will increase and more anaesthetic will be delivered, tending to deepen 
anaesthesia. Conversely if a patient becomes too deeply anaesthetised, its 
minute volume will decrease and less anaesthetic will be delivered, tending to 
lighten anaesthesia. 

 Whilst this automatic feedback can be useful, it should be remembered that 
there is a number of circumstances where this mechanism does not work: 

   •      Any form of controlled ventilation such as intermittent positive pressure 
ventilation (IPPV) removes the patient ’ s control of respiratory function. This 
means that the amount of anaesthetic delivered will depend on the ventilator 
settings rather than changes in depth of anaesthesia.  

   •      If the soda lime becomes exhausted during an anaesthetic, this will lead to 
the build - up of carbon dioxide that is a potent stimulant to ventilation. The 
patient ’ s minute volume will continue to increase despite the increased 
delivery of anaesthetic agent.  

   •      If the patient becomes hypoxaemic for any reason, the hypoxic drive will 
increase ventilation and the patient will take on more anaesthetic agent even 
if already deeply anaesthetised.    

 It is important to ensure that these circumstances do not arise when using 
draw - over vaporisers, as they can quickly lead to the development of a danger-
ous overdose of inspired anaesthetic agent.  

  Plenum  v aporisers ( o ut -  o f -  c ircuit  v aporiser) 
 Modern, calibrated plenum vaporisers add a very controlled amount of 
volatile anaesthetic to the gas mixture and have a number of compensating 
devices to ensure that this remains constant over a range of working 
conditions. In order to understand how a modern vaporiser works it is best 
to start by considering the factors that infl uence the output of a much simpler 
vaporiser (Figure  4.7 ).   

 The gas passing into the vaporiser is divided into two channels. One passes 
over the anaesthetic liquid in the vaporisation chamber and the other does not 
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come into contact with the liquid. The amount of vapour in the output of the 
vaporiser will depend upon the following factors: 

   •      Proportion of gas which goes through vaporisation chamber:     The greater 
the proportion of gas which passes over the liquid, the greater the partial 
pressure of gas in the output of the vaporiser.  

   •      Total fl ow of gas through vaporiser:     The lower the total fl ow, the longer 
the gas will remain in the vaporisation chamber and the more vapour it will 
pick up until it becomes saturated. The output of the vaporiser will fall with 
high gas fl ow rates (gas no longer has time to become saturated).  

   •      Level of liquid in vaporisation chamber:     With more liquid in the chamber, 
the gas will pass closer to the surface and more anaesthetic will be 
vaporised.  

   •      Temperature of liquid in vaporiser:     At higher temperatures the output of 
the vaporiser will rise. As anaesthesia progresses, the latent heat of vaporisa-
tion is taken from the liquid and the surrounding vaporiser. The vaporiser 
gets colder and its output falls.    

 Modern vaporisers are temperature, level and fl ow compensated, leaving the 
output of the vaporiser to be decided by the proportion of gas that passes 
through the vaporisation chamber. The compensating devices in a typical 
vaporiser (an early Bowring Medical Engineering model) are illustrated in 
Figure  4.8 . 

     Figure 4.7     Diagrammatic representation of a simple plenum vaporiser. Anaesthetic gas 
passes through the vaporiser (black arrows). That which passes through the vaporisation 
chamber becomes saturated with volatile anaesthetic vapour (white arrows). The output of 
the vaporiser is altered by turning the control knob to alter the relative fl ow through and 
past the vaporisation chamber.  
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   •      Temperature compensation:     There are two temperature compensating 
mechanisms. The vaporiser is constructed using a large amount of metal 
(brass in this instance), which acts as a reservoir and conductor for heat 
energy. This reduces the cooling effect of the vaporisation process. A ther-
mostatic valve (A), which is mounted in the bypass chamber (B), gradually 
closes as the vaporiser cools. This reduces the proportion of gas which 
passes through the bypass chamber and so increases the output of the vapo-
riser to compensate for any fall in temperature.  

   •      Level compensation:     The vaporisation chamber (C) contains fi brous wicks 
(D) which allow the anaesthetic agent to climb by capillary action. This 
increases the surface area for vaporisation and means that a change in the 
level of liquid will have no effect on the output of the vaporiser as long as 
the liquid still reaches the bottom of the wicks.  

   •      Flow compensation:     The gas, which passes through the vaporisation 
chamber, is forced to take a tortuous route (arrows) which means that it 
remains in close proximity to the wicks for a longer period of time. This 
increases the maximum fl ow rate at which the gas can become saturated 
with anaesthetic agent and so reduces the effect of high gas fl ows through 
the vaporiser.      

 Modern vaporisers may be removed from the anaesthetic machine. 
Furthermore some back bars can accommodate more than one vaporiser, for 
example, isofl urane and sevofl urane. 

A

C

B
D

     Figure 4.8     Cut - away of early Bowring Medical Engingeering vaporiser. 
 (A) thermostatic valve, (B) bypass chamber, (C) vaporisation chamber, (D) fi brous wicks.  
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 The recent development of new inhalational agents has increased the 
number of vaporisers that may be seen in veterinary practice. Most of these 
vaporisers function as described above, but due to its high volatility, desfl urane 
requires a vaporiser that functions in an entirely different way. The Tec 6 
Suprane (desfl urane) vaporiser contains a heating chamber that heats the res-
ervoir of desfl urane to 39    ° C at which temperature it becomes a gas. The 
vaporiser then mixes desfl urane gas into the fresh gas fl ow in a specifi c propor-
tion to provide the desired partial pressure of desfl urane. A desfl urane vapo-
riser needs to be plugged into a power source to work and will alarm and shut 
off if the power fails. The alarm is battery operated and the battery must be 
replaced regularly.   

  Common  g as  o utlet 
 This outlet is the site of attachment of anaesthetic breathing systems.  

  Safety  d evices 
 In addition to parts that carry out the primary functions involved in 
anaesthetic delivery, anaesthetic machines are fi tted with a number of safety 
devices.   

    SAFETY DEVICES ON ANAESTHETIC MACHINES 
     •      Pin index cylinders  
   •      Pipeline connectors  
   •      Oxygen whistle  
   •      Nitrous oxide cut - off  
   •      Hypoxic gas mixture preventer  
   •      Vaporiser key fi ller  
   •      Pressure relief valve  
   •      Emergency oxygen fl ush     

 Each device is aimed at making the use of the anaesthetic machine as safe as 
possible for the patient by alerting the anaesthetist to potential problems or 
preventing common mistakes. 

  Pin  i ndex  c ylinders 
 Cylinders which connect directly to the anaesthetic machine incorporate a 
system of holes bored into the face of the valve block. These interlock with 
pins on the face of the valve seat on the anaesthetic machine. The pins are 
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placed in different positions for different gases, preventing a cylinder from 
being connected to the inlet for the wrong gas. A selection of pin positions for 
different gases is illustrated in Figure  4.9 .    

  Pipeline  c onnectors 
 Anaesthetic machines that are supplied from a pipeline are connected by 
removable connectors fi tted on to gas hoses. These are manufactured in such 
a way that it is not possible to connect the hose for one gas into a connector 
for any other gas. There are several such systems in use, each from different 
manufacturers.  

  Oxygen  w histle 
 This is a device that sounds a loud whistle if the pressure in the oxygen pipeline 
falls during anaesthesia. It warns the anaesthetist in time to change over cyl-
inders or connect to the pipeline before the oxygen supply to the patient runs 
out. There are various designs of oxygen whistle that work in different ways. 
Some are only functional if the nitrous oxide is connected. It is most important 
to be familiar with the type of oxygen alarm fi tted to the machine prior to 
using it for the fi rst time. The alarm should be tested once every day before 
the machine is used that day. An anaesthetic machine that has no oxygen alarm 
can be extremely dangerous and should be avoided. Such a machine should 
never be used with nitrous oxide.  

     Figure 4.9     Pin index valve block system for small medical gas cylinders.  
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  Nitrous  o xide  c ut -  o ff 
 In addition to an oxygen alarm, many machines have an automatic nitrous 
oxide cut - off that prevents nitrous oxide from being delivered to the patient 
when the oxygen alarm is sounding.  

  Oxygen –  n itrous  o xide  p roportioning  d evices 
 Anaesthetic machines may be fi tted with a variety of devices that proportion 
the fl ow of oxygen and nitrous oxide in such a way as to prevent hypoxic 
gas mixtures from being delivered to the patient. Typically, they will allow 
a minimum of 25% oxygen to be included in the gas mixture. If the 
nitrous oxide fl ow is increased beyond this, the fl ow of oxygen will be auto-
matically increased to maintain the minimum concentration of oxygen in the 
gas mix.  

  Vaporiser  k ey  fi  ller 
 Key fi llers (Figure  4.10 ) fi t on to the caps of volatile anaesthetic bottles and 
provide a sealed means of fi lling the vaporiser. This reduces the risk of breath-
ing in anaesthetic agent fumes during fi lling; however, it is still good practice 
to fi ll vaporisers at the end of the day. In addition, the fi ller provides two keys, 
one between the bottle and fi ller and the second between the fi ller and vapo-
riser, that prevent the vaporiser from being fi lled with any but the correct 
anaesthetic agent.    

     Figure 4.10     Filling an isofl urane vaporiser using a key fi ller. The isofl urane bottle with 
the fi ller attached is shown in the inset.  
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  Pressure  r elief  v alve 
 This is a valve placed in the common gas pathway immediately prior to the 
common gas outlet that vents gas to the outside. It is designed to open if the 
pressure in this part of the system exceeds 35 – 70   kPa. This valve is designed 
to prevent gas build - up within the anaesthetic machine from reaching a 
pressure which could damage the machine. It is not intended to protect the 
patient, as an inspiratory pressure of 35   kPa is enough to prevent venous return 
and cause barotrauma.  

  Emergency  o xygen  fl  ush 
 This is usually a well marked button in a prominent place on the anaesthetic 
machine. It will deliver a rapid fl ow of 100% oxygen to the patient, bypassing 
the rotameters and vaporiser. It is very useful in an emergency to fl ush gas 
that contains anaesthetic agents from the breathing system. It should never be 
used in a closed breathing system without fi rst ensuring that the expiratory 
valve is open.   

  Waste  a naesthetic  g as  s cavenging 
 Effective scavenging of waste anaesthetic gases, especially the volatile anaes-
thetic agents and nitrous oxide, is extremely important (see Chapter  1 ). There 
are three methods of controlling the level of exposure of staff to waste 
anaesthetic gases: 

   •      adequate ventilation in the workplace;  
   •      good working practices;  
   •      gas scavenging systems.    

 Gas scavenging systems may be classifi ed as active, semi - passive or passive. 

  Active  s ystems 
 Active systems are the preferred method of waste gas scavenging and basically 
comprise four components (1 – 4). The receiving unit and transfer hose (1) 
system receives waste anaesthetic gases from the patient breathing system and 
provides a safe interface between the patient and the extraction unit. Modern 
transfer hoses are fi tted with a pressure relief valve (10   cmH 2 O) to provide the 
patient with an expiratory path in the event of the hose becoming occluded. 
The receiving system connects to interconnecting pipework (2). The main plant 
(3) (usually a fan or a pump) fi nally removes the waste gases to the exterior 
of the building via a terminal outlet (4).  

  Passive  s ystems 
 Passive systems are  ‘ driven ’  by the anaesthetised patient ’ s respiratory efforts. 
To minimise resistance a large - bore tube (22   mm) is used to vent waste gases 
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from the expiratory valve, either to the outside of the building or to active 
charcoal absorbers. There is increased resistance when active charcoal absorb-
ers are used and they do not absorb nitrous oxide. It is recommended that the 
length of the scavenge tube does not exceed 2.6   m.  

  Semi -  p assive ( a ctive –  p assive)  s ystems 
 Semi - passive systems use the same system of tubing as passive systems but the 
tube is vented into a forced ventilation system. It is important when this system 
is used that air removed from the anaesthetic room is not recirculated to 
another part of the building but vented from the building. 

 Although it is important to have a waste anaesthetic scavenging system in 
place, there are several simple working practices that can be adopted to mini-
mise the exposure of staff to waste gases: 

   •      Check both the anaesthetic machine and patient breathing systems for leaks.  
   •      Turn on active scavenge systems and ensure charcoal absorbers are still 

active (by weighing). Connect scavenge tube to patient breathing system.  
   •      Use key fi llers to minimise spillage of volatile agent when fi lling 

vaporisers.  
   •      If possible remove vaporisers from anaesthetic machine to a well ventilated 

area before fi lling. Alternatively fi ll vaporiser at the end of the day or at the 
end of the procedure, to minimise the number of staff present.  

   •      Wear gloves when fi lling vaporiser.  
   •      Contain volatile agent spills appropriately (see Chapter  1 ).  
   •      Minimise the use of mask anaesthesia.  
   •      Use endotracheal intubation and use cuffed tubes where appropriate.  
   •      Do not turn on anaesthetic gases (other than oxygen) until the patient is 

attached to the breathing system.  
   •      Turn off anaesthetic gases when the patient is disconnected from the breath-

ing system.  
   •      At the end of the anaesthetic period allow the patient to breathe oxygen 

through the breathing system before disconnecting it completely. 
Alternatively, purge the breathing system with oxygen before disconnecting 
the patient, or by occluding the patient connection and emptying the gas 
remaining in the reservoir bag into scavenging system.  

   •      Allow patients to recover in well ventilated areas.  
   •      Service all equipment annually.  
   •      Monitor theatre pollution periodically.      

  Care and  m aintenance of  a naesthetic  m achines 
 It is advisable to have maintenance contracts for the anaesthetic machines and 
vaporisers used within the practice, ensuring that they are serviced once a year. 
However, qualifi ed practice staff should also make daily safety checks: 
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   •      Wipe anaesthetic machine with a disinfectant solution.  
   •      Attach anaesthetic machine to gas pipeline or ensure cylinders are attached 

to the machine at the appropriate yokes. Remove and replace any cylinders 
marked as  ‘ empty ’  by cylinder neck labels.  

   •      Open the fl owmeters. No gas should fl ow when gases from cylinders attached 
to the anaesthetic machine are used. Gas fl ow indicates a leak in the 
system.  

   •      Turn the oxygen cylinder on and check the pressure gauge. Calculate the 
volume of gas remaining if necessary. Turn the oxygen fl owmeter to ensure 
fl ow. There should be no fl ow through the other fl owmeters. Occlude the 
common gas outlet briefl y. The fl owmeter bobbin should dip, indicating 
there are no leaks downstream from the fl owmeter. Turn the oxygen fl ow-
meter off. The bobbin should return to zero, indicating the needle valve is 
functioning normally.  

   •      Repeat the procedure above for nitrous oxide, but remember that the pres-
sure gauge does not refl ect the volume of gas remaining.  

   •      Check the oxygen failure device. Turn the oxygen fl owmeter on and then 
turn the oxygen cylinder off. The fl owmeter bobbin should fall and the 
device should sound. This may be repeated when both oxygen and nitrous 
oxide are fl owing through the machine. However, the health and safety 
aspect of releasing nitrous oxide into the system without anaesthetic waste 
gas scavenging should be considered.  

   •      Turn on the oxygen fl owmeter and occlude the common gas outlet. Initially 
the pressure relief valve should open and vent.  

   •      With all fl owmeters turned off, check oxygen fl ows when the emergency 
oxygen fl ush button or lever is operated.  

   •      With all fl owmeters turned off, check that the vaporiser dial moves freely 
and returns to the off position. This is particularly important to avoid inad-
vertent administration of volatile agent and when more than one vaporiser 
is attached to the back bar.  

   •      Check level of volatile agent in vaporiser and fi ll if necessary.    

 At the end of the day or following completion of the daily anaesthetic list, the 
following points should be remembered: 

   •      Turn off all gases at the cylinder. This prevents damage to the pressure 
reduction valves. Remove and replace empty cylinders. Alternatively discon-
nect gas pipelines and store hoses appropriately.  

   •      Vent all gases remaining in the anaesthetic machine by either using the 
emergency oxygen fl ush button or opening the fl owmeters. This prevents 
damage to the pressure gauge and ensures that no one uses the anaesthetic 
machine in the mistaken belief that the gas cylinders are turned on because 
of the readings on the pressure gauges.  
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   •      Turn all fl owmeters off. This prevents the bobbin being forced up the fl ow-
meter tube where it may become lodged when the gas cylinders are turned on.  

   •      Remove vaporisers for fi lling and replace. Ensure dial is turned to  ‘ off ’ .  
   •      Remove all organic debris from the anaesthetic machine using a mild soapy 

solution. Wipe anaesthetic machine with a disinfectant solution.      

  VENTILATORS 

 Conscious, healthy patients breathe spontaneously. Under general anaesthesia 
most patients continue to breathe spontaneously once connected to the chosen 
breathing system. However, it is advisable to  ‘ sigh ’  or  ‘ bag ’  these patients at 
5 -  to 10 - minute intervals. This is performed either by closing the expiratory 
valve of the patient breathing system or by briefl y increasing the fresh gas fl ow 
and compressing the reservoir bag (or by pinching the end of the open - ended 
reservoir bag in the modifi ed Ayre T - piece). In - circuit vaporisers should be 
switched off. The degree of lung infl ation desired should infl ate the chest wall 
slightly beyond that observed in the spontaneously breathing anaesthetised 
patient and mimic the level of chest expansion of the conscious patient 
(maximum of 20   cmH 2 O).  ‘ Sighing ’  allows assessment of pulmonary and 
thoracic compliance, facilitates detection of breathing system disconnection or 
occlusion and limits pulmonary atelectasis (collapse), hypercapnia and hypoxia. 
Following sighing, the expiratory valve should be reopened or the fresh gas 
fl ow returned to normal and the in - circuit vaporisers switched back on. All 
anaesthetic breathing systems may be used in this fashion. 

 Manual ventilation also can be used either to assist ventilation (i.e. to 
increase frequency of  ‘ sighing ’ ), or to control ventilation where the anaesthetist 
controls both respiratory rate and tidal volume. The Lack and Magill breath-
ing systems are not suitable to be used with manual ventilation because expired 
gases would be rebreathed at standard calculated fresh gas fl ow rates. 

 Ventilators provide a mechanical means of infl ating the patient ’ s lungs 
during anaesthesia. There are many types and models of ventilator available 
and their internal workings and operation can be complicated (Figure  4.11 ). 
In addition, the act of artifi cially ventilating a patient can have profound and 
complex effects upon respiratory and cardiovascular physiology, which can 
dramatically alter the course of an anaesthetic.   

 What follows is a brief description of the ways in which ventilators are 
categorised, which it is hoped will enable the reader to make further study of 
specifi c ventilators and the physiology of ventilation. 

  Positive and  n egative  p ressure  v entilation 
 There are two possible ways to artifi cially infl ate the lungs. A negative pressure 
can be applied to the outside of the thoracic cavity. This will cause the chest 
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wall to move outwards and the lungs to expand, drawing in air. The pressure 
changes using this system are very similar to those found in natural breathing 
and so this is a physiologically sensible way to ventilate a patient. Unfortunately, 
in order to perform negative pressure ventilation, the patient ’ s chest must be 
fully enclosed in a rigid, sealed container, which can make surgical access 
diffi cult. Hence negative pressure ventilation is rarely used in anaesthesia. 

 Positive pressure ventilation requires the lungs to be infl ated by applying a 
positive pressure to the airway. Providing the airway is sealed by an endotra-
cheal tube or similar, this is very easy to achieve. The equipment can be as 
simple as a Mapleson F breathing system (with an assistant to squeeze the 
bag). For this reason, positive pressure ventilation of the lungs is the most 
common technique used in anaesthesia. 

 There is a variety of alternative techniques for providing ventilation or gas 
exchange by artifi cial means. These include high - frequency jet ventilation, 
high - frequency oscillation, differential lung ventilation, liquid ventilation and 
extracorporeal gas exchange. Discussion of these techniques is beyond the 
scope of this text.  

  Intermittent  p ositive  p ressure  v entilation (IPPV) 
 The act of ventilating an anaesthetised patient by intermittently increasing the 
pressure in the breathing system appears deceptively simple. Unfortunately it 
has many physiological effects that can be complex and can infl uence the 
patient ’ s body function in profound ways that may or may not be benefi cial. 

     Figure 4.11     A small animal mechanical ventilator unit. This unit can deliver pressure, 
volume or time cycled intermittent positive pressure ventilation.  
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  Effects on  l ung  v entilation 
 The way in which the lungs fi ll when pressure is applied at the airway depends 
on two factors: the static compliance and the time constant of the lungs. Static 
compliance is a measure of the elasticity of the lungs, an increase in compli-
ance meaning that the lungs will be more full at a given airway pressure. The 
time constant is a measure of the resistance of the airways; increased resistance 
will give a longer time constant. In general, compliance is more important 
when the lungs are fi lled slowly and the time constant is more important when 
the lungs are fi lled quickly. 

 Both compliance and time constant vary throughout individual lungs and 
so the speed at which the lungs are infl ated will alter the distribution of 
respiratory gases to different lung regions. In patients with localised areas of 
collapsed lung or other focal disease process, small alterations in the rate at 
which the lungs are infl ated or the peak inspiratory pressure can dramatically 
alter the degree of oxygenation of the blood leaving the lungs. If most of the 
ventilation is directed into a region where there is little perfusion or there is 
disruption of gas exchange, then the patient may become hypoxaemic. 

 Many respiratory diseases can alter the compliance of the lungs and/or the 
respiratory time constant. In patients with bronchoconstriction, for example 
a cat with feline asthma, the time constant is increased. In such cases it is 
important to ensure that the lungs are infl ated slowly and that suffi cient 
expiratory pause is allowed for the lungs to empty after each breath. 
In patients with diseases involving altered compliance, such as bullous 
emphysema, it is important that the peak inspiratory pressure is limited: the 
bullae are very compliant and can easily overexpand and even rupture if too 
much pressure is applied.  

  Effects on  c ardiovascular  f unction 
 The stroke volume of the heart varies with several factors, one of which is the 
amount of fi lling that takes place during asystole (Starling ’ s law). During 
normal respiration the pressure in the thoracic cavity changes little and the 
mean pressure is usually zero or a little negative. IPPV can raise the thoracic 
pressure considerably and this can reduce the venous return of blood to the 
heart. When thoracic pressure is greater than venous return pressure, there 
will be little return of blood to the heart and so cardiac output is much 
reduced. These effects will be pronounced in hypovolaemic patients, who tend 
to have a low central venous pressure. 

 Over a complete respiratory cycle, the effects on cardiac output will be 
proportional to mean thoracic pressure. The effects can be minimised by limit-
ing peak inspiratory pressure or by increasing the expiratory pause so that 
there is a longer period where thoracic pressure is low. Both these techniques 
will reduce mean intrathoracic pressure and so preserve cardiac output; 
however, both can have adverse effects in their own right. When peak 
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inspiratory pressure is reduced, the degree of fi lling of the lungs is reduced 
which leads to a decrease in minute volume. Over a period of time this may 
lead to the patient retaining carbon dioxide. When the expiratory pause is 
extended there is more potential for collapse of the smaller bronchi and this 
can result in areas of shunt, leading to hypoxaemia.  

  Effects on  o xygenation 
 IPPV will often improve oxygenation in patients that are hypoxaemic, but not 
always. In most anaesthetised patients breathing gas containing an adequate 
oxygen tension, the haemoglobin in arterial blood is almost 100% saturated 
with oxygen. When this is the case, IPPV will not improve the amount of 
oxygen in the blood. It should be remembered that the amount of oxygen 
delivered to the tissues is more important than the blood oxygen concentration 
 per se . It is possible that the reduction in cardiac output caused by IPPV can 
reduce tissue oxygen delivery despite an increase in the oxygen content of the 
arterial blood. For this reason,  P aO 2  or  S aO 2  should not be considered in 
isolation when assessing the effects of IPPV in a particular patient.  

  Effects on  c arbon  d ioxide  t ension 
 Arterial carbon dioxide tension is the main determinant of respiratory minute 
volume in animals that are breathing spontaneously. An increase in  P aCO 2  
will stimulate an increased minute volume that will reduce  P aCO 2  back to 
normal. Conversely a decrease in  P aCO 2  will depress minute volume and so 
allow  P aCO 2  to increase back to normal. During IPPV this homeostatic 
mechanism is removed and so great care should be taken that  P aCO 2  remains 
within normal limits. 

 If the patient is not suffi ciently ventilated to remove enough carbon dioxide, 
there will be a gradual build - up leading to a respiratory acidosis. This 
can have many effects that will be detrimental to the patient. Effects include 
an increase in sympathetic stimulation with increased arterial blood pressure 
and tissue perfusion; this will increase cardiac workload and oxygen con-
sumption and may lead to the development of ventricular dysrhythmias. 
Intracranial pressure and intraocular pressure will be increased. There will be 
increased tissue perfusion which may be seen as increased bleeding at the 
surgical site and, in severe cases, the effects of the anaesthetic agents may be 
potentiated by alterations in their degree of dissociation and plasma protein 
binding. 

 If the patient is overventilated, too much carbon dioxide will be removed 
and a respiratory alkalosis will develop. Effects on the patient include a reduc-
tion in arterial blood pressure and a decrease in perfusion of the tissues, 
particularly the brain. In extreme cases it is possible for cerebral perfusion to 
reduce to such an extent that oxygen delivery is compromised and the patient 
suffers cerebral hypoxaemia with subsequent brain damage. 
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 When  P aCO 2  is reduced, the main stimulus for respiration is removed and 
it may be diffi cult to wean the patient from the ventilator at the end of anaes-
thesia. This scenario can become confusing as IPPV is often used during 
complicated anaesthetic procedures and it may be diffi cult to tell whether the 
absence of respiratory drive is due to hypocapnia, relative overdose of drugs 
such as potent opioids which cause respiratory depression, or residual neuro-
muscular blockade. In these situations, it is essential to take time to ascertain 
and treat the cause of respiratory depression before the patient is allowed to 
recover from anaesthesia.  

  Effects on  a naesthesia 
 IPPV will often increase the rate at which inhalation agents are absorbed from 
the respiratory gases. This means that when a patient is ventilated they will 
often require less anaesthetic than when breathing spontaneously. The use of 
IPPV will also allow drugs that normally cause severe respiratory depression, 
such as potent opioids and neuromuscular blocking agents, to be used as part 
of a balanced anaesthetic protocol. This will reduce the amount of inhalation 
agent or other anaesthetic required and so will reduce the side effects of these 
agents.   

  Weaning from the  v entilator 
 The regular rhythm of IPPV is in itself soporifi c and can contribute to respira-
tory depression. For this reason, it is often useful to vary the pattern of respi-
ration when weaning the patient from the ventilator. Patients can be transferred 
from the ventilator to a normal circuit suitable for IPPV for weaning. This 
will allow the anaesthetist to give two or three rapid breaths followed by a 
respiratory pause. The pause allows a small degree of hypercapnia to develop 
that acts as a stimulant to respiration; the rapid breaths break the rhythm of 
the ventilator and so make the patient more likely to take over breathing 
spontaneously. When the patient is breathing normally, the anaesthetist must 
be absolutely sure that respiratory function has returned to normal before the 
patient is allowed to recover from anaesthesia. The best way to ensure this is 
to monitor end - tidal carbon dioxide for a few minutes to ensure that the 
patient does not become hypercapnic. Alternatively, a pulse oximeter can be 
used to monitor  S aO 2  but in this case monitoring should be continued when 
the patient is breathing room air to ensure that they do not become hypoxae-
mic as the inspired oxygen tension falls.  

  Benefi cial or  d etrimental? 
 As outlined above, IPPV is a complicated technique and should be carried out 
with care. It is undoubtedly of great benefi t to many patients (see box), but 
can have signifi cant complications (Table  4.2 ), which can be avoided with 
careful monitoring, attention to detail and a good understanding of the under-
lying physiological processes.      



84 Anaesthesia for Veterinary Nurses 

    INDICATIONS FOR  IPPV  
    To facilitate balanced anaesthesia  
  Apnoea  
  Hypoventilation causing hypercarbia and/or hypoxia  
  Decrease patient ' s work of breathing, e.g. disease, elderly patients  
  Respiratory arrest  
  Cardiorespiratory arrest  
  Thoracotomy  
  Laparotomy for diaphragmatic hernia repair  
  Delicate surgical procedures where a regular respiratory pattern is preferred, 

e.g. portosystemic shunt dissection     

  Minute  v olume  d ividers and  b ag -  i n -  b ottle  v entilators 
 Ventilators used in anaesthesia are divided into two main classes. Although 
they both provide IPPV, they function in ways that have very different conse-
quences for the control of respiratory function. 

 Minute volume dividers take the fresh gas fl ow from the anaesthetic machine 
and divide it into breaths that they deliver to the patient in a regular pattern. 
The ventilator controls can adjust each individual breath in a variety of ways, 
but the respiratory rate is controlled indirectly by the rotameters on the 
anaesthetic machine. When the ventilator has stored enough gas for a breath, 
it delivers that breath to the patient and then begins to store the next breath. 
At the end of inspiration the breath is channelled from the patient with no 
possibility of rebreathing. Minute volume dividers comprise the entire 
connection between the anaesthetic machine and the patient; they do not work 
with a separate breathing system. Examples of this kind of ventilator include 
the Manley and the Flomasta. 

 As the name suggests, bag - in - bottle ventilators (also known as bag squeez-
ers) work in a similar manner to manually compressing the reservoir bag of a 
breathing system. They do not form the entire connection between patient and 
anaesthetic machine, but are attached to a conventional breathing system. 
Care should always be taken that these ventilators are used with a system 
which is suitable for IPPV, such as a Mapleson DEF or a circle; they should 
never be used in conjunction with a Mapleson A breathing system. When a 
bag - in - bottle system is used, it takes on the functional appearance of the 
system to which it is connected. This may or may not allow rebreathing and 
may or may not allow carbon dioxide tensions to be altered by changing the 
ventilator settings or the fresh gas fl ow through the system. For example, if 
such a ventilator is used as part of a circle system, carbon dioxide removal 
will be by soda lime absorption. Altering the fresh gas fl ow at the rotameters 
will have no effect, but altering the respiratory rate or tidal volume may have 
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 Table 4.2     Complications of intermittent positive pressure ventilation. 

   Complications     Aetiology     Comment  

  Reduce venous return 

and cardiac output  

  Increased 

intrathoracic 

pressure  

  These effects can be minimised by 

having a shorter inspiratory 

time:expiratory time ratio. A ratio of 

1   :   2 is generally used with an 

inspiratory time of 1.5 – 2   sec  

  Respiratory alkalosis    Overventilation 

reduces CO 2   

  A respiratory rate of 8 – 12 breaths per 

minute is usually used  

  Pneumothorax, 

pneumomediastinum, 

air embolism, 

emphysema  

  Excessive lung 

infl ation 

causes 

alveolar septal 

rupture  

  Infl ation pressure and tidal volume 

should be the minimum required to 

maintain oxygenation and 

normocapnia. Infl ation pressure 

should not exceed 18 – 20   cmH 2 O. 

Pre - existing pulmonary disease, e.g. 

bullous emphysema and recent 

pulmonary trauma, can predispose 

to this problem  

  Re - expansion 

pulmonary oedema  

  Excessive lung 

infl ation 

following a 

period of 

atelectasis  

  Infl ation pressure should not exceed 

18 – 20   cmH 2 O. This is particularly a 

problem following prolonged 

periods of lung collapse, e.g. in 

chronic diaphragmatic rupture  

  Monitoring more 

diffi cult  

  If neuromuscular 

blocking agent 

(NBA) used  

  NBA drugs will abolish many of the 

cranial nerve refl exes used to assess 

anaesthetic depth  

  Additional equipment 

required  

  Mechanical 

ventilators  

    

  Additional person 

required  

  Manual 

ventilation  

    

  Increased intracranial 

pressure (ICP)  

      This occurs due to increased venous 

resistance. However, IPPV can also 

decrease  P aCO 2  that conversely will 

decrease ICP  

a dramatic effect. Conversely, if the ventilator is used with a Mapleson D 
system, carbon dioxide removal will be by dilution with fresh gas. Here alter-
ing the respiratory rate and tidal volume may have little or no effect on carbon 
dioxide, but altering the fresh gas fl ow may have a dramatic effect. The behav-
iour of the various anaesthetic systems during IPPV is discussed in Chapter  5 . 
Examples of bag - in - bottle ventilators include the Carden Ventmasta and the 
Vetronics Small Animal Ventilator (Figure  4.11 ).  
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  Respiratory  c ycling of  v entilators 
 Respiration is divided into inspiratory and expiratory phases. One of the most 
important distinctions in ventilator function is what triggers the ventilator to 
start and fi nish the inspiratory phase. Ventilators may be cycled by volume 
(inspiration continues until a set tidal volume is delivered), pressure (inspira-
tion continues until a set airway pressure is reached) or time (inspiration 
continues for a set time). 

 Ventilators that are cycled in different ways can give very different responses 
to alterations in respiratory variables. The following examples are two situa-
tions where differently cycled ventilators respond in different ways. 

 A volume - limited ventilator will deliver the same tidal volume under all 
circumstances whereas a pressure - limited ventilator will deliver the same peak 
inspiratory pressure under all circumstances. This means that a volume - limited 
ventilator must be adjusted for every new patient (tidal volume depends on 
weight), but a pressure - limited ventilator can be connected to patients of 
varying weight without adjustment (peak inspiratory pressure is similar regard-
less of weight). 

 Once set up a volume - limited ventilator will deliver the same tidal volume 
whatever the circumstances and will give little warning of disconnection or 
bronchospasm. A pressure - limited ventilator will not end inspiration if the 
patient becomes disconnected, as the airway pressure will not increase to the 
preset limit. In the case of bronchospasm, the limit will be reached almost 
immediately and the inspiratory period will be noticeably short. These altera-
tions may alert the anaesthetist to changes in respiratory function.     

    VENTILATOR CYCLE TYPE 
    Pressure cycled:     Gas supplied to pre - set pressure, e.g. 18 – 20   cmH 2 O  
  Volume cycled:     Tidal volume selected (15 – 20   ml/kg)  
  Time cycled:     Duration of inspiration selected, e.g. 1.5 – 2   sec     

  PHYSICAL PRINCIPLES 

  1   The  t hree  p erfect  g as  l aws 
 The perfect gas laws describe how gases behave under conditions of changing 
temperature, pressure and volume. They can be combined into the following 

equation:
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where P 1 , V 1  and T 1  are the pressure, volume and temperature of the gas before 
a change and P 2 , V 2  and T 2  are its temperature, volume and pressure after the 
change. 

 This equation can best be understood if one of the three variables is 
kept constant; thus if the temperature of a gas is kept constant and its volume 
changes (by compressing it into a cylinder, for example), then the pressure 
will rise. In practice, it is unusual for one of the variables to remain constant. 
If a gas is compressed, then both its volume will reduce and its temperature 
increase (a bicycle pump will get hot when it is used to infl ate a tyre).  

  2   Critical  t emperature in a  g as 
 Elements can exist in three states: solid, liquid and gaseous. The phase in which 
an element exists will depend upon the prevailing conditions of temperature 
and pressure. The critical temperature is the temperature above which a given 
element can only exist in the gaseous phase no matter how high the pressure. 
For example, the critical temperature of nitrous oxide is 37    ° C. This means 
that it can (and does) become a liquid at room temperature if it is compressed 
to a high enough pressure. In contrast, the critical temperature of oxygen is 
 − 128    ° C. This means that it can never become a liquid at room temperature 
no matter how much it is compressed.  

  3   Pressure,  f orce and  a rea 
 The relationship between pressure (P), area (A) and force (F) is:

   
P

F
A

=
  

 A reducing valve makes use of this relationship by allowing a valve to be 
opened in the high - pressure chamber by atmospheric pressure plus the force 
exerted by a spring. This is achieved by making the valve opening into the 
high - pressure chamber very small (Figure  4.4 ). The force exerted on the valve 
by the high - pressure gases is small (a high pressure multiplied by a very small 
area) in comparison to the forces exerted by the regulated pressure gas (a 
moderate pressure multiplied by a large area), atmospheric air (a lower pres-
sure multiplied by the same large area) and the spring. At equilibrium, the 
force due to the regulated pressure will equal and oppose the force due to 
atmospheric pressure and the spring. The pressure in the high - pressure chamber 
will have almost no effect on this equilibrium. In practice, the valve is always 
more or less at equilibrium and the pressure of the gas that comes out of the 
low - pressure side is constant over a range of fl ows and cylinder pressures.  

  4   Flow of  fl  uids 
 Fluid fl ow (liquids and gases are both fl uid) can be laminar or turbulent. In 
laminar fl ow, all the molecules move in the direction of bulk fl ow in an orderly 
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fashion. In turbulent fl ow, the molecules swirl in all directions in addition to 
the direction of bulk fl ow. Most fl ow in an anaesthetic machine is laminar for 
most of the time. 

 During laminar fl ow (in a circular tube to keep the equation simple!), the 
Hagen – Poiseuille equation applies:

   

�Q
Pd

l
=

π
η

4

128  

where  Q̇  is fl ow, P is pressure drop along the tube, d is the diameter of the 
tube, l is the length of the tube and  η  is the viscosity of the fl uid.  

  5   Variable  o rifi ce  d evices 
 The force exerted on an object in the path of a given fl ow can be estimated 
by substituting  ‘ force divided by area ’  for pressure (area is the area of the 
object presented to the fl ow) into the Hagen – Poiseuille equation and rearrang-
ing it. In the real world, other things such as the density of the fl uid, the shape 
of the object and the coeffi cient of friction get in the way, but the substitution 
will do to demonstrate that the force increases as the area decreases. A variable 
orifi ce device makes use of this by either adjusting the fl ow of fl uid by altering 
the area (needle valve) or measuring the fl ow by altering the area through 
which it passes against a constant force (the force due to gravity on the fl oat 
or ball in a rotameter). 

 The force exerted on the bobbin at a particular height up the column will 
depend on both the density and viscosity of the gas. For this reason, rotameters 
should only be used to measure the fl ow of the gas for which they were 
designed. In general rotameters are usually only accurate over the upper 90% 
of their range. A 10   l/min rotameter, for example, should not be considered 
accurate at fl ows of less than 1   l/min.  

  6   Vaporisation 
 A vapour is a substance that is a gas despite being below its boiling point. For 
example, on a humid day the air is full of water vapour, but water as a gas 
(steam) comes out of a kettle. A liquid will tend to become a vapour (evapo-
rate) into a gas until it reaches its saturated vapour pressure. Saturated vapour 
pressure of a given liquid increases with temperature and is usually expressed 
as a partial pressure at a specifi ed temperature. For example, the saturated 
vapour pressure of halothane is 32% at 20    ° C. A specifi c amount of energy is 
required for a substance to evaporate. This is known as the latent heat of 
vaporisation. This heat energy is usually removed from the surroundings of 
the molecules that evaporate. This means that a liquid and its container tend 
to get cooler as some of the liquid evaporates.  

  7   Specifi c  h eat  c apacity 
 The specifi c heat capacity of a substance is the amount of energy required to 
raise the temperature of 1 gram of the substance by 1    ° C. Substances with high 
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specifi c heat capacities are good conductors of heat. In general, their temper-
ature will be less infl uenced by changes around them compared to poor 
conductors (with low specifi c heat capacities). If a fl uid evaporates from an 
expanded polystyrene cup, the temperature of the liquid in the cup will cool 
and little heat will be brought in from the cup. If the cup is made of metal, 
heat will be conducted into the evaporating liquid and it will not cool as much. 
Vaporisers tend to be made from substances with high specifi c heat capacities 
so that the temperature of the anaesthetic agent in the vaporiser remains stable 
as the agent evaporates.  

  8   Capillary  a ction 
 The molecules of liquids are attracted to each other and to some other mol-
ecules. This means that water, for example, will tend to stick to or wet some 
surfaces (e.g. paper), but not others (e.g. grease). When a liquid comes into 
contact with a vertical surface of a wettable material it will climb up the 
surface until the attractive force between the surface and the liquid equals the 
force of gravity on the liquid that is lifted. This forms a meniscus. If the surface 
forms a narrow tube or series of channels such as a capillary tube or the spaces 
between fi bres of a fabric, the liquid can climb for a considerable distance. 
This climbing is said to be by capillary action.   

  SUMMARY 

 The anaesthetic machine is one of the workhorses in small animal practice, 
used daily and essential to the practice of inhalational anaesthesia. 
Understanding how the individual components of the machine contribute to 
the overall function of the machine allows the veterinary nurse to care for and 
use the machine not only effi ciently but also safely.  
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5 Breathing Systems and 

Airway Management  

  Craig   Johnson       

     Anaesthetised animals are usually provided gas to breathe from an anaesthetic 
machine (see Chapter  4 ). This machine allows control over the inspired con-
centration of gases in the fresh gas mixture, but supplies this gas at a constant 
fl ow rate, which must be delivered to the patient in individual breaths. The 
anaesthetic breathing system is placed between the patient and the anaesthetic 
machine in order to achieve this.  

  BREATHING SYSTEMS 

 Breathing systems (circuits) come in various shapes and sizes, but they must 
all perform the same three functions: supply of oxygen to the patient; removal 
of carbon dioxide from the patient; and supply of inhalation and/or volatile 
anaesthetic agents to the patient. 

     Supply of  o xygen to the  p atient 
 During anaesthesia it is usual to supply at least 30% inspired oxygen to 
the patient. Above the point at which the haemoglobin becomes fully saturated 
(usually less than 30% oxygen in the inspired gas), oxygen supply to the 
body depends on the blood fl ow through the lungs rather than oxygen supply 
to them. This means that except during rebreathing the performance of 
a system is not critical to the supply of suffi cient oxygen to oxygenate the 
blood. 
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 Normally the reservoir bag on patient breathing systems should be capable 
of holding three to six times the patient ’ s tidal volume.  

  Removal of  c arbon  d ioxide from the  p atient 
 It is not normal for an animal to breathe carbon dioxide in fresh gas. The 
physiological regulation of breathing depends on the tension of dissolved 
carbon dioxide in arterial blood (see Chapter  2 ). This means that the way in 
which a breathing system deals with the carbon dioxide that a patient breathes 
out is critical to its performance. Breathing systems are designed with the 
removal of carbon dioxide and the elimination of rebreathing of carbon 
dioxide in mind. The way to understand breathing systems is to understand 
the fl ow of carbon dioxide through them.  

  Supply of  i nhalation and/or  v olatile  a gent to the  p atient 
 The supply of inhalation and/or volatile agent to the patient is important as 
the required clinical anaesthetic concentration of these agents is usually within 
a narrow concentration band. When a non - rebreathing system is used at an 
appropriate fresh gas fl ow rate then the concentration of anaesthetic breathed 
by the patient will be the same as that delivered by the vaporiser. When a 
rebreathing system is used then the concentration breathed by the patient can 
be markedly different from the vaporiser setting (see below).   

  Classes of  b reathing  s ystem 
 There are several different ways of classifying breathing systems. Some are 
anatomical and are based on how the system has been built. Some are func-
tional and are based on how the system is being used. The anatomical clas-
sifi cations are useful for deciding how a system will work and in which 
situations it is likely to be useful. The functional classifi cations are useful for 
describing how a system is being used in a given situation. A system that falls 
into a single anatomical classifi cation may be placed into different functional 
classes depending on how it is being used. 

 Anatomical classifi cations of systems include the overall classifi cation 
in general use in the UK (open, semi - open, semi - closed, closed) and the 
Mapleson classifi cation (A to F). Functional classifi cations include the overall 
classifi cation in use in the USA (open, semi - open, semi - closed, closed) and the 
descriptive terms (rebreathing and non - rebreathing). When attempting to 
classify systems, it should be remembered that it may be confusing to rely 
too heavily on the classifi cation systems, especially as some use the same 
terms with alternative meanings. It is more important to be able to describe a 
given breathing system and to understand how it works and what its limita-
tions are. A selection from some of the more widely used classifi cations 
now follows.   
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     UK  GENERAL CLASSIFICATION ( H ALL AND  C LARKE) 
    Open:     The anaesthetic agent is vaporised from a swab held close to the 

airway. An example of this is a jamjar ether system.  
  Semi - open:     The anaesthetic agent is vaporised from a swab held over the 

airway. An example of this is a Cox ’ s mask.  
  Semi - closed:     The patient inhales gas from an anaesthetic machine. 

Expiratory gas is voided to the atmosphere. An example of this is a Magill 
system.  

  Closed:     The system incorporates chemical absorption of carbon dioxide. An 
example of this is a circle system.     

   US  GENERAL CLASSIFICATION ( D RIPPS,  E CHENHOFF AND  V ANDAM) 
    Open:     The patient inhales gases directly from the anaesthetic machine and 

exhales to the atmosphere with no rebreathing. An example of this is the 
E valve assembly.  

  Semi - open:     Exhaled gases fl ow out of the system and also to the inspiratory 
limb. There is no chemical absorption of carbon dioxide. Rebreathing 
depends upon the fresh gas fl ow. An example of this is a Magill system.  

  Semi - closed:     Part of the exhaled gas passes to the atmosphere and part 
mixes with the fresh gas and is rebreathed. Chemical absorption of carbon 
dioxide takes place. An example of this is a circle system used with higher 
fresh gas fl ows.  

  Closed:     Here there is complete rebreathing of expired gas with carbon 
dioxide absorption by chemical means. An example of this is a circle system 
used at low fresh gas fl ows.     

   M APLESON CLASSIFICATION ( M APLESON) 
 Mapleson classifi ed the non - rebreathing systems into fi ve categories, A to E. 
Mapleson F was added later to include the Jackson – Rees modifi cation of the 
Ayre T - piece (Mapleson E). The most commonly used Mapleson systems in 
veterinary anaesthesia are the Mapleson A (Magill and Lack), the Mapleson 
D (modifi ed as the Bain) and the Mapleson F (Jackson – Rees modifi cation of 
the Ayre T - piece). These systems are illustrated in Figures  5.1  –  5.7  and will 
be discussed in detail below.  

  Non -  r ebreathing  v ersus  r ebreathing 
 Table  5.1(a) and (b)  compares non - rebreathing systems with rebreathing 
systems.   

 Non - rebreathing systems eliminate carbon dioxide by fl ushing it to a waste 
or exhaust system. The Mapleson systems are usually considered to be 
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 Table 5.1 (a)     Advantages and disadvantages of non - rebreathing systems. 

   Advantages     Disadvantages  

      •      Economical purchase price  

   •      Simple construction  

   •      Rapid changes in concentration of 

inspired volatile agents possible  

   •      The concentration of anaesthetic breathed 

by the patient will be the same as that 

delivered by the vaporiser  

   •      Soda lime not required  

   •      Suitable for a large range of patients  

   •      Nitrous oxide may be used safely  

   •      Denitrogenation not necessary  

   •      Low resistance to breathing     

      •      High fresh gas fl ows required ( ↑  cost)  

   •      Increased use of volatile agents ( ↑  

cost)  

   •      Increased potential for contamination 

of atmosphere by waste anaesthetic 

gases  

   •      Dry, cold gases delivered to patient     

non - rebreathing systems. It should, however, be remembered that rebreathing 
can occur using a Mapleson system at low fresh gas fl ows (refer to the use of 
a Bain system with intermittent positive pressure ventilation (IPPV),     page  101  ). 
Rebreathing systems eliminate carbon dioxide by chemical absorption, allow-
ing the same gas to be breathed by the patient on more than one occasion. 
To - and - fro systems and circle systems are usually considered to be rebreathing 
systems.     

 Table 5.1 (b)     Advantages and disadvantages of rebreathing systems. 

   Advantages     Disadvantages  

      •      Economy of fresh anaesthetic gases  

   •      Economy of volatile agents  

   •      Warms and humidifi es inspired gases  

   •      Reduced contamination of atmosphere by 

waste anaesthetic gases     

      •      Initial purchase price high  

   •      Denitrogenation required  

   •      Slow changes in concentration of 

inspired volatile agents in closed and 

low - fl ow systems  

   •      The concentration of anaesthetic 

breathed by the patient will not be the 

same as that delivered by the vaporiser  

   •      Valves increase resistance to breathing  

   •      Soda lime is irritant to tissues  

   •      Soda lime canister increases resistance  

   •      Soda lime canister contributes to 

mechanical dead space  

   •      Nitrous oxide may only be used when 

fraction of inspired oxygen in a gas 

mixture (FIO 2 ) can be monitored     
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    CARBON DIOXIDE REMOVAL BY SODA LIME 
 The rebreathing systems remove carbon dioxide from the expired gas by 
chemical absorption. The gas is passed through a canister containing gran-
ules of soda lime. Soda lime is made up of 90% calcium hydroxide, 5% 
sodium hydroxide, 1% potassium hydroxide and 4% silicate. Silicate acts as 
a stabiliser and stops the granules turning to powder. Barium hydroxide lime 
will also absorb carbon dioxide but is rarely used in the UK. 

 Soda lime canisters contain approximately 50% air around and within the 
granules. Thus the total volume of the canister should be at least double the 
tidal volume of the patient anaesthetised to ensure effi cient absorption of 
carbon dioxide from expired gases. Some circle systems incorporate a switch 
that allows the gases within the system to bypass the soda lime canister. If 
this switch is in the  ‘ off ’  position in fully closed or low - fl ow systems, carbon 
dioxide can accumulate to life - threatening levels. 

 Fresh soda lime contains 35% water by weight and opened containers of 
soda lime may dehydrate and lose absorptive capacity, as water is essential 
for the chemical reaction involved in scavenging carbon dioxide. 

 The soda lime reacts with the carbon dioxide in the gas as follows:

   CO Ca OH CaCO H O2 2 3 2+ ( ) ⇒ +  

   CO NaOH Na CO H O2 2 3 22+ ⇒ +   

 This reaction traps the carbon dioxide in the solid phase of the soda lime 
and releases not only water vapour but also heat, as the chemical reaction 
is exothermic. Following this reaction the granules of soda lime become hard 
and cannot be crushed easily. The rise in temperature may be as great as 
40    ° C. Cold dry gases passing through soda lime canisters are thus warmed 
and humidifi ed. 

 Soda lime is highly alkaline and caustic and irritant to tissues, especially 
when wet. The eyes, skin and respiratory tract are at particular risk. When 
refi lling a soda lime canister, gloves and a mask should be worn, and the 
canister should be refi lled over a waste bin to prevent loss of dust to the fl oor. 

 Most soda lime contains a pH indicator (e.g. ethyl violet), which shows if 
it is still active. Different manufacturers use different indicators. The most 
common are: 

   •      White soda lime that becomes purple when spent (inactive).  
   •      Pink soda lime that becomes white when spent.  
   •      White soda lime that becomes blue when spent.    

 Unfortunately, the indicators can return to their unspent state even in spent 
soda lime if this is allowed to stand. For this reason, a note should be kept 
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of when the soda lime was last changed and it should be changed prior to 
an anaesthetic if there is any doubt as to its freshness. In general, the soda 
lime within a canister should be changed when 50% of the soda lime has 
undergone a change in indicator colour. If double canisters placed in series 
are used (i.e. the gas passes fi rst through one and then the other), the soda 
lime should be changed in both when the soda lime in the fi rst (usually the 
top one) is exhausted.  

  System  d etails 
  Mapleson  A  ( M agill and  L ack) 
 Mapleson A systems are designed to be effi cient when the patient is breathing 
spontaneously. They become very ineffi cient if used with intermittent positive 
pressure ventilation (IPPV). The Magill is illustrated in Figure  5.1  and its 
advantages and disadvantages are listed in Table  5.2 . The Lack (Figure  5.2  
and Table  5.3 ) is functionally similar to the Magill and only differs in that the 
expiratory valve is on an extended expiratory limb, allowing it to be sited 
close to the anaesthetic machine rather than close to the patient. This helps 
to minimise drag on the endotracheal tube and facilitates head and neck 
surgery. Lack systems may be coaxial (tube inside tube) or parallel (Figure 
 5.2 ). The reservoir bag is sited on the inspiratory limb of the coaxial Lack.         

 The inner tube of the coaxial Lack may become disconnected and can lead 
to rebreathing of expired anaesthetic gases and vapours. Unfortunately there 
is no easy method of checking the integrity of the inner tube connections. The 
parallel Lack does not have this problem but is more unwieldy because of the 
greater amount of tubing. 

     Figure 5.1     Magill breathing system.  
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     Figure 5.2     Parallel Lack breathing system.  

 Table 5.2     Advantages and disadvantages of  M agill breathing system. 

   Advantages     Disadvantages  

      •      General advantages of non - rebreathing 

system  

   •      Effi ciency unaffected by breathing pattern  

   •      Fresh gas fl ow (FGF)   =    ≥ 1    ×    minute 

volume (MV)     

      •      General disadvantages of non -

 rebreathing system  

   •      Not suitable for long - term IPPV  

   •      Valve close to patient, increasing 

drag and limiting access     

 Table 5.3     Advantages and disadvantages of  L ack breathing system. 

   Advantages     Disadvantages  

      •      General advantages of non - rebreathing 

system  

   •      Effi ciency unaffected by breathing 

pattern  

   •      FGF   =    ≥ 1    ×    MV  

   •      Valve close to gas outlet, increasing 

access and reducing drag     

      •      General disadvantages of non -

 rebreathing system  

   •      Not suitable for long - term IPPV  

   •      Disconnection of inner tube possible in 

coaxial system and diffi cult to identify  

   •      Increased bulk with parallel system     
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 The function of Mapleson A systems under spontaneous ventilation is 
illustrated in Figure  5.3  using the example of the Magill. The fresh gas fl ow 
passes from the anaesthetic machine into the inspiratory limb of the system 
and fi lls the breathing bag. During the inspiratory period, the patient takes 
gas from the inspiratory limb (Figure  5.3 a) and the bag empties. During the 
early part of expiration (Figure  5.3 b) gas passes back into the inspiratory limb 
until the bag is full. The pressure in the system then rises, causing the 

(a)

(b)

(c)

     Figure 5.3     Mapleson A system during spontaneous ventilation. Gas fl ows through the 
system are illustrated in (a) inspiration, (b) early expiration, (c) late expiration. White arrows 
 –  fresh gas; black arrows  –  rebreathed gas containing carbon dioxide; dotted arrows  –  gas 
which has entered the anatomical dead space but has not undergone gas exchange and 
so does not contain carbon dioxide. See text for a full explanation.  
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expiratory valve to open and gas to pass into the expiratory limb and out to 
the scavenge system (Figure  5.3 c). During the expiratory pause, more gas is 
fl ushed out of the system by the constant fresh gas fl ow. It should be noted 
that the fi rst gas to be exhaled is the gas from the upper respiratory tract that 
has not undergone gas exchange and contains no carbon dioxide. This gas is 
the last to be fl ushed from the system in the expiratory pause. By the beginning 
of the next breath all expired gas (containing carbon dioxide) will have been 
removed from the system and the patient will only breathe fresh gas. For this 
to occur the fresh gas fl ow used has to be equal to or greater than the patient ’ s 
alveolar minute volume, although the Lack will function effi ciently at lower 
fresh gas fl ow rates.   

 When these systems are used with IPPV, the expiratory valve must be par-
tially closed to allow suffi cient inspiratory pressure to infl ate the lungs. The 
pressure rise in the system occurs during inspiration rather than expiration. 
This means that expired gas passes back into the inspiratory limb during 
expiration to a much greater extent than during spontaneous respiration, and 
also that no gas can be voided from the system during the expiratory pause. 
The system must be cleared of rebreathed gas between breaths by opening the 
expiratory valve, fl ushing the expired gas out of the system and closing the 
expiratory valve before the next breath. This is ineffi cient in terms of fresh gas 
fl ow and the activity required by the anaesthetist to effect proper ventilation. 
Consequently, these breathing systems should not be used for long - term IPPV 
(e.g. during thoracotomy) but are suitable for assisted ventilation (e.g. during 
post - induction apnoea).  

  Modifi ed  M apleson  D  ( B ain) and  M apleson  F  ( J ackson –  R ees 
 m odifi ed  A yre  T  -  p iece) 
 These systems all function in a similar manner. The Bain (Figure  5.4  and Table 
 5.4 ) is designed to be used with IPPV, but requires a very high fresh gas fl ow 
if used during spontaneous respiration in larger patients. The Bain is a coaxial 
system with fresh gas travelling down the inner tube and the reservoir bag 
situated on the expiratory (outer) limb.     

 Unlike the Lack, the integrity of the inner tube connections may be checked 
prior to use: 

   •      Attach the Bain breathing system to the fresh gas outlet of the anaesthetic 
machine.  

   •      Set the oxygen fl owmeter to 2 – 6 litres.  
   •      Occlude the inner tube of the Bain.  
   •      If the inner tube connections are intact the oxygen fl owmeter bobbin will 

dip briefl y.  
   •      Immediately remove occlusion from inner tube.    
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 The T - piece (Figure  5.5  and Table  5.5 ) has no valves and so is ideal for use in 
very small patients. Here the high fresh gas fl ows in terms of multiples of 
minute volume are of little consequence as the total gas fl ow required is still 
small.     

 The function of these systems under spontaneous ventilation is illustrated 
in Figure  5.6  using the T - piece as an example. During the inspiratory phase 
(Figure  5.6 a), fresh gas is taken from the expiratory limb of the system and 
directly from the fresh gas fl ow supplied by the anaesthetic machine. During 
expiration (Figure  5.6 b), gas containing carbon dioxide is expired into the 
expiratory limb of the system and mixes with the gas from the anaesthetic 
machine. This means that any fresh gas provided during expiration becomes 

     Figure 5.4     Bain breathing system.  

 Table 5.4     Advantages and disadvantages of  B ain breathing system. 

   Advantages     Disadvantages  

      •      General advantages of non - rebreathing 

system  

   •      Compact coaxial system  

   •      Minimal dead space  

   •      Valve close to gas outlet, increasing 

access, reducing drag and facilitating 

scavenging of waste gases  

   •      Suitable for long - term IPPV  

   •      Integrity of inner tube connections easy 

to check  

   •      Some warming of inspired gases as 

they pass through the inner tube     

      •      General disadvantages of non -

 rebreathing system  

   •      Disconnection of inner tube possible in 

coaxial system leading to large 

increase in mechanical dead space  

   •      Effi ciency affected by breathing pattern  

   •      Highest resistance to breathing of all 

Mapleson systems  

   •      FGF   =    ≥ 2.5 – 3    ×    MV     
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     Figure 5.5     Jackson – Rees T - piece.  

(a)

(b)

(c)

     Figure 5.6     Mapleson DEF system during spontaneous ventilation. Gas fl ows through the 
system are illustrated in (a) inspiration, (b) expiration, (c) expiratory pause. White arrows 
 –  fresh gas; black arrows  –  rebreathed gas containing carbon dioxide; dotted arrows  –  gas 
which has entered the anatomical dead space but has not undergone gas exchange and 
so does not contain carbon dioxide. See text for a full explanation.  
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contaminated with carbon dioxide and so is wasted. During the expiratory 
pause (Figure  5.6 c) suffi cient gas must be supplied to fl ush this mixed gas 
from the system and so ensure that the patient breathes only fresh gas at the 
next breath. The fresh gas fl ow requirement to prevent rebreathing with this 
system is dependent on the ratio of expiratory time to expiratory pause and 
inspiratory time. It is much higher than that required by the Mapleson A 
systems.   

 When used with IPPV, the Mapleson DEF systems are much more effi cient. 
The function of these systems under IPPV is illustrated in Figure  5.7 . The 
expiratory valve is set partly closed so that a suitable peak inspiratory pressure 
can be achieved when the bag is squeezed. Gas escapes from the system when 
the pressure rises during inspiration (Figure  5.7 a), but, because the valve is on 
the expiratory limb, the gas that escapes is expired gas. In effect, the act of 
squeezing the bag moves a column of gas from the expiratory limb of the 
system into the patient and back into the expiratory limb. This gas contains 
carbon dioxide, but it is constantly diluted by fresh gas from the anaesthetic 
machine that contains no carbon dioxide. Above a certain limit of alveolar 
ventilation, the alveolar carbon dioxide tension depends not on alveolar 
minute volume, but on the amount of fresh gas provided to the system. This 
relationship is illustrated graphically in Figure  5.8 .   

 The function of the Mapleson DEF systems with IPPV is useful as mainte-
nance of normocapnia is separated from alveolar minute volume and so the 
rate of ventilation and mean intrathoracic pressure can be adjusted indepen-
dently of end - tidal carbon dioxide. Similarly, end - tidal carbon dioxide can be 
adjusted by altering fresh gas fl ow without affecting alveolar minute volume 
or ventilation rate. It is important to note that when these systems are used 
in this manner there is a signifi cant amount of rebreathing. This is a good 
example of a system that is considered to be non - rebreathing being used with 
rebreathing.  

 Table 5.5     Advantages and disadvantages of  A yre  T  - piece breathing system. 

   Advantages     Disadvantages  

      •      General advantages of non - rebreathing 

system  

   •      Compact system  

   •      Minimal dead space  

   •      Low resistance to breathing  

   •      No valves  

   •      Suitable for long - term IPPV     

      •      General disadvantages of non -

 rebreathing system  

   •      Effi ciency affected by breathing pattern  

   •      Diffi cult to scavenge waste gases 

effi ciently  

   •      Reservoir bag may twist (Jackson – Rees 

modifi cation)  

   •      FGF   =    ≥ 2.5 – 3    ×    MV     
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(a)

(b)

(c)

     Figure 5.7     Mapleson DEF system during IPPV. Gas fl ows through the system are illustrated 
in (a) inspiration, (b) early expiration, (c) late expiration. White arrows  –  fresh gas; black 
arrows  –  rebreathed gas containing carbon dioxide; dotted arrows  –  gas which has entered 
the anatomical dead space but has not undergone gas exchange and so does not contain 
carbon dioxide. See text for a full explanation.  

  To - and -  f ro ( W ater ’ s  c anister) 
 This system (Figure  5.9  and Table  5.6 ) functions in much the same way as a 
circle system, the details of which are described below. Compared to the circle 
system, it has the disadvantages of having the soda lime canister near to the 
patient. As well as being inconvenient this means that there is little chance for 
the heat created by the absorption of carbon dioxide to dissipate. In addition, 
soda lime dust can pass through the wire mesh and be inhaled by the patient 
(soda lime is extremely irritant and can damage the respiratory mucous mem-
branes). The canister is usually horizontal and if not fully packed can allow 
soda lime to settle to one side, creating a low resistance pathway through which 
gas can travel without coming into contact with soda lime and having its carbon 
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     Figure 5.8     Changes in  P aCO 2  with fresh gas fl ow using a Mapleson DEF system under 
IPPV. Graph of fresh gas fl ow against end - tidal carbon dioxide tension in a dog during 
IPPV ventilation using a Mapleson D, E or F breathing system  (adapted from JFR Hird  &  F 
Carlucci,  1977) . The use of the coaxial system to control the degree of rebreathing in the 
anaesthetised dog.  Proc Ass Vet An G Br  &  Ir  7  ).   

 Table 5.6     Advantages and disadvantages of to - and - fro breathing system. 

   Advantages     Disadvantages  

      •      General advantages of rebreathing 

system     

      •      General disadvantages of rebreathing 

system  

   •      Bulky system  

   •      Less effi cient absorption of CO 2  by 

soda lime because of potential tracking 

of gases  

   •      Increasing dead space as soda lime 

becomes exhausted  

   •      Soda lime canister close to patient, 

increasing drag and potential for 

inhalation of irritant soda lime dust     

dioxide removed (tracking or streaming of gases) (Figure  5.10 ). In normal use 
the soda lime nearest to the patient is used fi rst and the absorption front moves 
along the canister in the direction of the rebreathing bag. This means that the 
dead space of the system gets progressively larger as anaesthesia proceeds; the 
system should only be used with patients with a large enough tidal volume to 
move the majority of their alveolar gas right through the canister.        
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  Circle 
 The circle system (Figure  5.11  and Table  5.7 ) is the most complex in common 
veterinary usage. It has a soda lime canister that is away from the patient and 
is usually vertically orientated to prevent settling to one side. The gas is deliv-
ered to and from the patient through two tubes which can be parallel or 
coaxial and two one - way valves are incorporated on either side of the patient 
which ensure that gas fl ows in one direction only.     

     Figure 5.10     Soda lime settled to one side in a poorly fi lled Water ' s canister.  

     Figure 5.9     Water ' s canister (to - and - fro) breathing system.  

 Table 5.7     Advantages and disadvantages of circle breathing system. 

   Advantages     Disadvantages  

      •      General advantages of rebreathing 

system  

   •      More effi cient absorption of CO 2  by soda 

lime  

   •      Constant dead space  

   •      Soda lime canister distant to patient 

reducing drag and potential for 

inhalation of irritant soda lime dust  

   •      Suitable for IPPV     

      •      General disadvantages of rebreathing 

system  

   •      Complex construction prone to 

malfunction  

   •      Bulky system  

   •      Expensive to purchase     
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     Figure 5.11     Circle breathing system.  

 The usual components of the circle system are: 

   •      rebreathing or reservoir bag;  
   •      soda lime canister;  
   •      two one - way (or unidirectional) valves, e.g. Reubens valve;  
   •      expiratory or overfl ow valve, e.g. Heidebrink valve;  
   •      fresh gas inlet.    

 In addition, some circle systems incorporate an in - circuit vaporiser. As long 
as one of the one - way valves is in the inspiratory limb and the other is in the 
expiratory limb, the components can be arranged in almost any confi guration. 
Different arrangements will function slightly differently, but the details of this 
are beyond the scope of this text. The circle breathing system may be easily 
checked for leaks using the following procedure: 

   •      Connect the circle breathing system to an anaesthetic machine.  
   •      Close the expiratory valve.  
   •      Occlude the patient port.  
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   •      Using the oxygen fl ush valve, fi ll the reservoir bag to a system pressure of 
30   cmH 2 O.  

   •      The pressure should not fall by more than 20   cmH 2 O in 10   sec.    

 The general function of a circle system is as follows. The gas passes round the 
system in a circle. When it is breathed in by the patient some of the oxygen 
is removed and replaced by carbon dioxide. If the respiratory quotient is 1 
then the same amount of carbon dioxide will be added as oxygen is removed 
and there will be no change in the overall volume of gas in the system (this is 
rarely the case, but is usually assumed to be so when explaining the function 
of a circle system). The expiratory gas passes over the soda lime and the carbon 
dioxide is removed. The lost volume is replaced by gas from the fresh gas inlet. 
If the fresh gas fl ow is greater than the rate of carbon dioxide removal then 
gas will pass through the overfl ow valve and will be lost from the system. If 
the fresh gas fl ow is less than the rate of carbon dioxide removal then the 
rebreathing bag will empty. If the fresh gas fl ow is the same as the rate of 
carbon dioxide removal then neither of these will happen. The consequence 
of this is that (assuming a respiratory quotient of 1) the minimal fresh gas 
fl ow is equal to the patient ’ s metabolic oxygen consumption, i.e. the rebreath-
ing circle system is operating fully closed.   

      The  respiratory quotient  (RQ) is the ratio of the volume of carbon dioxide 
produced by an organism during respiration to the volume of oxygen con-
sumed. The RQ varies with the type of organic material being metabolised. 
The RQ for carbohydrates is 1 and for fats is 0.7. 

 The  metabolic oxygen requirement  of healthy conscious dogs and 
cats can be estimated as follows: 

   •      Metabolic oxygen requirement   =   10   ml/kg/min    

 Oxygen consumption will vary depending on the metabolic status of the 
animal, i.e. factors such as species, age, temperature, drugs administered, 
muscle tone and response to surgery, in addition to certain diseases, e.g. 
hyperthyroidism can affect the metabolic oxygen requirement.  

 Unlike non - rebreathing systems, the concentration of inhalation agent inspired 
by the patient is not necessarily the same as that set on the vaporiser. This is 
because under almost all circumstances the patient will absorb inhalant with 
each breath and so will breathe out gas that contains less inhalant than that 
which was breathed in. This gas will mix with fresh gas from the anaesthetic 
machine that contains the concentration of inhalant set on the vaporiser. The 
inhalant concentration of the patient ’ s next breath will depend on: 
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   •      the amount of inhalant absorbed by the patient;  
   •      the minute volume of the patient;  
   •      the vaporiser setting;  
   •      the fresh gas fl ow.    

 Although the concentration of inhalation agent cannot be known (unless it is 
measured using an agent monitor), the use of a higher fresh gas fl ow will tend 
the inspired concentration towards that set on the vaporiser (at the expense 
of an increase of gas voided through the overfl ow valve). For this reason, a 
high fresh gas fl ow is usually used at the start of an anaesthetic and this is 
reduced as the rate of absorption of inhalation agent reduces later in the course 
of the anaesthetic, e.g. 100   ml/kg/min for 10 – 15 minutes then reduced to 10   ml/
kg/min. 

 Room air is composed of 79% nitrogen and at the start of the anaesthetic 
period patients expire this gas. If the nitrogen is not removed from the circle 
breathing system at this time it will recirculate within the system and dilute 
the oxygen, anaesthetic gases and vapours. This may lead to hypoxia. High 
fresh gas fl ows used initially in circle systems, as described above, facilitate 
denitrogenation. 

 Nitrous oxide is relatively insoluble in blood compared to other inhalation 
agents. This means that it reaches equilibrium in the body rapidly, after 
which it will no longer be absorbed. Once the stage of little absorption has 
been reached, the partial pressure of nitrous oxide can build up in a rebreath-
ing system. This will lead to a reduction in the inspired oxygen tension 
and can even lead to the patient breathing a hypoxic gas mixture despite 
an adequate partial pressure of oxygen being delivered by the anaesthetic 
machine. Thus, unless the inspired oxygen tension can be monitored using 
an airway gas monitor, nitrous oxide should never be used in a closed rebreath-
ing system.  

   H umphrey  ADE  -  c ircle  b reathing  s ystem 
 The Humphrey ADE - circle is a hybrid breathing system that can be confi gured 
to have the reservoir bag either in the inspiratory or expiratory limb. A remov-
able soda lime canister can also be incorporated into the system, which allows 
it to be used as either a rebreathing or non - rebreathing system. 

 A control lever at a metal block (Humphrey block) connecting the breathing 
system to the fresh gas outlet controls the movement of the fresh gases entering 
the system. The reservoir bag is situated at the fresh gas inlet end of the system, 
and gas is conducted to and from the patient down the inspiratory and expira-
tory limbs of the system. Fresh gases pass through either the expiratory valve 
or the ventilator port. When the lever is  ‘ up ’  the reservoir bag and the expira-
tory valve are used, creating a Mapleson A type system. When the lever is in 
the  ‘ down ’  position the bag and valve are bypassed and the ventilator port is 
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opened, creating a Mapleson D system for controlled ventilation. If no ventila-
tor is attached and the port is left open, the system will function like an Ayre ’ s 
T - piece (Mapleson E). When the soda lime canister is attached, the system 
operates as a circle system and the lever can be adjusted to allow for either 
spontaneous or controlled ventilation. The reader is referred to the relevant 
sections of this chapter discussing the Mapleson A, D and E systems and circle 
systems. This serves as a reminder that this hybrid system is a sum of its 
component parts rather than a system in its own right. 

 The manufacturer of the Humphrey ADE - circle claims a number of 
advantages for the system, including economy and simplicity  –  one piece of 
apparatus can be used safely for patients up to 100   kg.   

  In -  c ircuit  v aporisers 
 Some anaesthetic apparatus combines the breathing system as an integral part 
of the machine. These are usually based on circle systems and include the 
Stephens and Kommisarov anaesthetic machines. The most noticeable 
dif ference between these and conventional circle systems is the in - circuit 
vaporiser. 

 In - circuit vaporisers (see Chapter  4 ) allow respiratory gases to come into 
contact with the inhalation agent each time they go round the circle system. 
The gas is moved through them by the patient ’ s ventilatory efforts and so they 
must be of low resistance, necessitating a simple design. The idea behind 
in - circuit vaporisers is based on the fact that respiratory depression is a feature 
of most inhalational agents. As anaesthesia lightens, the patient ’ s minute 
volume increases and so more gas passes through the vaporiser. This increases 
the amount of anaesthetic that is introduced into the system and so will deepen 
anaesthesia. As anaesthesia deepens, the patient ’ s minute volume reduces 
and so less gas passes through the vaporiser. This decreases the amount of 
anaesthetic that is introduced into the system and so will lighten anaesthesia. 
This variation in the amount of anaesthetic agent which is vaporised into 
the system makes these systems to some extent self - regulating, but this feature 
must never be relied upon and animals anaesthetised using these systems must 
be monitored as closely and as carefully as those anaesthetised using any other 
system.  

  Fresh  g as  fl  ow  r equirements of  a naesthetic  b reathing  s ystems 
 Almost every textbook on anaesthesia will contain different recommendations 
about the minimum fresh gas fl ow requirements for anaesthetic breathing 
systems. Table  5.8  is intended as a guideline, but it is important to remember 
that each patient must be treated as an individual and that not all anaesthetised 
patients will be  ‘ normal ’ . Many will have physiological and/or pathological 
changes that will alter their requirement for fresh gases under anaesthesia. 
Careful monitoring of the anaesthetised patient is essential and devices such 
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 Table 5.8     Fresh gas fl ow requirements. 

   Mapleson 

classifi cation  

   Common name     Rebreathing or 

non - rebreathing  

   General 

classifi cation  

   Fresh gas fl ow 

requirement (for 

spontaneous respiration)  

   Size of 

patient  

  A    Magill; Lack (parallel or 

coaxial)  

  Non - rebreathing    Semi - closed     ≥ 1    ×    MV     ≥ 7   kg  

  D    Bain (coaxial)    Non - rebreathing    Semi - closed     ≥ 2.5 – 3    ×    MV     ≥ 10   kg  

  Mini Bain                 ≤ 10   kg  

  E    Ayre T - piece    Non - rebreathing    Semi - closed     ≥ 2.5 – 3    ×    MV     ≤ 10   kg  

  F    Ayre T - piece and mini Ayre 

T - piece (Jackson – Rees 

modifi cation)  

  Non - rebreathing    Semi - closed     ≥ 2.5 – 3    ×    MV     ≤ 10   kg  

  To - and - fro    Rebreathing    Closed    100   ml/kg/min for 10 – 15 

minutes then 10   ml/kg/

min  

   ≥ 20   kg *   

  Circle    Rebreathing    Closed    100   ml/kg/min for 10 – 15 

minutes then 10   ml/kg/

min  

   ≥ 15   kg *   

    * These weight recommendations are for the full - sized to - and - fro and circle systems.  ‘ Mini ’  versions are suitable for use in much smaller patients.   
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as end - tidal carbon dioxide monitors can be invaluable in establishing the 
correct fresh gas fl ow.   

 The patient ’ s minute volume may be calculated as follows:

   Minute volume MV Tidal volume TV Respiratory rate RR( ) = ( ) × ( )  

   Tidal volume ml kg= −15 20   

 Alternatively minute volume may be estimated as follows:

   Minute volume MV ml kg range of ml kg( ) = −( )200 150 250min     

  AIRWAY MANAGEMENT 

 Airway management is one of the most important skills in anaesthesia. Because 
an anaesthetised patient is not able to protect its airway from occlusion or the 
aspiration of foreign material, the anaesthetist must ensure that the airway is 
kept clear and open at all times. General anaesthesia has the following effects 
that can place the airway at risk of occlusion or aspiration: 

   •      Relaxation of the pharyngeal muscles making the tissues of the upper airway 
more likely to collapse inwards. This is of particular importance in animals 
which have loose tissue in the pharynx, e.g. bulldog.  

   •      Relaxation of the upper and lower oesophageal sphincters, increasing the 
likelihood of regurgitation of gastric contents into the pharynx.  

   •      Inability to swallow saliva. This is especially important in animals such as 
ruminants which produce copious saliva.  

   •      Contamination of the upper respiratory tract with material from the surgical 
procedure such as blood, calculus and tooth fragments when performing a 
dental procedure.  

   •      Direct occlusion of the airway with medical equipment such as an endoscope 
during bronchoscopy.    

 There are several methods of airway management that can be used in these 
situations. The two most commonly employed in veterinary anaesthesia are 
the use of a mask and the use of an endotracheal tube, both of which may be 
attached to any standard breathing system. 

  Mask  a naesthesia 
 Because of the variability of face shapes encountered in veterinary practice, 
masks are not commonly used for maintenance of anaesthesia. They have their 
own set of disadvantages, but their advantage lies in being non - invasive with 
little of the potential of endotracheal tubes for iatrogenic damage. 
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 When mask anaesthesia is employed, the anaesthetist should pay particular 
attention to the airway throughout the procedure. A close - fi tting mask should 
be used and care should be taken to maintain a good seal between the mask 
and the face. This is important to minimise the loss of anaesthetic gases and 
vapours into the atmosphere and to ensure optimal delivery of the gases and 
vapours to the patient. The patency of the airway should be monitored by 
almost continual observation of the movements of the reservoir bag. Airway 
patency can be improved by ensuring that the tissues of the pharynx are under 
a degree of tension so that the pharyngeal arches are held open. Depending 
on the species, this can be achieved by extending the neck, protruding the 
mandible by gentle rostral pressure, or gently pulling the tongue out between 
the canine teeth (Figure  5.12 ). A mask can be useful during recovery from 
anaesthesia following the removal of an endotracheal tube to provide supple-
mental oxygen.   

     Figure 5.12     This picture was taken after the epiglottis was disarticulated from the soft 
palate using the tip of the endotracheal tube. The rima glottidis (entrance to the trachea) 
is located caudodorsal to the epiglottis (yellow in inset), caudoventral to the soft palate (red 
in inset) and between the two arytenoids (green in inset).  
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  Uses of  f ace  m asks 
 Face masks are used (1) for pre - anaesthetic oxygenation, (2) as a method of 
supplementing inspired oxygen, (3) for induction and maintenance of anaes-
thesia. Table  5.9  lists some factors to consider.   

 Following induction of anaesthesia using a mask to deliver the anaesthetic 
gases and vapours, patients may be intubated. 

 There are two main types of face mask, malleable opaque black rubber and 
rigid transparent plastic with a rubber sealing ring. The latter are available in 
a wide variety of sizes. After use the mask should be cleaned and disinfected 
or sterilised in a similar way to endotracheal tubes (see below). Rubber masks 
that show signs of perishing should be discarded.   

  Endotracheal  i ntubation 
 Endotracheal intubation involves the passage of a tube down through the 
mouth into the trachea (orotracheal intubation). It is routinely performed 
during anaesthesia. The mechanics of endotracheal intubation varies with 
species. In small animals it is most often performed under direct visualisation of 
the rima glottidis. In some animals such as the cat and rabbit there is a risk that 
spasm of the larynx will occur as the endotracheal tube is passed. This results in 
closing the vocal cords and leads to respiratory obstruction. In these animals a 
method of desensitising the larynx should be employed prior to placement of 
the tube. The most commonly used method is by the application of a spray of 
local anaesthetic to the vocal cords. The cords will become insensitive after 
about 30   sec and the endotracheal tube can then be passed safely. 

 There are several different models of endotracheal tube available (Figure 
 5.13 ). The most commonly used is the Magill tube. This is a cuffed tube that 
is formed into the shape of an arc. It can be manufactured from rubber (reus-
able) or clear plastic, often with a radio - opaque strip incorporated (polyvinyl 
chloride  –  PVC) (disposable). The end is bevelled to aid placement and some 
tubes have an opening in the side wall a short distance from the end. This is 
a Murphy eye and is intended to provide an alternative passage for respiratory 
gases if the tube is placed such that the wall of the trachea occludes the bevel. 

 Table 5.9     Advantages and disadvantages of mask anaesthesia. 

   Advantages     Disadvantages  

      •      Easy to use  

   •      Useful for short procedures  

   •      Useful for small and exotic species that 

are not easily intubated     

      •      Mask will tend to leak anaesthetic gases 

into operating room  

   •      Airway is not secure  

   •      IPPV is diffi cult or impossible  

   •      Mask must be held against face 

throughout procedure  

   •      Surgical access to mouth and face is 

restricted     
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Similar tubes are also available made of silicon rubber and are designed for 
repeated use. These are more fl exible and have the advantage that they can be 
sterilised in an autoclave.   

 An alternative model is the Coles tube. This is uncuffed and has a short 
narrow section at the end that is placed through the rima glottidis, the rest of 
the tube remaining in the mouth and pharynx. The purpose of this tube is to 
restrict the length of the narrowest section and so reduce the resistance to 
breathing. The Coles tube is uncuffed and so is rarely used in animals where 
regurgitation of gastric contents may be a problem. 

 In addition to the above, special endotracheal tubes are available for use in 
particular situations. These include such models as the armoured (or spiral) 
tube that incorporates a spiral of wire or nylon reinforcement in the wall of 
the tube. The spiral prevents the tube from causing respiratory obstruction by 
kinking when the airway is manipulated. It is especially useful for cisternal 
myelography where the neck must be fl exed to allow placement of the spinal 
needle. Other endotracheal tubes that are useful in specifi c situations include 
the double - lumen tube that allows independent ventilation of the two lungs, 
e.g. during thoracoscopy, and moulded tubes such as the nasotracheal tube, 

     Figure 5.13     A selection of endotracheal tubes. (A) cuffed reusable silicon tube, (B) 
armoured tube  –  the wall of the tube is reinforced with a wire spiral, (C) Coles pattern 
uncuffed tube, note the narrowing of the tube at its distal end, (D) single - use cuffed tube, 
(E) laryngeal mask airway.  
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which facilitates placement via the wall of the pharynx to keep the mouth 
clear for oral surgery. 

 When intubating an animal it is important to select a tube of a suitable 
diameter. Endotracheal tubes are supplied in sizes that relate to the internal 
diameter. Commonly used tubes for small animals range from 3.5   mm in very 
small cats up to 16   mm in giant dogs. Endotracheal tubes for large animals 
are supplied with diameters of up to 40   mm. Tubes of 25   mm and 30   mm are 
commonly used in adult horses. In small exotic animals intravenous cannulae 
can be adapted for use as endotracheal tubes. 

 The selection of a suitably sized tube for an individual patient depends on 
experience. There is considerable variation in the diameter of the trachea in 
different breeds of animal. Some patients also present with conditions, such 
as tracheal hypoplasia, that result in a much narrower trachea than normal. 
To ensure that a suitable tube is always to hand it is good practice to place 
two or three tubes on the anaesthetic machine before inducing anaesthesia. 
There should be a tube of the estimated size together with progressively smaller 
sizes in case the trachea is smaller than expected. Endotracheal tubes should 
always be checked prior to use to ensure that the airway cuff is working 
properly and that the tube is clean and patent. 

 The most commonly used endotracheal tubes have an airway cuff. This 
is connected to a pilot tube and balloon that allows infl ation of the cuff 
once the tube is placed. Cuffed tubes provide a complete seal between the 
airway and the breathing system and, when correctly placed, ensure that 
there can be no aspiration of foreign material. The complete sealing of the 
airway also prevents the contamination of the operating theatre with 
an aesthetic gases and allows IPPV to be performed effi ciently. Airway cuffs 
are generally high - volume low - pressure cuffs designed to distribute the 
pressure applied to the tracheal mucosa by the cuff over a large area of the 
tracheal wall. 

 Cuffed tubes have the disadvantage that the pilot tube takes up some 
space in the trachea and so means that a slightly smaller diameter tube must 
be used. This can be problematic in very small animals such as cats, as a 
reduction in the diameter of a small tube will dramatically increase its 
resistance (resistance of a tube is inversely proportional to the fourth power 
of its diameter) and so increase the work of breathing. Fortunately in these 
very small animals the tube will leave a very narrow space between the trachea 
and the outside wall of the tube. This will result in a high resistance to gas 
leaking round the tube and means that an uncuffed tube can usually be used 
without problem. 

 Table  5.10  summarises the advantages and disadvantages of endotracheal 
intubation.   

 When endotracheal tubes are used on more than one occasion, they must 
be cleaned carefully after each use. Cleaning will prevent the transmission of 
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    EQUIPMENT LIST FOR ENDOTRACHEAL INTUBATION 
 Selection of endotracheal tubes: 

   •      Rubber tubes (check for signs of cracking which may cause leakage or 
tracheal trauma). Oil - based lubricants should not be used with these tubes.  

   •      Polyvinyl chloride (PVC) tubes (check fl exibility: these tubes can become stiff 
and this can increase tracheal trauma).  

   •      Silicone - coated PVC tubes.  
   •      Ensure appropriate 15   mm connector is attached to reduce risk of 

disconnection of connector from tube.  
   •      Check for evidence of organic debris such as dried saliva or blood.  
   •      Check patency of lumen.  
   •      Check pilot balloon and airway cuff integrity and volume. Ensure no 

distortion of the airway cuff when infl ated.  
   •      Method of occluding pilot tube and balloon. Newer PVC endotracheal 

tubes have spring - loaded one - way valves preventing defl ation of the pilot 
balloon.   

   Tube tie, e.g. white open - weave bandage.  
  Airway cuff infl ator: syringe; Mitchell ’ s cuff infl ator.  
  Mouth gag.  
  Laryngoscope: select appropriate blade size and shape for animal. Check 

that batteries are charged and light is functioning.  
  Lubricant: sterile water - soluble lubricant to reduce friction between tube and 

mucosa. Single - use sachets are available. Water - soluble lubricant 
containing lidocaine can be used.  

  Local anaesthetic spray: this is essential for cats.  
  Assistant.     

infectious diseases between patients and also reduce the chance of occlusion 
due to the build - up of debris and secretions within the tube. Potentially irritant 
substances such as hibitane should be avoided, as residues on the tube can 
cause infl ammation and swelling of the tracheal mucosa, which can lead to 
respiratory obstruction in extreme cases. Endoscope cleaning fl uid containing 
peracetic acid or disinfectants based on sodium hypochlorite is suitable. The 
endotracheal tube should be cleaned and rinsed thoroughly before disinfection 
to remove organic debris, and rinsed and air - dried after disinfection before 
further use. It is especially important to inspect the inside of the tube to ensure 
that no residues are building up which may occlude the tube or become dis-
lodged and inhaled during anaesthesia. Endotracheal tubes may be sterilised 
by cold chemical sterilisation.    
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  Laryngeal  m ask  a irway 
 The laryngeal mask airway (LMA) was developed in human anaesthesia as an 
alternative to the mask or endotracheal tube. This device consists of a tube 
which ends in a shaped, infl atable airway cuff. The LMA is placed into the 
pharynx and the cuff is infl ated. The aim is to secure the airway from the risk 
of aspiration without entering the larynx with the attendant risk and stimula-
tion of this manoeuvre. 

 There has recently been interest in the LMA for veterinary anaesthesia. The 
shape of the airway cuff means that it will only be useful in certain species, but 
it may provide a useful alternative to endotracheal intubation in animals which 
have sensitive larynges or are diffi cult to intubate, such as cats or rabbits.  

  Diffi cult  i ntubation 
 It is often said that patients are never killed by failure to intubate them, but 
often by persistent efforts at intubation in the face of regurgitation or hypox-
aemia. Some animals are diffi cult to intubate, but the risk of harming a patient 
by failure can be minimised by formulating a protocol for failed intubation in 
advance of the situation arising. Potentially diffi cult intubations can usually 
be spotted at pre - anaesthetic clinical examination, where any of the following 
may increase the index of suspicion: 

   •      species, e.g. rabbit, guinea pig;  
   •      breed, e.g. bulldog;  
   •      previous or current facial or neck trauma;  

 Table 5.10     Advantages and disadvantages of endotracheal intubation. 

   Advantages     Disadvantages  

      •      Provides an airway that is secure 

against the inhalation of vomitus or 

other material that may get into the 

pharynx during anaesthesia  

   •      Prevents respiratory obstruction by the 

pharyngeal tissues  

   •      Prevents the escape of anaesthetic 

gases into the operating room 

(COSHH)  

   •      Allows IPPV to be performed  

   •      Frees personnel from holding mask in 

place  

   •      Allows easier access to face and 

mouth for surgeon  

   •      Reduces mechanical dead space     

      •      Intubation may damage airway structures 

(less likely if tube is lubricated)  

   •      Airway cuff may damage tracheal 

mucosa  

   •      Kinking or blockage of tube will result in 

complete respiratory obstruction  

   •      Misplacement of tube (in bronchus or 

oesophagus) may endanger patient  

   •      Use of incorrect tube may increase 

resistance to breathing     
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   •      stertor or stridor;  
   •      swellings or masses in pharyngeal area;  
   •      inability to open mouth.    

 In these cases careful preparation should be made prior to the induction of 
anaesthesia and the equipment for several alternative techniques of intubation 
should be at hand. The following is an example of a diffi cult intubation drill. 
The inclusion and order of different techniques will vary according to the 
experience and preferences of the anaesthetist, the equipment available and 
the reason that diffi cult intubation is thought likely. 

  Failed  i ntubation  d rill 
    (1)     Direct intubation.  
  (2)     Laryngoscopic assistance.  
  (3)     Call for help.  
  (4)     Guidewire intubation.  
  (5)     Endoscopic intubation.  
  (6)     Allow to regain consciousness (oxygen by mask).  
  (7)     Reschedule with appropriate planning, e.g. elective tracheostomy.    

 Aborting the anaesthetic procedure and allowing the patient to regain con-
sciousness represents a positive step in the management of the patient. It is 
better to abandon anaesthesia so that the information gained by the attempts 
to intubate (details of pharyngeal anatomy, and so on) can be used to formu-
late an alternative plan without the pressure of an anaesthetised patient. It is 
better to be able to intubate the patient quickly at the second anaesthetic than 
to continue protracted attempts at intubation as the patient becomes 
hypoxaemic.  

  Techniques of  i ntubation 
 There is a number of different methods of tracheal intubation available: direct 
orotracheal intubation; laryngoscopy; guidewire intubation; endoscopic 
intubation; retrograde intubation; pharyngeal intubation; nasotracheal 
intubation; and tracheal intubation (via an elective tracheotomy using a cuffed 
tracheotomy tube). 

  Direct  i ntubation 
 An orotracheal (endotracheal) tube of a suitable diameter is selected and cut 
to an appropriate length. If the tube is held against the animal with the system 
end level with the tip of the nose, the far end of the tube should reach about 
three - quarters of the way down the neck so that the airway cuff will be well 
past the larynx, but the end of the tube will not pass as far as the thoracic 
trachea. This minimises mechanical dead space. After induction of anaesthesia, 
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the patient is placed in either sternal or lateral recumbency. The mouth is 
opened either by an assistant or with the aid of a gag. Some veterinary sur-
geons and nurses prefer to hold the mouth open themselves. The lubricated 
endotracheal tube is passed between the epiglottis and the soft palate. This 
may require the epiglottis to be disengaged from the soft palate using the tip 
of the tube. The tube is passed ventral to and between the arytenoid cartilages 
of the larynx and advanced into the trachea. Care should be taken as the tube 
is advanced into the trachea, as the narrowest part of the tracheal lumen is 
usually at the level of the cricoid cartilage a few centimetres past the rima 
glottidis. If the tube jams at this level it should be removed and intubation 
repeated with a smaller tube. Under no circumstances should the passage of 
the tube be forced. 

 Once placed, the tube is secured in place and the airway cuff infl ated. It is 
important to secure the tube prior to infl ating the cuff as the infl ated cuff may 
damage the tracheal mucosa if it is allowed to slide up and down. The tube 
should be tied at the breathing system connector by a method that does not 
allow it to move and so apply traction to the trachea through the infl ated cuff. 
The tube can be tied to the upper or lower jaw, tied behind the occipital 
process or secured with an adhesive dressing, depending on the patient and 
procedure to be undertaken. 

 Correct placement of the endotracheal tube within the tracheal lumen may 
be checked by attaching the patient to the selected breathing system, closing the 
expiratory valve and squeezing the reservoir bag while checking for movement 
of the chest wall. In a similar way the endotracheal tube airway cuff can be 
gently infl ated while the reservoir bag is squeezed (to a maximum pressure of 
20   cmH 2 O). The smallest volume of air that prevents an audible leak of gas 
around the endotracheal tube should be used to infl ate the cuff. Overinfl ation 
of the endotracheal tube cuff can cause tracheal haemorrhage, tracheitis, tra-
cheal mucosal ulceration and tracheal fi brosis or stricture formation. In addi-
tion, overinfl ation of the airway cuff in silicone rubber tubes can cause 
compression of the lumen of the endotracheal tube, and furthermore it has been 
suggested that diffusion of nitrous oxide into the cuff can compound this effect. 

 During prolonged periods of anaesthesia the endotracheal tube cuff can be 
defl ated periodically (e.g. every 90 – 120   min), moved slightly and the cuff 
reinfl ated. This may minimise the effects of constant pressure applied to a 
limited area of tracheal mucosa.  

  Laryngoscopy 
 A laryngoscope combines a means of retracting the tongue and other soft 
tissues of the mouth and pharynx with a light that is directed at the rima 
glottidis. Whilst a laryngoscope is not required for the routine intubation of 
the majority of veterinary species (with the possible exceptions of pigs, sheep 
and goats) it can be very useful when intubating moderately diffi cult airways. 
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A variety of blades is available, but the straight blades such as the Miller are 
the most useful in veterinary patients. A blade of suitable length for the patient 
is connected to the handle and is advanced along the ventral surface of 
the oral cavity until the tip lies in the vallecula ventral to the epiglottis 
(Figure  5.12 ). The structures of the fl oor of the mouth and pharynx can then 
be retracted ventrally, which will dramatically improve the view of the rima 
glottidis. Care must be taken to keep the laryngoscope blade parallel to the 
fl oor of the mouth rather than hinging it towards the upper incisors as that 
will restrict the view and place the light in the wrong place. Although a 
laryngoscope is not required for routine intubations, it is a good idea to use 
one from time to time so that its use is familiar when it is required for a 
diffi cult airway.  

  Guidewire  i ntubation 
 In some circumstances an endotracheal tube cannot be advanced into the 
trachea directly. If a narrow tube or wire such as a stomach tube or catheter 
guide can be placed into the trachea then the tube can be threaded over this 
guide. This can be useful where the pharynx is narrow or obscured by a mass 
and there is not room for the laryngoscope blade and the endotracheal tube. 
A well lubricated tube can be advanced over a guidewire with a rotating 
motion. This will tend to part the tissues as the tube advances, whilst ensuring 
that the tube can only go into the trachea as it must follow the guide. It is 
important to ensure that the guide is long enough to hold at the tip before the 
endotracheal tube enters the mouth, otherwise the guide can be carried down 
into the respiratory tree by the endotracheal tube and can be diffi cult to 
retrieve.  

  Endoscopic  i ntubation 
 An endotracheal tube is threaded over an endoscope, and this is then inserted 
into the trachea. Once the endoscope is in place, the tube is advanced in the 
same manner as when using a guidewire. Either a fl exible or a rigid endoscope 
can be suitable for this procedure, depending on the size of the patient and 
the structure of its upper airway.  

  Retrograde  i ntubation 
 A sterile large gauge hypodermic needle is introduced percutaneously into the 
proximal trachea, usually in the ventral midline. A guidewire is passed through 
the needle and directed rostrally to pass out of the trachea through the larynx 
and into the mouth. The endotracheal tube is threaded over the guidewire and 
passed through the larynx into the trachea. The needle and wire are removed. 
It is important that the cuff of the tube is located distal to the puncture site 
to limit the development of subcutaneous emphysema, pneumomediastinum 
and pneumothorax. 

 This technique may be useful in animals with pharyngeal masses.     
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  SUMMARY 

 Veterinary nurses must be familiar with the more common techniques used 
for airway management in dogs and cats because control of the patient airway 
is a crucial component of anaesthetic patient management. 

 Breathing systems are designed to deliver both oxygen and anaesthetic gases 
and vapours to patients, and to remove excess carbon dioxide from the breath-
ing system. However, the key to understanding how individual breathing 
systems work is to understand how the breathing system deals with carbon 
dioxide rather than how it handles other gases and vapours. There are many 
different breathing systems available to the veterinary anaesthetist, and care 
should be taken to select an appropriate system for each individual patient 
rather than adopting a recipe - book approach.  
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6 Anaesthetic Drugs  

  Derek   Flaherty       

     Veterinary nurses administer anaesthetic and analgesic drugs to patients on a 
daily basis. Although this is under the guidance and instruction of a veterinary 
surgeon, it is essential for the nurse to have a thorough understanding of the 
actions and side effects of each of the agents being used, so that an abnormal 
response can be readily identifi ed and appropriately treated. While safety of 
the anaesthetised patient and management of perioperative pain ultimately lie 
with the veterinary surgeon, veterinary nurses play an important role, as they 
are usually responsible for intra - operative monitoring, and for assessment of 
analgesic effi cacy in the postoperative period. 

 A wide variety of drugs may be administered to patients as part of an 
anaesthetic protocol, but they can generally be subdivided into those used for 
pre - anaesthetic medication, also referred to as premedication (or simply for 
sedation, if the patient is not to be anaesthetised), agents used for induction 
of general anaesthesia, those administered for maintenance of general anaes-
thesia and those used to provide analgesia (see Chapter  7 ).  

  PREMEDICATION OR SEDATION 

 Premedication is widely used prior to general anaesthesia, with the agent(s) 
chosen affecting the whole course of subsequent events. The aims of premedi-
cation can be summarised: 

  (1)     To calm the patient:     This reduces stress, not only for the animal, but also 
for the anaesthetist. A patient struggling at induction will have high 
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circulating levels of catecholamines (epinephrine (formerly known as 
adrenaline) and norepinephrine (formerly known as noradrenaline)), and 
since some anaesthetic drugs sensitise the heart to the effects of catechol-
amines, there may be a lower incidence of cardiac arrhythmias at induction 
if the animal has received a tranquilliser or sedative.    

       Tranquillisers  relieve anxiety but do not cause the patient to become 
drowsy;  sedatives  calm the patient  and  make them sleepy. There is com-
monly a degree of overlap between the two drug types (particularly depend-
ing on the dose used), and in veterinary anaesthesia the terms are frequently 
used interchangeably.  

  (2)     To reduce the total dose of anaesthetic:     Drugs used for premedication will 
reduce not only the dose of induction agent but also the amount of main-
tenance agent required. With commonly used doses, acepromazine results 
in around a 33% reduction in maintenance requirements, while medeto-
midine leads to about a 50% (or greater) reduction.  

  (3)     To reduce autonomic side effects:     Parasympathetic effects, such as saliva-
tion and increased vagal tone leading to bradycardia, may be encountered 
under anaesthesia, and some of the premedicant drugs administered, par-
ticularly the antimuscarinics, are used to prevent these. Additionally, some 
agents used in premedication (particularly acepromazine) may reduce the 
incidence of catecholamine - induced cardiac arrhythmias.  

  (4)     To relieve pain:     In general, if a patient is in pain before anaesthesia (for 
example, having sustained a fracture), adequate calming will only be 
achieved if an analgesic is included as part of the premedication regimen. 
Even if the animal has no pain before surgery, there are good reasons to 
include an analgesic with premedication, since it has been shown that 
postoperative pain is much easier to control if analgesics are administered 
before the onset of the painful stimulus; this phenomenon is known as 
 pre - emptive analgesia  (see later).  

  (5)     To smooth the recovery period:     Many of the agents used for premedication 
will last into the recovery period and calm animals as they regain conscious-
ness. This may be particularly important with the use of rapid - offset main-
tenance agents such as sevofl urane and desfl urane, where emergence from 
anaesthesia occurs quickly, and some animals may become excited.  

  (6)     To reduce other side effects of anaesthesia:     Nausea and vomiting are 
common side effects associated with anaesthesia in humans, and although 
postoperative vomiting is not common in veterinary patients, it is diffi cult 
to be sure that nausea is not present. Acepromazine is a good anti - emetic 
drug, and will reduce the incidence of postoperative nausea and vomiting.    
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 Drug groups commonly used for premedication include antimuscarinics, 
phenothiazines, alpha - 2 adrenoceptor agonists, benzodiazepines and opioids. 

  Antimuscarinics ( a nticholinergics,  p arasympathetic  a ntagonists; 
 p arasympatholytics,  ‘  d rying agents ’ ) 
 Although antimuscarinics were commonly administered as a standard part of 
premedication for many years, the tendency now has been to move towards 
reserving their use for specifi c defi ned situations. This has arisen because these 
drugs are not without side effects and, therefore, routine administration is no 
longer considered appropriate. 

 It has been suggested that antimuscarinic drugs should be included as part 
of premedication, to prevent salivation and decrease respiratory secretions. 
Although older general anaesthetic agents, such as ether, did induce these 
effects, this is not seen with any of the modern inhalational agents. Ketamine 
may increase salivation in some patients, but this is seldom problematic when 
it is combined with other drugs, such as  α  2  adrenoceptor agonists. However, 
there is an argument that cats and other small patients have such narrow 
airways that any excess secretion may predispose to obstruction. It is argued 
that even the presence of an endotracheal tube does not guarantee airway 
patency in these patients, as secretions can accumulate at the distal end of the 
tube, leading to blockage. For this reason, some veterinary anaesthetists 
recommend that all small patients receive an antimuscarinic before general 
anaesthesia, although this is controversial. 

 Similarly, some argue that antimuscarinics should be administered routinely 
to prevent vagally mediated bradycardia during general anaesthesia. However, 
in the majority of patients most modern inhalational agents have a tendency to 
induce a slight to moderate increase in heart rate. The exception to this is 
halothane, which may slow heart rate through an increase in vagal tone. 
However, signifi cant bradycardia under halothane anaesthesia occurs in only a 
small percentage of patients, and it is diffi cult to justify the  ‘ routine ’  use of 
antimuscarinics to prevent a complication that generally does not occur anyway. 

 Brachycephalic dog breeds (boxers, bulldogs, pugs and so on) have 
pre - existing high vagal tone, and these animals may become bradycardic when 
anaesthetised. For this reason, antimuscarinics are commonly administered to 
these patients before anaesthesia. In addition, these breeds have small airways 
relative to their body size, and it has been suggested that the drying effect 
induced by antimuscarinics may also be benefi cial. 

 In addition, some surgical procedures, especially surgery of the eye or 
larynx, are associated with increases in vagal tone, and this may cause severe 
bradycardia. The classical example is that of enucleation, when traction on 
the extra - ocular muscles may lead to dramatic slowing of the heart, or even 
cardiac arrest. This appears to be an uncommon situation, and it has been 
shown that the dose of anticholinergic agent required to obliterate this response 
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is so high that it will cause dramatic side effects. Thus, it is preferable with 
surgical procedures of this type, to be aware that bradycardia may occur, and 
be ready to administer antimuscarinics if the need arises. 

  Adverse  e ffects 
     •      Tachycardia:     If these drugs are administered to treat a bradycardic patient, 

the resulting tachycardia can actually be more problematic than the original 
low heart rate.  

   •      Cardiac arrhythmias:     It has been shown that the incidence of ventricular 
arrhythmias under anaesthesia is higher in patients who have been given 
antimuscarinics. In addition, atropine (but not glycopyrrolate) commonly 
causes an initial, short - lived  bradycardia , prior to the onset of the expected 
tachycardic phase. There may also be a period of second - degree atrioven-
tricular (AV) blockade with either of these agents. Both of these effects 
appear to be more common following intravenous administration.  

   •      Increased airway dead - space:     The antimuscarinics cause bronchodilation, 
and this increases airway anatomical dead space.  

   •      Pupillary dilation (mydriasis):     The pupils commonly become widely dilated 
following antimuscarinic administration, and this is often particularly 
marked in cats. This may cause some animals to panic, because vision can 
no longer accommodate. Pupillary dilation may also trigger acute glaucoma 
(increased intra - ocular pressure) in predisposed patients. Mydriasis is more 
common with atropine than glycopyrrolate.  

   •      Confusion:     Postoperative confusion is a well recorded side effect of 
antimuscarinics in elderly human patients, and it is possible that a similar 
situation occurs in older animals.  

   •      Dry mouth:     The dry mouth which follows antimuscarinic administration is 
reportedly extremely unpleasant in humans, and is likely to be similar for 
animals.    

 Two antimuscarinics are used in veterinary anaesthesia. 

  Atropine 
 By far the most commonly used antimuscarinic in anaesthesia, atropine can 
be administered by subcutaneous (SC), intramuscular (IM) or intravenous (IV) 
routes. The dose is approximately 0.02 – 0.04   mg/kg, although there is a wide 
variation in accepted dose rates. Marked overdosage results in central stimula-
tion and seizures.  

  Glycopyrrolate or  g lycopyrronium 
 Although more expensive than atropine, this agent may offer some advantages. 
It has a longer duration of action; in humans it less commonly causes the 
marked tachycardia that sometimes results from administration of atropine, 
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    ANTIMUSCARINICS  –  SUMMARY 

  Indications 

 Absolute indications are limited! 
 Use routinely in cats or small patients? 
 ? Brachycephalic dogs 
 Treatment of vagal bradycardia or AV block  

  Side  e ffects 

 Tachycardia 
 Cardiac arrhythmias 
 Pupillary dilation 
 Increased airway anatomical dead space  

  Contra  -   i ndications 

 Pre - existing tachycardia 
 Glaucoma   

but at the same time appears equally effective in preventing vagally induced 
bradycardia. Whether glycopyrrolate is less likely to precipitate severe tachy-
cardia in animals is disputed. There is less pupillary dilation with glycopyr-
rolate, and it has a more potent anti - sialogogue (blocking salivation) effect. A 
dose of 0.005 – 0.01   mg/kg IM or IV is usually used; however, this drug is not 
licensed for veterinary species. Glycopyrrolate is a quaternary ammonium 
compound that does not cross the blood – brain barrier; therefore, central side 
effects are not usually seen.      

  Phenothiazines 
 The phenothiazines are a group of drugs that provide tranquillisation, with seda-
tion appearing at higher doses. The only member of this group in use in veteri-
nary anaesthesia in the UK is  acepromazine (ACP) , which forms the mainstay 
of premedication in most patients. The major benefi cial effects of ACP are: 

  (1)     Tranquillisation and sedation:     In general, this agent provides reliable tran-
quillisation in quiet or nervous subjects, but the effects are much less pre-
dictable in vicious animals. There is a poor dose – response relationship in 
that, if low to moderate doses are ineffective, increasing the dose appears 
mainly to increase the duration of sedation and the incidence of side effects, 
without a concomitant increase in depth of sedation. Combining ACP with 
an opioid drug can produce much more effective and reliable sedation.  
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  (2)     Cardiac anti - arrhythmic effects:     It has been consistently shown in experi-
mental studies that ACP  ‘ protects ’  the heart against catecholamine - induced 
arrhythmias, resulting in a more stable cardiac rhythm under general 
anaesthesia. The precise mechanism through which this action is mediated 
is unclear, but may be due to a membrane - stabilising effect on the heart.  

  (3)     Anti - emetic effect:     The phenothiazines as a group are relatively potent 
anti - emetics, and are commonly used in humans to manage both postop-
erative nausea and vomiting (which is extremely common) and chemother-
apy - induced vomiting. General anaesthesia rarely provokes frank emesis 
in animals, but it is not known whether veterinary patients develop nausea 
associated with anaesthesia and surgery.  

  (4)     Antihistamine activity:     ACP has relatively weak antihistamine activity, but 
this is generally not potent enough to be of value in blocking the systemic 
effects of histamine release that may be encountered with some drugs (e.g. 
morphine, pethidine). However, the antihistamine activity of ACP 
precludes its use for sedation in animals undergoing intradermal skin testing.  

  (5)     Smooth muscle spasmolytic:     This effect is probably not of great 
signifi cance in the vast majority of patients, but ACP can reduce spasm 
associated with urethral obstruction, which may make it easier to dislodge 
calculi. A similar action is elicited in the gastrointestinal tract, so care 
should be taken when interpreting radiographic contrast studies, as ACP 
will increase gastrointestinal transit times.    

 Response to ACP varies from breed to breed. Giant breeds such as St Bernards 
and Great Danes etc. are particularly sensitive, and require tiny doses. Even 
with these lower doses, sedation may last for a prolonged period (over 24 
hours, in some cases). Deep - chested breeds such as Irish setters and grey-
hounds are also fairly sensitive to the drug, and will usually be well sedated 
with moderate doses. Terrier breeds and cats, on the other hand, are relatively 
resistant, and higher doses of ACP are needed to obtain similar degrees of 
sedation. 

 Boxers are known to be unduly susceptible to ACP, and occasionally 
respond to the drug by collapsing with profound hypotension and bradycar-
dia. The drug can be used safely in this breed if doses at the lower end of the 
spectrum are used and if the animal is additionally given an antimuscarinic. 

 ACP has negligible effects on the respiratory system, although in dyspnoeic 
patients the sedation produced by the drug may worsen any pre - existing 
respiratory compromise. 

  Adverse  e ffects 
     •      Hypotension:     The main side effect of ACP is a fall in arterial blood pressure, 

as a result of vasodilation induced by  α  1  adrenergic blockade. The drug is 
generally well tolerated by healthy animals, but this effect is usually more 
marked in excited patients. Patients who are dehydrated or hypovolaemic 
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can only maintain arterial blood pressure by vasoconstriction, and so, when 
these animals are given ACP, they may respond by exhibiting dramatic 
hypotension and collapse. Therefore, the drug should be avoided in patients 
in this category.  

   •      Decreased ictal (seizure) threshold:     There is much controversy over the 
effects of ACP on seizure threshold. It has traditionally been believed that 
ACP will lower the ictal threshold, predisposing susceptible patients to fi ts. 
For this reason, ACP has been contra - indicated in epileptic animals or those 
undergoing myelography (since this procedure itself can induce seizures). 
However, there is little clinical evidence to support this belief unless exces-
sive doses are used.  

   •      Hypothermia:     ACP may predispose patients to hypothermia, partly due to 
increased peripheral vasodilation allowing increased heat loss from the 
body, and partly due to direct effects on the hypothalamus.     

  Dosage 
 In general, the dose range for ACP in dogs is 0.01 – 0.05   mg/kg, by IM (prefer-
able), SC or IV routes, with the lower doses being utilised for older patients, 
giant breeds and boxers, and where the IV route of administration is used. 
There is little point in exceeding 0.05   mg/kg, due to the poor dose – response 
relationship with this drug, and this author virtually never exceeds 1   mg total 
dose  –  no matter how large the dog  –  when using ACP for premedication. 

 Cats are more resistant to the sedative effects of ACP, and doses up to 
0.1   mg/kg by IM or SC routes are usually used. Even with these higher doses, 
sedation is not as marked as in the dog, but the drug is still useful in smooth-
ing recovery from anaesthesia.     

    ACEPROMAZINE  –  SUMMARY 

  Indications 

 Premedication and sedation  

  Side  e ffects 

 Hypotension 
 Decreased seizure threshold 
 Hypothermia  

  Contra  -   i ndications 

 Hypovolaemia or dehydration 
 ? Epilepsy   
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  Benzodiazepines 
 Although no members of this group are licensed for use in animals, they are 
used widely in veterinary anaesthesia and intensive care. The benzodiazepines 
bind to specifi c receptors within the central nervous system (CNS), resulting 
in: 

  (1)     anti - anxiety effects (anxiolysis);  
  (2)     minimal effects on cardiovascular and respiratory system;  
  (3)     muscle relaxation;  
  (4)     anticonvulsant effects;  
  (5)     appetite stimulation.    

 Unfortunately, in healthy patients, the anxiolytic effects of benzodiazepines 
tend to produce a state of paradoxical excitement. This can be masked to some 
extent by administering these drugs in combination with an opioid, but even 
under these circumstances it is not unusual to see mild degrees of excitement 
in healthy animals. Even if sedation is not apparent, there will still be a reduc-
tion in the dose of anaesthetic induction agent and maintenance requirements. 

 Sick patients, on the other hand, tend to become sedated following the use 
of these drugs, and excitement is rarely a problem. The benzodiazepines, 
therefore, are extremely useful in critically ill animals, because sedation can 
be achieved without the degree of cardiorespiratory depression associated with 
ACP or the  α  2  adrenoceptor agonists. Like ACP, there is some evidence that 
the benzodiazepines may  ‘ protect ’  the heart against arrhythmias. 

 Benzodiazepines frequently cause some appetite stimulation in animals, and 
small IV doses are used in the management of anorexia in cats. The precise 
mechanism of this action is unclear. 

 Although a wide range of benzodiazepines are used in human anaesthesia, 
only two are used with any degree of frequency in animals. 

  Diazepam 
 Diazepam is the more commonly used of the two agents, and is available in 
two different formulations. The solution preparation of diazepam contains 
propylene glycol as a solubilising agent, and may be associated with throm-
bophlebitis following intravenous administration. For this reason, it is prefer-
able to use the emulsion preparation of diazepam, which is devoid of venous 
sequelae. Diazepam is painful when administered intramuscularly and, because 
it also has poor absorption from this site, it should probably be restricted to 
the IV route. A dose of 0.2 – 0.5   mg/kg IV is usually used.  

  Midazolam 
 Midazolam is a water - soluble benzodiazepine, with about twice the potency 
of diazepam, but a shorter duration of action. It does not cause thrombophle-
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bitis, and can be administered intramuscularly. The usual dose is 0.2   mg/kg 
IM or IV. Because of its shorter action, midazolam is commonly used by 
infusion when there is a need to maintain sedation, particularly during the 
recovery period.  

  How are  b enzodiazepines  u sed  c linically? 
 Due to the potential for excitement, the benzodiazepines are infrequently used 
for premedication in healthy patients; their main indication being for epileptic 
animals or those scheduled for myelography, where some would consider ACP 
contra - indicated due to its effects on seizure threshold. Even in these two 
groups of animals, benzodiazepines are best used in combination with an 
opioid, in one of two ways. 

  (1)     The opioid chosen is administered intramuscularly, and following a suit-
able period to allow its effects to develop, diazepam is administered slowly 
intravenously, immediately followed by the IV induction agent. If too long 
a time gap is left between the diazepam and the induction agent (i.e. 
 > 1   min), excitement may be seen. Although no effects should be seen from 
the diazepam if the induction agent closely follows it, it will still allow a 
reduction in the induction drug dose. The initial administration of opioid 
will provide little, if any, sedation in a healthy patient, so this technique 
may not be ideal for boisterous or vicious animals.  

  (2)     A combination of midazolam and an opioid can be administered intra-
muscularly (mixed in the same syringe), and once the effects have been 
allowed to develop, induction can proceed as normal, using induction 
doses similar to those used following ACP premedication. In this author ’ s 
experience, midazolam – opioid combinations in healthy patients have 
unpredictable results, with some developing only minimal sedation, while 
occasional individuals will be profoundly affected. The combination is 
more predictable in sick animals, where reliable sedation usually ensues.    

 In addition to their role in premedication of poor - risk patients, the benzodi-
azepines can occasionally be used to induce anaesthesia in this same group. 
The major advantage is that, because they have such minimal effects on car-
diovascular and respiratory status, where induction of anaesthesia can be 
achieved in very sick individuals, it usually occurs without the depression of 
these systems normally associated with the more usual induction drugs. 
Furthermore, even if a benzodiazepine is administered to a sick patient to 
induce anaesthesia, and it fails, there will still be a signifi cant reduction in the 
dose of whatever induction agent is subsequently used, again sparing cardio-
respiratory function. However, because it is virtually impossible to induce 
anaesthesia with these agents in animals  unless  they are severely depressed, it 
is important not to think of this group of drugs as  ‘ induction ’  agents. 
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 The benzodiazepines, particularly midazolam, are also commonly used in 
combination with ketamine, to offset the muscle rigidity that occurs with this 
drug, and to improve the quality of CNS depression. 

 Diazepam and midazolam are useful drugs when dealing with restless 
patients during recovery from anaesthesia and in the intensive care setting. 
Provided the animal ’ s analgesic requirements are met, small doses of diazepam 
(0.1 – 0.2   mg/kg IV; up to 1   mg/kg/h) will usually calm distressed patients. 
Longer - term sedation can be achieved by infusion of midazolam, using a bolus 
of 0.2   mg/kg IV, followed by an infusion of approximately 0.2   mg/kg/h IV. 
Midazolam will be inactivated by calcium - containing solutions, so should be 
mixed in 0.9% NaCl or 5% dextrose for administration. 

 A specifi c antagonist to the benzodiazepines is available. This drug, fl uma-
zenil, has been used in combination with naloxone, to reverse opioid – benzo-
diazepine sedation or respiratory depression in dogs. Like the benzodiazepines 
themselves, fl umazenil is not licensed for use in animals. It is very expensive, 
and unlikely to make a huge impact in the veterinary fi eld.     

    BENZODIAZEPINES  –  SUMMARY 

  Indications 

 Muscle relaxation 
 Premedication or sedation (high risk patients; epileptics; prior to myelography) 
 Appetite stimulation  

  Side  e ffects 

 Paradoxical excitement 
 Thrombophlebitis (some diazepam formulations)  

  Contra -  i ndications 

 No absolute contra - indications   

  Alpha - 2  a drenoceptor  a gonists ( a lpha - 2  a drenergic  a gonists; 
 a lpha - 2  a gonists) 
 These drugs are so - called because they bind to alpha - 2 ( α  2 ) adrenergic recep-
tors in the central and peripheral nervous system, and they are extremely useful 
agents for the veterinary anaesthetist. Despite having been in use in animals 
since the late 1960s, there has only recently been a fl urry of research regarding 
their use in humans. Drugs of this class are potent sedative – hypnotics, and 
also provide good analgesia. However, they have marked effects on the car-
diovascular system and, for this reason, their administration is usually limited 
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to healthy patients. Four drugs, xylazine, romifi dine, medetomidine and dex-
medetomidine, are currently licensed in the UK for small animals and, in 
general, their actions are fairly similar. 

   •      Central nervous system:     Alpha - 2 adrenoceptor agonists produce dose -
 dependent sedation and hypnosis which can become profound. Some dogs 
can be endotracheally intubated following  α  2  agonist administration, so 
there is a fi ne line between sedation and narcosis with these drugs. Caution 
however, needs to be exercised because even in animals that appear deeply 
sedated, sudden arousal, followed by a rapid return to non - responsiveness, 
may be observed.  

   •      Cardiovascular system:     Alpha - 2 adrenoceptor agonists produce marked 
peripheral vasoconstriction in dogs and cats, through stimulation of periph-
eral  α  2  receptors. This is seen clinically by mucous membranes becoming 
paler and, in some cases, they may be almost white. This vasoconstriction 
leads to an initial period of hypertension following administration of these 
drugs, which is more pronounced when the IV route is used. The increase 
in blood pressure is detected by the arterial baroreceptors, which attempt 
to return blood pressure towards normal by reducing heart rate, and con-
sequently, cardiac output. In addition,  α  2  adrenergic agonists induce a 
reduction in central sympathetic outfl ow, which also tends to decrease heart 
rate. As a consequence of these two effects, marked bradycardia commonly 
occurs, and as the heart rate decreases, arterial blood pressure also declines. 
Thus,  α  2  agonists have classically been described as having a  ‘ bi - phasic ’  
effect on arterial blood pressure, with an initial period of hypertension, fol-
lowed by a more prolonged period of hypotension. In reality, following the 
initial increase in arterial blood pressure, the reduction in heart rate and 
cardiac output tend to return the patient towards normotension, as opposed 
to hypotension, and low blood pressure is not commonly observed. However, 
even in the presence of normotension, tissue perfusion may be impaired due 
to the marked vasoconstriction that occurs. In addition, xylazine (but appar-
ently not the other  α  2  adrenergic agonists) will sensitise the heart to catechol-
amines, with the result that cardiac arrhythmias are not uncommon in 
xylazine - sedated patients.  

   •      Respiratory system:     In general,  α  2  adrenergic agonists have relatively mild 
depressant effects on ventilation in dogs and cats (Figure  6.1 ). Respiratory 
rate usually slows and may become intermittent in nature with deep seda-
tion, but arterial blood gas values are fairly well maintained. Cyanosis may 
be seen in some animals, but is thought to be related more to peripheral 
sludging of the blood, due to the effects of bradycardia slowing the circula-
tion, rather than to an actual reduction in blood oxygenation.  

   •      Reproductive system:     Drugs of this class may cause premature parturition, 
so their use is contra - indicated in the latter stages of pregnancy.  
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   •      Urinary system:     Alpha - 2 agonists exhibit a diuretic effect through decreased 
production of vasopressin (antidiuretic hormone (ADH)). In addition, they 
cause hyperglycaemia through reduced insulin production. However, the 
elevations in blood glucose are rarely great enough to exceed the renal 
threshold for glucose. Consequently, glycosuria does not occur, and does 
not usually contribute to the diuretic effect.  

   •      Alimentary system:     Vomiting is not uncommon following administration 
of  α  2  adrenergic agonists, with xylazine exhibiting the highest incidence of 
this side effect. For this reason, these drugs should be avoided in patients 
with mechanical obstruction of the alimentary tract. There is also a reduc-
tion in intestinal motility with these agents, making them unsuitable for use 
in gastrointestinal radiographic contrast studies.      

  Analgesic  e ffects 
 It has been recognised for some time that  α  2  agonist drugs provide potent vis-
ceral analgesia, and these drugs are widely used in equine practice for manage-
ment of colic pain (see Chapter  7 ). Somatic analgesia also occurs, but appears 
to be less predictable. However, in the past few years there has been growing 
interest in the analgesic effects of  α  2  agonists in small animal patients, and 
medetomidine and (more recently) dexmedetomidine are now both relatively 
frequently used by constant rate infusion to provide analgesia (see Chapter  7 ).  

  How are the   α   2   a gonists  u sed  c linically? 
     •      Sedation:     Although the  α  2  agonists are excellent agents for sedation in 

healthy patients, their profound cardiovascular effects generally contra -
 indicate their use in sicker animals, unless used at extremely low doses. The 
sedation provided by these drugs is much more predictable than that of 
ACP. The dose range for xylazine is 1 – 3   mg/kg IM or IV, but this agent has 

Stimulation of peripheral α2 receptors 
↓

Peripheral vasoconstriction → Hypertension → Activation of baroreceptors 
↓

               Central reduction in sympathetic outflow → Bradycardia 
↓

       Reduced cardiac output 
↓

       Decrease in blood pressure 

Myocardial sensitisation to catecholamines (xylazine) → Cardiac arrhythmias 

     Figure 6.1     Cardiovascular effects of  α  2  agonists.  
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largely been superseded by medetomidine and dexmedetomidine in small 
animal practice, since the latter exhibit much greater specifi city for  α  2  recep-
tors. Medetomidine can be used at 10 – 40    µ g/kg IM, IV or SC in the dog, 
or up to 80    µ g/kg in the cat IM, IV or SC, to produce sedation, while lower 
doses are used for premedication. The SC route of administration for both 
drugs tends to produce less predictable effects. 

 Medetomidine is a mixture of two isomers. Isomers are compounds that 
have the same number of the same atoms but different structural formulae 
and therefore different chemical properties. The two isomers found in 
medetomidine are dexmedetomidine and levomedetomidine. The former is 
the active ingredient, responsible for all the sedative and analgesic effects of 
medetomidine, while the levo -  isomer is considered to be inactive. There is 
some evidence that the presence of levomedetomidine in the mixture may 
exacerbate the cardiovascular side effects of dexmedetomidine, and may 
also decrease analgesia and sedation. In addition, both isomers undergo 
hepatic metabolism, and it has been suggested that, by increasing the  ‘ work -
 load ’  of the liver, levomedetomidine may delay hepatic metabolism of other 
drugs used concomitantly with medetomidine (e.g. ketamine), thereby 
potentially prolonging recovery. Consequently, since the levomedetomidine 
isomer does not contribute any benefi cial effects, and may actually have 
some detrimental ones, there has been a move towards separating the two 
isomers, and just using dexmedetomidine. Although the active isomer (as 
opposed to the mixture) has been used for several years in humans, 
dexmedetomidine has only recently been launched in the veterinary market 
and is now licensed in the UK for dogs and cats. It is twice as potent as 
medetomidine (therefore, dosing guidelines are approximately half those for 
medetomidine), but its effects are otherwise similar. 

 Romifi dine also has a UK licence for both dogs and cats, but its use 
in clinical practice is not particularly widespread. It exerts similar overall 
effects to xylazine, medetomidine and dexmedetomidine. Alpha - 2 
adrenergic agonists are synergistic with opioids, so lower doses can be used 
for sedation if the two drug classes are used together.  

   •      Premedication:     The use of these drugs for premedication is more controver-
sial than their use as sedative agents in healthy animals. They cause a dramatic 
reduction in anaesthetic requirements, and because the circulation is slowed 
by the marked bradycardia, it is easy to give a second incremental dose of 
intravenous induction agent before the fi rst dose has reached the brain, i.e. 
great care needs to be taken to avoid overdosage with other anaesthetic 
agents. Provided the operator is experienced in the use of  α  2  agonists for pre-
medication, and appreciates their unique effects, they are relatively safe.  

   •      As an adjunct to ketamine:     Like the benzodiazepines, the  α  2  adrenergic 
agonists offset the muscle hypertonicity caused by ketamine, but supplement 
its CNS depressant effects to a greater extent.  
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   •      As a regional analgesic:     In large animals (e.g. cattle, sheep and horses) the 
 α  2  adrenergic agonists may be administered extradurally to provide regional 
analgesia.    

 The major advantage offered by the  α  2  adrenergic agonists over other sedative 
drugs is the potential for complete reversal with the  α  2  antagonist, 
atipamezole. Despite only being licensed for reversal of medetomidine and 
dex medetomidine, atipamezole can also be used to antagonise xylazine and 
romifi dine. Although  α  2  - mediated sedation is reversed fairly rapidly following 
administration of atipamezole, the cardiopulmonary effects are incompletely 
antagonised.     

    ALPHA - 2 ADRENERGIC AGONISTS  –  SUMMARY 

  Indications 

 Sedation 
 Premedication 
 ? Analgesia 
 Concurrently with ketamine  

  Side  e ffects 

 Profound cardiovascular effects 
 Milder respiratory effects 
 Vomiting 
 Diuresis 
 Hyperglycaemia 
 Premature parturition  

  Contra  -   i ndications 

 Numerous (e.g. cardiovascular disease, respiratory disease, hepatic disease, 
renal disease)   

  Opioids 
 The opioids are occasionally used in isolation for premedication (usually in 
 ‘ high - risk ’  patients), but more commonly they are combined with ACP as part 
of a neuroleptanalgesic mixture. The advantage of this combination is that 
better sedation is achieved than with either drug alone, i.e. they are synergistic, 
and effects on the cardiovascular and respiratory systems are relatively mild. 
In addition, they offer benefi ts in terms of pre - emptive analgesia. 
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 Opioid drugs may also be combined with benzodiazepines or  α  2  adrenocep-
tor agonists to produce sedation. A more detailed description of opioid anal-
gesics is provided in Chapter  7 .   

  INDUCTION OF ANAESTHESIA 

 General anaesthesia may be induced by the use of inhalational agents or, more 
commonly, by the use of injectable drugs. The latter are usually administered 
by the IV route, but some will also work when given intramuscularly, e.g. 
ketamine. Other routes may occasionally be used (e.g. rectal, intraperitoneal, 
transmucosal) but, in common with all other extravenous routes, they prevent 
titration of the induction agent to a suitable endpoint. That is to say, with 
intravenous induction techniques, the drug can be given slowly to effect and 
administration stopped when the patient is at a suitable depth of anaesthesia 
for endotracheal intubation: drugs given by other routes are administered 
based solely on body weight, implying that some animals will receive a relative 
overdose while others will be underdosed, as not all patients of a particular 
weight will require the same dose of anaesthetic. 

 Induction agents are often chosen on the basis of anticipated recovery time, 
effects on the cardiovascular system and so on, but in many cases several 
agents may be suitable for a particular case, and personal preference and 
expense play a role. 

  Barbiturates 
 A number of derivatives of barbituric acid have previously been used for 
induction and/or maintenance of general anaesthesia (methohexital, pentobar-
bital) in veterinary patients. However, the only barbiturate currently in use as 
an anaesthetic induction agent is thiopental, although newer induction agents 
have largely superseded it. 

  Thiopental 
 Since prepared solutions of thiopental are relatively unstable, the drug is sup-
plied as a yellow powder to be dissolved in sterile water for injection, forming 
a highly alkaline solution (pH  > 12). It is commonly formulated to a concentra-
tion of either 2.5% or 5% for small animal use. The more dilute solution is 
preferable, as the drug is extremely irritant to tissues due to its high pH, and 
can lead to venous thrombosis when injected intravenously, and tissue slough-
ing if accidentally administered perivascularly. In cats and dogs  < 5   kg, further 
dilution to 1% or 1.25% is recommended when using thiopental, to increase 
the volume of solution to be injected, thereby reducing the risk of overdose. 
Concentrations of 10% are commonly used in large animals: these are highly 
irritant, and an IV catheter is mandatory. 
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   •      Central nervous system:     Thiopental has a rapid onset (within one arm –
 brain circulation time), allowing dose titration to the desired effect. Around 
85% of the administered drug is carried bound to plasma albumin, and it 
is only the remaining 15% which exists  ‘ free ’  in plasma and is available to 
cross biological cell membranes and exert an effect. Similarly, thiopental 
exists in both charged and uncharged forms in plasma, the ratio between 
the two being dictated by plasma pH. As only the uncharged form can travel 
across cell membranes, alterations in plasma pH can markedly infl uence the 
biological activity of thiopental: a decrease in pH increases active drug frac-
tion and  vice versa . Thus, patients with acid – base abnormalities may exhibit 
altered sensitivity to the drug. Similarly, there will be increased active drug 
concentration in patients with hypoalbuminaemia, due to decreased protein 
binding.  

   •      Cardiovascular effects:     The underlying mechanisms of thiopental ’ s cardio-
vascular effects are controversial. The drug can cause hypotension (related to 
dose and speed of injection), probably through a reduction in myocardial 
contractility with a lesser contribution from peripheral vasodilation. This is 
partially compensated for by a baroreceptor - mediated increase in heart rate. 
These effects are more marked in hypovolaemic animals. In addition, thio-
pental sensitises the myocardium to circulating catecholamines and com-
monly causes cardiac arrhythmias at induction, which are usually relatively 
benign in healthy patients but may take on more signifi cance in those with 
cardiovascular disease. Thiopental can cause splenic enlargement, which may 
be marked in some cases. While this is generally of little consequence in most 
patients, the drug is best avoided in animals undergoing splenectomy, or in 
cases of diaphragmatic rupture, where the spleen may be within the thorax.  

   •      Respiratory effects:     Thiopental causes dose - dependent respiratory depres-
sion, and post - induction apnoea is common. The ability to secure and 
protect the airway by endotracheal intubation is a prerequisite for its use.    

 Recovery of consciousness from thiopental depends on redistribution from the 
brain to the muscles, and subsequently to adipose (fatty) tissue. As a conse-
quence, recovery is prolonged in thin animals, with sighthounds (greyhounds, 
lurchers, borzois, etc.) being particularly susceptible. The drug then slowly 
redistributes from the fat back into the circulation over many hours, and is 
eventually metabolised and inactivated by the liver. Thus, the patient regains 
consciousness because the drug redistributes away from the brain, but there 
is then a prolonged hangover due to subanaesthetic doses of the drug circulat-
ing in the bloodstream, while awaiting the slow hepatic metabolism. 

 It has recently been suggested that sighthound breeds may also be defi cient 
in the hepatic microsomal enzymes necessary for breakdown of thiopental, 
and this may explain why these animals have much slower recoveries than 
other breeds which are just as defi cient in body fat. 
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 Thiopental is licensed for induction of anaesthesia in both dogs and cats. 
The recommended dose is approximately 10   mg/kg IV, but this is markedly 
infl uenced by both the premedication the animal has received and its health 
status. Recently, supplies of thiopental have become increasingly diffi cult to 
obtain in the UK, and its use as an anaesthetic induction agent has conse-
quently declined dramatically.     

    THIOPENTAL  –  SUMMARY 

  Indications 

 Induction of general anaesthesia  

  Side  e ffects 

 Cardiovascular depression 
 Cardiac arrhythmias 
 Respiratory depression 
 Irritant to tissues 
 Splenic enlargement 
 Relatively long hangover  

  Contra  -   i ndications 

 Inability to secure airway   

  Alfaxalone/ a lfadolone ( ‘ Saffan ’ , Schering Plough Animal Health) 
  ‘ Saffan ’  was a combination of two steroids, alfaxalone (alphaxalone) and 
alfadolone (alphadolone), formulated in Cremophor EL (polyethoxylated 
castor oil), which, until recently, was licensed in the UK for cats for intrave-
nous induction and/or maintenance of anaesthesia. The drug was non - irritant 
perivenously, and, indeed, could be given by the IM route for induction of 
anaesthesia. However, this entailed the administration of large volumes, which 
limited its usefulness by this route. 

 Saffan produced good muscle relaxation in cats, along with minimal 
cardiopulmonary depression at surgical planes of anaesthesia. It underwent 
rapid hepatic metabolism, so was suitable for incremental intravenous bolus 
administration ( ‘ top - ups ’ ) or for total intravenous anaesthesia (TIVA). 
However, recovery could sometimes be stormy, even after a single induction 
dose, particularly if the patient was stimulated by noise or touch. This could 
be minimized, to some extent, by provision of adequate premedication. 

 The major problem associated with Saffan was histamine release, due not 
to the active steroids anaesthetics themselves, but to the Cremophor carrier 
vehicle. This commonly resulted in oedema and hyperaemia of the ears and 
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paws in cats under Saffan anaesthesia, and occasionally (and more seriously) 
laryngeal or pulmonary oedema. Saffan was absolutely  contra - indicated  in 
dogs, as Cremophor EL induces massive histamine release in this species.  

  Alfaxalone ( ‘ Alfaxan ’ , Vetoquinol) 
 Since Saffan was a relatively useful anaesthetic agent, attempts were made to 
reformulate it with an alternative carrier vehicle, to eliminate the problems 
associated with Cremophor. Recently, this has been successfully achieved, and 
alfaxalone has been re - launched in a cyclodextrin (a type of sugar) vehicle. 
The original Saffan preparation also contained alfadolone, but this steroid had 
much weaker hypnotic effects when compared to alfaxalone, so it was not 
included in the new formulation. With the elimination of Cremophor, hista-
mine release is no longer an issue, and alfaxalone can be safely used in both 
dogs and cats for induction and/or maintenance of anaesthesia. 

 Like Saffan, it has been suggested that Alfaxan causes less cardiopulmonary 
depression than other IV induction agents such as thiopental or propofol. It 
is very rapidly metabolized by the liver, and repeated  ‘ top - ups ’  or constant 
rate infusions can be used to maintain anaesthesia without signifi cantly 
prolonging recovery time. Muscle twitching is occasionally seen following 
alfaxalone induction, or during the recovery period.    

    ALFAXALONE  –  SUMMARY 

  Indications 

 Induction of general anaesthesia 
 Maintenance of general anaesthesia 
 Longer - term sedation (low doses by constant rate infusion)  

  Side  e ffects 

 Cardiovascular depression (usually mild) 
 Respiratory depression (usually mild) 
 Muscle twitching  

  Contra -  i ndications 

 Inability to secure airway   

  Propofol 
 Propofol belongs to a class of drugs known as the hindered phenols, and is 
unrelated to all other anaesthetic agents. The drug is poorly soluble in water 
and is supplied as an emulsion containing 10   mg propofol, 100   mg soyabean 
oil, 22.5   mg glycerol and 12   mg purifi ed egg phosphatide per ml. This emulsion 
contains no preservative and strongly supports bacterial growth. Consequently, 
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ampoules must be disposed of within 8 hours of being opened. Multidose vials 
with rubber bungs are now licensed for veterinary use, but the only advantage 
of these over conventional ampoules is that the possibility of shards of glass 
entering the emulsion and subsequently being drawn up into a syringe is 
eliminated. Once the rubber has been penetrated, the emulsion still has to be 
disposed of within 8 hours. A novel, lipid free micro - emulsion of propofol 
with antimicrobial preservatives is now available in multidose bottles with a 
shelf life of 28 days (PropoClear ® ). 

   •      Central nervous effects:     Experimentally, propofol has a slightly slower 
onset time than thiopental, but this is not usually particularly obvious in 
the clinical setting. Induction of general anaesthesia is usually smooth, 
although muscle twitching and tremors can occur under propofol anaesthe-
sia, but usually diminish with time or with administration of inhalational 
agents. Although the drug is non - irritant with perivascular administration, 
pain on intravenous injection is common in humans. This appears to be less 
problematic in animals and occurs only rarely. Propofol appears to have 
both pro - convulsant and anticonvulsant effects and, although it has been 
suggested that the drug be avoided in epileptic patients, it has been used for 
the treatment of status epilepticus. Current opinion appears to be that 
propofol can be used safely in epileptic animals.  

   •      Cardiovascular effects:     The cardiovascular effects of propofol in both dogs 
and cats are similar to those of thiopental; dose - related vasodilation occurs 
with a lesser contribution from direct myocardial depression. Unlike thio-
pental, propofol does not sensitise the heart to catecholamines.  

   •      Respiratory effects:     The degree of respiratory depression with propofol is, 
again, similar to that of thiopental, but post - induction apnoea is more 
common with the former. Propofol may also result in transient cyanosis at 
induction in a minority of patients, and this is attributed to opening up of 
vascular shunts within the lungs.    

 Propofol has a quick onset and smooth, rapid recovery, due both to redistribu-
tion and rapid metabolism. Although the latter occurs primarily in the liver, 
there is evidence that extrahepatic metabolism of propofol also occurs, prob-
ably in the lungs, but possibly also in the kidneys. It is useful for anaesthesia 
of sighthounds, since recovery is not delayed, unlike the situation with thio-
pental. Due to the rapid clearance from the body, propofol is not only suitable 
for use as a single IV induction agent, but can also be used in dogs for main-
tenance of anaesthesia, either by  ‘ top - up ’  injection or constant IV infusion. In 
addition, the drug can be delivered at subanaesthetic infusion rates to maintain 
sedation for prolonged periods (for instance, in dogs in intensive care). It is 
less suitable for maintenance of anaesthesia in cats, since the feline liver is 
much slower at metabolising the drug. Indeed, Heinz body formation, due 
to oxidative injury of red blood cells, has been reported in cats following 
consecutive day anaesthesia with propofol, resulting in anorexia, malaise and 
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diarrhoea, and is due to the cats ’  relative inability to metabolise phenolic 
compounds. 

 Propofol is licensed for use in dogs and cats, and has largely superseded 
thiopental as the commonest induction agent in small animal practice, due 
both to the potential advantages of propofol (e.g. smoother recovery) and the 
inability to obtain adequate supplies of thiopental. In the UK, propofol is also 
more commonly used than alfaxalone, possibly due to a relative lack of famil-
iarity with the latter, but probably also due to the signifi cantly higher cost of 
alfaxalone. 

 The main advantage of propofol is the rapid, smooth recovery with minimal 
 ‘ hangover ’   –  particularly useful for short procedures  –  while the main 
disadvantage is the potential for contamination of the ampoule or vial. 

 In no way should propofol be considered a  ‘ safe ’  anaesthetic agent; in terms 
of its cardiovascular and respiratory effects, it is no better than many of the 
other agents currently available.    

    PROPOFOL  –  SUMMARY 

  Indications 

 Induction of general anaesthesia 
 Long - term sedation in dogs  

  Side  e ffects 

 Cardiovascular depression 
 Respiratory depression 
 Occasional muscle twitching or tremors 
 Heinz body formation (cats) 
 (Contamination of ampoule or vial)  

  Contra -  i ndications 

 Inability to secure airway 
 Egg allergy (emulsion formulation)   

  Etomidate (Janssen - Cilag Ltd) 
 Etomidate is a carboxylated imidazole derivative used extensively in humans 
for anaesthesia, but which is not licensed for use in animals. 

 Etomidate is formulated in 35% propylene glycol and is, therefore, very 
hyperosmolar. As a result, it may cause pain on intravenous injection, throm-
bophlebitis and haemolysis. Recently, the drug has also become available in a 
lipid emulsion, which has largely eliminated these issues. The drug is relatively 
expensive compared with the other commonly used induction agents. 
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   •      Central nervous system:     Etomidate may cause retching and muscle twitch-
ing at induction, which can be minimised by prior administration of an 
opioid or benzodiazepine.  

   •      Cardiovascular effects:     The main benefi t of etomidate over other intrave-
nous induction agents is that it is  extremely cardiostable.  It has virtually no 
effect on cardiac output or arterial blood pressure, and this makes it very 
useful for high - risk patients, particularly those with cardiac disease, or those 
in shock.  

   •      Respiratory effects:     In addition, respiratory effects are minimal, causing 
only mild, dose - dependent respiratory depression.    

 Like propofol and alfaxalone, etomidate exhibits a rapid recovery profi le via 
redistribution and hepatic metabolism. The main disadvantage of etomidate 
is that it  inhibits adrenal steroidogenesis , which means that the patient cannot 
mount an adequate  ‘ stress response ’  to anaesthesia and surgery, and may 
develop signs of Addisonian crisis. This effect is more signifi cant after 
prolonged infusions of the drug (and, for this reason, it is no longer adminis-
tered in this manner), but appears to be of little concern following a single 
induction dose.    

    ETOMIDATE  –  SUMMARY 

  Indications 

 Induction of general anaesthesia in patients with cardiovascular compromise  

  Side  e ffects 

 Pain on injection: thrombophlebitis 
 Excitatory phenomena at induction 
 Inhibition of cortisol production  

  Contra  -   i ndications 

 Inability to secure airway 
 Patients unable to mount stress response (e.g. Addisonian animals)   

  Ketamine 
 Ketamine is a cyclohexamine derivative presented as a clear solution in multi -
 dose vials, at a concentration of 100   mg/ml. The solution has a pH of around 
4 and can cause pain on injection when used by extravascular routes. 

   •      Central nervous system:     Ketamine produces a state of dissociative anae-
sthesia (superfi cial sleep combined with profound analgesia and amnesia), 
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completely unlike other forms of anaesthesia. It appears to provide good 
somatic analgesia but poor visceral analgesia. During dissociative anaesthesia, 
eyelid and corneal refl exes remain intact and the eyes remain open. Ocular 
lubricants should be used to prevent corneal desiccation. Ketamine stimulates 
the CNS, and may induce seizures in some patients, particularly if adminis-
tered on its own. Dogs are particularly susceptible to this effect. For this 
reason, there is little, if any, justifi cation for sole administration of ketamine.  

   •      Cardiovascular effects:     Ketamine is unique amongst anaesthetic agents in 
its effects on the cardiovascular system.  In vitro  it has direct negative ino-
tropic effects, resulting in reduced myocardial contractility and cardiac 
output, but  in vivo  this effect is offset by concurrent stimulation of the 
sympathetic nervous system, usually resulting in an overall increase in 
cardiac output and arterial blood pressure. All other anaesthetic agents will 
tend to depress these physiological variables. However, the argument that 
ketamine may be safer for critical cases due to its cardiovascular sparing 
properties may be invalid, since these patients are often already exhibiting 
maximal sympathetic tone to maintain perfusion of vital organs, and when 
ketamine is administered its direct negative inotropic effects may not be 
counterbalanced by a further increase in sympathetic output. This could 
then result in decreased cardiac output and arterial blood pressure. Ketamine 
appears to have minimal effects on peripheral vascular resistance. Due to 
the increase in arterial blood pressure, ketamine can cause elevations in 
intracranial pressure. This is not signifi cant in normal patients, but may be 
problematic in those with intracranial pathology, e.g. brain tumours, or 
following head trauma.  

   •      Respiratory effects:     Ketamine commonly produces a characteristic respira-
tory pattern, termed apneustic breathing  –  slow inspiration, followed by a 
pause, followed by rapid expiration. Although this is unusual, it tends to 
have little effect on blood gas values, although hypoxaemia and hypercapnia 
may occur unpredictably in some animals. Ketamine maintains pharyngeal 
and laryngeal refl exes better than other anaesthetic agents, but it cannot be 
relied upon to provide airway protection since these refl exes are still 
depressed. It also increases salivation and respiratory secretions, and for this 
reason some authorities recommend concurrent antimuscarinic administra-
tion. This appears unnecessary when ketamine is combined with an 
 α  2  adrenoceptor agonist.  

   •      Musculoskeletal effects:     Ketamine increases muscle tone and may cause rigid-
ity if administered on its own, so is usually combined with drugs with good 
muscle relaxant properties (benzodiazepines,  α  2  adrenoceptor agonists).  

   •      Analgesia:     At anaesthetic doses, ketamine provides good somatic analgesia 
but poor visceral analgesia. Thus, if it is used as the major part of an anaes-
thetic protocol for abdominal surgery, for example, ketamine must be 
combined with an agent that provides visceral analgesia:  α  2  agonists are 
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often used to achieve this. Recently, there has been growing interest in the 
use of low doses of ketamine administered by constant rate infusion to 
provide analgesia. Further details may be found in Chapter  7 .    

 The main advantage of ketamine in small animal anaesthesia is that it can be 
given by either IV or IM routes, and so, is particularly useful for fractious 
patients, especially cats, where it may be impossible to achieve IV access. The 
SC route can be used but is slightly less predictable. Although  ‘ Alfaxan ’  can 
also be given by the IM route, the volume required is much larger than that 
for ketamine, which is a major advantage of the latter. Intramuscular ketamine 
often provokes a pain response, however, due to the low pH of the solution. 
The drug is also absorbed across mucous membranes, and so can be squirted 
into the mouth of vicious cats, and will still work (although to a lesser extent 
than when administered intravenously or intramuscularly  –  an additional dose 
may have to be given IV or IM once the cat is manageable). However, there 
is little doubt that ketamine is best administered intravenously, as it can be 
titrated to effect. Prolonged recovery can occur following large doses 
intramuscularly. 

 As a highly lipid - soluble drug, ketamine provides rapid onset of anaesthesia 
when administered intravenously (although slightly slower than thiopental or 
propofol). Onset is slower with IM use, but still occurs within 5 – 10   min. 

 Ketamine undergoes extensive hepatic metabolism in the dog, but is mainly 
excreted unchanged via the kidney in cats.    

    KETAMINE  –  SUMMARY 

  Indications 

 Induction of general anaesthesia: 
   •      where IV access is not possible  
   •      ? high - risk patients    
 Analgesia  

  Side  e ffects 

 Cardiovascular stimulation 
 CNS stimulation (seizures) 
 Muscle hypertonicity  

  Contra -  i ndications 

 Inability to secure airway 
 Raised intracranial pressure 
 ? Arterial hypertension   
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 Table 6.1     Suggested drug doses for patients following  ‘ standard premedication ’  with 
 ACP     ±    opioid. Much lower doses will generally be required following medetomidine. 

   Drug     Dogs     Cats     Comments  

  Thiopental    7 – 10   mg/kg IV    7 – 10   mg/kg IV      

  Alfaxalone    2   mg/kg IV    2 – 5   mg/kg IV      

  Propofol    3 – 4   mg/kg IV    4 – 6   mg/kg IV      

  Etomidate    0.5 – 2   mg/kg IV    0.5 – 2   mg/kg IV    No veterinary licence  

  Ketamine    0.2   mg/kg 

diazepam   +

   5   mg/kg 

ketamine IV  

  0.2   mg/kg 

midazolam   +

   5 – 10   mg/kg 

ketamine IM; 80    µ g/

kg medetomidine   +

   2.5 – 7.5   mg/kg 

ketamine IM  

  Diazepam – ketamine 

combination useful for 

examination of laryngeal 

function. The two drugs 

can be administered in 

the same syringe, but 

should be mixed just 

before administration 

 Midazolam – ketamine can 

be mixed in the same 

syringe, and provide 

deep sedation in cats 

 Medetomidine – ketamine 

can be mixed in the same 

syringe, with potential for 

reversal with atipamezole 

(ketamine dose is so low 

in this combination that 

once medetomidine is 

reversed, ketamine 

exerts little effect). This 

combination is usually used 

without prior premedication  

  Doses of  i njectable  a naesthetic  a gents 
 Depending on the agents chosen, premedication may dramatically alter the 
dose of injectable anaesthetic agent required (see Table  6.1 ). For example, 
ACP will reduce the dose of thiopental for induction of anaesthesia by about 
30 – 50%, while medetomidine will decrease it by anything up to 90%. In 
addition, the state of the patient ’ s health will also have a major bearing on 
the quantity of induction agent required. It has been said that:  ‘ The dose of 
induction agent required is as much as the patient needs, and no more ’ , i.e. 
anaesthetic agents should be given to effect. Thus, it is not possible to be 
completely prescriptive about induction doses, and the information provided 
in Table  6.1  should be considered only as a guideline.     
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  MAINTENANCE OF ANAESTHESIA 

 In current veterinary practice, maintenance of general anaesthesia is most 
commonly accomplished by inhalational agents. However, there has been 
growing interest in the use of total intravenous anaesthesia (TIVA) in both 
humans and animals over the past few years, and this fi eld is likely to develop 
further in the future. Consequently, both techniques will be described. 

  Inhalational  a gents 
 Inhalational anaesthetic agents occur in one of two physical forms: liquids or 
gases. Volatile agents are liquids at room temperature, and require conversion 
in an anaesthetic vaporiser to a vapour for delivery to the patient (e.g. sevo-
fl urane, isofl urane). Gases can be delivered to the patient ’ s lungs without 
modifi cation by a vaporiser (e.g. nitrous oxide). 

 Delivery of an anaesthetic agent to the lungs is but one of a series of events 
that must occur before unconsciousness is achieved. In order to pass out of 
the lungs and reach the brain  –  the target site of all anaesthetic drugs  –  an 
inhalational anaesthetic must fi rst cross the alveolar wall and the pulmonary 
capillary endothelium in the lungs to enter the bloodstream. The agent is then 
carried via the pulmonary circulation to the left side of the heart, from where 
it is distributed to all tissues of the body by arterial blood fl ow. The tissues 
of the body take up a proportion of the delivered anaesthetic agent, the 
amount being dependent on several factors, the most important of which is 
the solubility of the anaesthetic agent in that particular tissue. Upon delivery 
to the brain, the anaesthetic agent has to additionally cross the blood – brain 
barrier before a central effect (i.e. unconsciousness) can occur. 

 In general, passage across the alveolar pulmonary capillary membrane and 
the blood – brain barrier results in little delay in the agent reaching the brain, 
as all the commonly used inhalational anaesthetics are relatively fat - soluble 
(lipophilic) and cross these lipid barriers easily. The lipophilicity of each drug 
also correlates well with potency: the greater the lipid solubility of an inhaled 
anaesthetic agent, the greater the potency of the drug and less is required to 
achieve an anaesthetic effect. Methoxyfl urane (an  ‘ older ’  inhalational agent, 
though still available in Australia) is the most lipophilic of all the inhalational 
agents and is also the most potent. 

 More commonly, however, the potencies of different inhalational agents 
are described in terms of the minimum alveolar concentration (MAC). This 
concept describes the minimum concentration of anaesthetic agent in the 
alveoli at which 50% of patients will not exhibit a gross purposeful response 
(movement) to a particular surgical stimulus, usually skin incision or tail 
clamping (Table  6.2 ). It is a useful term for comparison purposes when using 
a new inhalational anaesthetic, but it is important to recognise that the fi gures 
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relate to the concentration of agent in the alveoli, and not directly to the setting 
on a vaporiser. The greater the MAC value of an agent, the more is required 
to produce anaesthesia and, therefore, the lower its potency, i.e. MAC is 
inversely related to potency.   

 Many factors can infl uence the MAC value required for anaesthesia. It is 
reduced, for example, by premedication, concurrent delivery of nitrous oxide, 
hypothermia and severe hypotension. MAC also decreases with extremes of 
age, such that neonatal and geriatric patients require less anaesthetic, as do 
pregnant patients. MAC values are also species - specifi c, with cats generally 
having slightly higher values than dogs for each agent. Less commonly, MAC 
may be increased by hypernatraemia (high plasma sodium concentrations), 
hyperthermia and administration of ephedrine (a vasopressor drug, sometimes 
used to increase arterial blood pressure). 

 The rate of onset, and recovery from inhalational anaesthesia (uptake and 
elimination) is dependent on several factors: 

  (1)     Concentration of anaesthetic agent in the inspired mixture:     The greater 
the inspired anaesthetic concentration, the higher the concentration 
gradient across the alveoli, and the faster the drug will diffuse into the 
pulmonary blood and ultimately into the brain.  

  (2)     Alveolar ventilation:     As alveolar ventilation increases, more anaesthetic is 
delivered to the lungs, and the faster the uptake into the pulmonary capil-
laries will be. Thus, a patient that hyperventilates will become anaesthe-
tised more rapidly than one who has respiratory depression.  

  (3)     Blood:gas solubility:     Inhalational agents that are highly soluble in blood 
produce a slow rise in blood concentration, or partial pressure, when they 
cross from the lungs into the pulmonary circulation and, consequently, a 
slow rise in brain concentration. This may sound illogical, as a very soluble 
agent could be expected to induce anaesthesia more quickly than one with 
very poor solubility. However, if one imagines the circulating blood to be 
a large sponge sitting between the alveoli (site of delivery of the anaesthetic 

 Table 6.2     Canine minimum alveolar concentration values and blood:gas solubility 
coeffi cients for inhalational anaesthetic agents. 

   Inhalational agent     MAC value (%)     Blood:gas solubility coeffi cient  

  Halothane    0.87    2.5  

  Isofl urane    1.28    1.5  

  Enfl urane    2.2    2.0  

  Methoxyfl urane    0.23    15.0  

  Desfl urane    7.2    0.42  

  Sevofl urane    2.36    0.68  

  Nitrous oxide     ∼ 200    0.47  
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to the blood) and the brain (site of action of the drug), it is possible to 
appreciate that the blood will rapidly  ‘ soak up ’  very soluble agents, delay-
ing equilibration between the alveoli and blood and prolonging the time 
required to exert the anaesthetic effect. For relatively insoluble agents, 
there is a more rapid onset of anaesthesia due to faster equilibration 
between the alveolar concentration and the blood concentration. The same 
principle is applicable to elimination of the agent from the body. Thus, 
for agents with high blood solubility, such as methoxyfl urane, the blood 
acts as a reservoir, slowing the increase of partial pressure in the blood. 
Consequently, these agents are associated with long induction and recov-
ery periods. In addition to promoting faster induction and recovery, low 
blood solubility also facilitates more precise control of alveolar anaesthetic 
concentration during maintenance of anaesthesia. 
 Solubility of an inhalational agent in blood is described in terms of a 
blood:gas solubility or partition coeffi cient. This fi gure describes the pro-
portion of agent that will dissolve in the blood compared to the portion 
that remains in the gaseous state, at equilibrium between the two phases. 
For example, the blood:gas solubility coeffi cient of methoxyfl urane is 15; 
this means that 15 times as much methoxyfl urane will dissolve in blood 
at equilibrium as will remain in the free gaseous state. In contrast, the 
blood:gas solubility coeffi cient of nitrous oxide is 0.47; therefore, this 
agent is very insoluble in blood, and is present in much greater amounts 
in the gaseous phase at equilibrium (Table  6.2 ). It is important to note 
that the blood:gas solubility bears no relationship to the MAC value.  

  (4)     Cardiac output:     Blood fl ow to the lungs is necessary for an inhaled anaes-
thetic to cross from the alveoli into the pulmonary capillaries. It may seem 
logical, therefore, that high cardiac output would facilitate uptake of anaes-
thetic agents. Actually, this is not the case, as high cardiac output carries the 
anaesthetic away from the alveoli too rapidly to allow equilibration between 
blood and alveolar anaesthetic concentrations. Low cardiac output, on the 
other hand, facilitates equilibration, and allows a faster onset of anaesthetic 
effect. This scenario is confi rmed in the clinical setting if one attempts an 
inhalational induction: patients who are very excited (high cardiac output) 
have a prolonged time to unconsciousness, while very sick patients (low 
cardiac output) become anaesthetised much more rapidly.  

  (5)     Blood:tissue solubility:     As discussed earlier, although the brain is the 
target organ for anaesthetic agents, these agents are carried to all tissues 
of the body via the systemic circulation, and each tissue will absorb a 
proportion of the agent, dependent upon the solubility of that particular 
anaesthetic agent in that tissue. Thus, the blood:tissue solubility refl ects 
the potential for a drug to be taken up by tissues, which reduces the con-
centration gradient between the blood and the brain and, consequently, 
decreases brain uptake.    



148 Anaesthesia for Veterinary Nurses 

 Elimination of inhalation anaesthetics is by reversal of the process of uptake. 
Once the inspired concentration is reduced to 0%, the gradient between the 
alveoli and blood reverses and anaesthetic leaves the blood. This in turn 
reverses the blood – brain concentration gradient, anaesthetic leaves the brain 
and the patient begins to regain consciousness. 

 Although all inhalational anaesthetic agents undergo a degree of metabo-
lism, this appears to contribute little to the speed of recovery, which is mainly 
dependent on similar factors to those described for uptake. However, metabo-
lism of these agents is important in relation to patient toxicity, since this is 
usually associated with drug metabolites rather than the parent compound 
itself. Approximately 50% of inhaled methoxyfl urane is metabolised, with the 
release of free fl uoride ions, which are potentially nephrotoxic. Similarly, 
20 – 25% of a given dose of halothane may be metabolised by hepatic micro-
somal enzymes. However, the hepatic metabolism of isofl urane ( < 1%) and 
sevofl urane ( ∼ 3%) are considerably less. Although currently no inhalational 
anaesthetics are entirely eliminated from the body by exhalation, the general 
trend has been towards developing agents that undergo a limited degree of 
metabolism, to avoid toxicity to patients. 

 Of the factors described above, the blood:gas partition coeffi cient (i.e. the 
blood solubility) is probably the major determinant of the rate of uptake and 
elimination of an inhalational anaesthetic agent. Newer agents (isofl urane, 
sevofl urane, desfl urane) have lower solubilities than older agents such as 
halothane and methoxyfl urane and, thus, induction and recovery tend to be 
more rapid. 

  Desirable  p roperties of an  i nhalational  a naesthetic 
 Ideally, inhalational anaesthetic agents should exhibit the following 
characteristics: 

   •      easily vaporised;  
   •      low blood:gas solubility;  
   •      MAC suffi ciently low to allow delivery with high concentration of oxygen;  
   •      non - irritant to mucous membranes;  
   •      good analgesic;  
   •      little effect on cardiovascular or respiratory system;  
   •      good muscle relaxation;  
   •      undergoes minimal or no metabolism;  
   •      non - toxic to tissues;  
   •      non - fl ammable and non - explosive;  
   •      stable on storage;  
   •      compatible with soda lime.    

 To date, no available inhalational agent fulfi ls all these criteria.  



Anaesthetic Drugs 149 

  Halothane 
 Halothane is a non - fl ammable, non - explosive halogenated hydrocarbon, 
licensed for use in all domestic animal species in the UK. It is a colourless, 
volatile liquid at room temperature, stored in amber - coloured bottles to 
prevent degradation by light. In addition, halothane contains 0.01% thymol 
as a preservative to improve its stability. Thymol, however, accumulates 
within vaporisers, resulting in brown discoloration of liquid halothane and 
sticking of the rotary valve. For this reason, halothane vaporisers require 
periodic cleaning and recalibration by the manufacturers. 

 Halothane is comparatively insoluble in blood, so onset of anaesthesia and 
adjustment of anaesthetic  ‘ depth ’  is relatively fast. However, isofl urane or 
sevofl urane, with lower blood:gas solubility coeffi cients, provide more rapid 
induction and facilitate quicker alteration of anaesthesia. In addition, recovery 
from these agents is generally faster than from halothane, although this may 
be masked in some cases due to other drugs, such as opioids, administered 
during the perioperative period. 

 Halothane induces dose - dependent depression of the cardiovascular system. 
It is a myocardial depressant, induces blockade of transmission at sympathetic 
ganglia and appears to have a mild effect on peripheral vasculature, causing 
smooth muscle to relax and vessels to dilate. Additionally, halothane sensitises 
the myocardium to catecholamines and, as a result, cardiac arrhythmias are 
not uncommon during anaesthesia with this agent. The majority of these are 
relatively benign, but halothane is probably best avoided in patients with 
pre - existing arrhythmias, or in conditions where arrhythmias are likely to 
occur during anaesthesia (for instance, in uncontrolled hyperthyroid cats). 
Halothane also slows impulse conduction through the heart and may lead to 
bradycardia. 

 Respiratory depression is dose - dependent with halothane, with many 
animals adopting a rapid, shallow breathing pattern. 

 In common with other inhalational anaesthetic agents (with the exception 
of nitrous oxide), halothane is a poor analgesic agent and deep levels of anaes-
thesia are required to obtund responses to intense surgical stimulation. Muscle 
relaxation is moderate with halothane, but is usually suffi cient for most 
abdominal surgical procedures in veterinary patients. 

 Halothane has been associated with hepatitis in humans, but there is little 
evidence that a similar condition occurs in animals. However, it is usually 
avoided in veterinary patients with evidence of hepatic disease, not only due to 
the theoretical possibility of  ‘ halothane hepatitis ’ , but because halothane com-
monly reduces hepatic blood fl ow to a greater extent than does isofl urane. 

 As newer agents such as isofl urane and sevofl urane have begun to compete 
with halothane, its production has been signifi cantly curtailed, and it is now 
relatively diffi cult to obtain halothane in the UK. It is likely this agent will be 
completely superseded by alternatives in the near future.  
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  Isofl urane 
 Isofl urane is a halogenated ether, licensed in the UK for use in dogs, cats, 
horses and several other species. Unlike halothane, it is stable in light and 
contains no additives. It has a higher MAC value than halothane in all species 
studied (i.e. is less potent), implying that a higher vaporiser setting will be 
required to maintain a similar depth of anaesthesia. 

 The low blood solubility of isofl urane indicates that uptake and elimination 
will be faster with this agent compared to halothane  –  promoting faster induc-
tion and recovery  –  and that the depth of anaesthesia will be easier to alter. 

 In common with all inhalational anaesthetic agents, isofl urane has been 
shown to have a direct negative inotropic effect on the myocardium, resulting 
in decreased contractility. Despite the consequent reduction in stroke volume, 
cardiac output is usually maintained, as heart rate increases to compensate. 
However, isofl urane causes marked peripheral vasodilation, resulting in dose -
 dependent arterial hypotension. 

 Thus, reduced blood pressure occurs with both halothane and isofl urane, 
but by different mechanisms: halothane reduces cardiac output through its 
effects on myocardial contractility and heart rate, but has relatively little effect 
on the peripheral vasculature, while isofl urane causes little change in cardiac 
output but leads to marked peripheral vasodilation. 

 Unlike halothane, isofl urane does not sensitise the heart to catecholamine -
 induced arrhythmias, and a more stable cardiac rhythm is usually observed 
during anaesthesia. 

 Isofl urane causes a dose - dependent depression of respiration which, in the 
absence of surgical stimulation, is greater than that induced by halothane. 
Under surgical conditions, some respiratory stimulation occurs, and so this 
side effect may be less obvious. Classically, isofl urane - anaesthetised animals 
breathe at slow rates but with fairly large tidal volumes. 

 Isofl urane appears to be a more potent muscle relaxant than halothane, 
and may provide improved conditions for abdominal surgical procedures. 
There is also some evidence that isofl urane may provide some (limited) 
analgesia.  

  Sevofl urane 
 Like isofl urane, sevofl urane is a halogenated ether inhalational agent that is 
now widely used in both human and veterinary anaesthesia. Although its 
blood:gas solubility is not as low as that of desfl urane (see below), it is still 
signifi cantly less than that of isofl urane, thereby facilitating faster alteration 
of anaesthetic depth and more rapid recovery. In addition, unlike isofl urane, 
sevofl urane is non - irritant to the respiratory tract and has a less pungent 
odour, thus rendering it suitable for inhalational induction of anaesthesia. 
Recent work in cats has confi rmed that mask induction with sevofl urane pro-
duces unconsciousness signifi cantly more rapidly than isofl urane. Despite 
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being widely used in dogs, cats, horses, small mammals, birds, reptiles and 
exotic species, sevofl urane is only licensed for use in dogs in the UK. 

 The MAC value of sevofl urane is relatively similar to that of most other 
inhalational agents (Table  6.2 ), although somewhat higher than those of halo-
thane and isofl urane. The major consequence of this reduced potency is that 
higher vaporiser settings are required with sevofl urane. 

 The cardiovascular and respiratory effects of sevofl urane are virtually iden-
tical to those of isofl urane. 

 It has been demonstrated that one of the degradation products of the inter-
action of sevofl urane with carbon dioxide absorbents is an olefi n compound 
known as compound A. This agent has been shown to produce renal failure 
in laboratory rats, but no cases have been reported to date in clinical cases. 
Thus, the signifi cance of compound A production is presently unclear. 

 Although the cost of sevofl urane is signifi cantly greater than that of isofl u-
rane at present, many people believe that the benefi ts offered by its low 
blood:gas solubility and suitability for mask induction of anaesthesia will lead 
to more widespread use in the veterinary fi eld in the coming years.  

  Desfl urane 
 Desfl urane is a halogenated ether which has been introduced relatively recently 
into human anaesthetic practice. This agent has the lowest blood:gas solubility 
of any inhalational agent, allowing rapid alterations in anaesthetic depth and 
promoting fast recovery. Theoretically, it should also be extremely useful for 
providing rapid  ‘ mask induction ’  of anaesthesia, but it causes respiratory tract 
irritation, which produces coughing in the conscious patient and limits its use 
by this technique. 

 The effects of desfl urane on the cardiovascular and respiratory systems are 
relatively similar to those of isofl urane and sevofl urane, previously described. 

 Desfl urane has a relatively high MAC value compared to other inhalational 
agents (Table  6.2 ), but this is not problematic as it is easily vaporised, and 
high concentrations are readily achieved. 

 The boiling point of desfl urane is close to room temperature. As a result, 
this agent requires a special vaporiser that is electrically heated and pres-
surised, to ensure a constant output (see Chapter  4 ). Although desfl urane itself 
is signifi cantly cheaper than sevofl urane, the custom vaporiser is expensive, 
and this, together with the fact that it is not licensed in animal species, is likely 
to limit its use in veterinary anaesthesia.  

  Enfl urane 
 Enfl urane is a structural isomer of isofl urane with a higher blood:gas solubility. 
The effects of the two agents on cardiopulmonary function are similar, 
although enfl urane causes a greater reduction in myocardial contractility. In 
addition, muscle twitching and seizures have been reported at deeper planes 
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of anaesthesia with enfl urane. As a consequence, this agent is seldom used in 
veterinary anaesthesia.  

  Methoxyfl urane 
 The major advantage of methoxyfl urane is analgesia at subanaesthetic con-
centrations. Due to the high lipid solubility of this agent, recovery tends to be 
slow, and thus the patient is asleep, but with adequate analgesia, for a pro-
longed period after anaesthesia is terminated. However, methoxyfl urane is 
extensively metabolised, resulting in the production of free fl uoride ions, which 
are potentially nephrotoxic. As a result, the agent has been withdrawn from 
the human anaesthetic market, but is still sporadically available for animal use 
in Australia.  

  Nitrous  o xide ( N  2  O ) 
 Nitrous oxide is an inorganic gas that is supplied as a liquid under pressure 
in cylinders. It is non - fl ammable and non - explosive and is non - irritant to 
mucous membranes. It is a weak anaesthetic agent and cannot be used on its 
own to produce general anaesthesia. The predicted MAC value of nitrous 
oxide is around 200% in the dog, a theoretical value which is obviously impos-
sible to achieve under normal conditions. Because of its limited potency, it is 
necessary to administer nitrous oxide in high concentrations to achieve any 
useful effect. Inspired concentrations of less than 50% are unlikely to provide 
any benefi t to the patient, while administered concentrations should not exceed 
70% to avoid delivery of an hypoxic mixture of fresh gases to the patient. 
Nitrous oxide is poorly soluble in blood (blood:gas coeffi cient 0.47) and, 
consequently, it undergoes rapid uptake, distribution and elimination. 
Metabolism is minimal ( < 0.01%). 

 Due to its low blood solubility and delivery in high concentrations, nitrous 
oxide can promote the uptake of other, concurrently delivered, inhalational 
anaesthetic agents such as halothane and isofl urane. As nitrous oxide rapidly 
moves out of the alveoli into the pulmonary capillaries at the start of anaes-
thesia, the second inhalational agent becomes concentrated within a smaller 
lung volume, thus increasing the alveolar:pulmonary capillary concentration 
gradient, which enhances the rate of uptake of the second agent ( second gas 
effect ). Similarly, when nitrous oxide delivery is terminated at the end of 
anaesthesia, or during disconnection of the patient from the anaesthetic system, 
the gas moves rapidly from the tissues into the blood and then into the alveoli 
and, if the patient is breathing room air at this time, the partial pressure of 
oxygen in the lungs may be diluted to hypoxic levels ( diffusion hypoxia ). 
This is probably most signifi cant in animals with cardiovascular or respiratory 
compromise. To avoid this scenario, it is recommended that animals be allowed 
to breathe oxygen - enriched gas (usually 100% oxygen) for 5 – 10   min after 
nitrous oxide is removed from the inspired gas. 
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 Although poorly soluble in blood and tissues, nitrous oxide is still approxi-
mately 30 times more soluble than nitrogen, which contributes around 80% 
of the partial pressure of gases in tissues of animals breathing room air. Thus, 
when a patient is exposed to nitrous oxide, it will diffuse down its concentra-
tion gradient into any gas pocket in the body, more quickly than nitrogen can 
leave: consequently, the volume of the gas pocket will expand. This may have 
serious consequences for animals with gaseous distension of an abdominal 
viscus (e.g. gastric dilatation) or pneumothorax. 

 Although nitrous oxide provides good analgesia in humans, it appears to 
be considerably less potent in this regard in animals. However, nitrous oxide 
has minimal effects on the cardiovascular and respiratory systems and, due to 
its own weak anaesthetic actions and potential analgesic effects, it allows a 
reduction in the concurrently delivered, more potent, primary anaesthetic 
agent, whether inhalational or intravenous. Since these latter agents tend to 
have greater depressant effects on cardiopulmonary function, any reduction 
in their delivered concentration by additional administration of nitrous oxide 
allows an improvement in cardiovascular and respiratory performance.  

  Triple  c ombination  a naesthesia 
 The so - called  ‘ triple combination ’  (more colloquially referred to as  ‘ triple 
combo ’ ) is widely used for provision of anaesthesia in small animal practice, 
particularly for cats. It comprises ketamine, medetomidine (or dexmedetomi-
dine) and (usually) butorphanol, all mixed together in the same syringe and 
administered subcutaneously or intramuscularly (although it can also be used 
intravenously). The main reason this technique is so popular is that it will 
provide a reasonable period of surgical anaesthesia (up to about 45 minutes 
depending on the dose of ketamine used), without the need for restraint for 
intravenous injection, which many people feel is benefi cial when dealing with 
cats. However, the disadvantage of this type of anaesthesia is that it is impos-
sible to titrate the anaesthetic agent to effect (since it is not being administered 
intravenously), and every 3.5   kg cat, for example, will receive exactly the same 
amount of anaesthetic, as it is administered based on body weight. As anaes-
thetic requirements vary between patients, this means that  ‘ triple combination ’  
will result in some animals being underdosed, some being overdosed and some, 
therefore, being adequately anaesthetised. Due to the potency of medetomidine 
or dexmedetomidine in the combination, only relatively low doses of ketamine 
are needed as part of the  ‘ triple combination ’  in cats, and this means that, 
when the  α  2  agent is antagonised with atipamezole at the end of the procedure, 
the low concentration of ketamine still circulating in the animal exerts rela-
tively little effect on the level of consciousness, and the cat appears minimally 
sedated within a short period of time. 

 Although the  ‘ triple combination ’  can be used in dogs, greater care must 
be taken in its use, due to the possibility of producing ketamine - induced CNS 
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stimulation (e.g. seizures) in this species. Thus, it is generally recommended 
that ketamine not be given to dogs at the same time as the  α  2  agent, but only 
administered once the latter has induced a marked sedative effect. Similarly, 
it is not advisable to antagonise the  α  2  agonist in dogs at the end of a procedure 
under  ‘ triple combination ’  as central nervous excitation may be seen.   

  Total  i ntravenous  a naesthesia ( TIVA ) 
 The concept of maintaining general anaesthesia using only intravenous agents 
has developed rapidly over the past few years. Major benefi ts offered by 
this technique, when compared to inhalational agents, include improved con-
trollability of anaesthesia and lack of environmental contamination with 
waste anaesthetic gases, which may have important implications for operating 
room personnel. In addition, using a TIVA technique permits the induction 
and maintenance of anaesthesia as a continuum, since anaesthesia is induced 
with an intravenous agent that is then continued to maintain anaesthesia. 
This contrasts with more conventional anaesthesia, where induction is per-
formed intravenously but the patient is then converted to an inhalational 
technique for maintenance. Thus, there is a  ‘ changeover ’  phase where 
there may be inadequate anaesthesia due to dissipation of the injectable agent 
before the inhalational agent has achieved the necessary concentration in 
the brain. 

 Propofol has become the standard anaesthetic agent used in TIVA tech-
niques due to rapid clearance from the body, resulting in little accumulation 
even after prolonged infusion. However, propofol is a poor refl ex suppressant, 
and for major surgical procedures must be combined with a potent analgesic 
agent such as fentanyl. In addition, propofol is unsuitable for infusion in cats, 
as this species is relatively slow at glucuronide conjugation, which is necessary 
for metabolism of the drug. With the recent launch of alfaxalone, which can 
be used by infusion in both cats and dogs, further research is likely to be 
performed in refi ning TIVA techniques in veterinary patients. 

 It is also likely that TIVA will make a larger impact in anaesthesia in coming 
years, as the importance of environmental preservation becomes more 
pronounced.  

  Neuromuscular  b locking  d rugs ( ‘  m uscle  r elaxants ’ ) 
 Although most of the currently available anaesthetic agents will provide a 
degree of muscle relaxation, in general most of them provide good muscle 
relaxation only when delivered in high concentrations. Unfortunately, these 
concentrations are associated with severe cardiopulmonary depression, making 
these agents unsuitable by themselves for situations where profound muscle 
relaxation is required during a surgical procedure. Two alternative groups of 
drugs are available to increase the degree of muscular relaxation during 
surgery. 
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  Centrally  a cting  m uscle  r elaxants 
 Agents in this class provide muscle relaxation by direct effects within the CNS. 
The main drugs used in small animal anaesthesia are the benzodiazepines: 
diazepam and midazolam. Although these are relatively potent muscle relax-
ants, because of their central action they also have effects on other body 
systems. In addition, they cannot produce the profound degree of relaxation 
associated with drugs acting directly on the neuromuscular junction (NMJ).  

  Neuromuscular  b locking  d rugs 
 Although agents such as diazepam are commonly used for muscle relaxation, 
in general when the term  ‘ muscle relaxant ’  is used, it normally refers to drugs 
acting at the neuromuscular junction. These neuromuscular blocking agents 
(NBAs) can provide total abolition of muscle tone, allowing complete relax-
ation of all skeletal muscle groups. Although widely used in veterinary patients, 
no NBAs are currently licensed for use in animals. 

 The classical indications for NBAs are: 

  (1)     To relax skeletal muscles for easier surgical access:     This can be particu-
larly useful for dissection deep within the abdomen (e.g. when working 
around the kidneys or adrenal glands), but is extremely helpful even for 
routine abdominal procedures, such as ovariohysterectomy in the bitch.  

  (2)     To facilitate control of respiration during intrathoracic surgery:     Although 
NBAs are not essential during thoracic procedures, they allow a smoother 
 ‘ take - over ’  of the patient ’ s breathing, prior to opening the chest. In general, 
it is fairly easy to take control of the breathing in small dogs and cats 
simply by hyperventilation. However, large dogs, in particular, may resist 
manual ventilation by attempting to continue breathing for themselves, 
and this can lead to stormy surgical conditions within the chest, as the 
dog and anaesthetist continually fi ght each other to control respiration. 
The use of NBAs easily overcomes this situation.  

  (3)     To assist reduction of dislocated joints:     There has traditionally been much 
controversy over whether fracture reduction is similarly facilitated. 
However, there defi nitely appears to be an improvement in surgical condi-
tions when NBAs are administered to equine patients undergoing fracture 
repair, so it is reasonable to assume that these drugs may also help in small 
animal patients.  

  (4)     To facilitate endotracheal intubation in cats:     (see later,     page 157 ).  
  (5)     To reduce the amount of general anaesthetic agent required:     Muscles are 

not usually completely fl accid, that is, they normally maintain a certain 
degree of tone which is held constant by a feedback control system involv-
ing the CNS. Afferent nerves supply information to the CNS on the degree 
of tone present in the muscle, and the CNS then maintains this tone by 
impulses delivered to the muscle, via the motor nerve supply. When NBAs 
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are administered, abolishing the normal tone of the muscle, there is a 
decrease in input into the CNS because of a reduction in afferent  ‘ traffi c ’ . 
Because of this decreased CNS stimulation, less anaesthetic agent is 
required. However, although it has traditionally been accepted that NBAs 
reduce anaesthetic requirements, several studies have been published that 
cast doubt on this effect in humans. In addition, most veterinary anaes-
thetists would agree that muscle relaxants appear to have minimal effects 
on anaesthetic requirements.  

  (6)     To assist ophthalmic procedures:     NBAs are commonly administered to 
animals undergoing cataract surgery to paralyse extra - ocular muscles and 
allow central positioning of the eye. In addition, they prevent the patient 
moving or coughing, which could be disastrous in the presence of an open 
globe.    

 NBAs cause paralysis of all skeletal muscle groups in the body, including the 
intercostal muscles and the diaphragm. Thus, facilities for endotracheal intu-
bation and intermittent positive pressure ventilation (IPPV) must always be 
available, when the use of these drugs is contemplated. In addition, NBAs 
provide only muscle relaxation  –  they have no analgesic or anaesthetic effects 
 –  so it is possible for a patient to undergo surgery while completely awake but 
unable to move. For this reason, before using these drugs, one should be 
thoroughly competent at monitoring anaesthesia in the non - paralysed patient. 

 In addition, although muscle relaxants will ultimately cause paralysis of all 
the skeletal muscles, some groups appear more resistant than others. This is 
most obviously illustrated by the diaphragm, which is generally the last muscle 
to become paralysed when relaxant is administered, and the fi rst to recover 
function, as the effect of the drug dissipates. However, the skeletal muscles of 
the upper airway are relatively sensitive to NBAs, so it is not uncommon at 
the end of a surgical procedure where muscle relaxants have been used to have 
a patient breathing spontaneously (due to early recovery of diaphragmatic 
activity), but which, when extubated, develops airway obstruction (due to the 
relative sensitivity of the pharyngeal muscles to the small amounts of NBA 
which are still present at the NMJ). Thus, simply observing for return of 
spontaneous respiratory activity is not a reliable indicator of return of skeletal 
muscle activity throughout the body. 

 There are two classes of NMBA.  

  Depolarising ( n on -  c ompetitive)  m uscle  r elaxants 
 These agents have a similar chemical structure to acetylcholine (ACh), the 
neurotransmitter at the NMJ. Depolarising agents bind to the postjunctional 
receptor and, because of their chemical similarity to ACh, cause the muscle to 
contract initially, before it relaxes. This is seen clinically as widespread, short -
 lived, muscle fasciculations throughout the skeletal muscles of the body, 
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followed by total fl accidity. These fasciculations can cause a signifi cant degree 
of postoperative pain in humans, and also appear to induce some direct muscle 
damage, which may lead to potassium release from the muscle cells. This effect 
is exaggerated in patients with spinal cord trauma or burns, and consequently, 
depolarising NBAs should be avoided in these patients, as well as those with 
pre - existing hyperkalaemia. 

 The only depolarising NMBA used clinically is  suxamethonium  (also 
called succinylcholine), which has a duration of approximately 20   min in the 
dog, and about 3 – 5   min in the cat. The action of this drug is terminated by 
the enzyme pseudocholinesterase (or plasma cholinesterase) which is produced 
by the liver; thus prolonged effects may be seen in patients with liver disease. 
Attempts to overcome the short duration of suxamethonium by administering 
incremental doses are not recommended, since a phenomenon known as phase 
2 block (or dual block) may occur. Phase 2 block is a poorly understood event 
which usually occurs after high or repeated doses of suxamethonium (although 
it can occur in dogs following a single, normal dose), and results in a prolonged 
period of neuromuscular blockade. (This is in comparison to the normal short 
period of neuromuscular blockade usually seen with suxamethonium  –  phase 
1 block.) Because there are no effective drugs for reversal of depolarising 
relaxants, phase 2 block is important because the patient will have to be ven-
tilated and remain anaesthetised until there is spontaneous neuromuscular 
function. 

 The only practical indication for the use of suxamethonium in present - day 
small animal anaesthesia is to aid endotracheal intubation in cats. The cat has 
an exquisitely sensitive larynx that may spasm when stimulated. Although this 
can be avoided by the use of local anaesthetic sprays prior to intubation, these 
require approximately 1 – 2   min to achieve peak effect and in some situations 
(e.g. cats with diaphragmatic rupture) it is necessary to establish an airway in 
a shorter period of time. The usual technique in these cases is to pre - oxygenate 
the patient with 100% oxygen for several minutes by face mask, prior to 
induction of anaesthesia with an IV agent and then immediately administer 
suxamethonium intravenously. The larynx will usually relax within about 30 
sec, allowing intubation to proceed. Because suxamethonium lasts about 5   min 
in the cat, it is necessary to continue IPPV until spontaneous respiration 
resumes. 

 Although suxamethonium can be given by the IM route, it is usually admin-
istered intravenously, and has the fastest onset time of all the NBAs.  

  Non -  d epolarising ( c ompetitive)  m uscle  r elaxants 
 These agents are much more widely used than suxamethonium, because they 
are reversible and can be  ‘ topped up ’  as required. They are only administered 
intravenously. The non - depolarising muscle relaxants compete with ACh for 
postjunctional binding sites (hence their name) and cause blockade of the 
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motor endplate without the initial stimulation seen with suxamethonium, i.e. 
there is no initial muscle contraction with non - depolarising NBAs. Although 
several of these agents are marketed, four main ones are used clinically: 

   •       Pancuronium   –  duration of 30 – 50   min in the dog and cat. Usually causes 
a degree of tachycardia and increased arterial blood pressure.  

   •       Atracurium   –  duration of 20 – 40   min (although occasionally up to 60   min, 
especially with higher doses). Atracurium breaks down spontaneously in 
plasma by a pH -  and temperature - dependent reaction (Hofmann degrada-
tion), so is not dependent on intact organ function for metabolism. As a 
result, it may be the agent of choice for animals with renal or hepatic disease. 
However, hypothermia and acid – base and electrolyte abnormalities may 
prolong the duration. Atracurium has the potential to cause histamine 
release, leading to hypotension, especially if high doses are used, but this 
appears less common in animals than in humans.  

   •       Vecuronium   –  duration of 20 – 30   min, with a more predictable and consis-
tent duration than atracurium. Vecuronium appears to be the most cardio-
vascularly stable relaxant currently available. The duration may be prolonged 
in patients with hepatic disease.  

   •       Rocuronium   –  duration of 15 – 20min, with the fastest onset of all the non -
 depolarising NBAs, although still somewhat slower than suxamethonium.    

 Following the initial dose of a non - depolarising relaxant, if it is necessary to 
prolong the period of blockade further, incremental doses of one quarter to 
one half of the initial dose are usually administered.  

  Signs of  i nadequate  a naesthesia 
 It is essential that the patient remains unconscious while under the infl uence 
of NBAs. Unlike general anaesthesia in a non - paralysed animal, if the depth 
of anaesthesia becomes inadequate (i.e. the patient becomes  ‘ light ’ ): 

   •      the eye will  not  move, because it is already central;  
   •      the animal will  not  develop a palpebral refl ex;  
   •      the respiratory pattern will  not  alter, since the respiratory muscles are 

paralysed;  
   •      the animal will  not  exhibit gross spontaneous movement.    

 Thus, it is more diffi cult with paralysed animals to monitor depth of anaes-
thesia. However, signs associated with inadequate anaesthesia in patients 
under the infl uence of NBAs include: 

   •      increase in pulse rate (unrelated to haemorrhage);  
   •      increase in arterial blood pressure;  
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   •      salivation;  
   •      increased tear production;  
   •      vasovagal syncope (bradycardia, hypotension, pallor);  
   •      increase in end - tidal CO 2  levels (unrelated to alterations in pattern of 

ventilation);  
   •      slight muscle twitching of the face, tongue or limbs, in response to surgical 

stimulation;  
   •      pupillary dilation.    

 If any of these signs are observed, it should be assumed that anaesthesia is 
inadequate, and small incremental doses of a potent analgesic agent (e.g. fen-
tanyl, morphine) or an intravenous anaesthetic agent (e.g. propofol) should 
be administered. Alternatively, if general anaesthesia is being maintained with 
volatile agents, simply increasing the vaporiser setting may be suffi cient.  

  Reversal of  n euromuscular  b locking  d rugs 
 There are no reversal agents available for depolarising relaxants (suxametho-
nium), duration of action depending mainly on the dose administered and the 
circulating concentration of pseudocholinesterase. Non - depolarising NBAs, on 
the other hand, can be reversed with  anticholinesterases . These drugs inhibit 
the enzyme, acetylcholinesterase, which is responsible for the breakdown of 
acetylcholine. Thus, when an anticholinesterase is administered, ACh concen-
trations increase at the neuromuscular junction (NMJ), displacing the non -
 depolarising agent that is bound to the postjunctional receptors (remember 
 –  the non - depolarising relaxants are also called  competitive  NBAs, because 
they compete with ACh for these receptors). Unfortunately, the effects of 
anticholinesterases are not restricted to the NMJ, and ACh concentrations 
increase throughout the body. This can result in unwanted effects, most 
notably bradycardia, salivation, bronchospasm and diarrhoea. To offset these 
side effects,  anticholinergic  (antimuscarinic) drugs (atropine, glycopyrrolate) 
are given immediately before, or simultaneously with, anticholinesterases. (Be 
careful to distinguish these two groups of drugs, since they sound similar.) 

 There are two anticholinesterase drugs frequently used, neither of which 
are licensed in animals.  Neostigmine  is the commoner, while some favour  
edrophonium , since it may have fewer effects at sites outside the NMJ. 

 Whichever reversal agent is chosen, ventilation must be maintained until 
adequate spontaneous respiration commences. Failure to restore spontaneous 
ventilation may occur due to relaxant overdosage (particularly with suxame-
thonium), hepatic or renal disease (failure to metabolise or excrete the drug), 
hypothermia and acid – base or electrolyte disturbances. In addition, excessive 
central depression (i.e. anaesthesia which is too  ‘ deep ’ ) will delay the return 
of spontaneous respiratory activity. Thus, at the end of surgery, the animal 
should be in a  ‘ light ’  plane of anaesthesia, prior to relaxant reversal.  
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  Peripheral  n erve  s timulation 
 Because of the relative diffi culty in determining the degree of neuromuscular 
blockade present in a patient that has received a NBA, it is common to utilise 
a nerve stimulator to help quantify the intensity of relaxation. This is a hand -
 held device that delivers a small electrical current through a pair of electrodes 
(commonly alligator clips). The electrodes are customarily attached to the skin 
over the ulnar nerve on the medial aspect of the elbow, the peroneal nerve at 
the lateral cranial tibia, or the infraorbital nerve on the lateral aspect of the 
face, and the response of the muscle groups innervated by these nerves is 
observed when the nerve stimulator is activated. 

 The commonest form of stimulation in use is  train - of - four (TOF) , where 
four electrical pulses are applied to the nerve over a 2 - sec period (i.e. 0.5 sec 
between twitches). In the non - paralysed animal, four distinct muscle twitches, 
each of identical strength, will occur (Figure  6.2 ). If a non - depolarising relax-
ant is then administered, the fourth twitch in the TOF will become weaker 
and eventually disappear, followed by the third twitch, then the second and 
eventually the fi rst, if suffi cient relaxant is given (Figures  6.3 ,  6.4 ). This 
phenomenon of a gradually decreasing muscle response to nerve stimulation, 
with the onset of non - depolarising induced relaxation, is known as  fade .   

TWITCH 
STRENGTH       

TIME

     Figure 6.2     Normal animal, no relaxant. All four twitches in the TOF are present and of 
equal strength.  

TWITCH 
STRENGTH       

TIME

     Figure 6.3     Onset of non - depolarising blockade. Fade is present in TOF but all twitches 
are still visible.  
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STRENGTH       

TIME

     Figure 6.4     Neuromuscular blockade is now more profound; the fourth twitch in the TOF 
has now disappeared and the remaining three twitches are weaker.  

 Peripheral nerve stimulation serves two useful purposes. Firstly, it has been 
shown that ideal muscle relaxation for abdominal surgery is achieved when 
only one or two twitches remain in the TOF. This allows the anaesthetist to 
titrate the dose of relaxant to achieve suitable surgical conditions. Secondly, 
at the end of surgery, it permits an assessment of residual neuromuscular 
blockade. As the NBA is reversed, the TOF should have recovered to four 
equal - strength twitches again, before the animal is allowed to awaken and the 
trachea extubated. 

 Suxamethonium - induced relaxation exhibits a slightly different TOF pattern 
to the non - depolarising type described above, in that twitch strength decreases, 
but fade is not observed (i.e. all four twitches become weaker, but remain 
equal to each other). TOF monitoring is less commonly used in monitoring of 
suxamethonium, due to its short duration of action.    
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7 Analgesia  

  Derek   Flaherty       

     Pain is a very personal experience and even in humans, who can communicate 
verbally, the assessment and treatment of pain remains challenging. 

 Veterinary surgeons and nurses rely heavily on the interpretation of patients ’  
behaviour to guide medical therapy of pain, and so evaluation of pain in dogs 
and cats remains subjective and infl uenced by personal bias, perception and 
philosophy. Indeed the recognition and management of pain in dogs and cats 
in both the UK and USA has been shown to be suboptimal, with considerable 
disparity between the recognition of pain and the actions taken to treat that 
pain. 

 Veterinary surgeons and nurses must remember that their primary duty is 
to relieve suffering of animals in their care and so they must strive to minimise 
pain in their patients before, during and after anaesthesia. To this end it is 
important that the assessment of pain is dynamic and that veterinary health 
care professionals expect individual patients ’  responses to a similar noxious 
insult (e.g. ovariohysterectomy) to differ.  

  PATHOPHYSIOLOGY OF PAIN PERCEPTION 

 The process by which an individual consciously perceives noxious stimuli is 
extremely complex. Recent advances in the understanding of the mechanisms 
of pain have led to many new approaches to its treatment, although the drugs 
available have changed little. Basically, with the onset of tissue damage, 
a number of infl ammatory mediators are released around the traumatised 
site. One of the most important groups involved in this process are the 
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prostaglandins (see later). These infl ammatory mediators act in various ways 
to excite surrounding nociceptors, which are free nerve endings involved in 
detection of noxious stimuli. The nociceptive information is transmitted from 
the nociceptors,  via  two types of afferent sensory nerves (A δ  and C fi bres) to 
the spinal cord, where processing of the information begins. From here, there 
is continued transmission upwards to the brain, where further processing of 
the signal occurs, as well as conscious perception of the pain. In addition, the 
brain may attempt nociceptive suppression, by descending inhibition at the 
spinal cord level. 

 If the original tissue damage was severe enough, or if the damage is ongoing, 
changes occur around the traumatised area that result in a heightened response 
from the nociceptors, as well as an increase in the number of these nerve 
endings which are active in the detection and transmission of pain. This 
phenomenon is known as  peripheral sensitisation . 

 Similarly, within the spinal cord, ongoing noxious stimulation results in an 
exaggerated response by the neurones in the dorsal horn. This is termed 
 central sensitisation . 

 The main signifi cance of peripheral and central sensitisation is that they 
lead to  ‘ misinterpretation ’  of noxious information. For example, if one consid-
ers a cat after fl ank ovariohysterectomy, lightly touching the surgical site will 
generally elicit a pain response. Under normal circumstances, in the absence 
of a surgical incision in this area, light touch would not elicit pain. This altered 
response, wherein normally non - noxious stimuli become perceived as noxious, 
is called  allodynia . Similarly, if one were to press hard against the incision 
 –  a situation which would provoke a pain response even in the absence of 
tissue damage at the site  –  the animal would exhibit an exaggerated response, 
i.e. would show greater pain than if there was no incision there. The condition 
where normally noxious stimuli are now perceived as being even more noxious 
is termed  hyperalgesia . 

 If tissue damage and accompanying pain become chronic in nature, struc-
tural alterations occur within the spinal cord, which may contribute to a 
post - injury pain hypersensitivity state. Even following complete tissue healing, 
these spinal cord changes may facilitate ongoing chronic pain, which can long 
outlast tissue damage. 

 Two important concepts have arisen from our increased understanding of 
pain processing and perception. Firstly, if analgesic therapy is instituted prior 
to tissue damage, peripheral and central sensitisation may be reduced, and, 
consequently, pain may be less severe. This is known as  pre - emptive anal-
gesia . Secondly, because of the complexities of the pain pathways, it is logical 
to attempt to provide analgesia with more than one drug. This is known as 
 multimodal  ( or balanced )  analgesia , i.e. the concurrent use of analgesic 
drugs from several pharmacological classes, acting at different sites within the 
nociceptive system. 
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  Assessment of  p ain 
 Pain may be detrimental to animals undergoing anaesthesia and surgery for a 
number of reasons. 

 Pain: 
   •      enhances fear, anxiety and the stress response leading to a catabolic state;  
   •      delays wound healing;  
   •      predisposes to intestinal ileus;  
   •      impairs respiration, leading to hypoxia, hypercapnia and acidosis;  
   •      may increase risk of pneumonia due to a reluctance to cough;  
   •      leads to wound interference and self - trauma;  
   •      prolongs anaesthetic recovery, leading to an increased morbidity;  
   •      reduces cardiovascular function;  
   •      reduces food intake.    

 Consequently, it is essential that both veterinary surgeons and nurses are con-
fi dent at interpreting signs of pain in their patients. 

 Many subjective and objective measures of pain in companion animals have 
been developed. However, in recognition of the limitations of objective mea-
surement of physiological indices, biochemical and neurohumoral factors 
(Table  7.1 ), veterinary surgeons and nurses increasingly use behavioural 
assessment as the most sensitive and clinically relevant means of assessing pain 
in animals. Pain rating or scoring systems (e.g. simple descriptive scales, 
numerical rating scales, visual analogue scales and composite scoring systems) 
can be useful in tracking the response to analgesia.   

 To assess pain subjectively from behavioural changes, it is benefi cial to have 
some understanding of why a dog or cat shows such behavioural changes. 
Dogs or cats may show behavioural changes in response to pain simply as a 
refl ex or spinal response. Such responses are designed to protect part of the 
animal, or the entire animal, from further damage, for example, withdrawing 

 Table 7.1     Objective measurement of clinical pain. 

   Objective measure of pain     Classifi cation     Comment  

  Blood levels of cortisol, 

epinephrine and 

norepinephrine  

  Neurohumoral    Invasive 

 Time delay for results 

 Expensive 

 Non - specifi c  

  Glucose    Biochemical    Invasive 

 Non - specifi c  

  Heart rate 

 Respiratory rate 

 Blood pressure 

 Mydriasis  

  Physiological    No direct correlation 

with pain established 

 Non - invasive 

 Non - specifi c  
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a limb from a painful stimulus. Animals may also modify their behaviour to 
minimise pain and assist healing, for example, by lying still or sitting hunched, 
and fi nally they may vocalise to prevent another animal (or person) from 
infl icting more pain. 

 Knowledge of the patient ’ s normal behavioural traits can assist the veteri-
nary health care professional when assessing severity of pain in an individual 
patient, and careful observation of the patient before treatment commences 
can be helpful in this respect. In addition, the owner may be able to provide 
a valuable insight into their pet ’ s response to pain, and such information can 
be sought when the dog or cat is presented to the clinic. 

 Behavioural traits that may either indicate pain or infl uence the assessment 
of postoperative pain are detailed below. 

     Vocalisation 
 Vocalisation (whining, growling, crying, whimpering, screaming, howling, 
hissing, spitting) is classically one of the signs people associate with animal 
pain. Unfortunately, hospitalised patients may vocalise for a number of reasons 
(e.g. unfamiliar surroundings, presence of other dogs, separation anxiety, 
indicating a need to urinate or defecate, caging, emerging from unconscious-
ness through a period of involuntary excitement) and not only because of pain. 
Indeed many patients may become uncharacteristically quiet when in pain, 
and may be at risk of receiving less attention from their carer. However, 
vocalisation in response to movement, e.g. when changing position or walking, 
or following gentle palpation of the wound, may provide useful information 
regarding the patient ’ s pain.  

  Temperament or  d emeanour 
 Attention seeking, fear, quietness, depression, lack of interest and nervous, 
anxious or fearful behaviour may alert veterinary surgeons or nurses that an 
animal requires analgesia.  

  Appetite 
 Decreased food and water intake or an altered appetite may be observed in 
patients that are experiencing pain.  

  Posture 
 Changes in the normal posture of the patient can be useful indicators of dis-
comfort and pain. For example, a cat sitting hunched and immobile following 
surgery is likely to be in pain (Figure  7.1 ). Other abnormal postures include 
praying, trembling and hiding.    
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  Mobility 
 Lameness may be as a consequence of mechanical abnormalities or pain. 
Stiffness, rigidity and a reluctance to change position may also be useful indi-
cators of pain.  

  Self -  m utilation 
 Allodynia and hyperalgesia may cause patients to lick, chew, rub or bite at 
their wound or dressings.  

(a)

(b)

     Figure 7.1     (a) Following ovariohysterectomy this cat is depressed, quiet and sitting 
hunched. It resented being moved and had refused food. It was immediately given an 
analgesic. (b) Following major abdominal surgery and with appropriate analgesia, this cat 
is sleeping peacefully.  
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  Interactive  b ehaviour 
 An understanding of the dog or cat ’ s normal behaviour and interaction with 
both humans and other animals is useful in this situation. 

 Due to the inherent diffi culties in quantifying pain behaviour in animals, and 
also the large inter - assessor variability that occurs, a number of  ‘ pain scoring ’  
systems have been developed in an attempt to standardise pain assessment. 
Unfortunately, the majority of these have not been validated, and the pain 
score assigned, therefore, may be fairly unreliable. The Glasgow Composite 
Measure Pain Scale (CMPS), developed at the University of Glasgow Veterinary 
School, is one system that has undergone extensive evaluation in clinical cases 
and has been demonstrated to produce reliable and reproducible results. The 
CMPS examines a large number of behavioural traits from the individual 
animal and then assigns a  ‘ pain score ’  to that patient. Unfortunately, the 
CMPS is relatively time - consuming for routine clinical assessment, so a short 
form (CMPS - SF) of the system has been developed and validated, and this 
can be completed in less than 5 minutes. Further details and examples of 
the CMPS - SF can be downloaded at:  http://www.gla.ac.uk/faculties/vet/
smallanimalhospital/ourservices/painmanagementandacupuncture/      

  ANALGESIC DRUGS 

 A variety of drugs is available for the provision of analgesia: 
   •      opioids;  
   •      non - steroidal anti - infl ammatory drugs (NSAIDs);  
   •      local anaesthetic drugs;  
   •      miscellaneous drugs, e.g.  α  2  adrenoceptor agonists, ketamine, nitrous oxide 

etc.    

  Opioid  a nalgesics 
 Opioid analgesics (narcotic analgesics) produce their pharmacological effects 
by binding to specifi c opioid receptors, located primarily in the central nervous 
system (CNS). Although a number of structurally different receptors have been 
identifi ed, the most important appear to be the  µ  (mu),  δ  (delta) and  κ  (kappa) 
receptors, more recently renamed OP3, OP1 and OP2 receptors, respectively. 
Opioid drugs may bind to one, two or all of these receptors, although in 
practice the most commonly used opioid analgesics are those showing selectiv-
ity for the  µ  receptor. Recently it has been shown that opioid receptors may 
also develop at sites of infl ammation in peripheral tissues, and this underlies 
the practice of placing opioid drugs intra - articularly following arthrotomy. 

 Opioids are classifi ed according to the magnitude of the effect that they 
produce. They may be  pure agonists  (full agonists), e.g. morphine, pethidine, 
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fentanyl, methadone  –  drugs that can produce a maximal effect if given in a 
large enough dose. Alternatively, they may be  partial agonists   –  drugs that 
are incapable of inducing a maximal response, regardless of the dose admin-
istered, e.g. buprenorphine. They may be  mixed agonist – antagonists , indi-
cating that they may have agonist activity at one type of opioid receptor and 
antagonist activity at a different receptor (e.g. nalbuphine, a  µ  antagonist and 
a  κ  partial agonist). The opioid  antagonists , such as naloxone, produce no 
effect when injected alone, but are capable of antagonising ( ‘ reversing ’ ) the 
effects of drugs with agonist activity. 

 The clinical signifi cance of this classifi cation is that pure opioid agonists 
exhibit an almost linear dose – response curve (i.e. the dose can be increased to 
achieve the degree of analgesia required), whereas the partial agonists and 
agonist – antagonists reach an analgesic plateau, beyond which increasing doses 
do not achieve an increase in analgesic effect (i.e. there is a limit to the degree 
of analgesia which can be produced) (Figure  7.2 ). Thus, these latter drugs are 
best limited to cases of mild to moderate pain. In addition, partial agonists 
and agonist – antagonists have the ability to antagonise the effects of pure 
agonists. Thus, if a patient has received an opioid partial agonist or agonist –
 antagonist but pain relief is inadequate, simply increasing the dose of the 
original agent is unlikely to improve the degree of analgesia due to the plateau 
effect. In addition, the action of any pure agonist subsequently administered 
to increase analgesia is likely to be antagonised, at least to some extent.   

  Pharmacological  a ction 
  Analgesia 
 Opioid drugs provide analgesia by acting at central (and peripheral) sites to 
decrease the transmission of noxious information and by altering the affective 
component of pain, i.e. inducing euphoria.  

Analgesic efficacy 

Full opioid agonist 

Partial agonist or
agonist–antagonist

Dose administered 

     Figure 7.2     Analgesic effi cacy of pure and partial opioid agonists.  
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  Respiratory  d epression 
 Opioid drugs depress respiration  –  usually manifested by a reduction in respi-
ratory rate  –  through a decrease in the sensitivity of the medullary respiratory 
centre to carbon dioxide. This is recognised as a major side effect in humans, 
but clinical respiratory depression is not commonly observed in animals when 
opioid drugs are used at recommended dose rates.  

  Cardiovascular  e ffects 
 In general, most opioids have little effect on the cardiovascular system, 
although bradycardia may occur with high doses or when potent  µ  selective 
agents are administered (see     page 174 ). Pethidine has a chemical structure 
similar to that of atropine, and may caused tachycardia. Both morphine 
and pethidine may cause histamine release, particularly when the intravenous 
route is used, and this may cause hypotension. Pethidine has also been 
shown to reduce myocardial contractility in dogs when used at clinical doses 
( > 3   mg/kg) and, consequently, is best avoided in animals with myocardial 
disease.  

  Gastrointestinal  e ffects 
 Within the gastrointestinal tract, smooth muscle tone and sphincter tone tend 
to increase with opioid drugs, but peristalsis is decreased, reducing propulsive 
activity. For this reason, some opioids, such as codeine, are commonly included 
in anti - diarrhoeal compounds. While most opioid drugs can induce nausea 
and vomiting in humans, this is much less common in animals, and is only 
seen with any degree of regularity with morphine. The aetiology of the vomit-
ing is related to activation of the chemoreceptor trigger zone, and also to direct 
effects on the gastrointestinal tract itself. Pethidine has a spasmolytic action 
on the gut due to its anticholinergic activity.  

  Behavioural  e ffects 
 In the dog and in many rodents, sedation is evident after  ‘ clinical ’  doses of 
opioid drugs. Although morphine has been documented to cause maniacal 
excitement in cats, this is of little clinical consequence, as the animals in the 
reported study were given 100 times the normal dose for this species. Morphine 
is perfectly safe in cats when administered at appropriate doses! Occasionally, 
dysphoria (unpleasant emotional state) may be seen when animals are treated 
with opioids, particularly, but not exclusively, when high doses are used 
(Figure  7.3 ). This can be diffi cult to detect, and, because animals will often 
vocalise when dysphoric, is commonly misinterpreted as inadequate pain 
control. Dysphoric dogs will often whine at a constant repetitive rate, with no 
break in the frequency of the whining when the animal is spoken to. Palpation 
of a surgical site is probably the most effective (but relatively crude) method 
of distinguishing dysphoria from pain: if the animal is painful, the intensity 
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of the whining will increase with pressure on the wound, while, if dysphoric, 
there is usually no alteration in the pattern of whining. Unfortunately, the 
situation is more complicated than this, since some animals can be concomi-
tantly painful and dysphoric. It can also be more diffi cult to detect in cats, as 
they are less likely to vocalise.    

  Antitussive  a ctivity 
 All  µ  selective opioids (with the possible exception of pethidine) depress the 
 ‘ cough ’  centre in the medulla and therefore have antitussive activity. 
Butorphanol is specifi cally marketed for this purpose.  

  Tolerance and  d ependence 
 Opioids induce tolerance and dependence after chronic administration. 
Tolerance and dependence are not commonly seen in animals in clinical prac-
tice, probably because long - term use does not occur. However, in patients who 
are maintained on opioid therapy for several days, it may be necessary to 
increase the administered dose to achieve an adequate effect (tolerance), and 
also to gradually wean the patient from these drugs, rather than withdrawing 
them abruptly (dependence).   

  Contraindications 
  Pre -  e xisting  r espiratory  d isease 
 Opioids are contraindicated in pre - existing respiratory disease; however, if an 
animal is not breathing well as a result of pain (e.g. due to fractured ribs), 
opioids will paradoxically improve ventilation.  

     Figure 7.3     Following repeated morphine administration this cat became dysphoric and 
sat staring into corners for prolonged periods. When handled its behaviour was unpredict-
able. The analgesic protocol was revised and the cat made an uneventful recovery.  
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  Head  i njuries 
 Many opioids increase intracranial pressure, due to an increase in carbon 
dioxide concentration within the blood.  

  Biliary  o bstruction 
 Morphine should be avoided in animals with biliary obstruction, as its action 
on sphincter tone may affect the sphincter of Oddi, resulting in increased pres-
sure within the bile duct.  

  Pancreatitis 
 Much emphasis has been placed in the past on the most suitable opioid for 
use in patients with pancreatitis, the general advice being that morphine is 
contraindicated. This was based entirely on the fact that, in humans, the bile 
duct and pancreatic duct are co - joined at the entrance to the duodenum, and 
therefore stimulation of the sphincter of Oddi by morphine could increase 
pressure within the pancreatic duct, leading to further damage to that organ. 
However, it is now recognised that the bile duct and pancreatic duct enter the 
duodenum separately in the vast majority of dogs, so an increase in sphincter 
of Oddi tone should have no effect on the pancreas and, consequently, admin-
istration of morphine should be perfectly safe. However, around 80% of cats 
have co - joined ducts, and morphine should therefore be avoided in cats if 
pancreatitis is suspected.   

  Route of  a dministration 
 The route of choice for administration of most opioids is intramuscular (IM), 
although the intravenous (IV) and subcutaneous (SC) routes may also be used 
for the majority of agents. 

 Morphine can induce histamine release, particularly when administered 
intravenously, but provided it is given slowly this route is safe. Continuous IV 
infusions of morphine and other opioid agonist drugs, e.g. fentanyl, alfentanil, 
may be used rather than intermittent IV or IM bolus injections to provide 
constant plasma levels of the drug. Generally an initial  ‘ loading dose ’  of the 
drug is given intravenously immediately before the infusion is started. The 
infusion rate may be adjusted according to the patient ’ s response. Morphine 
may also be administered intra - articularly to provide analgesia following 
arthrotomy. Morphine is available in an oral preparation, but bioavailability 
is low by this route. 

 Pethidine may fail to achieve therapeutic blood concentrations in the dog 
when given by the SC route, and can cause massive histamine release when 
administered intravenously. Consequently, pethidine should only be adminis-
tered intramuscularly in the dog, although the SC route is probably acceptable 
in cats. 
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 Both buprenorphine and fentanyl are available in transdermal forms, but 
these  ‘ patch ’  preparations are only licensed for use in humans. Buprenorphine 
patches are relatively new, and there have been only limited studies on their 
use in dogs and cats. To date, it appears that buprenorphine does not achieve 
adequate blood levels when used transdermally in animals. Fentanyl patches, 
on the other hand, are now used relatively widely for provision of analgesia 
in dogs, cats and horses. The patches are available in fi ve strengths, releasing 
12, 25, 50, 75 or 100    µ g of fentanyl per hour. Several guidelines are available 
for selection of the most appropriate strength, but, as a rough guide, a dose 
of 2    µ g/kg/hr is appropriate; thus, a 25   kg dog would get a 50    µ g patch, while 
a 30   kg dog could be given either a 50 or 75    µ g patch. Very small animals  –  
which would require a dose less than that delivered by the 12    µ g/hr patch  –  can 
still be treated with transdermal fentanyl: in these cases, the 12    µ g/hr patch is 
only partially uncovered before application (note: the patches must not be cut). 
The advantage of this method of administration is that, once the patch is 
applied, fentanyl is continuously delivered to the patient for at least 72 hours 
in the dog, or 108 hours in the cat. 

 Suitable sites for application include the lateral thorax or dorsal neck. The 
hair should be clipped from the skin before the patch is applied and a simple 
dressing used to hold the patch in place. The bandage should be labelled to 
inform staff that the dressing is covering an analgesic patch. After application 
of the patch there is a delay in achieving therapeutic blood concentrations of 
the drug: in the dog, it can take up to 20 hours, although cats appear to peak 
somewhat quicker. Due to this slow onset fentanyl patches should be applied 
at least 24 hours before the anticipated onset of pain, if possible. In addition, 
the patches are expensive, and may be subject to deliberate or accidental abuse. 
Patients may show signs of  ‘ breakthrough ’  pain, necessitating additional treat-
ment with further full opioid agonists. 

 Opioids may also be administered epidurally or intrathecally, and are 
extensively used in both human and veterinary medicine by these routes. The 
major advantage of this technique is the prolonged duration of action of the 
hydrophilic drugs, such as morphine, which can provide up to 24 hours of 
analgesia following a single epidural administration.  

  Metabolism and  e xcretion 
 Most opioids undergo biotransformation in the liver to produce metabolites 
with, in general, either no intrinsic activity, or much lower potency than the 
parent compound, although one metabolite of morphine (morphine - 6 - glucuro-
nide) does have signifi cant analgesic activity. Metabolites are then eliminated 
via the kidneys or excreted in bile, from where they may subsequently be 
reabsorbed during passage through the gastrointestinal tract (enterohepatic 
recirculation).  
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  Legislation  g overning the  u se of  o pioid  d rugs 
 The Misuse of Drugs Act 1971 governs the purchase, storage and use of many 
of the opioid analgesic agents. Basically, this categorises the opioids into a 
number of Schedules, the most important from a veterinary point of view being 
those agents placed in Schedules 2 and 3. 

 Schedule 2 drugs have a number of specifi c requirements regarding their 
requisition and prescription. They must be detailed in a Controlled Drug (CD) 
Register as the practitioner receives them; their use must be strictly recorded 
and they must be stored in a locked cabinet, which is fi xed in position (see 
Chapter  1 ). 

 Legal controls over Schedule 3 drugs tend to be less stringent, although 
special requirements apply to their requisition and prescription. Use of Schedule 
3 drugs does not need to be recorded and, generally, they do not need to be 
locked away. The exception is buprenorphine, which must be retained in a 
locked cupboard. 

  Morphine ( CD  Schedule 2) 
 A full opioid agonist, morphine provides potent and reliable analgesia in all 
species. It has a relatively slow onset of action  –  around 30   min for maximal 
effect, even after intravenous administration. Analgesia appears to last 3 – 4 
hours in dogs, but up to 8 hours in cats, as they metabolise the drug more 
slowly. Morphine can induce vomiting in both dogs and cats, particularly if 
they are not in pain at the time of administration. It can also induce histamine 
release, particularly after IV administration but, provided the drug is given 
slowly by this route, it appears to be safe. Morphine is not licensed for use in 
veterinary species.  

  Papaveretum ( CD  Schedule 2) 
 Papaveretum is a crude preparation of approximately 50% morphine and 
50% other alkaloids of opium. It is similar in most respects to morphine when 
administered at twice the dose, but vomiting is less common. Like morphine, 
it is not licensed for administration to animals.  

  Pethidine ( CD  Schedule 2) 
 A full agonist about one - tenth as potent as morphine, pethidine is licensed for 
use in the dog, cat and horse. It provides reliable analgesia of rapid onset 
(10 – 15   min), but has a short duration of action, possibly only around 1 hour 
in the dog and cat. For this reason, it has to be repeated frequently to maintain 
satisfactory analgesia. Pethidine does not cause vomiting, and has a 
spasmolytic action on the gut. It has a similar chemical structure to atropine 
and so may increase heart rate. Intravenous administration can induce massive 
histamine release, and this route is contraindicated.  
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  Methadone ( CD  Schedule 2) 
 Methadone is a full agonist, similar in effect to morphine, but possibly of 
longer duration. The drug has a long half - life in humans, and cumulation may 
occur with multiple doses. However, the pharmacokinetics have not been well 
investigated in animals. Methadone does not cause vomiting, so is useful for 
premedication of patients where morphine - induced emesis may be undesirable 
or contraindicated. It is not licensed for use in animals.  

  Fentanyl ( CD  Schedule 2) 
 Fentanyl is a full opioid agonist, with approximately 100 times the potency 
of morphine. Fentanyl has a rapid onset of action following intravenous 
administration ( ∼ 2   min), and a short duration of action, of approximately 
20   min (dose - dependent). It is a potent respiratory depressant, and is capable 
of inducing severe bradycardia. Fentanyl is mainly used intra - operatively to 
provide profound analgesia during periods of intense surgical stimulation. It 
is not licensed as a sole agent for veterinary use, but is licensed in the fentanyl –
 fl uanisone combination,  ‘ Hypnorm ’ , commonly used for anaesthesia in labora-
tory animals. In addition, transdermal fentanyl is now commonly used in 
animals for management of severe pain (see above) but, again, is not licensed 
in animals by this route.  

  Alfentanil ( CD  Schedule 2) 
 Alfentanil is a full opioid agonist of around 10 times the potency of morphine. 
It has a rapid onset following intravenous administration, and a duration of 
approximately 5   min. Due to the short action, alfentanil is most commonly 
used intra - operatively by infusion, although it is sometimes included as part 
of an induction protocol to minimise the dose of primary anaesthetic admin-
istered. Like fentanyl, alfentanil causes respiratory depression and can induce 
marked bradycardia or, occasionally, cardiac arrest. It is not licensed for use 
in animals.  

  Remifentanil ( CD  Schedule 2) 
 Remifentanil is a recently developed full opioid agonist, which is now 
extensively used in human anaesthesia, and, to a lesser extent, in veterinary 
anaesthesia. It is an ultra short - acting agent of similar potency to fentanyl, 
administered by intravenous infusion during surgery. The major advantage 
of remifentanil over fentanyl and alfentanil is that the drug is broken 
down by non - specifi c plasma and tissue esterases and does not rely on meta-
bolism and excretion by the liver and kidneys. Thus, there should be 
no cumulation in patients with hepatic or renal disease. Metabolism of 
remifentanil is so rapid that, even after prolonged infusion, the plasma 
concentration drops to subtherapeutic levels within minutes. It is not licensed 
for veterinary use.  
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  Buprenorphine ( CD  Schedule 3) 
 Buprenorphine is a partial opioid agonist that is licensed for use in dogs and 
cats by intramuscular injection, but is also widely used both subcutaneously 
and intravenously. In experimental studies, buprenorphine is a potent opioid, 
but clinically it may be unreliable in terms of the analgesic effect achieved. 
The drug has a slow association with, and dissociation from, opioid receptors, 
and this accounts for the slow onset of action and the prolonged duration of 
effect. Even after intravenous administration, buprenorphine requires around 
45   min to achieve peak effect, and although some authorities would claim an 
expected duration of approximately 12 hours, more commonly analgesia starts 
to wane after about 6 hours. There is some evidence that this agent may exhibit 
a  ‘ bell - shaped ’  dose – response curve, which implies that effi cacy starts to 
decrease with administration of higher doses of buprenorphine, possibly due 
to the drug antagonising itself. The clinical relevance of this has recently been 
questioned, as it appears only to be of signifi cance following very large doses, 
well outside the usual clinical range. 

 Recent studies have shown that buprenorphine can achieve therapeutic 
analgesic concentrations following oral transmucosal administration in cats. 
Transmucosal administration of this drug at similar doses to those used sys-
temically, provides approximately 6 hours of analgesia and can be a useful 
method by which owners can provide analgesia to cats at home. This is of 
particular value in situations where other orally administered analgesics (e.g. 
NSAIDs) are contraindicated. It is important to note that the drug is not effec-
tive if swallowed, and absorption into the circulation occurs by absorption 
across the mucous membranes. It is unclear whether oral transmucosal 
buprenorphine is effective in dogs, as the pH of the saliva in this species may 
limit absorption, and further studies are required to clarify this. 

 Buprenorphine has been recommended as a  ‘ reversal ’  agent following 
administration of neuroleptanalgesics in small mammals, reversing the seda-
tive effects of the full opioid agonists (usually fentanyl) administered in the 
neuroleptanalgesic mixture while providing analgesia in its own right.  

  Butorphanol ( n ot  c ontrolled) 
 Butorphanol is variably classifi ed as an agonist – antagonist or partial opioid 
agonist. At present, the drug is not controlled in the UK under the Misuse of 
Drugs Act 1971, and this accounts for its popularity in veterinary practice. 
The intensity of analgesia produced by butorphanol is very variable in the dog 
and cat, and it is probably of limited duration  –  possibly only around 1 hour. 
This drug is licensed in the dog, cat and horse for use as an analgesic and also 
has a separate licence as an antitussive in dogs.  

  Naloxone ( n ot  c ontrolled) 
 Naloxone is a pure opioid antagonist, which is used to reverse the effects of 
both full and partial agonists. In this regard, it is much more effective in 



176 Anaesthesia for Veterinary Nurses 

reversal of the full agonists. Buprenorphine, in particular, due to its tight 
binding to opioid receptors, may be particularly diffi cult to reverse with nal-
oxone. The drug has a short duration of action of 30 – 60   min, so may need to 
be repeated or administered by infusion, when attempting to reverse long -
 acting opioid drugs. It is not licensed for animal use. 

 The opioid drugs are the most effi cacious of the analgesic agents currently 
available, and are generally the treatment of choice for the management of 
severe pain. Side effects tend to be minimal in animals and, despite many of 
these drugs not being licensed for veterinary use; their safety profi le is well 
established. See Table  7.2 .      

  Non -  s teroidal  a nti -  i nfl ammatory  d rugs 
 NSAIDs may be classifi ed chemically into two major groups: the carboxylic 
acids (e.g. carprofen, fl unixin, aspirin) and the enolic acids (e.g. phenylbuta-
zone, meloxicam). The therapeutic effects of most NSAIDs are due to inhibi-
tion of the enzyme cyclo - oxygenase (COX), which converts arachidonic acid 
(released from damaged cell membranes) into prostaglandins and thrombox-
ane A 2 . These eicosanoids are involved in tissue infl ammation, pain and 
pyrexia. In addition, thromboxane A 2  is intimately involved in platelet aggre-
gation at sites of tissue damage and so, by decreasing production of this 
eicosanoid, all NSAIDs carry the potential to increase bleeding at surgical or 
traumatic sites. However, this is uncommon with therapeutic doses of these 
agents, with the exception of aspirin, which binds irreversibly to COX inside 
platelets, inhibiting thromboxane A 2  for the life of the platelet. For this reason, 
aspirin is commonly used for antithrombotic prophylaxis, for example, in cats 
with hypertrophic cardiomyopathy that are prone to developing blood clots 
(thrombi). An alternative pathway of arachidonic acid conversion produces 
leukotrienes, which are also mediators of the infl ammatory process. These are 
produced under the infl uence of the enzyme 5 - lipoxygenase, which, in addition 
to COX, is a potential target for certain NSAIDs. 

 Some NSAIDs, in particular fl unixin, have been shown to have anti - endo-
toxaemic actions at doses below those which produce anti - infl ammatory 
effects, and this drug may be administered to horses with colic, for this reason. 

 Due to the widespread effects of eicosanoids throughout the body, NSAIDs 
are not only anti - infl ammatory, but are also analgesic, antipyretic, antithrom-
botic and anti - endotoxaemic. 

 Two forms of COX are classically recognised: COX - 1, a constitutive 
enzyme, and COX - 2, an inducible enzyme. More recently, a third form of 
COX (COX - 3) has been identifi ed in the central nervous system (CNS); this 
may be a variant of COX - 1, but, as yet, relatively little is known about it in 
comparison to COX - 1 and COX - 2, although it appears that COX - 3 may be 
the site of action of paracetamol. Originally it was considered that COX - 1 
was solely involved in the production of  ‘ housekeeping ’  prostaglandins, 



Analgesia 177 

responsible for maintenance of gastrointestinal mucosal blood fl ow and mucus 
production and renal blood fl ow, while COX - 2 was responsible for production 
of prostaglandins involved in the infl ammatory response. Since most available 
NSAIDs were relatively non - selective (i.e. inhibited both forms of COX), it 
was believed that cases of gastrointestinal ulceration and occasional renal 
failure observed in animals receiving NSAID therapy were due to unwanted 

 Table 7.2     Dose rates of commonly used opioid analgesics (intravenous ( IV ); intramuscular 
( IM ); subcutaneous ( SC )). 

   Opioid     Route of 

administration  *    

   Duration 

(hours 

unless 

otherwise 

indicated)  

   Dose range 

(mg/kg 

unless 

otherwise 

indicated)  

   Infusion 

rate (IV)  

   Main side 

effects  

  Morphine    IM (SC, slow 

IV in dogs)  

   ∼ 4 (dog) 

 6 – 8 (cat)  

  0.1 – 1 (dogs) 

 0.1 – 0.2 

(cats)  

  0.1 –

 0.5   mg/

kg/hr  

  Vomiting 

 Histamine 

release  

  Methadone    IM (SC, slow 

IV in dogs)  

   ∼ 4 (dog) 

 6 – 8 (cat)  

  0.1 – 1 (dogs) 

 0.1 – 0.5 

(cats)  

   –      –   

  Pethidine    IM (SC in cats)     ∼ 1 (dog) 

 1 – 1.5 (cat)  

  3.5 – 5 (dogs) 

 5 – 10 (cats)  

   –     Histamine 

release  

  Fentanyl    IV (IM)    20   min 

following 

a single 

dose  

  2 – 10    µ g/kg    0.1 –

 0.7    µ g/

kg/min 

(dogs) 

 0.1 –

 0.5    µ g/

kg/min 

(cats)  

  Bradycardia 

 Respiratory 

depression  

  Alfentanil  *  *      IV    5   min 

following 

a single 

dose  

  5 – 50    µ g/kg    1 – 2    µ g/

kg/min  

  Bradycardia 

 Cardiac 

arrest 

 Respiratory 

depression  

  Remifentanil    IV    Only given 

by 

infusion  

   –     0.1 –

 0.5    µ g/

kg/min  

  Bradycardia 

 Respiratory 

depression  

  Buprenorphine    IM (SC, IV) 

orally in cats  

  ?  ∼ 6    10 – 20    µ g/kg     –      –   

  Butorphanol    IM (SC, IV)     ¾   – 1    0.2 – 0.8     –      –   

    * In conscious cats, the IV route of administration should generally be avoided.  
   *  * Alfentanil should generally be preceded by atropine to prevent bradycardia.   
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suppression of COX - 1. Consequently, attempts were then directed at develop-
ing COX - 2 selective NSAIDs, which would inhibit the infl ammatory form of 
COX (COX - 2), while sparing COX - 1. Recently, it has been appreciated that 
the situation is not quite so clear - cut: COX - 1 plays a part in infl ammation, 
while COX - 2 may have certain constitutive roles within the body. Therefore, 
NSAIDs that are completely COX - 2 selective may not be as potent anti -
 infl ammatory agents as those that cause inhibition of both isoforms of COX. 
However, there is some evidence that highly selective COX - 2 NSAIDs are less 
likely to induce gastrointestinal side effects. Essentially then, NSAIDs can be 
subdivided on the basis of their relative selectivity for the different isoforms 
of COX: 

   •      non - selective agents (e.g. aspirin, phenylbutazone) inhibit the effects of both 
COX - 1 and COX - 2 to a similar extent;  

   •      COX - 2 selective agents (e.g. meloxicam) also inhibit both COX - 1 and 
COX - 2 but their effect on COX - 2 is signifi cantly greater than that on 
COX - 1;  

   •      COX - 2 specifi c agents (also known as COXIBs) inhibit COX - 2 but have no 
effect on COX - 1.    

 Various COXIBs have been in use for some time in humans, but only one 
compound is licensed in the UK for animal use (fi rocoxib). Evidence from 
humans would suggest that the incidence of gastrointestinal side effects is 
signifi cantly lower with COXIBs than with other less selective NSAIDs (as 
would be expected based on their lack of inhibition of COX - 1). However, 
relatively recently, one of these agents (rofecoxib) has been withdrawn from 
the human market due to an increased incidence of adverse cardiovascular 
events (myocardial infarction and stroke): this may be associated with altered 
production of thromboxane, leading to an increased tendency to clot forma-
tion. Only time will tell whether the other COXIBs will prove to have a similar 
side - effect profi le. 

 Although myocardial infarction and cerebrovascular accidents (strokes) are 
not reported in animals in association with NSAIDs, this is presumably due 
to the fact that these conditions are relatively uncommon in animals anyway 
(in comparison to the situation in humans, where they are frequent causes of 
mortality). The most regularly encountered toxic side effects of the NSAIDs 
are gastrointestinal irritation or ulceration and nephrotoxicity. The latter may 
be more common in the anaesthetised patient, where hypotension may reduce 
renal blood fl ow. For this reason, most NSAIDs are not licensed in the peri-
operative period, with the exception of carprofen and meloxicam. Maintenance 
of adequate renal perfusion during anaesthesia, by using minimal amounts of 
cardiovascular depressant drugs and attention to fl uid therapy, reduces the 
risk of NSAID - induced renal toxicity. NSAIDs should not be used with other 
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potentially nephrotoxic agents and should be used with great care in animals 
with renal disease. 

     Flunixin 
 Flunixin is licensed for use in dogs, cats and small mammals, and is available as 
an oral and parenteral preparation. It is a very effective analgesic, anti - infl am-
matory and antipyretic agent, due to its potent inhibitory effect on COX. 
However, side effects are not uncommon with this drug, with gastrointestinal 
signs such as vomiting, melaena and haemorrhagic diarrhoea frequently being 
the fi rst signs of toxicity. Particular care needs to be taken if fl unixin is admin-
istered in the perioperative period, as acute renal failure may result.  

  Carprofen 
 Carprofen is licensed in cats (injection only) and dogs (injection and tablets). 
The mode of action of carprofen has not yet been established but, despite 
being a poor inhibitor of COX, it exhibits potent anti - infl ammatory and anal-
gesic effects. The therapeutic safety margin of carprofen appears high and the 
drug is licensed for use in the perioperative period. Renal toxicity is uncom-
mon, but gastrointestinal effects may be observed in some patients. Reports 
from North America of hepatic failure in dogs (mainly Labrador Retrievers) 
associated with carprofen, have not been substantiated by more widespread 
use of the drug in Europe.  

  Ketoprofen 
 Licensed for use in dogs and cats, by injection or tablets, ketoprofen offers 
good anti - infl ammatory and analgesic actions. This drug should be avoided in 
the perioperative period as it is a potent inhibitor of COX enzymes.  

  Meloxicam 
 Licensed in dogs and cats as both an injectable and oral (syrup and tablets) 
preparation, meloxicam is a relative COX - 2 selective inhibitor. Despite its 
potent effects on COX, the drug is licensed for perioperative administration, 
as toxicity studies have confi rmed its high safety profi le.  

  Tepoxalin 
 Licensed as a tablet preparation for control of pain and infl ammation associ-
ated with osteoarthritis in dogs, tepoxalin is described as a  ‘ dual inhibitor ’ , 
since, in addition to blockade of COX - 1 and COX - 2, it also blocks 5 - lipoxy-
genase, thereby reducing production of leukotrienes.  

  Firocoxib 
 Licensed in tablet form for control of pain and infl ammation associated with 
osteoarthritis or soft tissue surgery in dogs, fi rocoxib is the only COX - 2 
specifi c NSAID (i.e. COXIB) available for animal use in the UK. 



180 Anaesthesia for Veterinary Nurses 

 As the concept of pre - emptive analgesia has become widely accepted, it is 
now common to administer NSAIDs preoperatively to achieve maximal 
benefi t. Consequently, carprofen and meloxicam have become the agents most 
commonly used, as they are licensed for use at this point. 

 Traditionally, NSAIDs have been thought of as drugs for the treatment of 
chronic, low - grade pain. However, it is now widely recognised that these 
agents can be potent analgesics, in some cases as powerful as opioids. They 
also appear to have synergistic effects with opioid drugs, improving the degree 
of pain control exerted by the clinician. 

 Until recently, it was also believed that the NSAIDs acted purely at periph-
eral sites in the body. However, it is now recognised that these drugs also exert 
their effects within the CNS itself.    

  Local  a naesthetic  a gents 
 Local anaesthetics exert their effect by binding to sodium channels in the cell 
membrane along the nerve fi bre. This stops the large transient increase in the 
permeability of the membrane to sodium ions (Na + ) that normally occurs when 
the membrane is depolarised, e.g. following noxious stimulation. Thus, they 
prevent propagation of the action potential and consequently, inhibit the 
transfer of noxious information from the periphery to the CNS. In many ways, 
therefore, local anaesthetics can be considered the ultimate analgesic agents, as 
they are the only ones that are capable of completely blocking pain perception. 

 Local anaesthetics agents are classifi ed as either esters or amides, based on 
their chemical structure. Lidocaine (previously called lignocaine) and bupiva-
caine are amides, while procaine is classed as an ester. Amides are metabolised 
by hepatic enzymes, while the esters are broken down by plasma cholinester-
ase, an enzyme produced by the liver. Consequently, the duration of both 
groups of drugs may be prolonged in patients with hepatic disease. 

 Many local anaesthetics produce vasodilation, which increases the speed 
of uptake of these drugs into the bloodstream, reducing their effi cacy at the 
site of administration and also potentially increasing their toxic side 
effects. Consequently, local anaesthetics are commonly combined with a 
vasoconstrictor  –  usually epinephrine  –  to maintain their concentration at 
the administration site. 

 Local anaesthetics may be used: 

   •      to provide total analgesia, allowing surgical procedures to be performed in 
conscious or sedated animals;  

   •      to provide analgesia intra - operatively in anaesthetised animals;  
   •      to control postoperative pain.    

 In each of these situations local anaesthetic drugs may be administered by 
either topical application or by injection to provide analgesia. 
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  Topical or  s urface  a pplication 
 Local analgesic agents may be applied directly into the eye (conjunctiva), on 
to mucous membranes (larynx, urethra, nasal passages) or on to the skin, 
including the external ear canal. Proxymetacaine may be used on the eye (e.g. 
to allow removal of a foreign body) or lidocaine gel or spray on the mucous 
membranes (e.g. to facilitate endotracheal intubation in cats). Local anaes-
thetic creams, for example, EMLA  ®   cream, may be applied to the skin before 
intravenous catheterisation (Figure  7.4 ).    

   ‘ Splash ’   b locks 
 Local anaesthetics are fl ooded or dripped onto surgical sites and wounds at 
the end of a procedure.  

  Intrapleural  b locks 
 Intrapleural administration of local anaesthetics provides analgesia following 
median sternotomy or intercostal thoracotomy. The drug is generally instilled 
into the thorax through a thoracic drain.  

  Intra -  a rticular or  s ynovial  b locks 
 Local anaesthetics (or opioids) are instilled into the affected joint cavity 
following surgery. Intra - articular blocks are used commonly in horses to aid 
in the diagnosis of lameness.  

  Local  i nfi ltration 
 The intradermal or subdermal tissues are infi ltrated by injection with a local 
anaesthetic agent. This is useful only for minor procedures and normally 
sedation and/or manual restraint are also required. Local toxicity may delay 
tissue healing. 

     Figure 7.4     EMLA cream.  



182 Anaesthesia for Veterinary Nurses 

 Infi ltration of local anaesthetic agents can be used to produce line blocks, 
ring blocks and fi eld blocks. These techniques are more commonly used in 
large animals such as cattle and sheep. 

 If local analgesic drugs are placed either close to the spinal cord or into a 
major nerve plexus (brachial plexus), loss of sensation to a large part of the 
body can be achieved, i.e.  regional analgesia .  

  Perineural  i nfi ltration 
 A local anaesthetic agent is injected directly around a nerve, for example, 
intercostal nerve block (Figure  7.5 ), brachial plexus block.    

  Mental  b lock 
 This procedure provides regional local analgesia for the rostral lower lip, 
postoperatively. Local anaesthetic is injected either intra - orally or percutane-
ously very close to the mental nerves as they emerge from the mental foraminae 
on the rostral lateral aspect of the mandible.  

  Intravenous  r egional  a naesthesia ( IVRA ; Bier  b lock) 
 A local anaesthetic agent (usually lidocaine) is injected intravenously distal to 
a tourniquet on a limb, providing analgesia distal to that site for the length 
of time the tourniquet remains in place. Bupivacaine should never be used for 
IVRA.  

  Extradural  a nalgesia 
 Lumbosacral extradural techniques are used to produce analgesia for all struc-
tures caudal to the umbilicus in dogs and cats (Figure  7.6 ). This is an effective, 

     Figure 7.5     Site of needle placement (immediately caudal to rib) for an intercostal nerve 
block.  
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(a)

(b)

(c)

     Figure 7.6     (a) Palpating the dorsal spinous process of L7. (b) Demonstrating the position 
of the spinal needle in the lumbosacral space. (c) Administration of an epidural anaesthetic 
to a boxer dog prior to recto - anal surgery.  
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safe and relatively easy procedure, which can be used for coeliotomies, ampu-
tation of the tail, anal sac removal, perianal surgery, urethrostomies, obstetric 
manipulation and hindlimb surgeries.   

 This procedure can be performed either in lateral recumbency with 
the animals ’  legs extended and pulled forward to open up the lumbosacral 
space, or in sternal recumbency, again with the hindlimbs extended forward. 
The lumbrosacral space is a depression just caudal to the L7 dorsal spinal 
process, immediately cranial to the sacral crest (which feels like a series of 
small bumps under the skin). Strict asepsis is essential and, a 24 – 20 g, 3.75 – 5 
cm spinal needle with stylet is used. The needle is introduced on the midline 
at 90    °  to the skin surface and gently advanced until a change in resistance 
is felt as it penetrates the interarcuate ligament. If cerebrospinal fl uid is present 
in the needle hub, the technique may either be converted to an intrathecal 
block (see below) or the needle withdrawn and the process repeated 
(Figure  7.7 ).   

 This procedure desensitises the nerves that leave the spinal cord in the area 
of spread of the local anaesthetic. Opioid analgesics can provide prolonged 
analgesia without loss of motor nerve function when administered by this 
route, i.e. the patient retains limb function. Opioids used in this way should 
be free of preservatives and diluted with sterile saline to increase the volume 
of injection (generally to 1   ml/5   kg). Combination blocks using both opioids 
and local anaesthetic drugs may also be used, the local anaesthetic providing 
complete desensitization of the area innervated by the blocked nerve fi bres, 
for as long as the agent lasts, followed by a more prolonged period of analgesia 
(as opposed to anaesthesia) as the local anaesthetic wears off and the opioid 
remains.  

Epidural injection site 

Intrathecal injection site 

SC

Bony spinal 
canal 

SS

ES

     Figure 7.7     Schematic diagram showing the spinal canal in transverse section showing the 
position of the spinal cord (SC), the subarachnoid space (SS) containing cerebrospinal fl uid 
and the epidural space (ES).  
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  Intrathecal  a nalgesia ( ‘  s pinal  a nalgesia ’ ) 
 An opioid or local anaesthetic drug is injected into the subarachnoid space. 
Although spinal analgesia is very commonly used in humans, it is seldom 
deliberately used in animals and is more commonly carried out in the latter 
following inadvertent entry into the subarachnoid space during attempted 
epidural analgesia (see above).  

  Intravenous  i nfusion 
 Although lidocaine is commonly used in local blocks, it is also an effective 
analgesic when administered by the IV route. This may come as a surprise, 
since it is generally emphasised that we must avoid IV injection of the 
drug during placement of local blocks. However, provided care is taken 
with the infusion rate, toxicity is uncommon. The precise mechanism by which 
IV lidocaine provides analgesia is controversial: it may be a direct effect 
on nerve endings or a more central effect. However, there is certainly good 
evidence that lidocaine infusion reduces the requirements for inhalational 
anaesthetic agents (i.e. there is a reduction in MAC  –  the minimum alveolar 
concentration). Lidocaine seems particularly effective when used as an 
analgesic for burns and other superfi cial types of pain, although there is 
evidence from equine studies that it also provides moderate visceral analgesia. 
It is usually administered as a slow IV bolus of 2   mg/kg   followed by an infu-
sion of 50    µ g/kg/min in dogs. Cats are much more sensitive to the toxic 
side effects of lidocaine, and infusions are probably best avoided in this 
species.  

  Transdermal  p atches 
 Lidocaine is now available in a transdermal patch and is increasingly used in 
human patients for topical analgesia of the skin at the site of application (e.g. 
in post - herpetic neuralgia). Although a few studies have been conducted on 
the use of lidocaine patches in dogs and cats, there is little information, to 
date, on their effi cacy in these species.  

  Individual  l ocal  a naesthetic  a gents 
 Lidocaine and bupivacaine are the agents most widely used for the provision 
of local analgesia in dogs and cats (Figure  7.8 ), although other local anaesthet-
ics e.g. procaine are used to a lesser extent.   

  Lidocaine ( l ignocaine) 
 Lidocaine is a rapid onset, short - acting (1 – 1.5 hours) local anaesthetic, com-
monly used as a 1%, 2% or 3% solution. It is available with or without 
epinephrine, and is licensed for use in small animals.  
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     Figure 7.8     Lidocaine and bupivacaine in sterile single - use packs. Note that neither solu-
tion contains epinephrine or preservative.  

  Bupivacaine 
 Bupivacaine is a slow onset, long duration (4 – 8 hours, depending on route of 
administration) local anaesthetic agent. It is commercially available as a 0.25%, 
0.5% or 0.75% solution, with or without added epinephrine. Toxicity of bupi-
vacaine is greater than that of lidocaine and inadvertent intravenous injection 
will normally lead to cardiac arrest. It is not licensed for veterinary use.  

  Proxymetacaine 
 Proxymetacaine is available as a topical solution for the production of corneal 
analgesia. It has a relatively rapid onset, but a short duration of action of 
around 15   min.  

  Procaine 
 Procaine is a rapid onset, short - acting (0.25 – 0.5 hours) local anaesthetic, com-
monly used as a 5% solution. It is available with epinephrine, and is licensed 
for use in small and large animals.  

   EMLA   ®    c ream 
 EMLA stands for  ‘ eutectic mixture of local anaesthetics ’ , and is a combination 
of lidocaine and prilocaine as an emulsion. It is used to provide analgesia of 
the skin, most commonly to facilitate pain - free placement of vascular can-
nulae. The cream must be applied and covered with an occlusive dressing at 
least 45   min before analgesia is required.   
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  Side  e ffects 
 Side effects from administration of local anaesthetic drugs are relatively 
uncommon, but may be seen following overdose or with inadvertent intravas-
cular injection. Some regional anaesthetic techniques are more likely to produce 
toxic blood levels than others, for example, intercostal nerve block allows 
rapid drug absorption. 

 Local anaesthetic toxicity is generally manifested via effects on the cardio-
vascular and central nervous systems. Early signs are usually those of central 
nervous stimulation (excitement, seizures) followed by central nervous depres-
sion. Cardiovascular depression (decreased myocardial contractility, periph-
eral vasodilation) is a late change with lidocaine, but may occur early with 
bupivacaine. 

 Treatment of local anaesthetic toxicity relies on management of seizures, if 
present (diazepam/general anaesthesia, airway control), and cardiovascular 
support, if necessary (intravenous fl uids, vasopressor drugs, inotropes).   

  Miscellaneous  a nalgesic  a gents 
 Several other drugs have analgesic effects. 

  Nitrous  o xide 
 Nitrous oxide is a relatively potent analgesic in humans, but is less useful in 
this regard in animals. In addition, when it is turned off at the end of an 
anaesthetic, analgesia is completely lost within 5 – 10   min.  

  Alpha - 2  a drenoceptor  a gonists 
 In the past few years there has been growing interest in the analgesic effects 
of alpha - 2 ( α  2 ) adrenoceptor agonists in small animal patients, and medeto-
midine and (more recently) dexmedetomidine are now both relatively fre-
quently used by constant rate infusion (CRI), in both conscious and 
anaesthetised dogs and cats, at signifi cantly lower doses than those tradition-
ally used to provide sedation. Commonly, medetomidine is administered at 
1 – 2    µ g/kg/min and dexmedetomidine at 1    µ g/kg/min to provide analgesia. 
Because these doses are so low, and the commercial solutions of these drugs 
are relatively concentrated (medetomidine 1   mg/ml, dexmedetomidine 0.5   mg/
ml), it is necessary to dilute them substantially prior to administration. Their 
use in this manner provides a good  ‘ background ’  of analgesia and, since they 
have synergistic effects with other analgesics  –  such as opioids  –  improved 
pain relief can often be achieved by the addition of these drugs to an analgesic 
protocol. Because the doses required for analgesia are substantially less than 
those required for sedation, the profound cardiovascular effects typically seen 
with  α  2  agonists are also minimised. Mild levels of sedation may occur when 
medetomidine or dexmedetomidine are administered by CRI for analgesia, but 
these are generally considered benefi cial, as they will help to calm an animal 
that is in pain. It is important to note that atipamezole antagonises  α  2  agonist 
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mediated analgesia, so if this agent is used to reverse sedation from these drugs, 
an alternative means of providing analgesia will be required if the animal has 
undergone a painful procedure. 

 In large animals, the  α  2  adrenoceptor agonists have also been used success-
fully for epidural analgesia, but they are seldom used in this manner in dogs 
or cats.  

  Ketamine 
 Ketamine provides relatively good somatic analgesia, but poor visceral anal-
gesia. However, more importantly, ketamine is an antagonist at the NMDA 
(N - methyl D - aspartate) receptor in the central nervous system, which is one 
of the main receptor types implicated in the establishment of central sensitisa-
tion. Thus, ketamine may be able to block this effect and there is some evi-
dence that it may even be able to reverse central sensitisation once it is 
established. The doses required for this  ‘ anti - hyperalgesic ’  effect are signifi -
cantly lower than those used for its anaesthetic effects and it can be adminis-
tered to both conscious and anaesthetised patients. An IV bolus dose of 0.5   mg/
kg is followed by an IV CRI of 10 – 20    µ g/kg/min during surgery, reducing to 
2.5 – 5    µ g/kg/min postoperatively. Ketamine infusions are particularly useful in 
animals where major surgery has been performed, especially if these proce-
dures have the propensity to establish a chronic pain state. Breast surgery, 
hernia repair and limb amputation are widely recognised as being common 
potential sources of chronic pain in humans, although evidence for this in 
veterinary patients is currently lacking.  

   M  i  LK   i nfusion 
 A combined infusion of morphine, lidocaine and ketamine has gained popular-
ity over the past few years as a method of providing analgesia. This so - called 
 ‘ MiLK ’  infusion ( m orphine,  l idocaine,  k etamine) is made up and delivered in 
0.9% NaCl or Hartmann ’ s solution in the following way: 

 to 500   ml of the chosen intravenous fl uids add 
    10   mg morphine   + 
    150   mg lidocaine   + 
    30   mg ketamine. 

 An initial loading dose of 10   ml/kg of the resulting solution is administered 
intravenously, followed by an infusion of 10   ml/kg/hr. Alternatively, a loading 
dose of each drug may administered slowly intravenously i.e. morphine 0.2   mg/
kg, lidocaine 2   mg/kg and ketamine 0.5   mg/kg. The infusion appears to work 
reasonably well, although this author has observed several dogs develop 
muscle twitching during administration: this may be a side effect of either the 
ketamine or may indicate early lidocaine toxicity. If twitching is observed the 
infusion should be stopped and once the twitching has subsided the infusion 
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may be restarted at a lower rate. Due to the relative sensitivity of cats to 
lidocaine toxicity, MiLK infusions are best avoided in this species, although 
morphine and ketamine can be safely infused as above, without the lidocaine 
being added.  

  Tramadol 
 Tramadol is a weak  µ  opioid agonist, which, in humans, also inhibits re - uptake 
of norepinephrine by nerve endings and displaces serotonin from storage 
vesicles in the nerve endings. The latter two effects enhance its analgesic action, 
although it is questionable whether these occur in animals, i.e. tramadol may 
just act as a weak opioid in veterinary species. However, it is non - controlled 
and available as an oral preparation, and anecdotal evidence suggests that it 
might provide a reasonable degree of analgesia for home use. A dose of 
approximately 2   mg/kg administered two to three times daily appears effective 
in dogs. Although the drug can also be used in cats, the bitter taste of the 
tablets generally prevents effective administration.  

  Gabapentin/ t ricyclic  a ntidepressants 
 These agents have been used for both neuropathic and chronic pain states, 
although their precise mechanism of action is unclear. There is very limited 
information on their use in animals for clinical pain. Doses of gabapentin of 
5 – 35   mg/kg/day in two to three divided doses have been suggested.    

  SUMMARY 

 As our understanding of the processes involved in the transmission of noxious 
information and conscious pain perception has improved over the past decade, 
this has led to the introduction of a number of important concepts into clinical 
pain management, most notably those of pre - emptive analgesia and multi-
modal analgesia. Although there have been relatively few new analgesic drugs 
developed over this period, the manner in which we use them has changed 
dramatically. 

 The veterinary nurse carries great responsibility for the safety of patients 
while under the infl uence of general anaesthesia, and for ensuring adequate 
analgesia. An empathetic approach to nursing patients experiencing pain and 
a thorough appreciation of the actions and side effects of the drugs used during 
these periods will help to optimise patients ’  wellbeing.  
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8 Intravenous Access 

and Fluid Therapy  

  Liz   Welsh       

     Fluid therapy is an essential component of veterinary care and all veterinary 
nurses should understand the principles of fl uid balance, fl uid therapy and the 
techniques used in fl uid administration. Although several different routes of 
fl uid administration are available, e.g. hypodermoclysis (subcutaneous route), 
and are appropriate in many situations in conscious patients and small or 
exotic species, rapid access to the circulation (by either the intravenous or 
intraosseous routes) is most appropriate in anaesthetised dogs and cats. 
Consequently, the principles of intravenous catheter and intraosseous needle 
placement, and maintenance of indwelling catheters and needles, are skills 
every nurse should become familiar with. Calculation of fl uid requirements, 
administration rates and monitoring the response to fl uid therapy are also 
important in patient care.  

  FLUID THERAPY FOR ANAESTHETISED PATIENTS 

 Fluids are administered during the anaesthetic period for a number of 
reasons: 

   •      to maintain a patent venous access;  
   •      to maintain homeostasis of the anaesthetised patient;  
   •      to provide circulatory support to maintain oxygen delivery to body organs;  
   •      to replace sensible fl uid losses;  
   •      to replace insensible fl uid losses;  
   •      to replace ongoing fl uid losses.    



192 Anaesthesia for Veterinary Nurses 

 Patent venous access is essential for anaesthetised patients to facilitate admin-
istration of drugs in an emergency. Effective oxygen delivery to body tissues 
is important to maintain aerobic metabolism, but ensuring effective delivery 
of oxygen to body tissues requires not only adequate cardiac output but also 
adequate arterial oxygen saturation of haemoglobin. Thus, providing an ade-
quate intravascular fl uid load in itself is insuffi cient and blood haemoglobin 
concentration and alveolar gas exchange must be adequate. 

 Anaesthetised patients have the same fl uid requirements as conscious 
patients and similarly these may be modifi ed by physiological status (e.g. age) 
and pathological conditions (e.g. cardiac disease), and thus fl uid therapy 
should be tailored to each individual patient. 

 An individual patient ’ s fl uid requirement may be thought of in the following 
terms: maintenance fl uids, replacement fl uids and ongoing losses of fl uids. 

  Maintenance  fl  uids 
 Conscious, healthy dogs and cats normally obtain fl uid and electrolytes by: 

   •      drinking water or other fl uids;  
   •      eating;  
   •      metabolism.    

 The majority of fl uid is acquired through drinking and eating. Metabolic water 
normally only contributes a small amount (10 – 20%). 

 The main methods by which conscious, healthy dogs and cats lose fl uid and 
electrolytes from the body are: 

   •      urination (20   ml/kg/day);  
   •      defecation (10   ml/kg/day);  
   •      respiration (loss of fl uid only; 20   ml/kg/day);  
   •      sweating; although sweating can cause signifi cant fl uid loss in some species, 

this is not the case in dogs and cats, because they sweat from the footpads 
only.    

 These fl uid losses are sometimes referred to as sensible (urination and defeca-
tion) and insensible (respiration and sweating) fl uid losses. 

 Fluid balance requires that fl uids lost through sensible and insensible routes 
be matched by fl uid intake. Therefore, to maintain normal water balance in a 
healthy dog or cat, a total of approximately 50   ml/kg/day of fl uid is required 
(range 40 – 60   ml/kg/day). This calculation tends to underestimate fl uid require-
ments in very small animals and to overestimate fl uid requirements in larger 
animals. Fluid requirements can also be calculated on the basis of lean body 
weight and using this method minimises overhydration, as fatty tissue contains 
less water than lean tissue. This would be particularly important in patients 
with renal disease, cardiac insuffi ciency, respiratory disease, hypoproteinaemia 
and so on.   
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 An alternative approach is to calculate maintenance fl uid requirements using 
the formula 30    ×    body weight (kg)   +   70 (Wingfi eld  2001 ). 

 In patients scheduled for anaesthesia, water intake may be decreased for a 
number of reasons. Fasting of patients prior to general anaesthesia to reduce 
the likelihood of regurgitation and vomiting at induction of anaesthesia, and 
the inability of the patient to drink and eat both under anaesthesia and in the 
recovery period, can lead to a signifi cant shortfall in the daily fl uid require-
ment. Many systemically ill patients have depressed thyroid function reducing 
their metabolic rate. In addition, the metabolic rate of many patients is further 
reduced by general anaesthesia. This will contribute to a shortfall in available 
water. Similarly, fl uid losses may be different from normal before, during and 
after general anaesthesia (see replacement and ongoing fl uid losses).  

  Replacement  fl  uids 
 Many patients that require anaesthesia have physiological or pathological 
changes that disrupt the body ’ s water and/or electrolyte status. Such condi-
tions arise either through altered intake or output of water and/or electrolytes 
and can cause dehydration, reduced perfusion or both (Table  8.1 ).   

 Dehydration is the term used to describe a reduction in total body water 
and the signs and symptoms associated with such a loss. However, assessing 
an animal ’ s hydration status alone is inadequate. The perfusion status of the 
patient should also be assessed. Ideally pre - existing fl uid defi cits causing dehy-
dration should be corrected over a period of at least 12 – 24 hours and prefer-
ably before patients receive pre - anaesthetic medication. Relative or absolute 
hypovolaemia, decreasing tissue perfusion, should also be addressed before 
this time. However, this is not always possible and so it is important that both 
hydration and perfusion status are assessed clinically during the pre - anaes-
thetic examination. 

 Body water is distributed into either the intracellular or the extracellular 
fl uid compartments. The extracellular fl uid compartment includes interstitial 
water and intravascular water (Figure  8.1 ). However, for the purposes of 
estimation of fl uid defi cits by physical examination it is convenient to think 
of the body water as either intravascular or extravascular.   

  The  i ntravascular  s pace 
 Rapid loss of isotonic body fl uid (e.g. intra - abdominal haemorrhage following 
rupture of a splenic neoplasm), blood loss following trauma or following 

  Obese       Body weight (kg)    ×    0.7   =   lean body mass  
  Normal       Body weight (kg)    ×    0.8   =   lean body mass  
  Thin       Body weight (kg)    ×    1.0   =   lean body mass  
 Source:   DiBartola  2006      
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 Table 8.1     Causes of altered fl uid intake and losses. 

   Altered fl uid intake     Altered fl uid losses  

  Metabolic disorders    Altered urine production (e.g. renal disease)  

  Systemic illness    Altered faecal losses (e.g. diarrhoea  –  an 

additional 4   ml/kg per stool or up to 

200   ml/kg per day in severe cases)  

  Mechanical diffi culty (jaw fractures)    Vomiting (e.g. an additional 4   ml/kg per 

incident) and regurgitation  

  Trauma    Transudates, modifi ed transudates and 

exudates (burns, open wounds, peritonitis)  

  Sepsis    Blood loss  

  Water deprivation    Lactation 

 Pyrexia  –  10% increase in maintenance fl uid 

rates should be included for every 1    ° C 

rise above normal 

 Respiratory diseases causing polypnoea or 

tachypnoea 

 Losses of body fl uids to  ‘ third spaces ’  

(pyometra, ileus, ascites, pleural effusions, 

interstitial oedema)  

Total body water
(60% BW)

ICF
(40%)

ECF
(20%)

Interstitial fluid Plasma/lymph
)%5()%51(

(Transcellular
fluid)

     Figure 8.1     Normal body fl uid distribution (BW: body weight).  

relative hypovolaemia (e.g. anaphylactic shock) can deplete the volume of the 
intravascular space. This causes poor perfusion and inadequate tissue 
oxygenation, i.e. shock.  

  The  e xtravascular  s pace 
 The extravascular space comprises interstitial and intracellular spaces. Loss of 
isotonic fl uid (e.g. through vomiting and diarrhoea) can deplete the volume of 
the extravascular space. Although initially the intracellular fl uid space is not 
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affected, the fl uid loss is ultimately distributed between both the interstitial 
and intracellular fl uid spaces and causes dehydration.  

  The  e xtravascular and  i ntravascular  s pace 
 Loss of pure water (e.g. through heatstroke) can deplete the volume of both 
the extravascular and intravascular space. More commonly it occurs with 
severe or continued (and uncorrected) loss of isotonic fl uid. This causes dehy-
dration and shock. 

 Physical examination for assessment of percentage dehydration is appropri-
ate when the extravascular fl uid space is dehydrated. Physical examination for 
assessment of perfusion is appropriate when the intravascular space is depleted. 
Animals examined before anaesthesia should be assessed for both hydration 
and perfusion. When monitoring anaesthesia the veterinary nurse should be 
vigilant for signs of changing hydration or perfusion status in the anaesthetised 
patient and alert the veterinary surgeon.  

  Clinical  a ssessment of  h ydration 
  History 
 Questions about food and water consumption (anorexia, polydipsia), any 
gastrointestinal losses (vomiting, diarrhoea), urinary losses (polyuria, oligu-
ria), abnormal discharges (open pyometra) and traumatic losses (blood loss, 
burns) should be sought from the owner. It is also important to ask whether 
the animal is receiving any medication that may infl uence body fl uid balance.  

  Physical  e xamination 
 An initial assessment of hydration status by physical examination is a useful 
starting point in estimating fl uid defi cit in many patients (Table  8.2  and Figure 
 8.2 ). Further diagnostic tests may provide evidence of dehydration inciden-
tally, for example, radiographic signs of intravascular volume depletion such 
as a small vertebral heart score may be noted on thoracic radiographs.     

 Following physical examination the volume of fl uid needed to correct the 
hydration defi cit is calculated as follows:

   Fluid deficit litres Body weight kg Dehydration( ) = ( ) × ×% 10   

 This calculation probably underestimates the actual fl uid loss.  

  Laboratory  a nalysis 
 See Table  8.3 .      

  Clinical  m easurements 
 Before anaesthesia all patients are weighed. The expected daily weight loss in an 
anorexic animal is up to 0.1% body weight, but acute losses of weight  ≥ 1% 
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 Table 8.2     Assessing dehydration in dogs and cats by physical examination. 

   % Dehydration     Clinical signs  

   < 5%    No obvious signs 

 (Concentrated urine)  

  5 – 8%    Slight tenting of skin (see Figure  8.2 ) 

 Slightly prolonged CRT 

 Tacky mucous membranes 

 Third eyelid visible  

  8 – 10%    Obvious tenting of skin 

 Sunken orbit 

 Prolonged CRT 

 Change in heart rate (usually  ↑ )  

  10 – 12%    Tented skin stands in place 

 Oliguria 

 Signs of shock (see box on p. 199)  

   > 12%    Progressive shock 

 Coma 

 Death  

     Figure 8.2     Demonstrating skin tent in a dehydrated dog. Note also the sunken appear-
ance of the eyes.  

body weight per day can be presumed to represent a fl uid defi cit. An acute 
increase in body weight is nearly always caused by increased fl uid content. 

 A number of other clinical measurements may be useful when assessing 
hydration, in particular urine output and central venous pressure (CVP) (see 
later).   
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 Table 8.3     Laboratory investigations.

   Laboratory value     Comment     Limitations  

  Packed cell volume (PCV)    For each 1% increase in the 

PCV, a fl uid loss of 

approximately 10 ml/kg 

bodyweight has occurred 

 A fall in PCV is important, 

as the haemoglobin 

within red blood cells is 

essential for the transport 

of oxygen.  *    

  Relies on prior knowledge 

of the patient ’ s PCV. 

ACP can cause a false 

decrease in PCV in cats 

 Unsuitable following 

acute blood loss  

  Haemoglobin    Dehydration will also result 

in an increase in the 

haemoglobin 

concentration of the 

blood  

  Care in interpretation is 

required in anaemic 

patients  

  Total plasma protein (TPP)    Dehydration will cause a 

rise in TPP. It is useful to 

assess both the TPP and 

PCV in an animal that 

has been diagnosed 

clinically as dehydrated 

because only rarely will 

pre - existing disease result 

in an elevation of both 

these parameters  

  Care in interpretation is 

required in 

hypoproteinaemic 

patients  

  Blood urea and creatinine    Blood urea and creatinine 

levels will rise in 

dehydrated animals 

(pre - renal azotaemia)  

  Interpretation of 

azotaemia should 

follow determination of 

the urine specifi c 

gravity  

  Electrolytes    Electrolyte status may need 

to be modifi ed prior to 

anaesthesia, e.g. 

hyperkalaemia  

  Estimation of the plasma 

electrolyte level, e.g. 

Na + , K +,  Cl  −   is possible 

but is frequently of 

limited value in 

determining the degree 

of dehydration as 

recorded values are not 

always an accurate 

refl ection of the total 

body content of the 

individual ion  
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   Laboratory value     Comment     Limitations  

  Plasma lactate    Lactate is produced during 

anaerobic metabolism. 

Increases in plasma 

lactate levels ( > 2.5 

mmol/l) may be 

indicative of poor 

perfusion  

    

  Arterial blood gases    Provides information about 

acid – base balance in 

addition to respiratory 

function including  P aO 2  

and  P aCO 2   

  Handheld patient - side 

analysers are readily 

available, e.g. i - STAT  ®   

(Figure  8.3 )  

    * Packed cell volume and haemoglobin (Hb) concentration alone do not determine oxygen 
delivery. Other factors such as cardiac output are important. However, acute blood loss 
with a PCV  ≤ 20% may necessitate administration of whole blood before or during anaes-
thesia and target pre - anaesthetic PCVs of 30 – 34% in dogs and 25 – 29% in cats have been 
suggested (Moon  1991 ). Whether or not an individual patient with a PCV or Hb concentra-
tion below the normal or pre - anaesthetic target range actually requires a transfusion before 
anaesthesia depends on several factors: type of procedure and expected blood loss, age 
of patient, presence of cardiac disease that may affect cardiac output and pre - existing 
disease, e.g. animals in chronic renal failure may tolerate a lower than normal Hb better 
than healthy patients.   

Table 8.3 (Contined)

     Figure 8.3     i - STAT  ®    ‘ bedside ’  biochemistry, haematology and blood gas analyser.  
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  Clinical  a ssessment of  p erfusion 
 Cells within the body must receive both oxygen and nutrients to function 
normally. In addition, it is important that the waste products of metabolism 
are removed from the cells ’  local environment. The vascular system is respon-
sible for carrying oxygen, nutrients and waste to and from cells. When an 
imbalance between the delivery of oxygen and nutrients to cells and utilisation 
of oxygen and nutrients by cells occurs, the patient is said to be suffering from 
 ‘ shock ’ . 

 Clinical assessment of perfusion allows an estimate of the severity of shock. 
In particular, heart rate, mucous membrane colour (Figure  8.4 ), capillary refi ll 
time, pulse quality and the ability to palpate a peripheral pulse should be 
evaluated (see below).       

     Figure 8.4     Depressed level of consciousness in a severely hypovolaemic dog. The colour 
of the mucous membrane is abnormal.  

    CLINICAL SIGNS OF POOR PERFUSION (SHOCK) 
 Weak rapid pulse with reduced pulse pressure and duration 
 Increased heart rate (tachycardia) with quiet heart sounds 
 Pale mucous membranes 
 Prolonged capillary refi ll time ( > 2 seconds) 
 Increased ventilation 
 Slow jugular refi ll and collapsed peripheral veins 
 Hypothermia and cold extremities 
 Depressed level of consciousness (Figure  8.4 ) 
 Muscle weakness  
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  Ongoing  l osses 
 Anaesthetised patients may have losses in excess of those normally expected 
in conscious patients. Under general anaesthesia both sensible and insensible 
losses continue. Generally, these losses are at least matched if maintenance 
fl uids are administered. However, relative or absolute volume depletion can 
occur as a direct result of either the general anaesthetic protocol or the surgical 
procedure performed. Potential causes of increased fl uid loss or circulatory 
compromise under general anaesthesia are discussed in the following section. 

  Anaesthetic  d rugs 
 Many anaesthetic drugs can cause vasodilation and thus relative hypovolaemia 
(Table  8.4 ). This means that the patient may have a normal circulating blood 
volume but the capacity (volume) of the vessels is increased. Anaesthetic drugs 
may also decrease cardiac output. This can cause a perfusion defi cit. In addi-
tion general anaesthetic agents may compromise the response to hypovolaemia 
by the sympathetic nervous system.    

 Table 8.4     Anaesthetic drugs: mechanism of action and effects on fl uid balance.

   Drug     Mechanism of action     Effects on fl uid balance  

  Acepromazine     α  1  antagonist 

 Dopamine antagonist  

  Hypotension 

 ? Inhibit effects of dopamine 

on renal blood fl ow  

  Medetomidine, 

dexmedetomidine, 

xylazine, romifi dine  

   α  2  agonist     ↓  Cardiac output/

hypotension 

 Diuresis  

  Opioids    OP3 agonists 

 OP2 agonists  

  Antidiuretic effect (?ADH 

release) 

 Diuretic effect  

  Ketamine     ↓  Baroreceptor responses    Diminished response to 

relative hypovolaemia  

  Propofol, thiopental    Hypotension    Relative hypovolaemia due to 

vasodilation  

  Halothane        Dose - dependent depression 

of cardiovascular system 

( ↓ CO) with hypotension  

  Isofl urane, sevofl urane        Relative hypovolaemia due to 

vasodilation  

  Local anaesthetics    Extradural techniques for 

thoracotomy when 

sympathetic outfl ow 

tracts are blocked  

  Relative hypovolaemia due to 

vasodilation  
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  Anaesthetic  t echniques 
 Intermittent positive pressure ventilation can reduce venous return to the heart 
and thus cardiac output. Intermittent positive pressure ventilation also increases 
central venous pressure and the consequent increase in renal venous pressure 
can decrease renal interstitial pressure and urine production. This technique 
may also increase production of antidiuretic hormone (ADH). 

 Regional anaesthetic techniques can cause hypotension (Table  8.4 ).  

  Respiratory  l osses 
 Delivery of dry gases from non - rebreathing systems directly to the respiratory 
tract increases evaporative losses of fl uid. This can contribute to 
dehydration.  

  Evaporative  l osses from the  s urgical  s ite 
 This is particularly important during intra - abdominal and intrathoracic surgery 
because the peritoneum and pleura, respectively, present extremely large evap-
orative surface areas. Prolonged surgery and high ambient temperatures in the 
theatre can further increase evaporative losses. This can contribute to 
dehydration.  

  Operative  b lood  l oss 
 Loss of whole blood during surgery can occur (Figure  8.5 ). These losses can 
be estimated in a number of ways: 

  10    ×    10   cm swab (dry initially)    −    5 – 10   ml blood  
  12    ×    12   inch laparotomy swab    −    approx. 50   ml blood  
  Weigh swabs (assume negligible dry weight)    −    1   g   =   1   ml blood  
  Blood in suction apparatus    −    volume in container        

    ESTIMATION OF AMOUNT OF BLOOD IN LAVAGE FLUID 
 

   
X

L V
P L

= ×
−  

where
  X       =   amount of blood lost  
 L       =   PCV of the returned lavage fl uid  
 V       =   volume of lavage fl uid infused  
 P       =   PCV of the peripheral blood before intravenous (IV) infusion of fl uids     

 Operative blood loss can cause a perfusion defi cit.  
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     Figure 8.5     Loss of whole blood during a caesarean operation.  

  Loss of  t ransudates,  m odifi ed  t ransudates or  e xudates from 
 s urgical  w ounds 
 It may be possible to estimate such losses either by weighing soaked dressings, 
measuring the volume of fl uid recovered from surgical drains or by simply 
measuring the weight of the patient on a regular basis. Such losses can cause 
a perfusion defi cit.  

  Third  s pacing of  fl  uids 
 The normal body spaces containing fl uids are the intracellular space and 
extracellular space, i.e. the intravascular and interstitial spaces. Third spacing 
occurs when fl uid moves into the interstitial space, as with oedema, infl am-
mation and burns, or into body cavities (e.g. ascites; Figure  8.6 ) and with 
intestinal ileus. Consequently, although there may be enough total fl uid in the 
body, the fl uid may not be able to return readily to the circulation and con-
tribute to normal fl uid dynamics. Third spacing creates the potential for 
hypovolaemia and decreased urine output. A patient with signifi cant uncor-
rected third spacing will have a high urine specifi c gravity. This can contribute 
to dehydration and reduce perfusion if severe.    

  Increased salivary losses 
 Patients with postoperative nausea may salivate excessively (ptyalism), 
which may also be observed in animals in pain. This can contribute to 
dehydration.  

  Hyperthermia 
 Large patients with long hair coats can become overheated during anaesthesia, 
particularly if supplemental heating is provided, e.g. thermostatically con-
trolled heat pad or table. This can lead to an increased insensible fl uid loss as 
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in pyrexic patients, which can contribute to dehydration and reduce perfusion 
if severe.  

  Ongoing  l osses  a s a  c onsequence of  p re -  e xisting  d isease 
 During and following anaesthesia compromised patients may continue to lose 
excess body fl uid through pathological processes, e.g. urine, vomit, diarrhoea, 
pyrexia, and so on. This can contribute to dehydration and reduce perfusion 
if severe.

   

Volume of fluid required Fluid deficit maintenance fluid r= + eequirement
ongoing losses+   

 In addition to defi cits in the circulating volume, general anaesthesia and 
surgery may cause acid – base disturbances. Metabolic acidosis (reduced tissue 
perfusion) and respiratory acidosis (hypoventilation) are most frequently 
encountered.    

  INTRAVENOUS FLUID SELECTION 

 Colloids and crystalloids are the two fl uid types available for intravenous 
or intraosseous administration. Colloids are fl uids containing large molecules 
that remain within the circulation and increase the plasma effective oncotic 
pressure and expand plasma volume. Both natural and synthetic colloids 
are available. Crystalloids are non - colloidal fl uids that contain ions or solutes 
and pass readily through cell membranes. They do not remain within the 
extracellular fl uid compartment but equilibrate with the intracellular fl uid 
compartment. 

     Figure 8.6     Ascites in a dog in heart failure.  
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 An isotonic balanced crystalloid is an appropriate choice of fl uid in most 
circumstances for healthy anaesthetised patients and may also be administered 
to correct pre - existing dehydration. Crystalloids also provide adequate circula-
tory support in hypotensive patients if appropriate volumes are administered. 

     Hartmann ’ s  s olution (lactated Ringer ’ s  s olution) 
 This crystalloid is a balanced electrolyte solution and is considered isotonic in 
dogs and cats, although in reality it is slightly hypotonic. A balanced electro-
lyte solution is one that closely resembles plasma electrolyte concentrations. 
In addition to water, Hartmann ’ s contains sodium, potassium, chloride, 
calcium and also lactate. Lactate is metabolised by the liver to form bicarbon-
ate and so this fl uid is ideal in patients with metabolic acidosis. Some clinicians 
are concerned about the ability of patients with hepatic disease to metabolise 
lactate to bicarbonate, thus causing or exacerbating pre - existing acidosis. This 
does not appear to happen as lactate can be metabolised by peripheral tissues. 
However, the patient must be adequately perfused to facilitate this! Similar 
balanced electrolyte solutions containing different buffers, e.g. acetate, are 
available. They do not rely on hepatic function for metabolism to bicarbonate 
and so may be useful in patients with impaired hepatic function. 

 Hartmann ’ s solution contains calcium and so it should not be administered 
through the same fl uid administration set as blood products as clot formation 
may rapidly occur. Furthermore, it is not ideal in patients with pre - existing 
hypercalcaemia.  

  Sodium  c hloride 0.9% (normal  s aline) 
 This crystalloid is considered an isotonic solution in dogs and cats although 
in reality it is slightly hypertonic in dogs. It is not a balanced electrolyte solu-
tion as it contains higher levels of sodium and chloride than those found in 
plasma: indeed it only contains these two electrolytes dissolved in water. It is 
considered an acidifying solution as administration dilutes plasma bicarbonate 
concentrations, reduces renal bicarbonate absorption and it also promotes 
bicarbonate secretion in the cortical collecting tubules (Humm  et al.   2008 ).  

  Ringer ’ s  s olution 
 This crystalloid is considered an isotonic solution in dogs and cats although 
in reality it is slightly hypertonic in dogs. It is a balanced electrolyte solution 
and, in addition to water, Ringer ’ s solution contains sodium, potassium, chlo-
ride and calcium. It is considered an acidifying solution as administration 
dilutes plasma bicarbonate concentrations (see above). 

 Following intravenous administration of Hartmann ’ s, Ringer ’ s or normal 
saline solutions, only approximately 20% of the administered volume will 
remain within the intravascular space after 1 hour. The remaining fl uid will 
redistribute to the interstitial fl uid compartment, but not to the intracellular 
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fl uid compartment because these fl uids are effectively isotonic and little 
concentration gradient exists. If these fl uids are administered to improve 
perfusion, e.g. following haemorrhage, at least three times the volume of blood 
lost must be administered to replace intravascular volume because of the 
redistribution that occurs.  

  Glucose 5% (dextrose 5%) 
 This crystalloid is considered an isotonic solution of glucose in water. Following 
administration of this solution the glucose is rapidly taken up by the cells and 
metabolised. Consequently, the glucose molecules only exert a transient 
osmotic effect, and 5% glucose solutions are therefore used to deliver free 
water in an osmotically acceptable form to patients. Glucose 5% is not suit-
able for intravascular volume expansion because the free water provided will 
distribute equally between all body fl uid compartments and this is only rarely 
indicated for anaesthetised patients.  

  Sodium  c hloride 0.18% –  g lucose 4% (glucose  s aline) 
 This crystalloid is considered an isotonic electrolyte solution but is not 
balanced. It contains sodium, chloride and glucose in addition to water. This 
crystalloid is often used to provide maintenance fl uid requirements and 
must be supplemented with potassium if administered for a prolonged 
period. Glucose saline is not suitable for intravascular volume expansion 
because the free water provided will distribute equally between all body fl uid 
compartments.  

  Sodium  c hloride 7.2% (hypertonic  s aline) 
 This crystalloid is a hypertonic electrolyte solution and is not balanced. 
Hypertonic saline contains sodium, chloride and water. This solution is used 
for rapid intravascular volume replacement and has been shown to increase 
cardiac contractility and output. 

 A dose of 4 – 7   ml/kg in dogs (2 – 4   ml/kg in cats) is administered. Because the 
solution is hypertonic, fl uid is drawn into the intravascular space from the 
interstitial and intracellular fl uid compartments. However, the effects are 
short - lived (30 – 60   min) as the sodium diffuses out of the vascular space. The 
effects may be prolonged by concurrent administration of a colloid. Although 
hypertonic saline is a good resuscitation fl uid, ultimately the fl uid defi cit must 
be replaced with either an isotonic crystalloid or a colloidal solution. 

 Hypertonic saline is useful to correct perfusion defi cits but it is contraindi-
cated in dehydration because the interstitial and intracellular spaces will not 
have an adequate fl uid load to provide water for the intravascular space. It is 
also contra - indicated where there is uncontrolled haemorrhage as the rapid 
volume expansion achieved can precipitate further haemorrhage; it should also 
be used with caution in patients with cardiorespiratory disease.  
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  Intravenous  fl  uid  s upplements 
  Potassium  c hloride 
 This crystalloid is available in various strengths and is used to supplement 
potassium levels (Table  8.5 ). Hypokalaemia can cause muscle weakness and 
cardiac arrhythmias. The maximum infusion rate for potassium is 0.5   mEq/
kg/h and it is important not to exceed this level (Figure  8.7 ).      

  Sodium  b icarbonate 8.4% ( e quivalent to 1   mmol/ m l) 
 Sodium bicarbonate may be administered to correct severe acidosis following 
estimation of arterial or venous blood gas values. This drug can also be used 
in the management of hyperkalaemia.  

 Table 8.5     Use of potassium chloride in fl uid supplements. 

   Serum potassium (mEq/l)     mEq/l KCl added to 250   ml of fl uids  

   < 2    20  

  2.1 – 2.5    15  

  2.6 – 3.0    10  

  3.1 – 3.5    7  

     Figure 8.7     It is important to label intravenous fl uid bags to alert clinicians and nurses 
when drugs or other medications are added to the fl uid bag.  
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  Calcium 
 Hypocalcaemia causes increased neuromuscular excitability and calcium glu-
conate may be administered to correct such defi cits. Calcium gluconate or 
chloride solutions can also be used in the management of hyperkalaemia.  

  Glucose 
 Glucose supplementation may be required in a number of anaesthetised 
patients including neonates, those that are septic and those with diabetes mel-
litus, Addison ’ s disease, hepatic disorders, insulinomas, portosystemic shunts 
and neoplasia. Close monitoring of blood glucose levels every 30 – 120   min 
both during anaesthesia and in the postoperative period is essential, as the 
normal clinical signs of hypoglycaemia will either not be apparent under 
anaesthesia or may be missed in the recovering patient. 

 If hypoglycaemia is detected, glucose may be added to a balanced electrolyte 
solution and administered to the patient, for example, 2.5 – 5% glucose in 
Hartmann ’ s solution at a rate of 3 – 5   ml/kg/h. (Adding 31.25   ml of 40% 
glucose solution to 468.75   ml of Hartmann ’ s solution provides 2.5% glucose 
solution in Hartmann ’ s.) The administration rate should be adjusted according 
to the blood glucose estimation. 

 Many clinicians debate whether crystalloids or colloids are the most suitable 
fl uid for resuscitation of patients with perfusion defi cits (shock). Typically, an 
excess of colloid leads to circulatory overload with right - sided heart failure 
and ultimately congestive cardiac failure. Too much crystalloid, on the other 
hand, will initially stimulate diuresis (via inhibition of ADH release) in patients 
with normal renal function, but as the electrolyte solution moves from the 
circulation into the remainder of the extracellular space, signs of oedema may 
develop, i.e. fl uid will accumulate in the interstitial fl uid space. Most seriously, 
pulmonary oedema may develop which will initially impair oxygenation; 
however, ultimately it can result in the death of the patient. Some clinicians 
may prefer a combination of crystalloid and colloid if the patient has signs of 
both dehydration and poor perfusion, but for patients with known or expected 
perfusion problems and in patients with hypoalbuminaemia, colloids are 
useful because smaller volumes may be administered to achieve expansion of 
the intravascular space and colloids can supplement plasma oncotic pressure 
in the face of low plasma protein levels.   

  Gelatins (Haemaccel  ®  , Gelofusine  ®  ) 
 The gelatins are synthetic colloids produced from animal collagen. They 
are delivered in fl uids containing sodium and chloride, although some 
(e.g. Haemaccel  ®  ) also contain potassium and calcium. These fl uids are 
hyperoncotic.  
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  Dextrans (Dextran 70, 6%  s olution; Dextran 40, 10%  s olution) 
 The dextrans are synthetic colloids. They are polysaccharides produced by 
bacterial fermentation of sucrose. They are delivered in fl uids containing either 
0.9% sodium chloride or 5% glucose. These fl uids are hyperoncotic.  

  Starches (e.g. Hespan 6%  ®  ) 
 A range of synthetic colloids based on hydroxyethyl starch (HES) is available. 
They are made from amylopectin derived from corn wax. They are delivered in 
fl uids containing sodium and chloride. These fl uids are either iso -  or 
hyperoncotic.  

  Oxyglobin  ®   
 Oxyglobin  ®   is a synthetic colloid produced from purifi ed bovine haemoglobin. 
It does not contain red blood cells and it is delivered in lactated Ringer ’ s solu-
tion. This synthetic colloid is novel as it not only provides oncotic support but 
also oxygen - carrying capacity. This fl uid is hyperoncotic.  

  Albumin 
 Human serum albumin is a natural colloid obtained from purifi ed human 
plasma. It is not biologically identical to canine or feline albumin and hyper-
sensitivity reactions have been reported. Currently it is used most frequently 
in critical care patients.  

  Whole  b lood 
 Whole blood is a natural colloid and when administered fresh provides oncotic 
support, red blood cells, platelets and clotting factors. Before infusion, cross -
 matching and/or blood typing should be performed to ensure the blood is 
compatible for transfusion. There are several different blood types in dogs but 
DEA 1.1 is considered the most important, and ideally blood donors should 
be DEA 1.1 - ve. However, initial transfusion reactions are unusual in dogs. In 
contrast, although there are fewer blood types in cats (A, B or AB), all cats 
have naturally occurring antibodies and the risk of an incompatibility reaction 
if blood is not typed prior to transfusion is high. In - house blood typing kits 
for both dogs and cats are now available and should be used before transfu-
sion whenever possible (Figure  8.8 ).   

 In addition to transfusion reactions (immediate and delayed immune and 
non - immune - mediated) other complications may occur following blood trans-
fusion: pyrogenic reactions, acidosis, over - administration, air emboli, citrate 
toxicity and hypothermia.  

  Plasma 
 Plasma is a natural colloid and, in addition to providing oncotic support, it is 
suitable for animals that are hypoproteinaemic as it provides albumin. Fresh 
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and fresh frozen plasma contain albumin and clotting factors; frozen plasma 
contains albumin. 

 Table  8.6  summarises the fl uids discussed above.     

  Calculation of  fl  uid  r equirements  d uring  a naesthesia 
 The majority of patients that undergo general anaesthesia will be clinically 
healthy and have had free access to water until the time of administration of 
pre - anaesthetic medication. They may have no requirement for replacement 
fl uids and have few ongoing losses under anaesthesia. It could be assumed that 
these patients will compensate for any minor fl uid defi cits by increasing their 
oral fl uid intake following a rapid recovery from general anaesthesia. 
Unfortunately, for a variety of reasons (patients are not anaesthetised when 
anticipated or are anaesthetised longer than anticipated; water is not made 
available in the recovery area, and so on) this scenario probably occurs for 
very few animals. Moreover, regardless of the health of the patient before 
induction of anaesthesia, the drugs used for pre - anaesthetic medication and 
induction and maintenance of anaesthesia can have signifi cant effects on the 
circulation such that the animal ’ s normal physiological homeostatic mecha-
nisms are unable to compensate for (see earlier). Furthermore, many anaes-
thetic agents are metabolised by the liver and excreted by the kidneys, and 
adequate perfusion is essential to facilitate these processes. Thus, ideally, all 
patients should be provided with circulatory support both during anaesthesia 
and in the recovery period. 

     Figure 8.8     Rapid Vet - H  ®   blood typing card. Cards are available for in - house blood typing 
of dogs and cats.  



 Table 8.6     Fluids and indications for use. 

   Fluid     Fluid type     Indications     Specifi c indications  

  Hartmann ’ s    Crystalloid    Fluid replacement 

 Intravascular volume 

resuscitation  

  Acidosis  

  Hypernatraemia  

  Normal saline    Crystalloid    Fluid replacement    Alkalosis  

  Intravascular volume 

resuscitation  

  Hypochloraemic 

alkalosis (pre -

 pyloric vomiting) 

 Hypercalcaemia 

 Hyperkalaemia 

 Hyponatraemia 

 Addison ’ s disease  

  Ringer ’ s    Crystalloid    Fluid replacement    Alkalosis  

  Intravascular volume 

resuscitation  

    

  5% glucose    Crystalloid    Fluid replacement    Loss of pure water  

  Glucose saline    Crystalloid    Maintenance fl uid      

  Hypertonic saline    Crystalloid    Rapid intravascular volume 

resuscitation  

    

  Gelatins    Synthetic colloid    Rapid intravascular volume 

resuscitation  

    

  Dextrans    Synthetic colloid    Rapid intravascular volume 

resuscitation  

    

  Starches    Synthetic colloid    Rapid intravascular volume 

resuscitation  

  Septic infl ammatory 

response syndrome  

  Oxyglobin    Synthetic colloid    Rapid intravascular volume 

resuscitation  

  Anaemia (dogs)  

  Oxygen - carrying capacity      

  Albumin    Natural colloid        Hypoalbuminaemia 

 Decreased colloid 

osmotic pressure  

  Fresh whole 

blood (0 – 4   hr)  

  Natural colloid    Rapid intravascular volume 

resuscitation  

  Acute haemorrhage 

 Anaemia with 

hypoalbuminaemia 

 Thrombocytopenia 

 Coagulopathy  

  Stored whole 

blood  

  Natural colloid    Rapid intravascular volume 

resuscitation  

  Acute haemorrhage 

 Anaemia with 

hypoalbuminaemia  

  Fresh/fresh 

frozen plasma 

(0 – 8   hr)  

  Natural colloid    Rapid intravascular volume 

resuscitation  

  Hypoalbuminaemia 

 Coagulopathy  

  Frozen plasma 

(collected from 

stored blood)  

  Natural colloid    Rapid intravascular volume 

resuscitation  

  Hypoalbuminaemia  
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 Fluid administration rates of 5 – 10   ml/kg/h for balanced isotonic crystalloids 
are routinely used for such patients. This  ‘ maintenance ’  rate for anaesthetised 
animals is greater than that used in conscious healthy patients ( ∼ 2   ml/kg/h) to 
provide not only for sensible and insensible fl uid losses (which may be 
increased) but also to support the circulation in the face of the possible hae-
modynamic effects of the anaesthetic drugs. 

 Some authors recommend normal maintenance fl uid rates of 2   ml/kg/h 
under anaesthesia initially, increasing the administration rate intra - operatively 
by an additional 5, 10 or 15   ml/kg/h depending on the perceived severity of 
surgery, i.e. mild, moderate and severe surgical trauma, respectively (Muir  et 
al.   2000 ). However, the patient ’ s clinical response to the fl uid load provided 
must always be closely monitored and the fl uid administration rate adjusted 
accordingly, regardless of the initial approach adopted. 

 The anaesthetic maintenance rate may be increased, for example, in patients 
with signifi cant pre - existing fl uid defi cits and/or ongoing losses that have not 
been corrected prior to anaesthesia, or in response to increased fl uid losses or 
haemodynamic changes causing hypotension during anaesthesia. It is impor-
tant to remember that rapid replacement of chronic fl uid losses in this way 
may lead to haemodilution and dilution of plasma proteins and electrolytes, 
and that by preference such defi cits are replaced over a period of at least 4 – 6 
hours (if not over 24 hours) prior to anaesthesia. 

 Administration of 3   ml of a balanced electrolyte solution for each 1   ml 
of blood lost will provide adequate circulatory support until the total protein 
levels fall below 35   g/l. After this a colloidal fl uid such as a gelatin may 
be more suitable. Similarly, when the PCV falls acutely below 20%, whole 
blood may be the fl uid of choice to ensure adequate oxygen - carrying capacity. 
However, these guidelines are just that  –  guidelines: some individuals 
may require more aggressive circulatory support at either an earlier or a later 
stage. 

 Patients anaesthetised for minor procedures with minimal expected fl uid 
loss or non - surgical investigations and those with cardiac disease, oliguric or 
anuric renal failure, pulmonary oedema, pulmonary contusions, head trauma 
and closed cavity haemorrhage (e.g. haemothorax) may require signifi cantly 
lower fl uid administration rates under general anaesthesia. When anaesthetis-
ing these patients it is particularly important to be alert to the clinical signs 
associated with over - hydration: 

   •      serous nasal discharge;  
   •      subcutaneous oedema;  
   •      increased urinary output with normal renal function;  
   •      chemosis;  
   •      exophthalmos;  
   •      increased respiration rate.    
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 Additional signs that can be observed in response to over - hydration in the 
postoperative period include shivering, nausea, vomiting, restlessness, cough-
ing and ascites.  

  Constant  r ate  i nfusions 
 The veterinary surgeon may wish to administer certain drugs to anaesthetised 
patients by constant rate infusion (CRI), e.g. morphine, dobutamine. 

 Dosages for most drugs given by CRI are expressed in micrograms, but the 
drugs are available in concentrations of milligrams per ml. The following 
formulae allow conversion from micrograms to milligrams.     

       Quantity of  d rug (mg) to  b e  a dded to  fl  uids for  i nfusion for 
 μ g/ k g/ m in  i nfusion  

   

Dose rate of drug ( g kg ) body weight kg volume of fluµ min × ( ) × iid ml
Delivery rate ml h )  conversion factor

( )
( ) × ( )16 67.

   

  Delivery  r ate (ml/ h ) of the  i nfusion  

   

Dose rate of drug g kg min body weight kg volume of fluµ( ) × ( ) × iid ml
Quantity of drug mg  added to fluids

( )
( ) ×16 67.

   

  Quantity of  d rug (mg) to  b e  a dded to  fl  uids for  i nfusion for 
 m g/ k g/ m in  i nfusion  

   
Dose rate of drug mg kg h body weight kg

volume of fluid( ) × ( ) ×   ml
Delivery rate ml h

( )
( )

    

  FLUID ADMINISTRATION 

 Access to the circulation is important in any anaesthetised animal, whether 
they are anaesthetised for short or longer periods or anaesthetised using intra-
muscular, intravenous or inhalational methods. It is especially important 
should an emergency occur under anaesthesia, e.g. cardiopulmonary arrest. 
Intravenous access allows circulatory system support, administration of drugs 
and collection of blood samples. Intraosseous access may be used in preference 
in certain situations, e.g. neonates, small and exotic species. 

 The fl uid line should be checked before surgical drapes are placed to ensure 
fl uids can run freely. Regardless of the route of administration, it is essential 
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that the veterinary nurse monitoring anaesthesia has access to the fl uid admin-
istration line, allowing additional drugs to be administered through injection 
ports either on the administration line itself or at a T - port. If necessary, the 
fl uid administration line should be labelled, allowing easy identifi cation in an 
emergency. This is particularly important when intra - arterial lines are being 
used in addition to intravenous lines. 

 Although parenteral fl uids must be stored according to manufacturers ’  
instructions, they should be warmed to normal body temperature before 
administration. The overwrap should be left in place while the fl uids 
are warmed to ensure the integrity of the solution. A number of methods are 
available to warm fl uids including forced warm air ovens (controlled by 
a calibrated thermometer) and warm water baths. A standard warming 
procedure cannot be recommended for microwave ovens because of variations 
in wattage and performance from oven to oven. Once warmed, the fl uid 
bag may be insulated with wheat, cherry stone or gel - fi lled bags that can be 
heated in a microwave oven. Warmed fl uids should either be used within 
24 hours of removing from the heat source or discarded and not returned to 
stock. 

 Unfortunately, the problem lies, not in heating the fl uid bag initially, but 
in keeping the fl uids warm as they travel down the administration line. This 
is particularly diffi cult when low rates of administration are required, and this 
will tend to be in smaller patients who are already at greater risk of hypother-
mia. Blood and fl uid warming sets are available for use with forced air 
warming units, e.g. Bair Hugger  ®   (see Chapter  10 ). 

 Although body heat losses by radiation, conduction, convection and evapo-
ration are much greater than those caused by administering fl uids at room 
temperature (or lower) the effect may well be more signifi cant if rapid infusion 
of large fl uid volumes is required. 

  Intravenous  c atheters 
 There are various types of intravenous catheters available. The choice of cath-
eter is dependent on several factors including operator experience, availability, 
cost and patient requirements. 

  Over -  t he -  n eedle  c atheters 
 Over - the - needle catheters (Figure  8.9 ) are usually placed in peripheral vessels, 
but can be used in the jugular veins of smaller patients and neonates. They 
are available in a range of sizes (10 – 24 gauge) and varying lengths (1.9 – 13   cm). 
They are generally made of Tefl on or polyurethane. The latter is believed to 
be less thrombogenic than other materials. They are generally used for short -
 term intravenous therapy of up to 72 hours but may be maintained for longer 
in the absence of signs of thrombophlebitis or local infection. If rapid 
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administration of fl uid is required a short, large - gauge catheter should be 
chosen to allow maximal fl ow rates.    

  Through -  t he -  n eedle  c atheters 
 Through - the - needle catheters (Figure  8.10 ) tend to be longer catheters (20 –
 30   cm), available in a range of sizes (14 – 22 gauge) that are used to gain central 
venous access. They are commonly placed in the external jugular vein so 
that the catheter tip lies within the cranial vena cava. Placing the catheter 
in the medial saphenous vessel can also access the caudal vena cava.   

 Central venous access allows for easy removal of blood samples, which 
reduces the distress of patients requiring multiple blood sampling. Additional 
advantages include the facility for central venous pressure measurement, 
administration of hypertonic solutions, rapid administration of drugs used in 
cardiopulmonary resuscitation and administration of other agents and paren-
teral nutrition. Furthermore, the catheters are easy to secure and the fl ow of 
fl uids is not affected by patient positioning.  

  Multilumen  c atheters 
 Multilumen catheters are available for delivering multiple fl uid or drug therapies. 
They have separate entrance and exit ports, and therefore incompatible solutions 
can be administered simultaneously. Double -  or triple - lumen catheters are 
used most frequently and are available in a large selection of lengths and 
sizes. They are commonly placed using a guidewire or an introducer that peels 
away.    

     Figure 8.9     An over - the - needle catheter.  
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    SITES SUITABLE FOR VENOUS CATHETERISATION IN DOGS AND 
CATS 

  Peripheral  v eins 

 Cephalic 
 Accessory cephalic 
 Lateral or medial saphenous 
 Auricular  

  Central  v eins 

 Jugular 
 Femoral 
 (Medial saphenous  –  providing access to caudal vena cava)   

  EQUIPMENT REQUIRED FOR INTRAVENOUS CATHETER PLACEMENT 
 Assistant 
 Clippers 
 Gloves 
 EMLA cream 
 Swabs 
 Chlorhexidine or povidone – iodine surgical scrub 
 Chlorhexidine in 70% isopropyl alcohol 
 Appropriate catheter 
 Scalpel (no. 11 blade) 
 T - port or injection bung 
 2   ml heparinised saline 
 Adhesive tape 
 Non - adherent dressing 
 Padding bandage 
 Cohesive bandage 

  Additional  e quipment  r equired for  c entral  v enous  c atheter 
 p lacement 

 Sterile fenestrated drape 
 Sterile gloves 
 Suture material 
  ± Antibiotic ointment   
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(a)

(b)

(c)

        Figure 8.10     A through - the - needle catheter.  
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(d)

Figure 8.10 Continued

  Preparation for  c atheter  p lacement 
 Strict aseptic technique should be observed for skin preparation and catheter 
insertion to reduce the incidence of catheter - related infections. A generous clip 
centred on the intended venepuncture site should be performed. No hair 
should be in contact with the catheter during or following placement. 

 Hands should be washed with a detergent or antiseptic solution, dried using 
disposable papers towels or air drier, and disposable gloves donned. The 
patient ’ s skin is cleaned with a suitable surgical scrub, e.g. chlorhexidine, using 
gauze swabs or cotton balls. This will remove surface debris. Do not scrub the 
skin aggressively as this will increase the bacteria rising to the skin surface from 
the deeper skin layers and hair follicles. Residual scrub solution is removed by 
wiping with chlorhexidine in 70% isopropyl alcohol and allowed to dry.  

  Techniques for  c atheter  p lacement 
 The techniques used for placement of the different catheter types are described 
in the boxes below.          

    PLACEMENT OF AN OVER - THE - NEEDLE CATHETER 
 (see Figure  8.11 ) 
   •      Collect equipment and fl ush T - port/injection bung etc. with heparinised 

saline.  
   •      An assistant restrains the patient.  
   •      Clip a generous patch of hair over the injection site.  
   •      Prepare the site with surgical scrub, followed by wiping with alcohol (a).  
   •      An assistant raises the vein.  

(Continued)
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   •      The skin is held taut with one hand to stabilise the vein. The catheter is 
held fi rmly at the junction of the needle and catheter hub and inserted 
(bevel up) through the skin and into the vein. (Occasionally a small nick 
with a no. 11 scalpel blade may be required. This will allow the catheter 
to pass through without damage to the catheter tip.)  

   •      Once the vein is penetrated, blood will fl ash back into the hub of the 
catheter. The catheter is advanced a few millimetres to ensure the catheter 
tip is within the lumen of the vein (b).  

   •      The stylet should be immobilised with one hand, while the outer catheter 
is advanced into the vein (c).  

   •      The assistant now occludes the vein at the level of the tip of the catheter 
while the stylet is removed. This prevents spillage of blood.  

   •      An injection bung, T - port or three - way tap is attached (d).  
   •      The catheter and connector are secured in place using adhesive tapes.  
   •      Flush the catheter with heparinised saline to ensure correct placement and 

maintain patency.  
   •      The catheter site is covered with a sterile dressing to maintain asepsis and 

bandaged in place using padding bandage followed by cohesive bandage.       

(a) (b)

(c) (d)

 Figure 8.11     Placement of an over - the - needle catheter. 
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    PLACEMENT OF THROUGH - THE - NEEDLE CATHETER 
 (See Figure  8.10 ) 
   •      Collect equipment required and fl ush T - port/injection bung with 

heparinised saline.  
   •      An assistant restrains the patient in lateral recumbency, with the head 

extended and the forelimbs drawn caudally.  
   •      The site over the jugular vein is clipped and prepared aseptically as for 

surgery.  
   •      Sterile gloves are donned and a fenestrated drape is placed over the site.  
   •      An assistant raises the jugular vein.  
   •      The needle is inserted through the skin and into the jugular vein distally 

(a).  
   •      When blood has fl owed back into the hub, the catheter is threaded through 

the needle into the vein (b).  
   •      The needle is withdrawn from the vein lumen and the skin.  
   •      The protective needle guard is placed over the needle and all sections are 

connected tightly (c, d).  
   •      Attach the pre - fl ushed T - port and fl ush the catheter with heparinised 

saline.  
   •      The protective guard can be sutured to the skin to secure the unit in place.  
   •      Antibiotic ointment may be applied to the catheter entry site and a sterile 

dressing is applied.  
   •      The neck is bandaged with a layer of padding bandage, followed by 

cohesive or stockinette bandage. Ensure the bandage is not too tight 
around the neck as this may restrict breathing.     

    PLACEMENT OF PEEL - AWAY - SHEATH CATHETER 
     •      Collect equipment required and fl ush T - port/injection bung with 

heparinised saline.  
   •      Restraint and aseptic preparation are carried out as described previously 

for through - the - needle catheters.  
   •      A small skin incision is made with a no. 11 scalpel blade.  
   •      Insert the sheathed needle through the small nick in the skin and into the 

vessel.  
   •      Once within the vessel, the needle is stabilised and the sheath is advanced 

into the vessel.  
   •      The needle is removed and a gloved fi nger is placed over the opening to 

prevent excessive haemorrhage or inadvertent air embolisation.  
(Continued)
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   •      The catheter is inserted through the sheath ’ s lumen and advanced into 
position.  

   •      The two handles of the sheath are grasped and pulled outwards and 
upwards at the same time, to peel away the sheath from the catheter. Care 
must be taken to avoid displacing the catheter (see Figure  8.12 ).  

   •      The catheter is fl ushed, capped and sutured to the skin.  
   •      The site is dressed as described previously.       

     Figure 8.12     Peel - away sheath catheter.  

    SELDINGER TECHNIQUE FOR INTRODUCING CATHETERS 
 (see Figure  8.13 ) 
   •      Collect equipment required and fl ush T - port/injection bung with 

heparinised saline.  
   •      Restraint and aseptic preparation are as described previously for through -

 the - needle catheters.  
   •      Insert a percutaneous entry needle into the vessel (a).  
   •      Pass the guidewire through the needle and advance a portion of the wire 

into the vessel (b).  
   •      Withdraw the needle from the vessel and off the wire (c).  
   •      A dilator may be passed down the guidewire and rotated through the skin 

and subcutaneous tissues to reduce tissue drag when placing the intrave-
nous catheter. The dilator is removed, leaving the wire in place.  

   •      The catheter is advanced over the guidewire and into the vessel (d).  
   •      Remove the wire, cap the catheter and fl ush with heparinised saline (e).  
   •      Suture catheter to the skin and dress as described previously.       
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  Intraosseous  n eedles 
 Intraosseous needles provide an alternative direct route into the circulation. 
Intraosseous access is particularly useful in an emergency when intravenous 
access is diffi cult due to collapse of the vascular system. They also are often 
used in paediatric patients and small mammals where venous cannulation is 
diffi cult due to the small size of the patient. Various needles can be used for 
intraosseous injection, but most commonly needles with a central stylet, e.g. 
spinal needles, or commercial intraosseous needles are used (14 – 20 gauge). 
Hypodermic needles are occasionally used in paediatric patients and small 
mammals. 

(a) (b)

(c)

(e)

(d)

     Figure 8.13     Seldinger technique for introducing catheters.  
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 The system can be managed in a similar manner to an intravenous catheter 
and they can remain  in situ  for up to 72 hours, though they are more diffi cult 
to secure in ambulatory patients.   

    SITES FOR INTRAOSSEOUS NEEDLE PLACEMENT 
 Greater tubercle of humerus 
 Intertrochanteric fossa of femur 
 Medial surface of proximal tibia 
 Wing of ileum 
 Tibial tuberosity  

  Technique for  i ntraosseous  n eedle  p lacement 
 The technique used for placement of intraosseous needles (Figure  8.14 ) is 
described in the box below.     

    PLACEMENT OF AN INTRAOSSEOUS NEEDLE 
     •      Collect equipment required and fl ush T - port/injection bung with 

heparinised saline.  
   •      An assistant restrains the patient in lateral recumbency.  
   •      The skin over the proposed needle placement site is clipped and prepared 

aseptically as for surgery.  
   •      Sterile gloves are donned and a fenestrated drape may be used.  
   •      A small skin incision is made with a no. 11 scalpel blade over the site of 

needle placement.  
   •      The needle is inserted through the skin incision and seated fi rmly into the 

cortex of the selected bone using gentle rotation.  
   •      Once the needle has penetrated the cortex of the bone it will advance easily 

into the medullary cavity.  
   •      The stylet (if present) is removed from the needle and gentle suction applied 

with a sterile syringe. If the needle is correctly positioned bone marrow will 
be aspirated.  

   •      Cap the needle and fl ush with heparinised saline to main patency.  
   •      Secure the needle to the skin and dress the area with a sterile dressing 

appropriate to the site selected.       

  Maintaining  i ntravenous  c atheters 
 It is extremely important to maintain aseptic technique during both place-
ment and subsequent handling of intravenous (IV) catheters and intraosseous 
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(IO) needles. A number of simple steps can be taken to ensure this 
happens: 

   •      Wash and dry hands and don disposable gloves before and after handling 
IV catheters and IO needles.  

   •      Maintain a closed system at all times with the use of injection caps, needle -
 free valves, stopcocks or three - way taps.  

   •      Flush indwelling catheters and needles regularly with heparinised saline to 
maintain patency when not in use (every 4 – 6 hours).  

   •      Ensure the protective dressing is kept dry and clean and the catheter or 
needle is assessed at least daily.  

   •      Replace the dressing promptly if it becomes contaminated with urine, faeces, 
vomit, saliva or other exudates.  

   •      The catheter should be removed and an alternative vein catheterised if any 
signs of redness, swelling, pain or fever are present which might indicate 
thrombophlebitis. The catheter tip can be cultured if a catheter - related 
septicaemia is suspected.       

  FLUID DELIVERY SYSTEMS 

 There are various methods available to administer intravenous fl uids at a set 
rate per minute or per hour. 

     Giving  s ets 
 Giving sets can be categorised into three types: standard, paediatric and blood 
sets. It is important to remember that, if infusion pumps are to be used, the 
brand of infusion set must be compatible with the equipment. 

 Figure 8.14     An intraosseous needle with stylet removed. 
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  Standard  g iving  s ets 
 Standard giving sets deliver 15 or 20   drops/ml, but this can vary with the 
manufacturer, therefore the package must be checked prior to calculating the 
drip rate.  

  Paediatric  s ets 
 Paediatric sets deliver 60   drops/ml. This allows more accurate administration 
of smaller fl ow rates.  

  Blood  s ets 
 Blood sets incorporate a nylon net fi lter to remove any coagulation debris 
during blood transfusion. They generally deliver 15 or 20   drops/ml.   

  Burettes 
 A burette is a graduated chamber that holds a small amount of fl uid, e.g. 
150   ml (Figure  8.15 ). They are incorporated into the fl uid system as either part 
of the giving set itself, or as a separate attachment which is connected to a 
standard giving set. They are designed for precise measurement and control 
of small volume infusions in animals. They are also useful in drug therapy, 
when the agent must be administered over a set period of time.    

  Fluid infusion pumps 
 Fluids are commonly administered by gravity fl ow with manual adjustment of 
a roller clamp to select the appropriate number of drops per minute. The fl uid 
bag must be placed above the level of the patient to ensure fl uid fl ows into 

     Figure 8.15     A burette. This may be incorporated into the fl uid system as either part of 
the giving set itself, or as a separate attachment which is connected to a standard giving 
set.  
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     Figure 8.16     Volumetric fl uid pump.  

the patient and to prevent the backfl ow of blood from the patient. Problems 
encountered using this system include diffi culty in maintaining constant fl ow, 
high dependency on patient position to maintain fl ow, and inaccurate visual 
selection of drip rate.

   

Drops per minute
Body weight kg Infusion rate ml h Infu

=
( ) × ( ) × ssion set calibration drops ml

minutes in h
( )

( )60 1   

 Infusion pumps and drip rate counters may be used to regulate and monitor 
fl uid administration rate and overcome some of the problems encountered 
using the manual gravity fl ow system. 

 Infusion pumps operate either by applying peristaltic pressures to the 
outside of the giving set and measuring the rate of fl ow by counting the drops 
passing through an optical gate clipped on to the drip chamber (peristaltic or 
rate consistent pump), or by drawing in measured quantities of fl uid from the 
fl uid bag according to the required infusion rate (volumetric pump) (Figure 
 8.16 ).   

 Depending on the pump a variety of settings are available: fl uid infusion 
rate (ml/h), volume to be infused, volume delivered, etc. Most pumps incor-
porate alarm systems that detect air within the fl uid line, obstructions to fl uid 
fl ow, selected volume to be infused delivered and so on. Some pumps will 
continue to deliver a small volume of fl uid to keep the intravenous catheter 
patent once the total volume to be delivered has been achieved.  

  Syringe  d rivers 
 Syringe drivers (Figure  8.17 ) are useful for infusion of small volumes of fl uid 
or for controlled intravenous delivery of drugs, e.g. metronidazole. Syringe 
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drivers normally take standard disposable syringes on a rack that is driven by 
a worm drive coupled to a gearbox and motor, or directly to a stepping motor. 
These usually work from the mains electricity supply but may also be battery 
operated or clockwork.   

 The Springfusor  ®   (Go Medical Industries Pty Ltd) is a reusable spring driven 
syringe pump with Flow Control Tubing (available in a range of different fl ow 
rates) controlling the infusion rate.  

  Accessories 
 Various other pieces of equipment are available for use in fl uid 
administration. 

  Injection  c aps,  n eedle -  f ree  v alves,  s topcocks (closed  c aps) and 
 t hree -  w ay  t aps 
 These assist in maintaining a closed system by plugging catheters or fl uid lines 
when fl uids are not being administered. This minimises contamination of the 
catheter. Additionally they allow easy administration of heparin and other 
drugs.  

  Check  v alves 
 A check valve functions as a one - way valve allowing intravenous fl uid to pass 
through under normal infusion pressure but preventing backfl ow of fl uid or 
blood should the distal pressure within the administration line exceed the 
infusion pressure. These valves will prevent bleeding should the patient bite 
through the IV line proximal to the valve and will prevent backfl ow of fl uids 
under pressure from a secondary administration set, e.g. when using a Y - type 
set.  

     Figure 8.17     Syringe drivers.  
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  Extension  s ets 
 Tubing with male and female luer connections at both ends is available. It 
attaches to the catheter or T - port and giving set, providing extra length to the 
giving set, and allows easy disconnection from the fl uid system when moving 
the patient. Additionally, extension sets are more lightweight than standard 
giving sets and can help to reduce the drag on the patient connection. This is 
especially important in cats and small dogs.  

  Swivel  c onnectors 
 These connectors allow 360 - degree rotation of closed fl uid administration 
path minimising twisting of fl uid administration lines.  

   T  -  port or  c onnector 
 A T - port consists of an injection bung, tubing and slide clamp. It is attached 
between the catheter and extension set or giving set. It allows direct venous 
access for intravenous medications that are administered via the injection port, 
rather than necessitating the removal of the giving set or injection of the drug 
through one of the injection ports on the giving set at a site distant to the 
patient. This is particularly important when drugs need to be administered as 
a bolus, e.g. cardiopulmonary arrest.  

  Intravenous  s tylets 
 Stylets can be used to maintain catheter patency without the need for inter-
mittent heparinisation. The IV stylet seals the catheter throughout its entire 
length and removes the risk of clot formation within the catheter lumen and 
around its tip. These are of particular value in smaller patients that may be at 
risk of overheparinisation following repeated administration of heparinised 
saline.  

   Y  -  t ype  c onnectors 
 Y - type connectors allow administration of two separate fl uid types into the 
same catheter. These are more practical in larger patients.     

  MONITORING THE CLINICAL RESPONSE TO FLUID THERAPY 

 Various physiological parameters are routinely monitored in anaesthetised 
patients (see Chapter  9 ). These measurements provide critical information 
about the central nervous, cardiovascular and respiratory systems that is 
essential to judge the effect anaesthetic drugs are having on the patient and to 
assess the depth of anaesthesia. However, the same measurements can provide 
useful information about the patient ’ s fl uid balance: 
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   •      Mucous membrane colour, e.g. pale, ashen or hyperaemic (or  ‘ injected ’ ) 
rather than pink.  

   •      Mucous membrane status, e.g. tacky or dry rather than moist.  
   •      Capillary refi ll time (CRT). Although CRT is frequently used as an indicator 

of volume status it may be changed as a result of vasoconstriction, e.g. in 
response to hypovolaemia, heart failure or endotoxaemia. Changes in body 
temperature can also change CRT.  

   •      Heart rate. Heart rate may increase in response to hypovolaemia. However, 
heart rate may also increase in response to an inadequate depth of anaes-
thesia, pain and so on.  

   •      Peripheral pulse rate, rhythm quality (pressure and duration). The labial, 
lingual, coccygeal, auricular or dorsal metatarsal arteries should be assessed 
in preference to the central arteries as this provides a better assessment of 
peripheral perfusion.  

   •      The temperature of the peripheral extremities is a refl ection of the quality 
of the circulation. Cold extremities suggest poor perfusion.  

   •      Respiratory rate, rhythm and character.  
   •      Skin turgor.  
   •      Subcutaneous oedema.  
   •      Arterial blood pressure; invasive or non - invasive methods. Hypotension 

may be indicative of a decrease in effective circulating blood volume (see 
Chapter  9 ).  

   •      Urine output; minimum production of 1 – 2   ml/kg/h. Oliguria ( < 0.5   ml/kg/h) 
may indicate decreased renal perfusion in anaesthetised patients.  

   •      Central venous pressure (CVP).  
   •      Blood analysis. Blood samples may be required from anaesthetised patients. 

If this is anticipated, a dedicated intravenous catheter may be placed or 
samples collected from the CVP catheter. The range of values that may be 
required and can be measured will largely depend on the practice laboratory 
facilities, but all of the following may be measured and used to assess 
changes in the fl uid therapy protocol: urea, creatinine, sodium, potassium, 
chloride, calcium, bicarbonate, total protein, albumin, glucose, lactate, 
 P aO 2 ,  P aCO 2 , pH and PCV.    

 Measurement of urine output and CVP are particularly useful tools when 
assessing the adequacy of the fl uid load in anaesthetised patients. 

  Measurement of  u rinary  o utput 
 Accurate measurement of urinary output in anaesthetised patients requires an 
indwelling or temporary urinary catheter. Intermittent catheterisation is 
unsuitable in anaesthetised patients. 

 There is a variety of suitable catheter types available (Foley, PVC dog, 
Jackson cat and silicone rubber catheters) and most may be attached to closed 
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urine collection systems (Figure  8.18 ). The catheter should be placed 
using aseptic technique to minimise the chances of the patient developing a 
urinary tract infection, and the collection bag should be secured below the 
level of the patient to avoid urine refl ux into the urethra and bladder. Closed 
collection systems ensure that the patient remains clean, dry and comfortable. 
This is particularly important as excessive wetting of the hair coat can lead 
to hypothermia. In addition the veterinary nurse can access the fl uid collection 
bag easily to record urine volume without compromising surgical asepsis. 
Alternatively, intermittent drainage may be used, although in many cases 
the position of the animal and the use of surgical drapes can make this 
diffi cult.    

  Central  v enous  p ressure 
 Monitoring CVP in patients undergoing intensive fl uid therapy is very useful. 
The CVP measures the pressure of the blood in the right atrium, and can give 
an indication of the ability of the heart to pump the blood returned to the 
heart. Measurement of CVP will allow an estimation of the animal ’ s intravas-
cular fl uid status and fl uid requirements, and will allow accurate monitoring 
of the effects of fl uid replacement. In patients with renal or cardiac failure 
who are prone to developing hypertension, it is advisable that the CVP is 
monitored. 

     Figure 8.18     Closed urine collection system attached to an indwelling urinary catheter. 
Note that the bag is protected within a self - sealing disposable plastic bag.  
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 One or all of the following can affect CVP: 

   •      circulating blood volume;  
   •      venous tone;  
   •      heart rate;  
   •      right ventricular function;  
   •      intrathoracic pressure;  
   •      intrapericardial pressure.    

  Measurement of  CVP  
 A long catheter is inserted aseptically into the jugular vein and advanced until 
the tip of the catheter lies within the cranial vena cava. The catheter is con-
nected by an extension set to a three - way tap. Also connected to the three - way 
tap is a bag of crystalloids via a giving set. A water manometer tube (marked 
in centimetres) is connected to the remaining opening of the three - way tap. 
The zero point of the scale should be level with the right atrium, i.e. at the 
level of the manubrium if the patient is in lateral recumbency or the level of 
the fourth costochondral junction if the patient is in sternal recumbency. The 
crystalloids may be used to provide fl uids to the patient during the anaesthetic 
procedure (Figure  8.19 ).   

 To measure CVP the three - way tap is turned to allow fl uid from the fl uid 
bag to fi ll the manometer line. This prevents fl uids being administered to the 
patient. The three - way tap is then turned to open the fi lled manometer tube 
to the extension set and jugular catheter. The fl uid level in the manometer will 
fall and equilibrate until it stabilises at the patient ’ s CVP. If the tip of the 
catheter is in the correct place, the meniscus in the manometer will fl uctuate 
a few millimetres during respiration. 

Three-way tap

Jugular catheter

Fluid bag

Level of right atrium
or sternum

Water manometer

0 cm H2O

     Figure 8.19     Measurement of central venous pressure.  
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 Changing trends in CVP are much more signifi cant than an individual 
reading. Thus, it is important to measure CVP in as technically precise a 
manner as possible and to obtain consecutive measurements with the patient 
in the same position each time.   

      Normal CVP range (dog): 0 – 10   cmH 2 O 
 Normal CVP range (cat): 0 – 5   cmH 2 O  

 A central venous pressure reading of less than 0 indicates that fl uid therapy is 
required. If the CVP reading is at the high end of the normal range or 
2 – 5   cmH 2 O above that level, fl uid therapy should be conservative, i.e. normal 
maintenance rate. Above this level, fl uid therapy should be discontinued or 
reduced because the patient may be in heart failure or volume overload.    

  SUMMARY 

 The veterinary nurse plays a key role in the management of patients receiving 
fl uid therapy. 

 Understanding body fl uid dynamics and recognition of the clinical signs 
associated with dehydration and poor perfusion are critical, both to establish 
the need for fl uid therapy and to monitor the patient ’ s response to administra-
tion of fl uids. 

 Knowledge of catheter types and sizes available, and experience with dif-
ferent placement techniques, allow a more diverse choice in vascular access; 
all intravenous catheters must be properly placed and well maintained to 
reduce the incidence of phlebitis and extravasation of intravenous fl uids. 
Similarly, selection of an appropriate administration system is important, as 
is the correct calculation of fl ow rates because overinfusion of fl uids can 
endanger the patient; to this end constant re - evaluation of the fl uid therapy 
regime is essential for optimal patient care.  

  REFERENCES AND FURTHER READING 

    Adamantos ,  S.  ,   Boag ,  A.    &    Hughes ,  D.   ( 2005 )  Clinical use of a haemoglobin - based 
oxygen carrying solution in dogs and cats .  In Practice   27 ,  399  –  405 .  

    Adamantos ,  S.    &    Alwood ,  A.   ( 2007 )  Vascular access . In:  BSAVA Manual of Canine 
and Feline Emergency and Critical Care   2 nd  edition  (eds   L.G.   King   and   A.   Boag  ), 
pp  8  –  16 .  British Small Animal Veterinary Association ,  Gloucester .  



232 Anaesthesia for Veterinary Nurses 

    Battaglia ,  A.M.   ( 2007 )  Small Animal Emergency and Critical Care for Veterinary 
Technicians   2 nd  edition .  Saunders Elsevier ,  St Louis .  

    Boag ,  A.    &    Hughes ,  D.   ( 2007 )  Fluid therapy . In:  BSAVA Manual of Canine and Feline 
Emergency and Critical Care  (  eds eds L.G.   King   and   A.   Boag  ), pp.  30  –  45 . British 
 Small Animal Veterinary Association ,  Gloucester .  

    DiBartola ,  S.P.   ( 2006 )  Fluid, Electrolyte, and Acid - Base Disorders in Small Animal 
Practice   2 nd  edition .  Saunders Elsevier ,  Philadelphia .  

    Goggs ,  R.  ,   Humm ,  K.    &    Hughes ,  D.   ( 2008 )  Fluid therapy in small animals 1. Principles 
and patient assessment .  In Practice   30 ,  16  –  19 .  

    Goggs ,  R.  ,   Humm ,  K.    &    Hughes ,  D.   ( 2008 )  Fluid therapy in small animals 3. Colloid 
solutions .  In Practice   30 ,  136  –  142 .  

    Humm ,  K.  ,   Goggs ,  R.    &    Hughes   D.   ( 2008 )  Fluid therapy in small animals 2. Crystalloid 
solutions .  In Practice   30 ,  85  –  91 .  

    Knottenbelt ,  C.    &    Mackin ,  A.   ( 1998a )  Blood transfusions in the dog and cat. Part 1. 
Blood collection techniques .  In Practice   20 ,  110  –  114 .  

    Knottenbelt ,  C.    &    Mackin ,  A.   ( 1998b )  Blood transfusions in the dog and cat. Part 2. 
Indications and safe administration .  In Practice   20 ,  191  –  199 .  

    Macintyre ,  D.K.   ( 1995 )  The practical use of constant - rate infusions . In:  Kirk ’ s Current 
Veterinary Therapy   XII ,  184 .  

    Moon ,  P.   ( 1999 )  Fluid therapy . In:  Manual of Small Animal Anaesthesia and Analgesia . 
 British Small Animal Veterinary Association ,  Cheltenham .  

    Muir ,  W.W.  ,   Hubbell ,  J.A.E.  ,   Skarda ,  R.T.    &    Bednarski ,  R.M.   ( 2000 )  Handbook of 
Veterinary Anesthesia ,  3 rd  edition .  Mosby Inc ,  St Louis .  

    Welsh ,  E.    &    Girling ,  S.J.   ( 2007 )  Fluid therapy and shock . In:  BSAVA Textbook of 
Veterinary Nursing   4th edition  (eds   D.   Lane  ,   B.   Cooper   and   L.   Turner  ), pp.  388  –
  411 .  British Small Animal Veterinary Association ,  Gloucester .  

    Wingfi eld ,  W.E.   ( 2001 )  Veterinary Emergency Medicine Secrets   2 nd  edition .  Hanley  &  
Belfus ,  Philadelphia .   

 
 

  



 233 

9 Monitoring the 

Anaesthetised Patient  

  Louise   Clark       

     General anaesthesia is a controlled reversible loss of consciousness 
accompanied by analgesia, amnesia, narcosis and depressed refl ex responses. 
In removing consciousness, anaesthesia also changes the function of other 
body systems, especially and critically the cardiovascular and the respiratory 
systems. Anaesthetic monitoring is performed to recognise any harmful trends 
in the function of these and other systems and to allow timely and appropriate 
action to be taken. 

 The level of sophistication of monitoring technology available in general 
practice has increased markedly in recent years. The choice of any particular 
monitoring technique may be governed by availability but should also take 
into account the patient status and the nature of the procedure being 
performed.  Expensive and complex equipment is no substitute for good 
observation and sound clinical judgement.  All available information must be 
assimilated and interpreted to allow appropriate decisions to be made. 

 Monitoring should be continual, although it is usual to record data in chart 
form every 5 minutes. This serves as a pictorial record of the anaesthetic period 
and allows early appreciation of developing trends. A written record is also a 
medico - legal document. 

 Whilst the majority of this chapter is concerned with intra - operative patient 
monitoring, all animals should be observed closely once pre - anaesthetic 
medication has been administered. In this way adverse or excessive reactions to 
sedatives administered will be noted promptly. This is of particular importance 
in any animal with respiratory problems and in brachycephalic breeds. It is also 
imperative to keep small patients warm because pre - anaesthetic medication can 
predispose to hypothermia even before the patients are anaesthetised. 
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 Many of the techniques described are also applicable during the recovery 
period (see Chapter  10 ).  

  CENTRAL NERVOUS SYSTEM FUNCTION 

 Monitoring the depth of anaesthesia is largely based upon assessment of 
the degree of neuraxial depression. Patients should be anaesthetised to a depth 
just adequate to prevent obvious responses to surgery. The procedure 
being performed and the skill of the surgeon will infl uence the appropriate 
depth. 

 Classically, descriptions of the stages of anaesthesia describe the responses 
of humans undergoing mask induction with an inhalational agent, tradition-
ally ether (Guedel  1974 ). These descriptions discuss four stages of 
anaesthesia: 

        Stage  I  ( v oluntary  e xcitement or  a nalgesia) 
     •      From induction until unconsciousness is present.  
   •      May resist induction and show fear and apprehension, then disorientation.     

  Stage  II  ( i nvoluntary  e xcitement) 
     •      From unconsciousness until rhythmic breathing is present.  
   •      All cranial nerve refl exes are present and may be hyperactive.     

  Stage  III  ( s urgical  a naesthesia) 
     •      Divided into four planes.  
   •      Anaesthesia progressively deepens with increasing plane.  
   •      Planes 2 and 3 are satisfactory for most surgical procedures.  
   •      Plane 4  –  very deep surgical anaesthesia  –  is not usually required clinically.     

  Stage  IV  ( o verdose) 
     •      Respiratory paralysis.  
   •      Pulse impalpable.  
   •      Ashen pale mucous membranes.  
   •      Beware: agonal gasping can mimic light anaesthesia.    

 This system is no longer widely taught and to some extent is no longer valid 
because of the widespread use of injectable induction agents where Stages I 
and II are not observed, and the use of newer inhalational agents administered 
after pre - anaesthetic medication where induction of anaesthesia is generally 
very smooth. However, the progression of signs described generally represents 
the transition from light to deep anaesthesia and then to overdose and fi nally 
death. 



Monitoring the Anaesthetised Patient 235 

 Recovery from general anaesthesia and a return to consciousness involves 
the reverse of the stages described above, i.e. Stage III plane 3, plane 2, through 
to Stage I.   

  Cranial  n erve  r efl exes 
 Deepening anaesthesia reduces cranial nerve refl exes. The most useful indica-
tors of anaesthetic depth and usually the most accessible are the ocular refl exes. 

   •      Palpebral refl ex becomes sluggish with increasing depth of anaesthesia and 
is usually lost at a surgical plane. This is tested by  gently  running a fi nger 
along the edge of the eyelid. Repeated testing reduces the presence of the 
refl ex.  

   •      Eye position in dogs and cats becomes ventromedial, a return to a central 
eye position occurring with deep anaesthesia (Figure  9.1 ).  

   •      Ketamine anaesthesia is associated with a brisk palpebral refl ex and a 
central eye position.  

   •      Corneal refl ex is not a good indicator of depth of anaesthesia; it can be 
present after cardiac arrest. It is usually tested with a damp cotton bud 
wiped over the cornea: the patient blinks and withdraws; the eye retracts 
into the orbit. It is easy to cause trauma in attempting to elicit it and is 
rarely used.  

   •      Palpebral fi ssure is wide during very light or deep anaesthesia.  
   •      Lacrimation may be seen during light anaesthesia, as may nystagmus 

(particularly in horses). Lacrimation slows dramatically in deeply anaesthe-
tised patients and a sterile ophthalmic ointment should be instilled into 
the conjunctival sac following induction of general anaesthesia to minimise 

     Figure 9.1     The eye in this anaesthetised dog is rotated ventromedially.  
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corneal desiccation. Lacrimation is also reduced in the 24 hours following 
general anaesthesia and further postoperative ocular lubrication may be 
required.  

   •      Pupillary light refl ex is active under anaesthesia.  
   •      Mydriasis or miosis may be present, depending upon the anaesthetic tech-

nique used. For example, buprenorphine causes mydriasis in cats, ketamine 
causes mydriasis in many species.  

   •      Pharyngeal and laryngeal tone diminishes with increasing anaesthetic depth. 
It is therefore important that a patent airway is maintained throughout 
anaesthesia and until the pharyngeal and laryngeal refl exes return in recov-
ery. This is especially important in brachycephalic breeds where a decrease 
in muscle tone can result in airway obstruction, with potentially fatal 
consequences.  

   •      Electroencephalography (EEG) has been used in both humans and animals 
to provide a direct measure of neural activity. There are now commercial 
systems available that process raw EEG data to guide the anaesthetist as 
to the depth of anaesthesia present. These systems are becoming widely 
used in human practice due to concerns regarding awareness events under 
general anaesthesia. There is as yet limited research involving dogs, cats and 
horses.       

  Other  r efl exes 
     •      Muscle tone is progressively diminished as the depth of anaesthesia increases.  
   •      Loss of jaw tone and tongue curl is indicative of deepening anaesthesia. This 

is useful in determining whether a suffi cient  ‘ depth ’  has been reached to 
allow endotracheal intubation.  

   •      A pedal withdrawal refl ex is elicited by pinching the skin between the toes. 
It is lost at surgical planes of anaesthesia.  

   •      Some anaesthetic agents used in isolation, e.g. ketamine, are poor muscle 
relaxants and muscle tone is lost only once the degree of neuraxial 
depression is excessive.  

   •      Muscle tone cannot be used to evaluate anaesthetic depth when neuro-
muscular blocking agents are used.      

  Cardiovascular  r esponses to  s urgery 
     •      Surgical stimulation and anaesthetic depth infl uence heart rate and blood 

pressure.  
   •      Heart rate and blood pressure are lowered with deep anaesthesia. Conversely 

an increasing blood pressure and heart rate may be indicative of inadequate 
anaesthesia. Horses tend to have a stable heart rate uninfl uenced by anaes-
thetic depth.     
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  Respiratory  r esponses to  s urgery 
     •      Rate, tidal volume and pattern alter with anaesthetic depth.  
   •      Generally, as anaesthesia deepens, minute volume decreases.     

  Skeletomuscular  r esponses to  s urgery 
     •      Remember that paralysed animals are unable to move in response to inad-

equate anaesthesia.  
   •      Movement may be the fi rst sign of lightening anaesthesia in the horse.  
   •      Movement in response to a noxious stimulus may or may not imply con-

scious awareness as it may be partially due to the drugs administered. 
However, it precludes surgery and anaesthesia should therefore be modifi ed 
appropriately.      

  CARDIOVASCULAR FUNCTION 

 The cardiovascular system provides tissue perfusion by maintaining a driving 
force for blood fl ow through blood vessels. This driving force (mean arterial 
pressure; MAP) is dependent upon cardiac output (CO) and systemic vascular 
resistance (SVR).

   MAP CO SVR= ×   

 Cardiac output is determined by heart rate (HR) and stroke volume (SV).

   CO HR SV= ×   

 Since stroke volume depends on preload and afterload, the function of the heart 
and vascular system are interdependent and evaluation of the overall cardiovas-
cular status of the patient requires assessment of several pieces of information.   

       Control of  h eart  r ate ( HR ) 

     •      Autonomic nervous system: parasympathetic tone predominates at rest 
especially in horses  

   •      Local factors, e.g. temperature, pH and tissue stretch  
   •      Drug administration, e.g. atropine  
   •      Disease     

  Control of  s troke  v olume ( SV ) 

     •      Change in preload (see below)  
   •      Change in afterload (see below)  

(Continued)
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  Heart 
  Rate and  r hythm 
 Palpation of the apex beat is used in very small animals but gives no indication 
of cardiac output. Auscultation with a normal stethoscope will allow measure-
ment of rate and rhythm and appreciation of mechanical activity but is often 
diffi cult to use under drapes. Instead, an oesophageal stethoscope (Figure  9.2 ) 

   •      Change in HR  
   •      Change in myocardial contractility (also affected by preload)  
   •      Cardiac arrhythmias     

  Control of  s ystemic  v ascular  r esistance 

     •      Autonomic nervous system  
   •      Central venous pressure  
   •      Cardiac output  
   •      Mean arterial blood pressure  
   •      Humoral mechanisms, e.g. epinephrine, norepinephrine, renin – 

angiotensin, vasopressin  
   •      Local factors, e.g. accumulation of metabolic byproducts, tissue oxygen 

demand, electrolytes, prostaglandin release, etc.  
   •      Drugs, e.g. ACP, barbiturates, volatile agents all decrease SVR     

  Preload 

     •      The force acting on a muscle just before contraction  
   •      Frank – Starling law of the heart:  ‘ the energy of contraction is proportional 

to the initial length of the cardiac muscle fi bre ’ , i.e. as end diastolic volume 
increases as a result of increased venous return, cardiac muscle fi bre 
length increases and stroke volume increases  

   •      The most important determining factor for preload is venous return  
   •      Hypovolaemia, vasodilation and venous occlusion decrease preload     

  Afterload 

     •      The tension that a muscle must develop before it can begin to shorten 
(contract)  

   •      The afterload of the left ventricle depends on aortic pressure, systemic 
vascular resistance, the capacitance of the vascular system and the visco-
elastic properties of blood  

   •      Increases in afterload decrease stroke volume  
   •      High sympathetic tone, cardiac outfl ow disorders and drugs may increase 

afterload      
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can be used, either connected to earpieces or to an amplifi er and loudspeaker. 
It consists of a hollow tube and a cuff with multiple holes that is placed in 
the oesophagus to the level of the heart base. It is placed by measuring from 
the mouth to about the fi fth intercostal space and advancing it dorsal to the 
endotracheal tube until the heart and breath sounds can be heard. Lubrication 
with water or water - soluble gel, e.g. K - Y ™  jelly, allows it to be placed more 
easily. Cardiac output cannot be appreciated so this method should be used 
in conjunction with palpation of a pulse as a minimum.    

  Electrocardiography 
 Electrocardiographs record electrical activity within the heart and allow the 
accurate diagnosis and treatment of cardiac arrhythmias and conductions 
defects. They do not, however, supply any information regarding the mechani-
cal activity or cardiac output of the heart. Even in the face of reduced cardiac 
output and poor tissue perfusion the electrocardiogram (ECG) may appear 
normal.  It is even possible for an ECG to appear normal when mechanical 
activity has ceased, and the ECG should never be used as the sole indicator 
of cardiac function.  

 Standard lead confi guration (for anaesthetic monitoring) consists of three 
electrodes, placed on the two forelimbs and the left hindlimb. The electrocar-
diograph measures the potential difference on the surface of the animal 
between two electrodes with the third acting as an earth. The usual placement 
of leads is red on right forelimb, yellow on left forelimb, green on left hindlimb. 

     Figure 9.2     An oesophageal stethoscope.  
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A lead II trace comparing right forelimb and left hindlimb can then be obtained. 
This most closely follows the axis of the heart and therefore gives the largest 
trace. Alteration of electrodes may be required due to positioning or surgery. 
A base apex confi guration can be used in this situation, with one lead at the 
heart base, one at the apex and a third acting as earth. It should be noted that 
this results in a change in ECG morphology, but is useful for arrhythmia 
detection. Good contact with the animal is essential and can be provided with 
crocodile clips and surgical spirit or electrode gel. Gel tends to be longer 
lasting. Standard silver/silver chloride electrocardiograph pads placed and 
taped onto the digital pads are better than crocodile clips in small animals but 
are more expensive (Figure  9.3 ), whilst needles placed transcutaneously are 
better in horses as they tend to sweat. An amplifi er boosts this electrocardio-
graph signal. Monitoring electrocardiographs have a response range of about 
0.5   Hz to 40   Hz (in diagnostic machines, the range is wider). The signal is also 
fi ltered to reduce noise. An oscilloscope then displays the amplifi ed ECG 
signal. The electrocardiograph is subject to 50   Hz mains interference and high 
frequency interference e.g. from electrocautery. Newer machines have better 
shielding and fi lters making routine use much less frustrating.  CARE : an inap-
propriately positioned diathermy plate can cause burns at the site of the 
electrocardiograph electrodes due to passage of current via the electrocardio-
graph and a high ensuing current density.   

 In some cases, placing the electrocardiograph lead before induction of 
anaesthesia is worthwhile, especially in critically ill patients or those known 
to be at risk of developing arrhythmias, e.g. those with severe cardiac disease, 
following trauma, or with severe metabolic compromise, e.g. gastric 
dilation – volvulus. 

 The electrocardiograph is a non - invasive easy - to - use monitor that provides 
information not readily obtainable by other methods. Figure  9.4  shows a 
normal ECG.       

    ELECTROCARDIOGRAPHY  –  IMPORTANT POINTS 
     •      Electrocardiographs record electrical activity within the heart and allow the 

accurate diagnosis and treatment of cardiac arrhythmias  
   •      ECGs do not supply any information regarding the mechanical activity of 

the heart or cardiac output  
   •      ECG can appear normal when mechanical activity has ceased  
   •      ECGs should  never  be used as the sole indicator of cardiac function  
   •      An electrocardiograph is a non - invasive, easy to use monitor that provides 

information not readily obtainable by other means     
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  Common  i ntra -  o perative  h eart  r ate  p roblems and 
 t heir  m anagement 
  Bradycardia 
 At very low heart rates, cardiac output may be insuffi cient to maintain 
adequate blood pressure Occasionally high blood pressure can result in 
bradycardia via baroreceptor - mediated responses. 

 Causes of intra - operative bradycardia include: 

   •      anaesthetic agent overdose;  
   •      hyperkalaemia;  
   •      drugs, e.g. opioids, parasympathomimetics;  
   •      vagal stimulation;  
   •      hypothermia;  

     Figure 9.3     ECG pads are less traumatic than crocodile clips.  
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     Figure 9.4     Normal ECG. P wave  –  depolarisation from the sino - atrial node across the 
atria. QRS complex  –  depolarisation of the ventricular myocardial mass. T wave  –  repolari-
sation of the ventricular myocardium. (Not to scale)  
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   •      terminal hypoxia;  
   •      hypoglycaemia;  
   •      end - stage metabolic failure;  
   •      heart failure or conduction problems;  
   •      raised intra - cranial pressure.    

 It is most useful to interpret heart rate alongside blood pressure (see below) 
as this gives a better overall assessment of the cardiovascular system and 
allows a better appreciation of the likely underlying cause and therefore the 
appropriate treatment.  

  Tachycardia 
 High heart rates increase the heart ’ s demand for oxygen and can lead to myo-
cardial hypoxia. Very high rates also compromise cardiac output because the 
time available for the ventricles to fi ll with blood is reduced. Myocardial 
hypoxia can lead to arrhythmias. Tachycardia can be associated with hyper-
tension due to a rising sympathetic tone, for example when anaesthesia and 
analgesia are inadequate: in this case, the response would be to improve 
analgesia and/or increase the depth of anaesthesia. 

 Tachycardia may be associated with hypotension. In these cases, the 
tachycardia is mediated by the baroreceptors and is a response to hypotension, 
e.g. hypovolaemic shock. 

 Causes of intra - operative tachycardia include: 

   •      inadequate anaesthesia or analgesia;  
   •      hypoxia;  
   •      hypercapnia;  
   •      hypotension;  
   •      drugs: parasympatholytic drugs e.g. atropine,  β  1  agonist drugs, e.g. epineph-

rine and dobutamine,  β  2  agonist drugs, e.g. clenbuterol (horses);  
   •      hypothermia;  
   •      hyperthermia;  
   •      catecholamine - secreting adrenal tumours (unusual).     

  Arrhythmias 
 While the presence of arrhythmias may be indicative of myocardial or systemic 
disease, in the anaesthetised patient they may also be a result of: 

   •      myocardial trauma or infl ammation;  
   •      myocardial hypoxia;  
   •      catecholamine release due to inadequate anaesthesia/analgesia;  
   •      hypercapnia;  
   •      systemic electrolyte or acid/base disturbances;  
   •      mechanically induced, due to surgery on or around the heart.    



Monitoring the Anaesthetised Patient 243 

 Good anaesthetic management will minimise the development of 
arrhythmias. 

 Cardiac arrhythmias require treatment when: (1) they cannot be corrected 
by removing the underlying cause; (2) they are haemodynamically relevant; or 
(3) they may potentially deteriorate into a life - threatening arrhythmia.  

   ‘  R  -  w ave  m onitors ’  
  ‘ R wave monitors ’  are designed to count QRS complexes. They have a ten-
dency to also count T - waves in domestic species leading to inaccurate heart 
rates and do not allow diagnosis of arrhythmias.   

  Blood  p ressure 
 Blood pressure provides the driving force for tissue perfusion. Normal blood 
pressures are shown in Table  9.1 . When the mean arterial blood pressure is 
maintained in the range of about 60 – 120   mmHg, blood fl ow to the major 
organs is autoregulated. In other words, there are local mechanisms that 
ensure that blood fl ow to the vital organs is adequate. When mean arterial 
pressure falls below about 60   mmHg, it is said that tissue perfusion is reduced. 
This results in the accumulation of lactic acid, leading to acidosis. Hypoxia 
due to a failure of perfusion can also result in ischaemic damage to tissues. 
The canine and feline kidneys are vulnerable to such damage, which is the 
reason why poorly managed anaesthesia can precipitate or hasten the onset 
of renal failure.   

 In addition, monitoring of blood pressure over time can indicate changes 
in anaesthetic depth (mean arterial pressure tends to increase with inadequate 
anaesthesia and decrease if anaesthesia is too deep) and also supply informa-
tion regarding the vascular volume status of the animal. 

  Assessment of  b lood  p ressure 
  Palpation 
 Palpation of the pulse bears little correlation with arterial blood pressure 
because the palpable pulse pressure is the difference between systolic and 
diastolic blood pressure and is therefore a refl ection of stroke volume; e.g. a 
hypovolaemic animal with a weak thready pulse may in fact be normotensive 
but relatively vasocontricted with a small stroke volume. 

 Table 9.1     Normal blood pressure in conscious animals. 

        Dog     Cat  

  Systolic pressure (mmHg)    110 – 190    120 – 170  

  Diastolic pressure (mmHg)    55 – 110    70 – 120  

   Mean arterial blood pressure   =   Diastolic pressure   +   (systolic  –  diastolic pressure)/3  
  Note: there are some breed related differences  –  normal sighthounds, for example, tend 
to be relatively hypertensive.   
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 It is very diffi cult, some say impossible to assess blood pressure from pulse 
pressure in small animals, although some assessment may be possible in horses 
by assessing the pressure required to occlude a peripheral artery. 

 Pulse amplitude and duration should be considered and a comparison of 
femoral and metatarsal pulses performed. In small animals (dogs, cats and 
rabbits) it is generally accepted that in hypotension, the peripheral pulses (e.g. 
metatarsal, lingual etc.) disappear fi rst: the femoral arterial pulse (a central 
pulse) will remain in the face of severe hypotension. However, this site may 
represent the only palpable artery in very small patients.    

    PALPATION OF PERIPHERAL ARTERIES 
 (see Figure  9.5 ) 
   •      Lingual: near midline, ventral surface of proximal tongue  
   •      Dorsal metatarsal: dorso - medially on the metatarsus  
   •      Carpal: medial to midline, palmar aspect of metacarpus  
   •      Auricular: middle of the pinna of the ear  
   •      Labial: upper lip caudal to canine tooth  
   •      Coccygeal: ventral surface near the base of the tail       

  Direct  b lood  p ressure  m onitoring (invasive) 
 This is the  ‘ gold standard ’  for blood pressure monitoring, providing accurate 
beat - to - beat information with sustained accuracy; in general the systolic pres-
sure will be slightly higher and the diastolic pressure slightly lower than those 
achieved using indirect methods. It is recommended over non - invasive tech-
niques for cases with cardiovascular instability either due to haemorrhage or 
underlying disease. 

 Normally, the dorsal metatarsal artery is cannulated in the dog (Figure  9.6 ) 
and the femoral or dorsal metatarsal artery in the cat, though auricular arteries 
may be useful in some breeds of dog. The intra - arterial catheter is connected 
to a T - port and then to a column of bubble free heparinised saline in non -
 compliant tubing at a pressure of 300   mmHg. The saline column moves back 
and forth with arterial pulsations. There is a diaphragm between the column 
of saline and a strain gauge variable resistor transducer: the diaphragm moves 
in response to the transmitted waveform from the arterial catheter and this 
movement is converted to an electrical signal by the transducer. The transducer 
is connected to an amplifi er and oscilloscope which displays the arterial pulsa-
tions as a waveform.   

 Heparinised saline (volume dependent on patient size and the dead space 
within the system) is fl ushed through the tubing as required to maintain a patent 
system but a continual fl ush system that delivers 2 – 4   ml/h is also available. 
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(a)

(b)

(c)

 Figure 9.5     Location of peripheral arteries. (a) Palpating the dorsal metatarsal artery 
dorsomedially on the metatarsus. (b) Palpating the carpal artery, medial to midline, on the 
palmar aspect of the metacarpus. (c) Palpating the lingual artery, near midline on the ventral 
surface of the tongue. 
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 The system set - up should be optimal to allow maximum interpretation of 
the trace. Problems can be caused by the presence of an air bubble, blood clot 
or highly compliant or conversely overly stiff diaphragm and tubing. Correct 
positioning, with the transducer level with the right heart, helps to avoid 
iatrogenic errors. 

 Arterial catheterisation has the risks of introducing infection and of hae-
matoma formation, but using aseptic technique and the application of pressure 
over the artery when cannulae are removed can reduce these. It is also reported 
to be quite painful. 

 All arterial lines must be clearly labelled, as the consequences of accidental 
intra - arterial injection can be disastrous. Frequent fl ushing of these catheters 
is required as thrombus formation can dampen the signal obtained. 

 A cheaper alternative is to connect the arterial line to an aneroid manom-
eter. This utilises a  ‘ Pressureveil ’  system to convert the pressure exerted by the 
column of saline to a value on a pressure gauge. This system measures only 
mean arterial pressure. 

 Direct arterial blood pressure measurement is rarely used in general prac-
tice, although is becoming more widely used in referral practice as the arterial 
waveform morphology provides useful information regarding vascular volume 
status and cardiac function. It is generally reserved for cardiovascularly com-
promised patients or those where extensive haemorrhage is anticipated. The 
presence of an arterial catheter also allows repeated arterial blood gas 
sampling intra -  and postoperatively.  

  Indirect  b lood  p ressure  m onitoring ( n on -  i nvasive) 
 These systems are quicker and easier to use than direct methods and are 
becoming more widely available in practice. 

     Figure 9.6     An arterial catheter in the dorsal metatarsal artery.  
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 Indirect blood pressure monitors use an occlusive pneumatic cuff placed 
over a peripheral artery. The cuff is infl ated to a pressure greater than systolic 
blood pressure and blood fl ow distal to the cuff stops. 

 The selection of the correct cuff and the way it is applied are important to 
minimise errors in the technique. The correct cuff width is usually described 
as 40% of the circumference of the limb in which the pulse is to be measured, 
or sometimes as 20% wider than the limb diameter. Many cuffs now have 
ranges printed on them and an arrow showing where they should be placed 
relative to the palpable arterial pulse. Cuffs should be applied fi rmly but not 
tightly on either the distal fore -  or hindlimb. The cuffs may also be used on 
the tail. Circumferential tape should NOT be applied to the cuffs to prevent 
slippage as this prevents effective cuff infl ation. A cuff that is too narrow will 
cause over - estimation of blood pressure, one that is too wide will lead to 
under - estimation. 

   •       Oscillometric techniques:  Oscillometric techniques measure mean arterial 
pressure. Oscillometry relies on the repeated infl ation and defl ation of an 
occlusive cuff. As the cuff defl ates the arterial pulse in the limb causes oscil-
lation within the cuff that is detected by a transducer. The maximal ampli-
tude of these oscillations occurs at the mean arterial pressure. The term 
DINAMAP (device for indirect non - invasive automatic mean arterial pres-
sure) is often used for these devices, but many manufacturers produce such 
machines (e.g. Dinamap  ®  , Arteriosonde  ®  , Datex  ®  ). The machines can be 
programmed to cycle automatically and measure the blood pressure at given 
intervals. The frequency of these measurements should not exceed more 
than one every 3 minutes for a prolonged period; in this situation distal limb 
swelling can develop due to the large amount of time that the pressure in 
the cuff exceeds venous pressure. This method is useful and fairly accurate 
for mean arterial pressure in normotensive moderate - sized dogs. Accuracy 
is lower in small, tachycardic, bradycardic or hypotensive animals and in 
the presence of ventricular arrhythmias  –  cases where it could be argued 
that blood pressure measurement is most valuable! Many of the newer 
machines have more complex software that has markedly improved their 
performance in smaller patients.  

   •       Doppler probe:  This measures systolic arterial pressure and involves the use 
of a piezoelectric crystal (an 8 – 9.5   MHz probe) and relies on Doppler shift, 
whereby the frequency of the sound refl ected from moving tissues, i.e. 
arterial blood, differs from that transmitted from the crystal. This shift in 
frequency is converted into an audible signal. The Doppler probe is 
positioned over a peripheral artery distal to the cuff and the cuff is infl ated 
until the arterial signal is no longer audible (Figure  9.7   ). The hair should 
be clipped from this area and ultrasound gel applied over the artery to 
improve the signal. As the cuff is slowly defl ated the probe detects the return 
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of arterial blood fl ow, i.e. the systolic blood pressure. Doppler instruments 
have been shown to be accurate for systolic blood pressure measurement 
even in small animals. Their main disadvantages are an inability to measure 
mean arterial pressure and susceptibility to operator error.      

  Intra -  o perative  h ypotension 
 Hypotension can be classifi ed as a mean arterial blood pressure of  < 60   mmHg 
or systolic arterial pressure  < 90   mmHg. Hypotension can reduce the perfusion 
of vital body organs, leading to postoperative organ failure. Severe hypoten-
sion can reduce coronary artery blood fl ow and even lead to arrhythmias and 
cardiac arrest. There are three underlying causes of hypotension: (1) decreased 
cardiac output; (2) decreased systemic vascular resistance; or (3) a combina-
tion of the above. 

 Decreased cardiac output can be caused by a fall in stroke volume, either 
due to a reduced contractility of the myocardium or due to a decreased preload 
(see above, pages 237 – 238). It can also result from a very low heart rate or 
from severe cardiac arrhythmias. A reduction in contractility can be seen in 
myocardial disease and also in toxaemia or sepsis. Anaesthetic overdose may 
also decrease contractility. Preload is reduced if venous return is compromised. 
Causes of decreased venous return include: 

   •      hypovolaemia;  
   •      drug administration,  
   •      surgical packing of the vena cava;  
   •      gastric dilation;  
   •      positive pressure ventilation;  

     Figure 9.7     A Doppler ultrasound probe used to measure systolic arterial pressure.  
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   •      dorsal recumbency in gravid females, gross ascites, diaphragmatic hernia, 
abdominal masses, etc., causing pressure on the caudal vena cava;  

   •      pericardial tamponade;  
   •      sepsis and toxaemia.    

 Decreased systemic vascular resistance can result from: 

   •      anaesthetic overdose;  
   •      extradural local anaesthesia;  
   •      drugs (particularly  α  1  antagonists);  
   •      sepsis.    

 In order to establish the correct treatment for the hypotension, the cause must 
fi rst be established. Hypovolaemia is reportedly the most common cause of 
hypotension. It can be  ‘ absolute’, e.g. where there has been ongoing unnoticed 
haemorrhage. Hypovolaemia can also be  ‘ relative’: the animal may have had a 
normal vascular fl uid volume before anaesthesia, but the effects of anaesthetic 
drugs in reducing systemic vascular resistance result in a relatively expanded 
circulation (due to vasodilation) and the animal is apparently hypovolaemic. 
The easiest solution is infusion of appropriate intravenous fl uids and identifi ca-
tion of any underlying problem. Steps should also be taken either to reduce the 
depth of anaesthesia or to change the anaesthetic technique if necessary. 

 Administration of inotropes such as the  β  1  agonist, dobutamine, or  α  1  
agonists, e.g. methoxamine, may occasionally be required to treat refractory 
hypotension.   

  Cardiac  o utput 
 Direct measurement of cardiac output in anaesthetised animals is normally 
only performed as a research technique. It is invasive and requires the place-
ment of a Swan – Ganz catheter. This is a specialised balloon - tipped catheter 
that is passed from the jugular vein, through the right atrium into the pulmo-
nary artery. It can temporarily occlude the pulmonary artery and is used for 
the instillation of iced saline when a thermodilution technique is being used 
to measure cardiac output. It can also be used to measure pulmonary capillary 
wedge pressure. This is equivalent to the mean ventricular fi lling pressure. This 
measurement was extensively used in human cardiac intensive care patients. 
Several non - invasive methods of measuring cardiac output have recently been 
developed where an intra - cardiac catheter is not required. These include 
lithium dilution and carbon dioxide rebreathing techniques, pulse contour 
analysis, where the arterial waveform is examined mathematically, and tran-
soesophageal Doppler studies, where the heart is examined intra - operatively 
with ultrasound. The lithium dilution technique is now used clinically in horses 
and further techniques may develop clinical utility in veterinary medicine soon.  
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  Perfusion 
 Blood must fl ow through the capillary beds for red cells to deliver oxygen to 
their associated tissues. Whilst the importance of maintaining arterial blood 
pressure has been discussed, subjective assessment still forms the basis of 
monitoring of perfusion at the level of the capillaries in practice. The following 
provide a subjective assessment of the fl ow of blood through the peripheral 
tissues. Individual parameters are inaccurate if considered in isolation. A clini-
cal picture must be assimilated from all the visible signs. 

  Capillary  r efi ll  t ime 
 Removing blood from the mucous membranes by direct pressure, then allow-
ing the capillaries to refi ll, allows some assessment of perfusion. 

 Blanching oral membranes should give a capillary refi ll time of  < 2 seconds. 
Intense vasoconstriction or hypotension leads to delay. Beware  –  recently dead 
animals can have a normal capillary refi ll time.  

  Mucous  m embrane  c olour 
 Changes in mucous membrane colour can be indicative of disease processes, 
but may not be directly indicative of changes in perfusion. The colour should 
be salmon pink, although it is often paler in cows and cats.    

    ABNORMAL MUCOUS MEMBRANE COLOURS 
     •      Bright pink: indicates vasodilation, often due to hypercapnia  
   •      Pale: profound vasoconstriction or anaemia can look similar  
   •      Blue: cyanosis (haemoglobin desaturation), can be hard to see if the patient 

is also anaemic  
   •      Yellow (icteric): liver disease/obstructed biliary fl ow/red cell destruction  
   •      Red/brown/congested/injected: often associated with toxaemia or sepsis 

(septic infl ammatory response syndrome; SIRS) (see Figure  9.8 )  
   •      Petechiae or haemorrhage: should alert the clinician to a possible 

coagulopathy       

  Examination of  s urgical  s ite 
 Brightly coloured blood should be visible at the surgical site in animals attached 
to a breathing system and breathing oxygen - enriched gases. This is capillary 
blood and it should not be dark or slowly oozing.  

  Urinary  o utput 
 Catheterising the bladder and collecting the urine produced intra - operatively 
provides information on the adequacy of renal perfusion. This assumes that 
decreased urine production is associated with decreased renal perfusion. Many 
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     Figure 9.8     Congested dry mucous membranes in a toxaemic dog.  

non - renal factors, including anaesthetic drugs, may directly or indirectly affect 
urine production. Generally speaking, urine production of 1 – 2   ml/kg/h or more 
is considered adequate in an animal with normal renal function. The specifi c 
gravity of urine collected will be increased in dehydrated or hypovolaemic 
animals that have normal kidney function. This is due to water and sodium 
conservation. Note that where there is chronic renal insuffi ciency, the animal 
may not be able to concentrate its urine and may be obliged to excrete urine 
despite hypovolaemia.  

  Core –  p eriphery  t emperature  d ifference 
 Core temperature is a measure of central body temperature unaffected by the 
vasoconstrictor effects of peripheral vasculature. Rectal temperature is simple 
to measure but not indicative of core temperature if the thermometer is located 
within a faecal ball, for example. Core temperature is best measured by a cali-
brated fl exible thermistor placed in the oesophagus or nasopharynx. Peripheral 
temperature can be measured from the lip, for example. The core – periphery 
temperature difference provides an indication of the degree of peripheral 
vasoconstriction present. Profound peripheral vasoconstriction is associated 
with poor peripheral perfusion. 

 A subjective assessment of the degree of peripheral vasoconstriction can be 
made if ears and other extremities are cold. (See section on monitoring tem-
perature, pages 259 – 261.)   

  Volume  s tatus 
  Central  v enous  p ressure 
 Central venous pressure (CVP) is the blood pressure within the intrathoracic 
portion of the cranial or caudal vena cava. It is almost equivalent to right 
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atrial pressure and the terms tend to be used interchangeably. It is measured 
clinically for two reasons: (1) to gain information about intravascular blood 
volume; (2) to gain information about cardiac function. 

 A complex relationship exists between CVP, cardiac output and the vascu-
lar system. CVP refl ects venous blood volume and venous return to the heart. 
Changes in vascular volume can be accommodated with only small changes 
in intravascular pressure. A single measurement of CVP yields little informa-
tion, but serial measurements are useful. Measurement requires a transducer 
system connected to the central venous catheter as described for invasive 
arterial pressure monitoring. A water manometer system can also be used. See 
Chapter  8 . 

 When intravenous fl uids are administered to the normovolaemic patient, 
the intravascular blood volume is increased; venous return and CVP initially 
rise, returning to normal as vasomotor tone accommodates the increased fl uid 
volume. Rapidly infusing 10 – 20   ml/kg of crystalloid or approximately 5   ml/kg 
of colloids into a normovolaemic patient will lead to a modest (2 – 4   cmH 2 O) 
and transient (approximately 15   min) increase in CVP. If CVP does not 
increase, this implies a reduced vascular volume (hypovolaemia) and that the 
fl uid bolus has been accommodated. A large increase in CVP can be seen with 
volume overload and with animals with failing right heart function. CVP can 
be useful in differentiating low arterial blood pressure due to hypovolaemia 
from low arterial blood pressure due to cardiac failure. It is of note that cats 
are much more prone to volume overload than dogs. 

 In a practical situation and in conjunction with other clinical signs, fl uids 
may be administered to maintain CVP at 3 – 8   cmH 2 O intra - operatively.    

  RESPIRATORY FUNCTION 

 The function of the respiratory system is to deliver inspired gas to the alveoli, 
facilitate gas exchange and then remove the expired gases. Monitoring the 
respiratory system in the anaesthetised patient involves an assessment of 
ventilatory adequacy and gas exchange. 

  Monitoring  v entilation 
 Ventilation is assessed in terms of rate, rhythm and tidal volume. 

 Observation of the reservoir bag can be used to measure respiratory rate 
and to estimate tidal volume; this method is very subjective. In anaesthetised 
animals the ventilatory rate is often maintained but the minute volume falls 
leading to unnoticed hypoventilation and hypercapnia. 

 Minute volume is the term used to describe the amount of gas expired by 
the patient per minute and is approximately 150 – 250   ml/kg/min. The normal 
tidal volume for mammals is 10 – 20   ml/kg.
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   Minute volume V tidal volume V respiratory rate RRm t( ) = ( ) × ( )   

 It is the alveolar minute volume that is important in gas exchange. Animals 
with high respiratory rates, e.g. panting, may have low effective alveolar 
minute volumes because they are rebreathing a lot of dead space gas and 
therefore may be ventilating very ineffi ciently. Slower deeper breaths are gener-
ally more effi cient. With deepening anaesthesia, minute volume decreases and 
carbon dioxide is retained. This is important because hypercapnia leads to 
acidosis and can also promote cardiac arrhythmia formation. Animals that are 
hypoventilating should be supported with frequent  ‘ sighing ’ . This is when the 
anaesthetist delivers supra - maximal lung infl ation by closing the valve on the 
breathing system, squeezing the reservoir bag and then opening the valve 
again. Sighing will help prevent carbon dioxide retention, and therefore 
hypercapnia, if facilities for mechanical ventilation do not exist. Subjective 
assessment of ventilatory adequacy has been supplemented by a number of 
mechanical methods of differing complexities, that can provide further useful 
information. 

  Respirometers (Wright ’ s  r espirometer) 
 These are not widely used in practice; they are more often used as a research 
tool however they are relatively cheap and effective. They consist of a mecha-
nism through which the expired gases pass that moves a pointer along a cali-
brated scale. They can be used to measure tidal and minute volume, although 
inertia makes them inaccurate in very small animals.  

  Apnoea  m onitors 
 Apnoea or respiratory monitors detect the movement of warm gases through 
the breathing system at the proximal end of the endotracheal tube. They can 
be activated by cardiac oscillations that cause gas movement in the trachea. 
They provide no information on tidal volume and, although popular in prac-
tice, they yield no useful information about the physiological status of the 
patient. 

 Apnoea or respiratory monitors should not be relied on as a sole measure 
of ventilatory adequacy.  

  Capnography 
 Capnography measures the carbon dioxide concentration throughout the 
respiratory cycle in expired and inspired gas. Capnographs are easy to use and 
are an extremely useful non - invasive monitoring tool. They provide continu-
ous information, not only on the adequacy of ventilation but also on problems 
such as airway obstruction, disconnection from the breathing system and 
severe circulatory problems. However, there is a slight time lapse in the 
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information provided from  ‘ real time’ due to the time taken to aspirate and 
process the sample. 

 Capnography works on the principle that gases with molecules that contain 
at least two different atoms absorb radiation in the infrared region of the 
electromagnetic spectrum. Sidestream analysers are most commonly used in 
veterinary practice. Gas is drawn from the breathing system by a narrow gas 
impermeable tube connected to an adapter at the proximal end of the endo-
tracheal tube. Typical gas sampling rates are 50 – 150   ml/min. The tip of the 
sampling tube should be as near as possible to the trachea in order to sample 
alveolar gas. The gas is delivered to the analysing chamber on the capnograph 
via a water trap. The data is usually displayed as a waveform (Figure  9.9 ) and 
the carbon dioxide concentration at the end of expiration is displayed. This 
is called the end - tidal carbon dioxide (F E CO 2 ). It is useful because in patients 
with stable cardiac function and normal lung function it closely approximates 
the arterial partial pressure of carbon dioxide (P a CO 2 ).   

 The primary use of the capnogram is as a method of assessing adequacy of 
ventilation (Table  9.2 ). It is important to note that end - tidal CO 2  is always 
less than alveolar CO 2  because end - tidal CO 2  is always diluted with alveolar 
dead space gas from underperfused alveoli. These alveoli do not take part in 
gas exchange and so contain no CO 2 . Alveolar CO 2  is less than arterial CO 2  
as the blood from unventilated alveoli (high CO 2 ) mixes with blood from 
ventilated alveoli. The alveolar – arterial CO 2  difference is small in dogs and 
humans. Dilution of CO 2  can occur if there are any leaks in the system.   

 Capnography is extremely useful in cardiopulmonary cerebral resuscitation 
because CO 2  cannot get to the lungs without a functional circulation. A fall 
in end - tidal CO 2  in the face of constant ventilation may be indicative of a 

a  b   c     d 

PCO2

Time

     Figure 9.9     The normal capnogram and components of the waveform. (a) Inspiratory 
baseline. Segment ab represents the beginning of exhalation when tracheal dead space 
empties of its CO 2  free gas. (b) Expiratory upstroke. Segment bc represents the period of 
continued exhalation when increasing amounts of CO 2  rich respiratory gas mixes with dead 
space gas and results in an increasing CO 2  concentration. (c) Expiratory or alveolar plateau. 
Segment cd represents the near - end of exhalation, the so - called “alveolar plateau ”  repre-
senting nearly constant CO 2  rich alveolar gas. (d) Expiratory downstroke. Point d is the 
highest value of CO 2  concentration at the end of normal exhalation and is the expiratory 
end tidal CO 2  (F E CO 2 )  
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falling cardiac output and a rapid fall may indicate cardiac arrest. In cardio-
pulmonary cerebral resuscitation end - tidal CO 2  is directly related to the cardiac 
output generated. 

 Table  9.3  explains the signifi cance of abnormal traces and Table  9.4  
classifi es changes in respiratory rate in anaesthetised patients.     

 Table 9.2     Measuring end - tidal carbon dioxide. The signifi cance of these values depends 
upon the clinical situation. For example, mild hypercapnia may or may not require artifi cial 
ventilation.  

   mmHg     kPa     Interpretation  

   < 35     < 4.6    Hypocapnia  

  35 – 45    4.6 – 6.4    Normocapnia  

   > 45     > 6.4    Hypercapnia  

 Table 9.3     Interpretation of abnormal traces. 

   Trace abnormality     Symptom of     Reason  

  Elevated baseline    Rebreathing    Gas fl ow too low 

 Exhausted soda lime  

  Oscillations on trace    Cardiac trace    Cardiac movement moves 

gas in airways  

  Extra peak at end    Additional ventilation    Reversal of neuromuscular 

blockade 

  ‘ Fighting ’  the ventilator  

  Sloped plateau    Delayed expiration    Obstructed endotracheal tube 

 Obstructive airway disease  

  High F E CO 2     Hypercapnia    Hypoventilation  

  Low F E CO 2     Not full expiration 

 (no plateau) 

 Dilution with air 

 (no plateau) 

 Decreased cardiac output  

  Hyperventilation 

 High ventilation rate 

(non - rebreathing systems) 

 Leak in endotracheal tube 

cuff 

 Fresh gas contamination  

  Sudden decrease in F E CO 2     Decreased pulmonary 

perfusion  

  Cardiopulmonary crisis 

 Pulmonary thromboembolism  

  No trace    No gas to analyse    Apnoea 

 Airway obstruction 

 Disconnection 

 Ventilator failure  



256 Anaesthesia for Veterinary Nurses 

  Gas  e xchange 
  Pulse  o ximetry 
 The adequacy of oxygen transport can be assessed by pulse oximetry. This 
also gives some measure of the adequacy of gas exchange. Pulse oximeters 
measure the percentage of arterial oxygen saturation of the available haemo-
globin. They do not directly measure tissue oxygen delivery, as this is also 
dependent upon cardiac output and haematocrit (available haemoglobin). 

 The technology involved is quite complicated and involves two basic 
physical principles. First, the absorption of red and infrared light (each with 
different wavelengths) differs depending upon the degree of oxygenation of 
haemoglobin. Second, the light signal following transmission through the 
tissues has a pulsatile component, resulting from the changes in volume of 
arterial blood with each pulse. This is distinguished by the microprocessor 
from the non - pulsatile component resulting from tissue, venous and capillary 
light absorption. Thus the percentage of arterial oxygen saturation of haemo-
globin is calculated. 

 The signal is obtained from the animal by placing a probe containing the 
light sources across any well perfused area of tissue. The most commonly used 
sites include tongue, pinna, prepuce, toe web and vulva (Figure  9.10 ). The 
suitability of each site may depend upon the conformation of the patient and 
the type of surgery being undertaken. Rectal probes that measure the refl ected 
component of the light emitted have recently become available.   

 The pulse oximeter displays a continuous waveform or signal together with 
a numerical oxygen saturation value written as  S pO 2 . Most pulse oximeters 
also display pulse rate. Pulse oximeters have become widely used in practice 
as their price has fallen. They are non - invasive, easy to use and provide 

 Table 9.4     Common causes of changes in respiratory rate in anaesthetised patients. 

   Hypoventilation     Hyperventilation     Apnoea  

  Absolute drug overdose    Light anaesthesia    Drug effects, e.g. post -

 induction propofol apnoea  

  Relative drug overdose    Pain    Administration of 

neuromuscular blocking 

drugs  

  Administration of drugs that 

depress respiration, e.g. 

opioids  

  Surgical stimulation    Overzealous assisted 

ventilation  

  Deep anaesthesia    Hypoxia    Cardiac arrest  

  Hypotension    Pressure build - up within 

breathing system, e.g. 

pressure relief valve closed  

  Pyrexia or hyperthermia      
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continuous immediate monitoring. In order to optimise their use, the limita-
tions and pitfalls in their use must be appreciated. 

   •      Pulse oximetry measures the arterial oxygen saturation of haemoglobin. It 
gives no indication of available haemoglobin. Therefore anaemic patients 
may have a high  S pO 2  but a markedly reduced oxygen - carrying capacity.  

   •      Pulse oximeters are calibrated by desaturation of human volunteers: it is 
unethical to desaturate volunteers below 70%. One must appreciate that 
oxygen saturation values below 70% obtained by pulse oximetry are 
unreliable.  

   •      Pulse oximetry cannot distinguish between different forms of haemoglobin. 
Carboxyhaemoglobin (haemoglobin combined with carbon monoxide) is 
registered as about 90% oxygenated haemoglobin and 10% desaturated. 
The oximeter therefore overestimates the functional haemoglobin. 
Methaemoglobinaemia prevents accurate measurement and the saturation 
will tend towards 85%, regardless of the true value. Fetal haemoglobin does 
not affect the readings obtained by the pulse oximeter.  

   •      Polymerised bovine haemoglobin (e.g. Oxyglobin ™ ) used as a blood sub-
stitute does not interfere with pulse oximetry readings.  

   •       S pO 2  is related to  P aO 2  by a sigmoid relationship (the oxyhaemoglobin 
dissociation curve). This means that the  S pO 2  will remain high as the  P aO 2  
falls and the  S pO 2  will only fall when the  P aO 2  has reached low levels. In 
this respect the pulse oximeter has been described as a  ‘ cliff - edge monitor ’  
because by the time  S pO 2  falls (below about 90%) the actual  P aO 2  has 
already fallen markedly (see Table  9.5   ).  

   •      Lack of perfusion will prevent a signal being obtained. This can occur natu-
rally in areas such as the distal pinna, or may be a result of the use of  α  2  

     Figure 9.10     A pulse oximeter probe attached to the tongue.  
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agonists in the anaesthetic technique. It also occurs due to tissue compres-
sion by the probe, necessitating repositioning. However peripheral vasocon-
striction may be due to underlying problems (e.g. hypovolaemia, severe 
hypotension, cold, cardiac failure or arrhythmias) and this must always be 
considered.  

   •      Movement artefact will reduce accuracy and may prevent an adequate signal 
being obtained. This problem is most often encountered in recovery when 
shivering occurs.  

   •      Ambient light interference from surgical lights can be a problem. Diathermy 
can also interfere with the signal obtained.  

   •      A pulse oximeter gives no information on any of these other variables:  
   �      the oxygen content of the blood;  
   �      the amount of oxygen dissolved in the blood;  
   �      the respiratory rate or tidal volume, i.e. ventilation;  
   �      the cardiac output or blood pressure.       

  Blood  g as  a nalysis 
 The analysis of carbon dioxide and oxygen tensions in an arterial blood gas 
sample provides information on (i.e. defi nes) pulmonary function. In addition, 
blood gas analysers can provide information on the acid – base status of the 
patient. Whilst not widely used in small animal practice, benchtop or handheld 
portable analysers have become more widespread The dry cartridge types of 
analyser (e.g. i - STAT  ®  ) are more expensive per sample but have lower running 
costs than the wet chemistry types of machine. Both can analyse a sample 
within 5   min and provide exceptionally useful clinical data. 

 Heparinised arterial blood samples drawn anaerobically (all the air must 
be expelled before use) are required for analysis. Commercial  ‘ blood gas ’  

 Table 9.5     Interpretation of pulse oximeter data. 

    S pO 2       P aO 2      Action required  

  100%     ∼ 100   mmHg or more    Normal monitoring and actions appropriate  

  90%     ∼ 60   mmHg    Inform veterinary surgeon  

  Ensure adequate ventilation (airway, RR, V t , O 2  

supply, CO 2  clearance) 

 Increase FiO 2  to 100% (turn off nitrous oxide and 

fl ush breathing system) 

 Assess cardiac function  

  75%     ∼ 40   mmHg    Consider patient positioning, surgical effects (e.g. 

pneumothorax), medical disorders (e.g. pulmonary 

interstitial fi brosis)  

  50%     ∼ 27   mmHg    Equivalent to a normal PvO 2  value  
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syringes are available containing lyophilised heparin. Alternatively, undiluted 
heparin is drawn into the needle and syringe to be used and then all the heparin 
is discarded from the syringe, the needle changed and the blood sample col-
lected. Arterial blood gas analysis may be carried out on a single occasion by 
puncture of a peripheral artery, taking care to apply pressure afterwards. If 
multiple samples are to be taken, placement of an arterial catheter is advised. 
This also facilitates blood pressure monitoring. Arteries usually used for blood 
collection include the dorsal metatarsal or tibial arteries in dogs and the 
femoral artery in cats. 

 Handling of the sample is very important in order to prevent errors in the 
analysis. The sample must not contain excess heparin (see above), therefore if 
taken from a catheter some blood should be discarded or withdrawn before 
the blood for analysis is taken. Withdrawn blood can be replaced aseptically 
in small animals. Exposure of the sample to room air must be prevented and, 
if prompt analysis is not possible, the blood samples must be stored on ice to 
prevent ongoing cell metabolism. The data must be corrected for the patient ’ s 
body temperature to ensure accuracy of the results. 

 Most blood gas analysers will measure or calculate  P aO 2  (or  P vO 2  from a 
venous sample),  P aCO 2  (or  P vCO 2 ), pH, base excess (BE), HCO 3 −  , K + , Na +  
and often other electrolytes. They are therefore useful in the assessment of 
acid – base and electrolyte status as well as gas exchange. Note that a venous 
sample is not useful for assessing gas exchange  per se  but is useful in the meta-
bolic assessment of the patient. 

 In animals breathing room air and with normal lung function,  P aO 2  would 
be expected to be greater than 85   mmHg. Hyperventilation can result in values 
as high as 120   mmHg. Increases in inspired oxygen concentration lead to 
increases in  P aO 2 . As a general rule,  P aO 2  should be fi ve times the inspired 
oxygen concentration. Therefore an animal breathing 100% oxygen would be 
expected to have a  P aO 2  greater than 500   mmHg. 

  P aCO 2  is infl uenced by the rate of production and elimination of carbon 
dioxide from the body. Since production is fairly constant,  P aCO 2  is deter-
mined primarily by ventilation. The normal range is about 35 – 45   mmHg in 
the dog (see section on capnography, pages 253 – 256).    

  MONITORING TEMPERATURE 

 The ability of patients to thermoregulate is depressed by anaesthesia. 
Anaesthetic agents depress the central nervous system, reducing its sensitivity 
to changes in body temperature. In addition, anaesthetised animals are unable 
to adapt their behaviour in order to maintain body temperature, for example, 
move to a warmer environment, huddle or shiver. They may have been starved 
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preoperatively and have reduced gut activity. Core body temperature is best 
measured by a thermistor placed in the oesophagus or nasopharynx (not next 
to inspired gases). Rectal temperature is easy to measure but at best can only 
provide information about trends, as it does not measure core temperature 
accurately. 

 Hypothermia is signifi cant during anaesthesia because: 

   •      it causes a general central depressant effect. It reduces minimum alveolar 
concentration, thus reducing the amount of volatile anaesthetic agent 
required. This may result in prolonged recoveries from anaesthesia;  

   •      it reduces enzymatic activity which may reduce drug metabolism and prolong 
recoveries;  

   •      it releases catecholamines;  
   •      blood viscosity increases;  
   •      it interferes with normal haemostasis by affecting platelet function;  
   •      arrhythmias are more common particularly non - responsive bradycardia;  
   •      there is a slowing of electrical conduction through the heart;  
   •      it may affect wound healing and increase the risk of postoperative 

infection.    

 The methods of heat loss are evaporation, conduction, convection and 
radiation. 

     Evaporation 
 Evaporative losses are increased when patients breathe cold unhumidifi ed air 
through breathing systems. Rebreathing systems and low - fl ow anaesthesia can 
minimise evaporative losses in larger patients, while heat and moisture 
exchangers may be added (at the expense of increasing mechanical dead space) 
to the end of the endotracheal tube. 

 Exposure of tissues to the atmosphere during surgery also increases evapo-
rative losses  –  especially where there are open cavities, e.g. during exploratory 
laparotomy. 

 Measures should be taken to limit patient wetting during surgery, and as a 
consequence of urination, e.g. water - impermeable drapes, double draping, 
suction, use of incontinence pads, urinary catheterisation etc. Where surgical 
lavage is used it should be warmed to body temperature prior to use.  

  Conduction 
 Patients should not be placed directly on to metal tables. Bubble wrap provides 
a suitable insulating material against conductive losses. Heated operating 
tables are available and circulating warm air blankets are extremely effective. 
Care must be taken to avoid hyperthermia when heavy patients are placed on 
heated tables for prolonged periods of time.  
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  Convection 
 Convection heat losses occur by the transfer of heat through the movement 
of gases. Patients should not be positioned in draughty areas, e.g. corridors.  

  Radiation 
 In conscious mobile patients, radiation (i.e. the exchange of heat between 
objects that are not in direct contact) accounts for the majority of heat loss. 
This illustrates the importance of appropriate ambient temperature within the 
induction area, surgical theatre, diagnostic imaging areas and the recovery 
area. 

 Small animals with large surface area to volume ratios undergoing surgery 
where there are open body cavities lose heat fastest. 

 Reducing heat loss requires insulation and may necessitate adaptations to 
the anaesthetic technique. Heat loss can be reduced by: 

   •      reducing the anaesthetic time;  
   •      maintaining a high ambient air temperature;  
   •      avoiding alcohol - based surgical scrubs;  
   •      warming inspired gases (using heat and moisture exchangers);  
   •      warming intravenous and lavage fl uids.    

 Heated tables and circulating warm air blankets, e.g. BAIR Huggers  ®  , are very 
useful but relatively expensive. Heat pads and hot water bottles also have their 
uses. Patients should not be placed in direct contact with these, to limit the 
possibility of thermal burns. Warm fl uids for abdominal lavage are also useful. 
Warm enemas or bladder lavage can also be performed. These are useful 
central warming techniques and avoid the risk that heat applied to the body 
surface will cause peripheral vasodilation and possibly a further decrease in 
core temperature. There is good evidence from human practice that circulating 
warm air blankets are the most effective method of maintaining body tem-
perature, especially if used from induction of anaesthesia. Many also have fl uid 
warming devices built into them. 

 Hyperthermia is an uncommon complication and can be an indication of 
simple overheating or of a pathological process, e.g. malignant hyperthermia. 
Simple overheating is most likely to occur in large patients on rebreathing 
systems in warm ambient temperatures. In this circumstance active cooling 
should be started, as profound hyperthermia is just as deleterious as 
hypothermia.    

  MONITORING SURGERY AND FLUID THERAPY 
(SEE CHAPTER  8 ) 

 Liaison with the surgeon helps the veterinary nurse monitoring the patient to 
anticipate critical events and to act accordingly. 
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 Regular assessment of ongoing haemorrhage helps to determine changes to 
fl uid therapy and avoid hypovolaemia developing. Table  9.6  lists ways in 
which blood loss can be estimated.    

  MONITORING BLOOD GLUCOSE 

 Hypoglycaemia can be a complication of anaesthesia in animals with certain 
disease states (e.g. insulinoma, diabetes mellitus, severe hepatic disease), in 
neonates and in very small animals. It may manifest itself as a very slow 
recovery, postoperative depression or even seizures. Blood glucose samples can 
be taken every 30   min during anaesthesia through a preplaced venous catheter 
(preferably via a dedicated IV catheter or port if a jugular catheter is available). 
Where there is concern over intra - operative hypoglycaemia, supplementation 
with fl uids containing glucose (e.g. 5% dextrose in water) in addition to the 
normal perioperative fl uid therapy, may be required. Supplementation should 
aim to keep blood glucose within (euglycaemia) or just above physiological 
levels as hyperglycaemia can also be deleterious.  

  MONITORING NEUROMUSCULAR BLOCKADE 

 It is desirable to monitor the onset, duration and depth of neuromuscular 
blockade to allow drug doses to be adjusted for the individual animal. 
Monitoring is performed using a peripheral nerve stimulator (Figure  9.11 ). 
This allows the assessment of the response of a muscle following electrical 
stimulation of its motor nerve. The response of the muscle is usually judged 
visually. A number of different stimuli patterns and duration have been devel-
oped in order to maximise the amount of information that can be obtained 
about the quality of the neuromuscular blockade.   

 The most commonly used nerve stimulator pattern is the  ‘ train of four ’ , 
where four stimuli are administered at a frequency of 2   Hz. The number of 
twitches obtained from the stimulated muscle is then counted and the relative 
strength of the twitches assessed. The fourth twitch is compared to the fi rst 
to give the  ‘ train of four ’  ratio. A ratio of at least 0.9 is usually required before 

 Table 9.6     Methods for estimating blood loss. 

   Method     Estimated volume  

  4    ×    4 inch swab (dry initially)    5 – 10   ml  

  Weigh swabs (assume negligible dry wt)    1   g   =   1   ml  

  Blood in suction apparatus    Volume in container minus lavage volume  

  Blood in suction apparatus   +   lavage fl uid    Compare fl uid PCV with animal ’ s PCV  

  12    ×    12   inch laparotomy swab    Approx. 50   ml  
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animals are considered to have acceptable enough muscle function to with-
draw ventilatory support (see Chapter  6 ). 

 Where a peripheral nerve stimulator is not available, the fi rst sign of fading 
neuromuscular blockade is the return of diaphragmatic twitching. This 
would be an indication that the neuromuscular blocking agent should be re - 
administered if continued paralysis were required. 

 Neuromuscular blockade without appropriate neuromuscular monitoring 
can never be advised due to the real dangers of residual paralysis. 

 Neuromuscular blocking drugs must  never  be used if adequate anaesthesia 
cannot be ensured. The following are clinical signs of inadequate anaesthesia 
where neuromuscular blocking drugs have been used: 

   •      paradoxical jaw tone or tongue twitching;  
   •      salivation;  
   •      mydriasis;  
   •      lacrimation;  
   •      tachycardia;  
   •      hypertension;  
   •      arrhythmias.     

     Figure 9.11     A peripheral nerve stimulator.  



264 Anaesthesia for Veterinary Nurses 

  MONITORING THE ANAESTHETIC EQUIPMENT AND 
GENERAL MANAGEMENT 

 There are several pieces of monitoring equipment that have been designed to 
help alert the anaesthetist to anaesthetic equipment problems, but their use 
does not preclude good observation. Therefore, in addition to observing the 
patient, regular checks should be made on the associated anaesthetic equip-
ment. This should all have been checked thoroughly before undertaking the 
case, but there are certain problems that may occur during the course of an 
anaesthetic (see Chapter  4 ). 

 The endotracheal tube may become obstructed, particularly if the neck is 
ventrofl exed (e.g. when performing a cerebrospinal fl uid tap), or the tube later-
ally deviated due to intra - oral surgery. Polyethylene type tubes become softer 
as warm air fl ows through them and obstruction may develop. Consider the 
use of armoured tubes if this complication is likely to occur. Endotracheal 
tube cuffs should always be checked preoperatively, but consider a leaking 
cuff as a cause of an inability to apply effective positive pressure ventilation. 

 The breathing system must be checked for misconnection, particularly if 
the patient and system are moved to another machine, e.g. when moving from 
the induction area to theatre. 

 Valve function and any soda lime should also be periodically checked. If 
the colour indicator on the soda lime canister shows that 50% of it is exhausted, 
the soda lime should be replaced as soon as possible. The use of a pressure 
gauge on breathing systems allows effective leak checking at the beginning of 
anaesthesia. 

 Sighing the patient (i.e. delivering supramaximal lung infl ation at 5   min 
intervals) prevents atelectasis, minimises hypoxia and hypercapnia and allows 
an appraisal of pulmonary compliance. Low compliance (lungs feel diffi cult 
to infl ate) may be caused by pressure on chest, pneumothorax or airway 
obstruction. High compliance indicates disconnection of the breathing system 
or endotracheal cuff leak. 

 Flowmeter and vaporiser settings should be regularly checked, especially if 
the machine has no oxygen alarm, as should the gauges on the oxygen cylin-
ders. Cylinders that will not be used, e.g. carbon dioxide, must be turned off 
for safety. 

 Fluid administration rates and IV catheter sites, particularly in small 
patients, need periodic checking. 

     Respiratory  g as  m onitors 
 While the primary reason for the use of capnography is to assess the cardio-
vascular and, in particular, the respiratory function of the patient, the primary 
reason for monitoring other gases is for anaesthetic safety. 
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 Many machines can measure oxygen, nitrous oxide and anaesthetic gas 
concentrations as well as carbon dioxide. 

   •       Oxygen:  The measurement of inspired oxygen concentration is useful to 
ensure that the patient does not breathe a hypoxic mixture. This is par-
ticularly relevant with rebreathing systems where nitrous oxide is used, 
especially where low - fl ow anaesthesia is practised. The inspired oxygen 
concentration is useful for patients where arterial blood gas analysis is being 
performed. It allows the calculation of the alveolar – arterial oxygen tension 
difference. This is a useful measurement of pulmonary function.  

   •       Nitrous oxide:  The measurement of nitrous oxide is also used to prevent 
the delivery of an inappropriate gas mixture to the patient. Expired nitrous 
oxide concentration can be monitored at the end of anaesthesia when deliv-
ery has been discontinued and the patient is breathing oxygen alone. The 
nitrous oxide rapidly leaves the blood, diffusing into the patient ’ s alveoli, 
and can cause hypoxia unless the inspired oxygen concentration is supple-
mented until most of the nitrous oxide has been exhaled (see the second gas 
effect, page 152).  

   •       Inhalational agent monitoring:  Inhalational agent monitoring measures the 
inspired and end - tidal volatile agent concentration, and sometimes relates 
these to the minimum alveolar concentration for the agent used (MAC). 
Such monitoring is useful for evaluating the dose of volatile agent delivered, 
especially in low - fl ow systems where the vaporiser setting will not correlate 
with the inspired concentration; because end - tidal volatile agent concentra-
tion is said to refl ect cerebral concentration, this refl ects the dose of volatile 
agent that the animal has received. These monitors do not replace the assess-
ment of the depth of anaesthesia as there is some variation in MAC between 
individual animals, i.e. some animals require a higher dose of an individual 
volatile agent than others in order to preclude a response to noxious stimu-
lus. Some of these systems do not work in horses because of the methane 
these animals produce.       

  SUMMARY 

 In order to safely and effectively monitor anaesthesia in animals, the nurse 
must rely heavily on clinical skills and observation of the animal. While new 
technology has made complex monitoring equipment more widely available, 
this cannot possibly replace clinical judgement. If monitoring equipment is to 
be used successfully, an appreciation of its limitations is essential. 

 Monitoring should be carried out regularly and information accurately and 
concisely recorded.  
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10 Nursing the 

Patient in 

Recovery  

  Nichole   Hill       

     The induction of and recovery from anaesthesia are two of the most vulnerable 
periods for small animal patients: the airway is unprotected and it is a time 
where complications are commonly encountered. Consequently, prior to 
induction of anaesthesia, it is important that plans have been made not only 
for the anaesthetic procedure itself, but also for the recovery period. 

 A recent multi - centre survey (Brodbelt  2006 ; Brodbelt  et al.   2008a, 2008b ) 
revealed mortality rates for dogs, cats and rabbits undergoing general anaes-
thesia and sedation. It reported fatality rates of 0.17%, 0.24% and 1.39% in 
these species respectively. Sixty percent of fatalities occurred during the recov-
ery period, and approximately half of those patients died within 3 hours of 
the end of the procedure. When these fi gures are compared to a 0.01% fatality 
in humans undergoing anaesthesia, it clearly demonstrates that there is still 
considerable room for improvement in veterinary patients. 

 So what can we do to try and prevent deaths occurring in veterinary patients 
in the postoperative period? This chapter will look at the risks encountered 
during this time and consider what actions we can take to minimise their 
consequences.  

  FACTORS AFFECTING THE RECOVERY PERIOD 

 A wide variety of factors can infl uence the speed and quality of a patient ’ s 
recovery from anaesthesia. Those that delay recovery from anaesthesia are of 
particular importance as they may increase perioperative morbidity and the 
risk of mortality. 
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   •      American Society of Anesthesiologists (ASA) grade:     There is a 10 - fold 
increase in mortality if the patient is an ASA grade 3, 4 or 5 compared to 
ASA grade 1 or 2 (see Chapter  3 ). Hepatic, renal and endocrine diseases, 
amongst others may cause prolonged recovery periods because of altered 
metabolism and excretion of drugs.  

   •      Temperature:     Hypothermia increases morbidity and mortality of patients, 
in particular in critically ill patients. It can prolong recovery times by 
reducing clearance of anaesthetic drugs from the body, while shivering, 
a normal physiological response to hypothermia, signifi cantly increases 
oxygen consumption.  

   •      Breed:     Sighthounds such as greyhounds may have prolonged recovery 
periods following barbiturate anaesthesia due to relative drug overdose. 
Brachycephalic breeds, such as the bulldog, pug and Pekingese, are at risk 
of respiratory obstruction or even respiratory arrest and require special 
attention during the recovery period due to brachycephalic airway obstruc-
tive syndrome (BAOS).  

   •      Extremes of age:     Older patients will have reduced metabolic function, 
prolonging recovery from anaesthesia and predisposing them to hypother-
mia. Neonatal and juvenile patients will have limited, immature hepatic 
and renal function, predisposing them to relative drug overdose. They are 
at risk of hypothermia due to their smaller size and large surface area to 
volume ratio.  

   •      Weight:     Patients less than 5   kg are at increased risk of postoperative 
complications and mortality. This is more than likely due to the small 
size of the patient, predisposing them to hypothermia and increasing the 
potential for drug overdose, especially if the patients are not accurately 
weighed.  

   •      Duration of general anaesthetic:     The longer the duration of anaesthesia, 
the greater the risk of hypothermia. Hypothermia increases blood gas 
solubility, which can lead to periods of deeper anaesthesia than that 
actually required by the patient: this inevitably prolongs recovery from 
anaesthesia.  

   •      Anaesthetic drugs administered:     Some anaesthetic agents will be metabo-
lised quicker than others, e.g. propofol has extra - hepatic sites for metabo-
lism aiding speed of recovery; recovery from sevofl urane will be quicker 
than that from isofl urane or halothane.    

 Every patient recovering from a general anaesthetic has a requirement for 
a certain amount of care and monitoring. The level of care will depend on 
the severity of disease and the surgery or procedure being performed, with 
some patients requiring intensive care. All patients should be monitored closely 
until they have fully recovered even if this takes several hours. The nurse 
should not switch off when the anaesthetic is switched off: this is when 
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recovery begins and where the nurse can make a real difference between life 
and death.  

  RECOVERY AREA 

 The recovery area should be situated close to the theatre or preparation room, 
and be easily accessible. It should be quiet, have a high ambient room tem-
perature and should be draught free. The area should be well ventilated: 
human guidelines suggest 15 air changes per hour. This will help eliminate 
waste gases being expired from the lungs of the recovery patient. Staff should 
be rotated through the recovery area to prevent over - exposure to waste gases 
(see Chapter  1 ). The recovery area should be separate from the main kennels. 
Separate recovery areas for dogs, cats and small mammals, birds and exotic 
species are desirable, but not always possible. This removes some of the stress 
associated with interaction of the different species. 

 The nurse ’ s station should be located centrally in the recovery area so that 
the patients can be observed easily. Easy access to oxygen, emergency equip-
ment and drugs is essential. The recovery area should be organised, well 
maintained and fully stocked. 

 Bedding plays an important role in the comfort and heat conservation 
of recovering patients. Hygienic, washable veterinary - specifi c bedding is readily 
available, e.g. Vet Bed  ®  . It provides comfort, conserves heat and will 
keep patients dry in case of urination, exudation from wounds or fl uid spillage. 
Incontinence pads (soft absorbent material backed with a waterproof layer) are 
invaluable in the immediate postoperative period to collect voided urine and 
faeces as they may be simply disposed of into clinical waste once soiled 
(Figure  10.1 ).   

     Figure 10.1     Incontinence pads are invaluable in the postoperative period to collect voided 
urine and faeces and other body fl uids as they may be simply disposed of into clinical waste 
once soiled.  



270 Anaesthesia for Veterinary Nurses 

 Listed below are some of the basic requirements for the recovery area: 

   •       Means of oxygen supplementation:  Oxygen should be available at all times. 
This may be in the form a freestanding oxygen cylinder that can be moved 
around the recovery area, or an anaesthetic machine with a breathing system 
attached so that intermittent positive pressure ventilation can be performed 
if necessary. An Ambu - bag is useful for transportation of patients from 
theatre to the recovery area. The Ambu - bag utilises room air, but oxygen 
can be connected to a side or end port and 100% oxygen can be delivered 
by simply squeezing the bag. These are relatively cheap and can be disposed 
of if they become contaminated.  

   •       Fluid delivery systems.   
   •       Equipment for induction of anaesthesia.   
   •        ‘ Crash ’  box or trolley:  Some form of  ‘ crash ’  box or trolley containing emer-

gency drugs and equipment should be available in every practice (Figure 
 10.2   ). Depending on the size of the practice several such boxes may be sited 
in areas such as the preparation area, operating room(s) and the recovery 
area etc. A complete list of desirable equipment is listed in Chapter  11 , but 
they need not be elaborate to be useful. Ideally a minimally equipped box 
would include:  
   �      laryngoscope with large and small blade;  
   �      mouth gag (an assistant may not be available to assist with 

intubation);  
   �      range of pre - tied endotracheal tubes (ETT);  
   �      cuff infl ator;  
   �      selection of intravenous catheters and needles;  
   �      crystalloid fl uids and administration set;  
   �      adhesive tape and swabs;  
   �      drugs (epinephrine and atropine);  
   �      drug dosage chart in ml/kg.    

   •       Suction:  Suction equipment should be readily available in the recovery area 
in the event of regurgitation or upper airway obstruction. It is an important 
piece of equipment that is used to clear mucus debris and other material 
from the pharynx, trachea and oesophagus. Many drugs used for anaesthe-
sia relax the oesophageal sphincter predisposing the patient to regurgitation 
in the perioperative period.  

   •       Thermometer.   
   •       Means of warming/cooling the patient:  e.g. BAIR hugger, cool packs.  
   •       Padded bedding and incontinence pads.   
   •       Handwashing facilities:  It is important to maintain hygiene in the recovery 

room and a dedicated sink for handwashing is ideal. An appropriate hand-
wash and or alcohol gel should be available, and hands should be dried 
using paper towels rather than a washable cloth.  

   •       Disposable gloves and gowns.      
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     Figure 10.2     A well stocked and organized  ‘ crash ’  box or cart (Figure  11.2 ) must be avail-
able in the recovery area. Note the laminated chart with drugs dosages and volumes 
recorded for speed of use and the additional labelling used to identify hypertonic saline.  

  MONITORING THE PATIENT IN RECOVERY 

 To enable the nurse to monitor the patient effectively in recovery, they need 
to know all the particulars of the patient and the procedures that have been 
performed: this is done in a comprehensive and extensive handover to the 
recovery nurse. Relevant information includes: 

   •      Procedure performed and any specifi c instructions from the veterinary 
surgeon.  

   •      Anaesthetic protocol used, including information regarding whether the 
patient has been ventilated or received neuromuscular blocking agents, and 
if so whether there has been reversal of these drugs.  

   •      What form of analgesia the has patient received.  
   •      What other drugs have been administered, e.g. positive inotropes such as 

dobutamine.  
   •      How was the patient during the procedure? Were there any complications 

encountered?  
   •      Does the patient have any pre - existing disease?    

 All measurements taken or observations made in the recovery period should 
be noted on the patient ’ s records along with the time and the initials of the 
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person responsible for the observation. The veterinary nurse should alert the 
veterinary surgeon in the event of unexpected observations. 

 An ABC (airway, breathing, circulation) approach can be used when moni-
toring the patient in the immediate recovery period. 

  Airway 
 Recovery from anaesthesia begins with termination of delivery of the anaes-
thetic agent (either gaseous, inhalational or total intravenous anaesthetic) and 
removal of the patient from the oxygen supply. If nitrous oxide has been used, 
it should be removed from the inspired gases before the oxygen, and the 
patient allowed to breathe 100% oxygen to minimise the effects of diffusion 
hypoxia (see Chapter  6 ). Nitrous oxide can contribute as much as 66% of the 
volume of the inspired gases during anaesthesia and it is essential that the fl ow 
rate of oxygen is adjusted to maintain an adequate fresh gas fl ow to the breath-
ing system and patient when the nitrous oxide has been switched off. To 
minimise atmospheric pollution in the recovery area, the contents of the 
rebreathing bag of the anaesthetic breathing system should be expelled 
( ‘ dumped ’ ) into the scavenging system. This removes any residual traces of 
gaseous or volatile anaesthetic agents from the breathing system prior to dis-
connection. This is achieved fairly quickly with a non - rebreathing system but 
can take slightly longer in a rebreathing system. In this case, the fl ow rates 
can be increased and the rebreathing bag expelled into the scavenging several 
times prior to disconnection. 

 Once disconnected from the anaesthetic breathing system, the patient is 
breathing room air, initially through an endotracheal tube, and should not 
be left unattended. The tie, which has been used to secure the tube in place, 
is loosened, although the cuff, if present, should remain infl ated until just 
before extubation, when it may be fully defl ated. Failure to defl ate the cuff 
of the endotracheal tube before extubation can traumatise the tracheal and/
or laryngeal mucosa: in cats it can lead to tracheal tears and signifi cant 
postoperative problems. An exception to fully defl ating the cuff would be if 
the patient has undergone a dental procedure or oral surgery, which may 
have left blood or fl uids in the oral cavity. In such patients it may be wise 
to leave the cuff partially infl ated during extubation, to prevent any fl uids 
entering the trachea. This should only be done following the instructions of 
a veterinary surgeon. Prior to and following extubation in these patients the 
oral cavity should be inspected with the aid of a laryngoscope to ensure no 
debris, such as loose teeth, remains within the oropharynx, which could 
lodge in the airway during recovery causing obstruction. 

 Generally speaking, in dogs, the endotracheal tube should be left  in situ  
until the gag refl ex has returned, i.e. there are attempts from the patient to 
swallow and there may be tongue movements. This generally indicates that 
the patient is able to protect his or her own airway in the event of regurgita-
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tion or vomiting. Extubation should be performed on expiration, which will 
assist in the removal of accumulated mucus away from the airway into the 
oropharynx. The palpebral refl ex should be present, unless the patient has 
facial nerve paralysis or has received neuromuscular blocking agents (NBAs), 
when return of the palpebral refl ex seems to be delayed. In brachycephalic 
breeds the tube is often left in place slightly longer, until the patient is almost 
fully conscious and sitting up. These breeds frequently suffer from BAOS, and 
usually have very long soft palates, which can lead to a degree of respiratory 
obstruction on extubation. Re - intubation should be performed if these patients 
become distressed or dyspnoeic on extubation. To minimise this complication, 
at - risk patients should be recovered in sternal recumbency with the head and 
neck extended and supported on some bedding. This helps to straighten the 
trachea, and limits impedance of thoracic wall movement. The patient may 
need to be re - anaesthetised to secure a patent airway, so equipment for this 
should be ready at hand. 

 It is often more diffi cult in cats to decide when to remove the endotracheal 
tube: signs such as tail, limb and ear movement and a swallowing refl ex indicate 
return to consciousness in this species. Care must be taken not to delay extu-
bation as this can lead to laryngospasm in cats; extubation is performed slightly 
earlier in cats compared dogs, usually when there is a palpebral refl ex present 
with slight tongue movement and before the return of a gag refl ex. There is 
an increased risk of peri - anaesthetic death if a cat has been intubated. 

 Following extubation all patients should be positioned with the head and 
neck extended to help maintain the patency of the airway, with the tongue 
pulled forward. Take care not to lacerate the delicate soft tissues underneath 
the tongue on the teeth. This procedure allows visual inspection of the colour 
of the tongue and placement of a pulse oximeter probe if necessarily. It is also 
an idea to slightly moisten the tongue and gingiva with a dampened swab 
during the recovery period to prevent drying of the oral mucous membranes. 

 Clinical signs of airway obstruction include: 

   •      increased respiratory efforts;  
   •      increased respiratory noise/snoring;  
   •      orthopnoea (inability to breathe unless in sternal recumbency);  
   •      fl ared nostrils;  
   •      abdominal effort;  
   •      extension of head and neck;  
   •      agitation;  
   •      cyanosis;  
   •      agonal breathing.    

 There may be many causes for respiratory obstruction in the immediate recov-
ery period and the recovery nurse needs to be prepared for every eventuality. 
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The nurse should be able to intubate a patient correctly and confi dently, have 
oxygen ready and instruct someone to call the veterinary surgeon. Common 
causes of respiratory obstruction include: 

   •       Breed:  Boxer, bulldog, pug, cavalier king Charles spaniel, Pekingese, Boston 
terrier, Persian and chinchilla are a few breeds all of which may suffer from 
BOAS.  

   •       Foreign material:  Blood, mucus, teeth, swabs, regurgitated material and 
vomit.  

   •       Laryngeal spasm/oedema.     

 In the event of a respiratory arrest the nurse should alert the veterinary 
surgeon; clear the airway by using suction or swabs, and pull the tongue 
forward. Supplemental oxygen should be supplied until endotracheal intuba-
tion is achieved. Correct use of a laryngoscope will aid visualisation of the 
larynx and save time during intubation of the trachea. If an endotracheal tube 
cannot be passed, a rigid dog urinary catheter can usually be passed easily into 
the trachea to deliver oxygen by insuffl ation. A 15   mm tube connector on the 
end of the urinary catheter will allow connection to oxygen tubing or an 
anaesthetic breathing system. Alternatively, the rigid urinary catheter can be 
used as a guide wire to facilitate intubation. If the obstruction is at the larynx 
and endotracheal intubation is not possible, a large - bore needle or intravenous 
catheter can be inserted into the trachea below the obstruction. A 2 or 5   ml 
syringe with the plunger removed and a 15   mm tube connector will facilitate 
connection to oxygen tubing or anaesthetic breathing system (Figure  10.3 ).    

  Breathing 
 Adequate ventilation is essential to ensure that the tissues are well oxygenated 
in the recovery period and to aid in the elimination of carbon dioxide and waste 
anaesthetic gases. Respiratory rate, effort and character should be monitored 

     Figure 10.3     In an emergency transtracheal oxygen may be administered via a large - bore 
needle or catheter inserted directly into the trachea. A 2 or 5   ml syringe with the plunger 
removed and a 15   mm tube connector will facilitate connection to oxygen tubing or anaes-
thetic breathing system.  
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and recorded every 5   min. Pulse oximetry is a useful tool in the recovery period 
aiding in the detection of hypoxia, which may occur as a consequence of inad-
equate ventilation. Care needs to be taken that the oximeter probe does not 
get damaged by the patient and it should not be left on the tongue of a patient 
unless under constant supervision. The probe can be very sensitive to movement 
on the tongue but can be placed on alternative sites such as the vulva, prepuce, 
ear tip, toe web or even the tip of the tail in white dogs and cats. Rectal probes 
are also available and may provide a suitable alternative to the tongue probe. 
Vasoconstriction due to hypothermia, hypovolaemia or drug administration 
can infl uence the accuracy of the oximeter reading in this setting. 

 Hypoventilation may be caused by hypothermia, hang - over effects from 
anaesthetic agents including NBAs, impaired patient control of respiration 
(e.g. high cervical disc lesion or brain disease), upper respiratory tract 
obstruction as described earlier, pain following surgical procedures such as 
thoracotomy, or bronchospasm caused by asthma, drug administration or 
anaphylaxis. Hypoxia and hypoxaemia can occur as a consequence of any of 
these factors and may be compounded by continued diffusion of nitrous oxide 
or increased oxygen demand due to shivering. 

 Patients with respiratory compromise should be handled carefully to mini-
mise stress. Oxygen supplementation must be provided in a fashion that the 
patient will tolerate, as a patient who struggles will rapidly decompensate and 
may collapse. Neonatal or veterinary specifi c incubators are ideal for fragile 
cats and small dogs with respiratory embarrassment. In some larger centres 
oxygen cages may be available (Figure  10.4 ).    

     Figure 10.4     A patient in an oxygen - enriched environment in a commercial oxygen cage.  
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  Circulation 
 There are several ways one can assess the patient for cardiovascular function 
in the recovery period. As a minimum, the heart and pulse rate and quality 
should be recorded every 5   min in the early stages of recovery. 

  Pulse 
 A peripheral pulse should be palpated where possible, e.g. carpal, tarsal, coc-
cygeal or lingual. The peripheral pulses give an indication of peripheral blood 
fl ow and therefore perfusion. In cases that are hypotensive or hypovolaemic, 
these peripheral pulses will be lost before a central pulse such as the femoral 
arterial pulse. The character of the pulse should also be noted, e.g. strong, 
weak, thready, bounding or regularly irregular as in sinus arrhythmia. If the 
pulse is irregularly irregular, the patient should be monitored for the presence 
of pulse defi cits. This occurs when a heart beat does not generate a peripheral 
arterial pulse and the heart rate is therefore greater than the pulse rate. Aus-
cultating the thorax for heart sounds or observing an electrocardiogram (ECG) 
whilst palpating a pulse at the same time can aid in the detection of pulse 
defi cits.  

  Blood  p ressure 
 Arterial blood pressure may need to be measured if the patient has lost blood 
during surgery, has been hypotensive during the anaesthetic, or is having a 
delayed recovery. It is important that the mean arterial blood pressure is 
maintained over 60   mmHg to preserve perfusion to the major organs. Blood 
pressure may be monitored using either indirect or direct techniques (see 
Chapter  9 ). 

 Common causes of hypotension include: 

   •      dehydration (hypovolaemia);  
   •      haemorrhage ongoing or from surgery (hypovolaemia);  
   •      vasodilation (residual effects from drugs);  
   •      hypothermia;  
   •      reduced venous return (gastric dilation – volvulus/ascites);  
   •      pre - existing heart disease;  
   •      arrhythmias;  
   •      sepsis.    

 The veterinary surgeon should be advised if hypotension is suspected or 
detected. Wounds, dressings or drains that could be sites for haemorrhage 
should be inspected and fl uid production from drains recorded: a packed cell 
volume can be performed on sanguinous fl uid. Any saturated dressing material 
can be weighed to assess volume of blood loss. Measurement of abdominal 
girth may be helpful if there is a risk of abdominal bleeding. White open - weave 



Nursing the Patient in Recovery 277 

bandage or paper name collars used for identifi cation can be used to measure 
the abdominal girth and measured against a ruler or meter rule. As a guide 
you should measure at the widest part of the abdomen or use the last rib as 
a constant place to measure. Alternatively, an indelible marker can be used to 
mark the position of the tape.  

  Mucous  m embrane  c olour and  c apillary  r efi ll  t ime 
 The colour of the mucous membranes (MM) and the capillary refi ll time (CRT) 
give an indication of the peripheral circulation. 

 A pale colour may indicate shock, anaemia, pain, vasoconstriction or haem-
orrhage. A blue tinge (cyanosis) indicates severe hypoxia and brick - red mem-
branes can indicate infection or septic shock. Remember, an anaemic patient 
that is hypoxic will not be cyanotic but pale, and ambient lighting can make 
the mucous membrane colour appear cyanotic. The MMs should be moist to 
the touch. 

 CRT gives an indication of peripheral perfusion and should be less than 2 
seconds. Prolonged CRT may be due to hypovolaemia, pain, delayed recovery 
or vasoconstriction.  

  Electrocardiogram 
 An ECG is used to assess the heart rate and rhythm but provides an indication 
of electrical activity only and not forward fl ow from the heart and perfusion. 
However, an ECG may be required to confi rm the presence of an arrhythmia 
and monitor the patient ’ s response to treatment.  

  Central  v enous  p ressure 
 Monitoring of central venous pressure (CVP) may be required in the severely 
hypovolaemic patient to assess hydration status or in a patient which has heart 
failure (see Chapters  8  and  9 ).   

  Temperature 
 Profound hypothermia remains a common postoperative problem despite 
widespread awareness of the problem. Hypothermia not only delays recovery 
from anaesthesia (see earlier) but can have some detrimental effects on the 
patient which include: 

   •      hypoventilation;  
   •      arrhythmias;  
   •      delayed drug metabolism;  
   •      hypoxaemia;  
   •      central nervous system dysfunction;  
   •      reduced minimum alveolar concentration (MAC) requirement;  
   •      shivering increasing oxygen demand (up to 400%);  
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   •      bradycardia;  
   •      platelet dysfunction;  
   •      delayed wound healing.    

 Every step needs to be taken to try to limit the degree of hypothermia in 
every patient undergoing anaesthesia. In order to do this the nurse needs to 
understand what factors can promote hypothermia so that they can try to 
prevent rather than treat hypothermia. Factors that promote hypothermia 
include: 

   •      low ambient temperature;  
   •      increased number of room air changes;  
   •      inability to move due to sedation or anaesthesia;  
   •      starved patients have decreased gut motility;  
   •      drugs causing vasodilation;  
   •      small patients have large surface area to volume ratio;  
   •      extremes of age;  
   •      radiant loss;  
   •      evaporative loss from tissue exposure;  
   •      cold intravenous fl uids/lavage fl uids;  
   •      excessive clipping and wetting during surgical skin preparation;  
   •      cold and high fresh gas fl ows;  
   •      further radiant losses in recovery.    

 Any patient that enters the recovery area wet due to fl uid spillage or urine 
soiling should be thoroughly dried before being placed in a recovery kennel. 
The rectal temperature should be taken as soon as possible after the patient 
is settled in the recovery area. This provides a baseline value to which any 
subsequent values can be compared. The temperature should be checked every 
30   min in a patient that has a normal temperature initially, and every 15   min 
in a patient that is showing signs of hypothermia or hyperthermia or that is 
having a protracted recovery. In patients showing mild hypothermia, care must 
be taken not to overheat them. In these patients usually all that is required is 
some insulation in the form of blankets or bubble wrap, to conserve heat and 
prevent further loss. Hyperthermia may cause patients in recovery to become 
agitated and pant, and this simple cause of distress during the recovery period 
should not be overlooked. 

 Temperature probes affi xed to ears and tails can give unreliable readings. 
Aural thermometers are now available. They sit in the ear canal of cats and 
dogs and give a core temperature reading. However these are designed for 
humans and, due to the differing anatomy of the dog and cat ear, can give 
inaccurate readings. Digital rectal thermometers are quick and reliable and 
eliminate the safety concern if a mercury thermometer were to break. 
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Disposable pouches can be used for each patient eliminating the need to dis-
infect the thermometer between patients. 

 It is better to try and prevent or limit hypothermia rather than to try and 
treat hypothermia. It is important to start to try to conserve body temperature 
from the time of premedication. Acepromazine decreases temperature by reset-
ting the thermoregulatory mechanism and, combined with the heat loss that 
occurs through peripheral vasodilation, following administration of this drug, 
there is already the potential for a degree of hypothermia. Several means of 
maintaining or raising body temperature should be available and are listed 
below: 

   •      Heat lamps:     Care must be taken to avoid thermal injury if lamps are placed 
too close to the patient. Infra - red lamps should be at least 100   cm from the 
surface of the patient. Ensure the electric cable is not within reach of the 
patient.  

   •      Electric heat pads:     These warm up very quickly but are one of the main 
causes of burns in veterinary patients. Suffi cient bedding should be placed 
between the patient and the pad and the patient should not be placed 
directly on to the pad.  

   •      Circulating warm air blankets ( ‘ BAIR huggers ’ ):     These blankets circulate 
warm air through fenestrated, disposable, sterile blankets. They minimise 
the risk of localised thermal necrosis of the skin because there is no direct 
heat contact with the skin. They come in various shapes and sizes and can 
be used underneath, over or can envelope the patient (Figure  10.5   ). Fluid 
warming coils can be placed into the tubing which connects the blanket to 
the machine. These have a thermal marker indicating the temperature 

     Figure 10.5     Circulating warm air blankets minimise the risk of localised thermal necrosis 
of the skin because there is no direct heat contact with the skin.  
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reached. The patient ’ s intravenous fl uids are attached to this coil therefore 
heating the fl uids as they pass through the coil. However one needs to ensure 
that if an extension set is used, this is placed under the blanket, to prevent 
heat loss from the tubing before it reaches the patient, particularly at low 
fl ow rates. These units are commonly used during anaesthesia, but can be 
used in the recovery period if the patient requires warming.  

   •      Recirculating water - fi lled thermostatically controlled pads:     These are mostly 
used on operating tables and are very effective in warming patients. However, 
there is a risk of piercing the pad with claws, needles etc. making them less 
suitable for the recovery period.  

   •      Simple hot water bottles, heated intravenous fl uid bags and water - fi lled 
gloves:     It is important that the patient is protected from direct contact with 
the bottle, bag or glove, which should be wrapped in either bubble wrap or 
fabric. Heated fl uid bags should be mixed well before using, as there may 
be hot spots within the bag if they have been warmed in the microwave. 
These forms of warming need to be changed regularly as they lose heat quite 
quickly.  

   •      Drip line warmers or heated intravenous fl uids:     Drip line warmers can be 
used to warm the fl uid line closer to the patient as opposed to fl uid bag 
warmers where the fl uid has to travel down the fl uid line.  

   •      Reusable wheat or cherry - stone fi lled bags:     These can be heated in a micro-
wave and retain their heat for several hours. Remember to protect the 
patient from direct contact with bag.  

   •      Incubators:     These are an effective way to warm the patient but are only 
really suitable for small dogs and cats. Oxygen can be administered through 
a port into the incubator and the patients are easily observed. A number of 
small doors/hatches enables contact with the patient without losing too 
much heat by opening of the main door.  

   •      Refl ective aluminium space blankets (Mediwrap  ®  ) and plastic bubble 
wrap:     These are good insulators for small patients, and can be disposed of 
if they become soiled. They do not provide a heat source as such but do 
reduce further radiant heat loss in the recovery period. Bubble wrap can be 
used during anaesthesia to cover the head, feet, limbs and body where access 
is not required.    

 Extreme measures that can be used to raise body temperature include bladder, 
abdominal and thoracic lavage and this is commonly performed at the end of 
a surgical procedure where an open cavity exists. If a patient has not under-
gone surgery, then colonic lavage with warm water is another means that can 
be used to warm the patient. 

 Remember that a patient recovering from anaesthesia may not be able to 
move away from the heat source if it becomes too hot, and close monitoring 
of the patient ’ s temperature and regular repositioning of the patient are 
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essential when using external heat sources. Care must be taken that blankets 
or insulating materials such as those mentioned previously do not limit the 
nurse ’ s view of the patient.  

  Analgesia 
 On humane grounds it is necessary to provide analgesia to control pain in 
veterinary patients. In a patient which is having a stormy recovery or is vocal-
ising during the recovery period, it may be diffi cult to tell if the reaction is 
due to pain or excitement, or is just part of the recovery process. Excitement 
on recovery characterised by vocalisation, repeated movements and unrespon-
siveness to verbal communications is termed  ‘ emergence delirium ’  and usually 
passes within 10 minutes. This often occurs when there has been inadequate 
premedication and/or analgesia; if the patient does not settle analgesia and or 
sedation is required to prevent self - trauma. A full discussion of pain assess-
ment and analgesia is provided in Chapter  7 .  

  Patient  c omfort 
 One aspect of recovery where the veterinary nurse can really make an impact 
is patient comfort. 

 While the patient is recumbent, the nurse needs to ensure that there is 
adequate, padded, absorbent bedding and that the patient is turned on a 
regular basis to prevent sores and atalectasis of the lungs. Incontinence pads 
are very useful during the recovery period to absorb and collect voided mate-
rial such as urine and faeces. These pads can be weighed to measure the 
volumes of excreta and other discharges. 

 If the patient does not have a urinary catheter in place, the nurse should 
ensure the bladder has been emptied either at the end of the procedure prior 
to recovery or immediately afterwards in the recovery area. A full bladder can 
be very uncomfortable and cause the house - trained patient a lot of stress. The 
bladder can be expressed by gentle caudal abdominal pressure or by passing 
a rigid urinary catheter (expressing the urinary bladder may be contra - indi-
cated following certain surgical procedures). 

 Particular attention needs to be paid to any dressings the patient may have. 
These need to be checked for tightness and comfort and, if soiled, need to be 
changed. The nurse needs to make sure that the dressing(s) does not impede 
normal breathing, e.g. a head, neck or thoracic bandage. 

 Indwelling drains or catheters should be secured to the patient to prevent 
patient interference; it is important,however, to allow enough slack so that 
they do not pull on the wound or bladder. Surgical tubular stockinette dress-
ings, e.g. Netelast  ®  , are very good as the surgical drains or catheters can be 
easily seen, they help to prevent the drains and catheters being pulled or 
dragged along the fl oor and as the dressing is stretchy it conforms well to the 
patient (Figure  10.6 ).    
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  Monitoring  a fter  o phthalmic  p rocedures 
  Protection 
 Many of these patients will have undergone delicate surgical procedures and 
protection of the surgical site is very important. This may require the use of 
an Elizabethan collar or foot dressings to prevent rubbing of the eyes and 
surrounding tissues. The sight of such patients may be temporarily or perma-
nently impaired, and they must be protected from blunt trauma, i.e. the patient 
should not be rushed when walking on a leash in an unfamiliar environment. 
Allowances must also be made when considering the patient ’ s basic needs, 
such as fi nding their water or food bowls. 

 Local anaesthetic drops can provide a useful adjunct to analgesia for the 
ophthalmic patient if their use is not contra - indicated in the condition being 
treated. Ocular pain can be extremely debilitating: blepherospam, increased 
lacrimation, photophobia and self - trauma are common signs of a patient with 
ocular pain. It is important to remember that intraocular pain is not alleviated 
by local anaesthesia!  

  Complications 
 Extubation in patients that have had intraocular surgery is performed earlier 
than normal to try to eliminate any cardiovascular changes and coughing 
associated with extubation that may cause a rise in intraocular pressure (IOP). 
Increases in IOP can be deleterious following intraocular surgery and precipi-
tate intraocular haemorrhage. 

 Patients should be positioned with their head and neck extended (as with 
all recovering patients), but additionally the head should be raised by 15 °  using 
a blanket, to prevent rises in IOP. Occlusion of the jugular veins by fl exion of 
the head and neck should also be avoided as this can also adversely affect 
the IOP. 

     Figure 10.6     Stockinette dressings, e.g. Netelast  ®  , help to prevent drains and catheters 
being pulled or dragged along the fl oor. This type of stretch dressing conforms well to the 
patient.  
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 Following intraocular surgery patients should be monitored closely to 
ensure adequate respiratory function as intracranial pressure (ICP) can 
increase with hypercapnia. Many such procedures require the use of NBAs 
to maintain a central eye position for surgery. If there has been inadequate 
reversal of these drugs or their effects have not worn off completely, 
hypoventilation, hypercapnia and hypoxia may result and oxygen should be 
administered. 

 Although opioids in themselves do not increase ICP, opioid administration 
can cause respiratory depression. Any attendant increase in the partial pressure 
of carbon dioxide can raise ICP, and so care should be taken to adhere to the 
dosage intervals prescribed by the veterinary surgeon. 

 A body harness rather than a collar and leash is recommended for patients 
who may be at risk of postoperative complications due to increased ICP as 
ICP can rise when a patient pulls tightly on a collar round the neck. Similarly, 
the normal effort expended when patients defecate can be enough to raise ICP, 
so steps should be taken to reduce this effort as much as possible by supplying 
the patient with a bowel regulator such as Isogel  ®  , both before and after the 
surgery. 

 Recovery in these patients needs to be calm and stress free, with gentle 
handling and good analgesia. Sedation is sometimes required to calm a stressed 
patient in recovery.   

  Monitoring  a fter  a bdominal  p rocedures 
  Wound  m anagement 
 Most patients recovering from abdominal surgery will have large incision sites 
that should be monitored every 30   min in the early postoperative period for 
haemorrhage and swelling. If a body bandage is not required, the wound 
should be covered with a simple postoperative dressing for protection. Any 
other dressings should be checked for tightness and comfort. 

 Surgical drains, such as Penrose or Jackson Pratt drains, may be in place, 
and must be kept clean to prevent ascending infection. Disposable gloves 
should be worn when dealing with surgical drains and a sterile absorbent 
dressing, without exception, should cover drains. This may be diffi cult, depend-
ing on the position of the drains, and bolus or  ‘ tie - over ’  dressings may be 
required. The dressing should be changed and the drain site cleaned using 
either sterile saline or 0.05% chlorhexidine gluconate at least twice daily, or 
more frequently if strikethrough of exudates occurs. A barrier cream or oint-
ment such as soft paraffi n can be smeared around the drain exit wound to 
protect the skin from excoriation. 

 In patients with diarrhoea in the recovery period, it is important to ensure 
the surgical wound does not become contaminated. If this does happen, the 
dressing must be removed and the wound thoroughly cleaned using a surgical 
scrub and an aseptic technique before applying another dressing.  
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  Analgesia 
 Human patients report that abdominal surgery is one of the most painful 
surgeries. There is no reason to believe animals are any different so the recov-
ery nurse should be vigilant concerning analgesia, even in the quiet, apparently 
comfortable patient. If the analgesic protocol states that the patient should 
receive analgesia every 4 hours, then it should be adhered to (in the absence 
of signs of overdose) even if the patient appears comfortable: administration 
of analgesics should not be postponed until the patient shows signs of pain. 
Patients that have had surgery on the caudal abdomen may have had an epi-
dural analgesic using either an opioid and/or a local anaesthetic. The nurse 
needs to be aware of this when assessing the patient for pain.   

  Monitoring  a fter  u rogenital  p rocedures 
  Urine  p roduction 
 After most urogenital surgical procedures, it is of the utmost importance to 
ensure the patient is able to produce urine, and that ascending nosocomial 
infections do not develop. As with most patients recovering from a general 
anaesthetic, it may be some time before normal toilet habits can be adopted, 
so a means of measuring and collecting urine during this phase is useful. 
Monitoring urine production can be as simple as noting if and when the 
patient passes urine, and the appearance and smell of the urine. If it is impor-
tant to know how much urine is being produced and urinalysis is required, a 
more accurate and convenient means of measurement should be used. This is 
usually in the form of an indwelling urinary catheter. The best method by 
which to collect the urine from the catheter is to use a closed urine collection 
system: this reduces the risk of bacteria tracking up the urethra and into the 
bladder. Urine collection bags are commercially available, or a simple system 
can be made from an empty fl uid bag and a fl uid administration set. When 
emptying the urine collection bag it is important not to disconnect the system, 
thus leaving it susceptible to ascending infection, but to remove the urine from 
the bag with a needle and syringe via the injection port in the fl uid bag, after 
fi rst swabbing the port with surgical spirit. Commercial bags have specially 
designed taps to allow drainage of urine from the bag. 

 Urine production should be at least 1ml/kg/h and is often higher in these 
patients. If the urine production appears to fall below this value the nurse 
needs to check that the catheter is working properly and that it is not kinked 
or blocked.   

  Monitoring  a fter  t horacic  p rocedures 
  Oxygen 
 It may not be necessary to provide oxygen supplementation to all patients who 
have undergone thoracic surgery, but provision should be made in case the 
need arises. This may be as simple as having a mask and appropriate breathing 
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system ready, or may involve the use of indwelling intranasal catheter(s) or 
nasal prongs. If using intranasal catheters or prongs, it is always a good idea 
to have them in place before you actually need them. Placing the catheter 
before the patient has fully recovered from the anaesthetic is the easiest option! 
Oxygen should always be humidifi ed before being administered to the patient, 
so that the airways do not dry up, cause irritation or dehydration. 

 Measures need to be taken to minimise the effects of hypothermia in 
patients following thoracic surgery as shivering can increase a patient ’ s oxygen 
requirement by up to 400%, which could in turn could contribute to the 
development of hypoxaemia.  

  Analgesia 
 The normal thoracic wall movements required to breathe can produce intense 
pain in animals that have undergone thoracic surgery or suffered thoracic 
trauma. These patients take rapid, shallow breaths, resulting in poor oxygen-
ation of the tissues. Relieving this discomfort will encourage the patient to 
take deeper, more normal, breaths and will improve oxygenation. Although 
opioids are respiratory depressants and must be used with caution in patients 
with poor oxygenation, the superior pain relief they provide allows the patient 
to breathe more effi ciently and thus improve their oxygenation. Bladder and 
bowel movements, which cause the patient to strain, can induce quite severe 
thoracic pain. The use of a bowel regulator, and ensuring that the patient is 
given ample opportunity to empty the bladder voluntarily, can minimise these 
effects.  

  Thoracic  d rains 
 Managing thoracic drains is one of the most important duties of a recovery 
nurse. A patient with a thoracic drain in place must never be left unattended: 
inadvertent removal of the drain or any of the associated components, e.g. 
three - way stopcock, by the patient can have fatal consequences in a very short 
space of time (Figure  10.7 ).   

 A sterile dressing should always cover the thoracic drain for reasons of 
asepsis and to prevent interference by the patient. The dressing must not 
restrict normal breathing efforts. To this end a simple dressing of sterile swabs 
and stockinette is usually suffi cient without resorting to expensive and time -
 consuming thoracic bandages. However, a more elaborate dressing may be 
needed in certain situations, for example following a median sternotomy when 
exudation from the wound may be expected. 

 Thoracic drainage may initially be required on a frequent basis and will be 
dictated by the veterinary surgeon. Disposable gloves should always be worn 
when handling thoracic drains and a sterile syringe used for manual intermit-
tent drainage. Each time the chest is drained, the amount of air and fl uid 
removed is recorded. If bilateral drains are present the volume produced from 
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(a)

(b)

     Figure 10.7     (a) Thoracic drain secured to the chest wall using a Chinese fi nger - trap suture. 
A gate clamp provides additional security in the event that the three - way tap becomes 
dislodged. (b) A sterile dressing protects the thoracic drain and injection caps placed on to 
the three - way tap create a closed system.  

each side should be differentiated. Fluid may need to be submitted to the labo-
ratory for cytological, biochemical or microbiological analysis and should be 
placed in appropriate containers. 

 Unfamiliar three - way stopcocks often present problems when draining 
chests, so it is essential that everyone involved with the nursing care of these 
patients understands how they work. Failure to do so can result in air being 
pushed into the thoracic cavity instead of being removed (iatrogenic pneumo-
thorax), or large volumes of air may be appear to be withdrawn from the chest 
when in fact it is room air! The advent of needle - free valves has reduced the 
need for three - way stopcocks and so minimised these risks. Regardless, the 
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fewer the number of adapters and connections used the less the risk of leaks 
and potential for pneumothorax. If the patient does become dyspnoeic, its 
respiratory pattern changes or the patient deteriorates in any other way, the 
thoracic drain must be checked and drained as a priority. 

 Chest drain removal will be decided by the veterinary surgeon, but it 
may be removed the same day as surgery if there have not been any problems 
in the recovery period. Generally speaking they can be removed when fl uid 
production has reduced to 2   ml/kg/day. This is the amount of fl uid that is 
produced from the infl ammation induced by simply having a drain in place.   

  Monitoring  a fter  e ar,  n ose and  t hroat  p rocedures 
  Protection 
 Following many of the surgical procedures that fall under this heading, wounds 
must be protected from interference by the patient, not only by licking but 
also by scratching. In the case of the ear and nose, this will probably mean 
using an Elizabethan collar. Cervical neck wounds may be protected using 
bandages and/or vigilance on the part of the recovery nurse instead of an 
Elizabethan collar. 

 Due to the location of the facial nerve, many surgical procedures involving 
the ear may lead to paresis or paralysis of the facial muscles, characterised by 
a drooping lip and an eyelid that is unable to blink. Often this is temporary, 
but in the recovery phase the surface of the eye should be kept moist and 
protected by the frequent application of an ophthalmic lubricant such as 
Lubrithal ™ . 

 Ear surgery can be very painful, especially in the patient with chronic ear 
disease. Therefore provisions need to be made to ensure adequate analgesia is 
provided. Some surgeons like to use local anaesthetic as a splash block towards 
the end of surgery as this will help with postoperative analgesia. These patients 
may have drains and a head dressing in place and the nurse needs to check 
that the dressing does not interfere with the animal ’ s ability to breathe. 

 Surgery of the nasal cavity can cause haemorrhage that could potentially 
cause obstruction in the recovery period. It is important to ensure that the 
oropharynx is clear prior to extubation and that any throat packing has been 
removed. It is preferable to wash the mouth out in these patients prior to 
recovery. Suction should be available in the event of obstruction of the upper 
airway with blood and mucus. 

 Laryngeal paralysis surgery can very easily be ruined by a patient which is 
barking excessively in the recovery period. These patients need to be kept calm 
and may need sedation for recovery. Close attention should be paid to thermo-
regulation in these patients as they can easily overheat. Following surgery for 
laryngeal paralysis the nurse needs to be aware that there is risk of aspiration 
of food, and the risk is even greater if surgery is performed bilaterally. Slow 
hand feeding of chunks of food is usually advised.  
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  Tracheostomy 
 These patients are true intensive care cases. Whether the tracheostomy is tem-
porary or permanent, these patients must be under 24 - hour observation in the 
early stages. 

 A temporary tracheotomy allows patients to breathe directly through a 
tube placed in the trachea, until the normal airway is functional. Care 
and maintenance of these tubes requires vigilance by the recovery nurse. 
Soon after placement of a tracheotomy tube, the body begins to treat it 
like a foreign body. This results in large amounts of secretions forming 
around the tube. These must be suctioned out to prevent blockage of the tube 
(Figure  10.8 ).   

 As the secretions are often thick and mucoid, it may be necessary to dilute 
them with some sterile saline prior to suctioning. Sterile saline (2 – 5   ml) is 
instilled into the tracheostomy tube following pre - oxygenation of the patient. 
Pre - oxygenation is required to avoid hypoxia during suctioning. Suctioning 
should last no longer than 15 seconds, and oxygen should be administered 
before repeated suctioning. Although a dog urinary catheter can be used to 
suction the secretions, these catheters are quite rigid and care must be taken 
not to traumatise the trachea. Tracheal suction catheters (these have a thumb 
regulator for varying the pressure of suction) or infant feeding tubes are pref-
erable. The longer the tracheostomy tube is in place, the fewer secretions will 
be produced. This means that in the early stages the tube should be suctioned 
every 20   min or so, but over time this can be less frequent. Sometimes the 
tracheostomy tube may need to be changed if the secretions are building up 
on the inner surface and cannot be suctioned. Pre - placement of stay sutures 
around the tracheal rings above and below the tracheotomy tube when it is 

     Figure 10.8     A single - lumen tracheotomy tube blocked by secretions.  
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inserted makes this an easier task. Double - lumen tracheotomy tubes also make 
cleaning the tube much easier. The inner cannula is simply removed, cleaned 
and replaced (Figure  10.9 ).   

 The skin around the tube must be kept clean and dry. The application of 
petroleum jelly around the tube will help to prevent excoriation of the sur-
rounding tissue. 

 Many of the same principles regarding suction and attention to surrounding 
skin apply to patients with permanent tracheostomy sites. The only difference 
is that there is no plastic tube in place, just a permanent opening into the 
trachea. 

 Patients with temporary or permanent tracheostomies bypass the nasal pas-
sages when breathing. Therefore, the air is not humidifi ed and warmed as it 
passes through the nasal chambers. These patients can therefore require intra-
venous fl uid therapy in the postoperative period as they can lose fl uid not only 
through excess secretions but also through evaporation. Furthermore, lint - free 
bedding materials should be used to prevent fi bres being inhaled through the 
tube or stoma.   

  Monitoring  a fter  o rthopaedic  p rocedures 
  Dressings 
 Dressings are applied for support and/or protection and they come in many 
forms from simple wound coverings to elaborate slings and casts. A newly 
applied dressing should be checked every 30   min for comfort, slippage and 
strikethrough. The materials used to apply a dressing should be noted on the 
patient ’ s chart. This allows the recovery nurse to use the same materials if the 
dressing requires replacement.  

     Figure 10.9     A double - lumen tracheotomy tube. The inner tube is visible.  
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  Analgesics 
 All orthopaedic patients require analgesia. A well applied dressing will help 
to ease discomfort, but most patients will require more than that. The practice 
of withholding analgesics to prevent orthopaedic patients moving around and 
disrupting the surgical repair is no longer acceptable on ethical grounds. 

 A combination of non - steroidal anti - infl ammatory drugs and opioids works 
well in these patients. Local analgesic techniques are frequently used in ortho-
paedic surgical cases and the recovery nurse needs to be aware of the drugs 
that have been used and any potential side effect or complications that could 
arise. Epidurals using opioids and/or local anaesthetics may be used for surgery 
of the caudal limbs and pelvis. A brachial plexus local anaesthetic block will 
provide analgesia for any procedure from the elbow distally, whereas a radial, 
ulnar, median and musculocutaneous nerve blocks will provide analgesia 
below the elbow. 

 Urinary retention can be a side effect of opioid epidural and motor blockade 
can cause ataxia that may not be ideal if the patient were to slip after a delicate 
fracture repair.  

  Assistance 
 Many of these patients initially will require assistance to move around the 
kennel, change position, reach food and water bowls and empty their bladder 
and bowel. The use of fl eece - lined abdominal slings can be a great help to 
support these patients: however, a folded towel can also be used. Any dog 
heavier than 20   kg will require at least two people to move and lift it. Non - slip 
mats are very helpful for both orthopaedic and neurological patients to help 
them get their footing on recovery.   

  Monitoring  a fter  n eurological  p rocedures 
  Position 
 Not all neurological patients will have had a surgical procedure. Many will 
have undergone investigations such as myelography, electromyography, com-
puted tomography (CT) or magnetic resonance imaging (MRI). 

 When performing myelography dye may be injected into the subarachnoid 
space, either in the lumbar or the cervical region. Following injection of dye 
into the cisterna magna, the patient should be positioned with the head raised 
on foam pads or blankets in the immediate postoperative period. This encour-
ages dye to fl ow away from the brain, reducing the incidence of seizures.  

  Mental  s tatus and  s eizures 
 Rather than using an absolute measurement, the important thing with mental 
status is noting changes and trends. Parameters that can be monitored include 
response to light and noise and spatial awareness; there may be changes in 
mental status before or after a seizure. Other signs of note include erratic 
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movements, vocalisation, facial twitching, extension and rigidity of the limbs 
with hyperextension of the neck. If seizures are a possibility, the appropriate 
doses of suitable drugs should be drawn up and labelled, or readily available 
to administer should the need arise. 

 If seizures occur, help should be summoned and drugs should only be given 
on the instructions of a veterinary surgeon. Dim the lights and reduce noise 
levels if possible. Some patients in status epilepticus may need to be kept on 
total intravenous anaesthesia (TIVA) with propofol to control seizures. They 
need to be cared for like any recumbent patient with soft bedding, regular 
turning and routine bladder care. Some patients may only be lightly sedated, 
but others may need to be intubated. These patients are much more challeng-
ing and require respiratory monitoring, eye and oral care including movement 
of the endotracheal tube every 6 hours. It is important to remember to defl ate 
the cuff before moving the tube and re - cuff the tube afterwards to protect the 
airway. The tube also needs to be changed every 24 hours and a tube with a 
low pressure/high volume cuff is advisable. This reduces the incidence of tra-
cheal pressure necrosis. The patient needs to be positioned with the head 
slightly elevated and suction equipment should be available in case the patient 
regurgitates. 

 Spinal surgery can be prolonged and patients are likely to be hypothermic 
especially if they are small and had MRI or myelography fi rst. Recumbent 
patients will need to be turned regularly and prolonged recumbency may 
warrant placement of an indwelling urinary catheter. 

 Patients with neuromuscular disease also present a challenge to the recovery 
period. Weak muscles can cause hypoventilation and even respiratory arrest 
in the extreme case. Efforts to breathe can become exhausting following a long 
anaesthetic. Aspiration is a risk in patients which have megaoesophagus, often 
seen with myasthenia gravis. Suction equipment should be on standby and 
ready to use should the patient regurgitate. On recovery from anaesthesia the 
patient should be positioned with the pharynx elevated and nose pointing 
downwards. This will allow any secretions to drain through the mouth 
rather than into the airway. Suctioning of the oesophagus prior to the end of 
anaesthesia can really help the recovery nurse. The endotracheal tube should 
be removed with the cuff partially infl ated to help draw any collected 
secretions out and away from the trachea. Most patients will tolerate 
oropharyngeal suctioning before they are fully conscious.  

  Assistance 
 The same principles apply to these patients as orthopaedic patients when 
moving them. Great care must be taken when moving patients with spinal 
fractures. The aim is to keep the spinal column completely supported and this 
is best achieved by the use of a rigid stretcher or board. It may be necessary 
to devise a means of securing the patient to the board, and this can be achieved 
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with the use of broad nylon webbing which will secure the patient with 
comfort. Patients that have had spinal surgery should have restricted exercise 
and should be supported even if ambulatory as a simple slip could cause 
serious complications and potentially worsen the neurological condition.   

  Monitoring  p atients with  e ndocrine  d isease 
  Diabetes  m ellitus 
 On the morning of surgery diabetic patients may receive no insulin, one half 
or the full dose of insulin, depending on the blood glucose levels, and food is 
withheld as usual in the preoperative patient. It is important that these patients 
are scheduled for surgery early in the day to ensure that they have recovered 
fully from the procedure and are capable of eating their evening meal and 
receiving their evening medications as normal. 

 Blood glucose should be measured in recovery, as it will have been during 
anaesthesia. The frequency will be determined by the veterinary surgeon. The 
patient should be fed as soon as they have fully recovered and the blood 
glucose should be checked if the patient is slow to recover or is showing signs 
of hypoglycaemia. Intravenous fl uids containing glucose should be adminis-
tered if the blood glucose falls below 3mmol/l. By preference blood samples 
should be taken straight from a vein, however in small and intolerant patients 
sampling from an intravenous catheter may be required. The nurse needs to 
ensure that suffi cient blood has been removed and discarded from the catheter 
prior to sampling so that it is not diluted by the heparinised saline lock or by 
any fl uids being administered: this is especially important where intravenous 
fl uids containing glucose are being administered. 

 These patients are commonly polydipsic and polyuric, so adequate water 
should be available to drink (if oral fl uids are not contraindicated) and the 
volume measured. The patient should also be given ample opportunity to pass 
urine outside. 

 The established feeding and insulin regimens that the patient is used to 
should be adhered to as much as possible to try to prevent destabilising the 
patient. However, the stress of hospitalisation, anaesthesia and surgery can 
affect the diabetic patient. These patients are often sent home as quickly as 
possible so that they can get back into their routine.  

  Hypoadrenocorticism (Addison ’ s  d isease) 
 These patients will usually have received glucocorticoids before the anaes-
thetic procedure, e.g. dexamethasone 1 – 2   mg/kg intravenously, to counteract 
the stress of the anaesthetic regime: the steroid may be repeated in the 
postoperative period so venous access is important. During the recovery 
period the nurse needs to monitor the patient in case of an Addisonian crisis 
and circulatory collapse. An ECG may be used to monitor the heart rate 
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and fl uid therapy should be continued. Electrolytes may need to be checked 
to ensure that the sodium levels are not too low and the potassium levels 
not too high.  

  Hyperadrenocorticism (Cushing ’ s  d isease) 
 Patients with Cushing ’ s disease can present a problem in the recovery period, 
and this is usually of a ventilatory nature. This is due to respiratory muscle 
weakness, abdominal enlargement impeding normal ventilatory efforts and 
reducing functional residual capacity, pulmonary mineralisation and intersti-
tial lung disease, all predisposing the patient to hypoxia. These patients are 
also at risk of pulmonary thromboembolism due to their hypercoagulable state 
and the nurse should be aware of the relevant clinical signs, i.e. acute onset 
dyspnoea, tachypnoea and cyanosis.  

  Hyperthyroidism 
 These patients are hyperactive and can be aggressive and should be stabilised 
prior to anaesthesia. They are very fragile and can be tipped over the edge 
quite easily due to other underlying conditions such as hypertrophic cardio-
myopathy and renal compromise. These patients need to recover in a stress -
 free, calm environment with gentle handling.  

  Hypothyroidism 
 The main concern with hypothyroid patients is the delayed metabolism and 
excretion of drugs leading to protracted recovery from anaesthesia. These 
patients are at risk of hypoventilation in recovery due to their enlarged 
abdomen impeding normal ventilation. Hypothyroidism may be accompanied 
by laryngeal paralysis.   

  Monitoring  p atients with  r enal  d isease 
 Patients with renal dysfunction may take longer to recover following admin-
istration of anaesthetic drugs, as their kidneys may not be able to excrete these 
agents as effi ciently as normal. 

 It is important to ensure that patients with any renal compromise are 
given fl uids throughout anaesthesia and surgery and well into the recovery 
period: urine output should be measured. In addition, urine specifi c gravity 
should be measured using a refractometer each time the urine collection system 
is drained. 

 Severe hyperkalaemia should be treated before patients are anaesthetised, 
but serum potassium levels may need to be monitored in the postoperative 
period. Electrocardiographic changes associated with hyperkalaemia, such as 
tall and/or peaked T waves and bradycardia, may alert the observant recovery 
nurse to impending problems.  
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  Monitoring  p atients with  h epatic  d isease 
 Patients with any hepatic dysfunction may take longer to recover following 
administration of anaesthetic drugs, as their liver cannot metabolise these 
agents effi ciently. This effect may be compounded by hypoalbuminaemia as 
many anaesthetic drugs are transported round the body bound to this protein, 
and relative overdose of anaesthetic agents is possible. 

 Pre - anaesthetic measurement of serum albumin levels will indicate if the 
patient is hypoalbuminaemic. If this is the case then infusion of plasma or 
a colloid may be started during the anaesthetic and surgery, and may be 
continued into the postoperative period. If the patient has received crystal-
loids during the anaesthetic and surgery, then a blood sample to measure 
serum albumin levels in the recovery phase may be useful. This would indi-
cate if the albumin levels had been further diluted by infusion of the 
crystalloid. 

 Disorders of coagulation may have been identifi ed in patients with hepatic 
dysfunction prior to anaesthesia and surgery. In the postoperative period they 
should be observed closely for signs of unexpected bleeding and the veterinary 
surgeon alerted. 

 Many patients with hepatic disorders have a reduced capacity for gluco-
neogenesis, combined with a tendency for prolonged recovery and thus a delay 
in return to enteral nutrition, so postoperative monitoring of blood glucose 
levels may be appropriate. This is especially true in patients with congenital 
disorders affecting hepatic function, such as portosystemic shunt (PSS). Post-
operatively, PSS cases should be monitored closely for signs of portal hyperten-
sion, i.e. abdominal pain, development of ascites and diarrhoea. If such signs 
are noted the veterinary surgeon must be alerted immediately.  

  Monitoring  n eonatal and  p aediatric  p atients 
 Neonatal and paediatric patients are at a greater risk of hypothermia due to 
their large body surface to body weight ratio and incubators are really useful 
during the recovery period to maintain euthermia and treat hypothermia. It is 
important to remember that in neonatal patients it is easy to induce hyper-
thermia (despite monitoring), as it is easy to forget that their body temperature 
is normally lower than that in adults! 

 Hepatic and renal function may not be fully developed in paediatric 
animals and drugs should only be administered after consideration of this 
impairment. 

 Neonates are prone to hypoglycaemia due to ineffi cient hepatic gluconeo-
genesis, decreased glycogen stores and an immature glucose feedback mecha-
nism. Early signs of hypoglycaemia may include lethargy, decreased suckle 
refl ex, crying and a limp body. The veterinary surgeon should be alerted 
immediately if hypoglycaemia is suspected: intravenous glucose supplementa-
tion may be required. For the same reason neonatal patients should be fed 



Nursing the Patient in Recovery 295 

early in the postoperative period unless there is a specifi c contraindication to 
enteral nutrition. 

 Intravenous fl uids should be administered using a syringe driver, fl uid 
pump, burette or an alternative method of accurately controlling the fl uid 
rate. This is particularly important as perioperative fl uid therapy has been 
associated with an increased risk of mortality.   

  CONCLUSION 

 Ensuring the safe recovery of patients is a very important nursing skill to develop. 
Each recovery is different. Some recoveries may take minutes and be uneventful 
while others may be prolonged and it takes hours before the patient is stable 
enough to move. It need not be an expensive or diffi cult exercise to improve 
most recovery areas. Usually what is needed is just a little advance planning.  
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11
 Cardiopulmonary Cerebral 

Resuscitation 

and Other 

Emergencies  

  Kirstin   Beard       

     Cardiopulmonary arrest (CPA) is defi ned as the sudden cessation of spontane-
ous and effective ventilation and systemic perfusion (circulation), which leads 
to inadequate oxygen delivery to tissues, shock and death. CPA may occur 
acutely due to a single devastating event or chronically from the cumulative 
effect of several factors. It is important to identify which patients are at risk 
for CPA (brachycephalic breeds during recovery, patients with respiratory 
compromise, hypotension, trauma and so on) and anticipate potential prob-
lems, which can often be avoided by meticulous monitoring and observation. 
Prevention of a crisis is better than attempting a cure. 

 The goal of cardiopulmonary resuscitation (CPR) is to support ventilation 
and circulation until spontaneous functions can be restored and sustained, i.e. 
return of spontaneous circulation (ROSC). Cardiopulmonary cerebral resus-
citation (CPCR) is an alternative term which emphasises the importance of 
preserving cerebral function. 

 The long - term survival rates following CPCR in dogs and cats are poor, 
with only 4% of dogs and 4 – 9.6% of cats resuscitated being discharged from 
hospital (Kass and Haskins  1993 ; Wingfi eld and Van Pelt  1992 ). There are 
several ways in which attempts can be made to improve patients ’  survival: it 
is essential to be well prepared for CPCR, and a designated area should be 
assigned within the practice. Within this area essential supplies, oxygen and a 
crash cart should be visible, organised and easily accessible. It is important to 
be familiar with the techniques necessary to perform effective CPCR; there-
fore, practice training sessions should be carried out and a protocol developed 
which all members of staff likely to be involved in resuscitation understand. 
This leads to an effi cient team that can respond rapidly to an emergency.  
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  CARDIOPULMONARY ARREST 

 Early recognition of impending CPA is critical to successful CPCR. The vet-
erinary nurse is often in a position to detect changes in a patient ’ s condition 
while monitoring anaesthesia, and therefore to identify which animals are at 
risk of CPA. The anaesthetic record is vital: it allows tracking of physiological 
variables such as heart rate, respiratory rate, blood pressure, oxygen saturation 
of haemoglobin etc. and can help to highlight sudden changes, as well as 
demonstrating the trends in these measurements during anaesthesia. Signs 
indicative of deterioration include unexpected changes in respiratory rate, 
depth and pattern or pulse quality or rhythm, bradycardia, tachycardia, hypo-
tension, hypothermia, unexplained changes in anaesthetic depth or abnormal 
electrocardiograms (ECGs). If there is any doubt whether the patient has 
undergone CPA, resuscitation should be started immediately. A delay of 
3 – 4   min before the onset of resuscitation can lead to irreversible and often 
fatal changes. 

     Causes of  c ardiopulmonary  a rrest 
     •      Hypoxia.  
   •      Hypovolaemia.  
   •      Hypercapnia.  
   •      Hypotension.  
   •      Hypothermia.  
   •      Acid – base abnormalities.  
   •      Electrolyte imbalances (hyperkalaemia, hypokalaemia, hypocalcaemia etc.).  
   •      Dysrhythmias.  
   •      Pre - existing heart disease.  
   •      Vagal stimulation.  
   •      Toxaemia (relative or absolute anaesthetic overdose; toxins and drugs).  
   •      Tamponade (tension pneumothorax or cardiac tamponade).     

  Signs of  c ardiopulmonary  a rrest 
     •      No heart sounds on auscultation.  
   •      Absence of palpable pulse.  
   •      Fixed and dilated pupils (30 – 45   sec) and central eye position (Figure  11.1 ).  
   •      Apnoea or  ‘ agonal ’  gasps.  
   •      Grey or cyanotic mucous membranes (can be unreliable as may remain 

normal for several minutes after arrest).  
   •      Dry cornea with loss of refl exes.  
   •      Arrhythmia.  
   •      Bleeding at surgical site stops or slows; blood becomes dark in colour.  
   •      Loss of muscle tone and loss of cranial nerve refl exes.      
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 Cardiac rhythms considered as  ‘ arrest ’  rhythms include asystole, pulseless 
electrical activity (PEA), pulseless ventricular tachycardia and ventricular 
fi brillation. Additional rhythms of importance include sinus bradycardia, sinus 
tachycardia and ventricular tachycardia. Asystole and PEA are the most fre-
quently encountered arrest rhythms in dogs and cats. Recognition of the 
cardiac rhythm will help to determine the type of therapy required: do not 
assume that a normal ECG trace is indicative of effective cardiac output. 
Check for a palpable pulse, as in PEA the ECG can appear normal even though 
mechanical cardiac activity is lost. 

 It is important to establish whether to perform CPCR in patients with 
terminal disease, or those in which the likelihood of an arrest is anticipated 
and expected to be unsuccessful. Communication with the client should be 
undertaken if appropriate to establish their wishes in the event of CPA. Resus-
citation orders can be categorised into  ‘ Do not attempt resuscitation ’ (DNAR), 
 ‘ External CPCR only ’  or  ‘ Full resuscitation ’ , i.e. everything possible including 
open - chest CPCR. A traffi c light system can be applied to these orders (red, 
amber and green) and highlighted on the patient ’ s record sheet, enabling all 
staff to see at a glance the extent of the CPCR to be provided. Generally, 
CPCR should only be performed when the arrest is unexpected, and the under-

     Figure 11.1     Fixed dilated pupils and ashen mucous membranes in a cat that had suffered 
a cardiopulmonary arrest.  



CPCR and Other Emergencies 299 

lying cause of the CPA can be reversed. This will avoid inappropriate resus-
citation and prevent undue suffering. The decision to terminate CPCR should 
be based on the patient ’ s disease process, the prognosis and the client ’ s wishes.   

  Cardiopulmonary  c erebral  r esuscitation 
  Staff 
 A team approach to CPCR is essential. One - person CPCR is ineffective, and 
the ideal number of staff required in a resuscitation attempt is three to fi ve. All 
staff within the practice should be trained in CPCR techniques and be capable 
of dealing with the initial management of CPA. An  ‘ emergency plan ’  can be 
implemented which refl ects individual practice facilities and staff. It is impor-
tant for each member of the team to understand their role and responsibilities; 
this will avoid confusion and ensure an effi cient, co - ordinated response.  

  Equipment 
 The facilities and supplies required to perform CPCR should be readily avail-
able. The  ‘ crash ’  box can be a simple small toolkit or an elaborate crash cart 
(Figure  11.2 ). The cart has the advantage of additional storage space for equip-
ment such as an electrocardiograph and defi brillator. Regardless of its form, the 
crash box should be in a central location, fully equipped and regularly checked.     

     Figure 11.2     A mobile, well stocked crash cart. Note the electrocardiograph/defi brillator 
unit located on the top.  



300 Anaesthesia for Veterinary Nurses 

    EMERGENCY EQUIPMENT CHECKLIST 

  Airway  m anagement 

 Endotracheal tubes (range 3 – 12   mm) may be pre - tied 
 Laryngoscope 
 Stylet 
 Tracheostomy tubes 
 Large bore needles 
 Endotracheal tube ties  

  Vascular  a ccess 

 Intravenous (IV) catheters (range of sizes) 
 Syringes (range of sizes) 
 Needles (range of sizes) 
 IV administration sets  –  pressurised cuff 
 Scalpel blades (range of sizes) 
 Intraosseus needle, spinal needles 
 Tape  

  Drugs 

 See Table  11.1 .    

  Emergency  d rug  c hart 

 Dosages in millilitres/kg and defi brillator guide chart  

  Additional  f acilities 

 Oxygen source 
 Bag valve mask resuscitator, breathing system, face masks 
 Suction equipment: hand - held, suction pump 
 Electrocardiograph: with pads attached to clips 
 Defi brillator: external and internal paddles, electrode gel 
 Stethoscope 
 Clock  

  Miscellaneous 

 Clippers 
 Scrub/spirit 
 Three - way taps, T - ports, butterfl y needles 
 Needle - free connectors, catheter bungs, extension sets 
 Urinary catheters: for intratracheal drug administration 
 Surgical pack 
 Gloves (range of sizes) 
 Suture material (various)   
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 The mnemonic ABCDEF is useful for remembering the elements of CPCR. 
Each member of the team can then take responsibility for the treatment priori-
ties of basic and advanced life support.   

  Basic  l ife  s upport 
  Airway ( A ) 
 Establish a patent airway. Intubate the patient with a well fi tting, cuffed endo-
tracheal tube: ideally an endotracheal tube with a high - volume low - pressure 
cuff should be used. Ensure the tube is correctly positioned within the trachea 
either by direct visualisation using a laryngoscope or palpation. Infl ate the cuff 
and tie the tube securely in place. Check all patients already intubated to 
ensure the endotracheal tube is still correctly sited within the trachea and is 
not kinked or occluded. In the event of upper airway obstruction preventing 
tracheal intubation by standard means, a narrow catheter, e.g. urinary cath-
eter, can be passed to the tracheal bifurcation and oxygen insuffl ated until an 
emergency tracheostomy can be performed. Alternatively, transtracheal oxygen 
may be supplied by using a large - gauge intravenous catheter to catheterise the 
trachea in a manner similar to placing the catheter into a vessel. A standard 
15   mm tube connector will allow the catheter to be connected to an appropri-
ate breathing system. Suction may be required to clear the oropharynx of 
blood or debris.  

  Breathing ( B ) 
 Perform intermittent positive pressure ventilation (IPPV) with 100% oxygen 
if possible and an appropriate anaesthetic breathing system. Alternatively a 
bag valve mask (BVM) unit (Figure  11.3 ) can be used which will allow manual 
lung infl ation with either air (21% oxygen) or 100% oxygen. This can be 
less cumbersome than a breathing system as there is no scavenging valve to 

     Figure 11.3     A bag valve mask unit with mask removed. These units have replaced the 
more traditional manual ventilator unit, e.g. Ambu  ®   bag.  
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operate during IPPV. Initially give the patient two supramaximal breaths and 
then begin ventilation at a rate of 10 – 12 breaths per minute (bpm). In patients 
with pre - existing hypoxia, higher ventilation rates of 12 – 15   bpm may be 
benefi cial. Excessive ventilatory rates should be avoided as these have been 
shown to lower perfusion to the heart, decrease venous return and decrease 
the success of CPCR. Infl ation of the lungs should provide a visible rise of 
the chest wall, followed by a normal relaxation of the chest wall. This will 
allow the lungs to defl ate fully after each ventilation which will facilitate 
venous return.    

  Circulation ( C ) 
 Support of the circulation is essential to restore blood fl ow to vital organs and 
preserve cerebral function. It can be accomplished through external or internal 
cardiac compression. The breed of dog (size and shape) and chest wall compli-
ance determine the effectiveness of the chosen method. 

  External  c ardiac  c ompression 
 Blood fl ow during external cardiac compression is achieved by one of two 
mechanisms: the  ‘ cardiac pump ’  and  ‘ thoracic pump ’ . 

   •      Cardiac pump:     This is used in animals weighing less than 15   kg, or very 
narrow - chested dogs, e.g. greyhound. The aim is to squeeze the ventricles 
by compression of the ribcage over the cardiac area. This is performed with 
the patient positioned on a hard surface in right lateral recumbency with a 
slight head - down inclination. One or both hands are placed at the fourth 
to fi fth intercostal space, at the costochondral junction, and the chest wall 
is compressed with the arms extended, elbows locked and force being 
applied by bending at the waist. The compressor should be above the 
patient ’ s chest for this to be effective. The chest should be compressed by 
approximately one third. A sandbag can be placed under the opposing chest 
wall for support. In cats, and patients weighing less than 5   kg, the thumb 
and forefi ngers can be used to compress the chest. The rate of compressions 
is approximately 80 – 100 per minute. The person performing the compres-
sions should change every 2   min to maintain adequate force and rate. Chest 
wall compressions should be continuous with no break during administra-
tion of ventilatory breaths.  

   •      Thoracic pump:     This technique is suited to medium -  to large - breed dogs, 
or for those with  ‘ barrel ’  chests. The chest is compressed at its widest part 
to increase intrathoracic pressure. This is transmitted to the intrathoracic 
vasculature, which leads to forward blood fl ow and compression of the 
heart. Additional ways that may improve venous return with this technique 
are:  
   �      Abdominal binding of the hindlimbs and abdomen. This will direct blood 

fl ow from the abdomen towards the head.  
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   �      Interposed abdominal compression. The abdomen is manually compressed 
during the relaxation phase of chest compressions as another method of 
increasing venous return to the heart.  

   �      Placing the patient in dorsal recumbency and compressing the sternum.      

 The effectiveness of CPCR must be monitored regularly. If the resuscitation 
efforts are not suffi cient, the resuscitation technique must be reviewed. 

 The following signs indicate generation of forward blood fl ow: 

   •      palpation of a pulse during chest compression;  
   •      constriction of pupil;  
   •      improvement in mucous membrane colour;  
   •      ECG changes;  
   •      improving levels of end tidal carbon dioxide (E T CO 2  or F E CO 2 );  
   •      cerebral blood fl ow demonstrated by placing a Doppler transducer on the 

lubricated cornea using conductive salt - free gel.     

  Internal  c ardiac  c ompression 
 Internal cardiac compression has been shown to be more effective than exter-
nal chest compression in the artifi cial circulation of blood and perfusion of 
tissues during CPCR. Although referred to in this section on basic life support, 
it is considered to be an advanced life support technique. Internal cardiac 
compression is indicated in the following conditions: 

   •      failed external cardiac compression;  
   •      pneumothorax or haemothorax;  
   •      pericardial tamponade;  
   •      fl ail chest;  
   •      penetrating chest wounds/thoracic trauma;  
   •      diaphragmatic hernia;  
   •      intra - operative thoracic or abdominal surgery.    

 The decision to perform a thoracotomy should be made rapidly if the initial 
techniques employed are ineffective. 

 A rapid clip of the third to sixth intercostal space on the left side will remove 
the majority of long hair, and time should not be wasted in performing an 
aseptic surgical preparation of the site. The veterinary nurse should ensure 
that a surgical pack containing a loaded scalpel is prepared and rib spreaders 
are available. 

 Internal compression allows visual and palpable assessment of ventricular 
fi lling, evaluation of the heart rhythm, cross - clamping of the descending aorta 
and assessment of lung infl ation. 

 Disadvantages of internal compression include stopping cardiac compres-
sions while performing a thoracotomy, potential damage to thoracic organs, 
unfamiliarity with the technique and postoperative sepsis.    



304 Anaesthesia for Veterinary Nurses 

  Advanced  l ife  s upport 
  Drugs ( D ) 
 Drug therapy during CPA is ideally chosen according to which arrest rhythm 
is present and therefore electrocardiograph monitoring is generally required. 
The principal drugs used in the treatment of CPA are epinephrine and atro-
pine. Additional drug therapy is based on the response to drug administration 
and the arrhythmias present following return of spontaneous circulation. Some 
examples of the drugs that may be considered are shown in Table  11.1 . There 

 Table 11.1     Drugs commonly employed during and following cardiopulmonary cerebral 
resuscitation. IT: intratracheal; IO: intraosseous. 

   Drug     Indication     Dose rate  

  Epinephrine    Ventricular fi brillation 

Ventricular asystole, PEA 

 Anaphylaxis  

  Low dose 0.01   mg/kg IV 

 High dose 0.1   mg/kg IV 

 0.03 – 0.1   mg/kg IT  

  Atropine    Sinus bradycardia 

 Atrioventricular block 

 Ventricular fi brillation 

Ventricular asystole, PEA  

  0.02 – 0.04   mg/kg IV 

 0.4   mg/kg IT  

  Lidocaine   Ventricular tachycardia   Dogs: 2 – 4   mg/kg IV or IO 

 Cats: 0.2   mg/kg IV  

  Dobutamine    Myocardial failure 

 Low cardiac output 

 Post CPCR  

  Dogs: 2 – 20    µ g/kg/min CRI 

 Cats:  < 4    µ g/kg/min CRI  

  Dopamine    Hypotension 

 Oliguria 

 Low cardiac output  

  3 – 5    µ g/kg/min CRI for 

increased renal perfusion 

 5 – 10    µ g/kg/min CRI for 

increased cardiac output  

  Vasopressin    Ventricular asystole, PEA 

 Ventricular fi brillation  

  0.2 – 0.8   U/kg IV 

 0.4 – 1.2   U/kg IT  

  Furosemide    Cerebral/pulmonary oedema 

 Oliguria 

 Congestive heart failure  

  Dogs: 2 – 4   mg/kg IV 

 Cats: 1 – 2   mg/kg IV  

  Methylprednisolone 

sodium succinate  

  Cerebral oedema post CPCR    10 – 30   mg/kg IV  

  Naloxone    Opioid antagonist    0.04 – 1.0   mg/kg IV  

  Propranolol    Supraventricular tachycardia    0.02 – 0.06   mg/kg  

  Sodium bicarbonate    Severe metabolic acidosis 

 Severe hyperkalaemia  

  0.5 – 1   mEq/kg IV  

  Amiodarone    Refractory ventricular fi brillation 

 Ventricular tachycardia  

  5   mg/kg IV or IO over 

10   min  

  Magnesium 

sulphate  

  Refractory ventricular 

arrhythmias  

  0.15 – 0.3   mEq/kg IV over 

10   min  
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is considerable controversy regarding the value and place of many of the drugs 
suggested for use in CPCR. 

  Epinephrine 
 Epinephrine is an adrenergic agonist and is considered to be the drug of choice 
in CPA. It causes an increase in heart rate, an increase force of contraction 
and peripheral vasoconstriction, which increase arterial pressure and blood 
fl ow to vital organs.  

  Atropine 
 Atropine is a parasympatholytic agent that is used to treat arrhythmias arising 
from vagal stimulation. Its vagolytic action is indicated in the treatment of 
ventricular asystole, PEA and slow sinus or idioventricular rhythms.   

  Routes of  d rug  a dministration  d uring  CPCR  
  Central  v enous  r oute 
 This is the route of choice. Drugs are deposited near the heart and provide 
high concentrations in a short period of time. Placement of a jugular catheter 
is required such that its tip lies within the cranial vena cava. This technique 
is useful in dogs and cats only when a central venous catheter has been placed 
prior to CPA.  

  Intraosseus  r oute 
 This route is useful when vascular access is limited. There is rapid drug uptake 
from this site and large volumes can be administered. An intraosseous or spinal 
needle is inserted into the femoral trochanteric fossa, proximal humerus, wing 
of ileum or tibial crest.  

  Intratracheal  r oute 
 Drugs may be administered into the trachea (IT route) by passing a urinary 
catheter through the endotracheal tube to the bifurcation of the trachea. 
At least double the dose of the chosen drug is required and it should be diluted 
with sterile water to provide adequate volume to both distribute the drug and 
improve absorption. Amiodarone, calcium gluconate, magnesium sulphate 
and sodium bicarbonate cannot be administered via the intratracheal route. 
Drug uptake from this site may be slow and fi nal blood concentrations reduced, 
but it is better than peripheral venous administration of drugs if there is poor 
forward fl ow of blood during CPCR.  

  Peripheral  v enous  r oute 
 This route is not ideal, but is often more convenient than others. Drugs take 
an excessive length of time to reach the heart, but following the drug with an 
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intravenous bolus of sterile saline solution and raising the extremity for 10 – 20 
seconds enhances the response to peripheral venous injection.  

  Intracardiac  r oute 
 This route of administration should be avoided unless open - chest CPCR is 
being performed. Potential complications associated with this route of admin-
istration include coronary laceration, cardiac tamponade, myocardial trauma 
and refractory arrhythmias.   

  Fluid  t herapy 
 Fluid administration during CPCR should be conservative unless hypovolae-
mia has been identifi ed as an underlying cause of cardiac arrest because aggres-
sive fl uid therapy can rapidly lead to volume overload. The recommended 
dosage of crystalloid fl uid therapy in euvolaemic arrest is a 20   ml/kg bolus in 
dogs and a 10   ml/kg bolus in cats. If colloids are used then a bolus of 5   ml/kg 
in dogs and 2 – 3   ml/kg in cats is used. 

 The veterinary nurse should ensure that drugs which are kept in the crash 
box remain within expiry dates. The practice of maintaining preloaded syringes 
with emergency drugs is not justifi ed in veterinary practice: unless the crash 
box is used on a routine basis, the drugs ’  life expectancy will be diminished 
and therefore the waste and costs involved do not make it practical.    

      An essential requirement of any crash box is a drug chart with dosages dis-
played in ml/kg. This allows rapid reference by a team member during CPCR.  

  Electrical  d efi brillation ( E ) 
 The purpose of defi brillation is to convert the chaotic electrical activity of the 
fi brillating heart to sinus rhythm. The discharge of an electrical current through 
the myocardium aims to allow the pacemaker (sinoatrial node) to resume its 
normal rhythm. Defi brillation should be performed as soon as ventricular 
fi brillation is diagnosed, as success is inversely related to the elapsed time since 
fi brillation. 

   •      External defi brillation:     See Figure  11.4 . Conductive gel is applied to the 
defi brillator paddles, which are then placed fi rmly over the heart on each 
side of the chest. If the patient is placed in dorsal recumbency, care must 
be taken that the patient ’ s legs do not touch the operator during defi brilla-
tion. Alternatively the patient can remain in right lateral recumbency and a 
fl at paddle can be placed under the patient ’ s chest on the down side and a 
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     Figure 11.4     A defi brillator with external paddles attached.  

standard paddle applied on the upper side of the chest. No personnel should 
be in contact with the patient at the time of discharge, therefore the operator 
should inform staff to  ‘ clear ’ . One shock is administered and CPCR imme-
diately resumed for a period of 2   min before the cardiac rhythm is reassessed, 
then an additional shock or shocks can be administered if required. Energy 
level   =   2 – 5   J/kg.  

   •      Internal defi brillation:     See Figure  11.5 . The internal paddles should be 
covered in saline - soaked swabs to ensure good contact. The paddles cradle 
the heart opposite each other, and the procedure is carried out as above. 
Energy level   =   0.2 – 0.5   J/kg.      

 Delivering a precordial thump is no longer recommended as it can lead to 
deterioration of the cardiac rhythm, increase the rate of ventricular tachycar-
dia, convert ventricular tachycardia to ventricular fi brillation or may lead to 
complete heart block and asystole. Chemical defi brillation agents are of 
unknown value.  

  Follow -  u p ( F ) 
 After return of spontaneous circulation continued support is required in the 
immediate post - resuscitation period. 

   •       Continue IPPV  until the patient is breathing spontaneously. Provide a 
method of supplementing oxygen in the recovery period.  

   •       Correct acidosis generated by anaerobic metabolism in hypoxic tissues:  
Establish normal renal function or administer sodium bicarbonate if blood 
gas analysis is available.  

   •       Cardiac support:  Inotropes or vasopressors may be required to maintain 
cardiac output and improve renal blood fl ow. Dobutamine is usually the 
drug of choice to improve cardiac output without causing excessive 
vasoconstriction.  
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   •       Fluid therapy:  Fluids should be administered to maintain blood pressure and 
urine output. The rate of fl uid administration should be guided by the sever-
ity of pre - existing hypovolaemia, measurement of blood pressure, central 
venous pressure or urine output as available or appropriate.  

   •       Minimise cerebral oedema:  Position patient with head inclined upwards. 
Hyperventilate to reduce  P aCO 2  and administer corticosteroids and/or 
mannitol if cerebral oedema is suspected.  

   •       Assess neurological function .  
   •       Monitor and maintain urinary output  at 1 – 2   ml/kg/h.  
   •       Maintain body temperature .    

 Intensive monitoring is very important in the post - resuscitation period. These 
patients are extremely unstable and are prone to additional episodes of CPA. 
Special attention should be paid to monitoring the respiratory, cardiovascular, 
central nervous and urinary systems (see Chapter  9 ). It is essential to monitor 
as many physiological functions as possible for each system to give an over-
view of the patient ’ s status and prognosis.    

     Figure 11.5     A defi brillator with internal paddles attached.  
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  OTHER EMERGENCIES AND ANAESTHETIC COMPLICATIONS 

 Good patient assessment and adequate preparation can prevent most anaes-
thetic emergencies and complications. Effective management of emergencies 
and complications requires continued vigilance, early detection and swift 
action. Remember, anaesthetic accidents commonly occur due to human error. 

  Respiratory  e mergencies 
 Apnoea and hypoventilation can result in severe hypoxia and hypercapnia, 
which can rapidly lead to cardiac arrest; therefore it is important to identify 
the cause and take immediate action. Although cardiac and respiratory arrest 
can occur simultaneously, respiratory arrest is more common in dogs and cats 
than true cardiac arrest. However, failure to identify respiratory arrest will 
rapidly lead to CPA. 

  Airway  o bstruction 
 This is most likely to occur in the pre - anaesthetic period or during recovery 
from general anaesthesia when the airway is unprotected and refl exes are 
diminished due to anaesthetic drugs. The exception of course is endotracheal 
tube and equipment - related problems during anaesthesia. 

  Causes of  a irway  o bstruction 
     •      Soft tissue entrapment (STE):     The tongue and soft palate are most 

commonly implicated. Brachycephalic breeds are susceptible to STE 
during recovery due to depression of oropharyngeal activity/refl exes 
(Figure  11.6 ).  

   •      Foreign material:     Following upper airway, nasal, oral or dental surgery, 
blood, debris (e.g. calculus, tooth fragments), vomit or saliva can lead to 
upper airway obstruction.  

   •      Mechanical obstruction:     Endotracheal tube problems such as kinking, over -
 infl ation of the airway cuff, blockage or endobronchial intubation can cause 
obstruction.  

   •      Pathological:     For example, laryngeal paralysis, laryngospasm, tracheal 
collapse, bronchospasm.       

  Signs of  a irway  o bstruction 
     •      Dyspnoea.  
   •      Inspiratory noise (stertor, stridor).  
   •      Paradoxical thoracic wall movement.  
   •      Cyanosis.  
   •      Reduced minute volume.  
   •      Extreme respiratory efforts with no movement of reservoir bag.     
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     Figure 11.6     Brachycephalic breeds such as this pug are at particular risk of airway 
obstruction.  

  Action 
     •      If the patient is vomiting or regurgitating, place in head - down position.  
   •      Extend the head and neck and pull tongue forward.  
   •      Insert mouth gag, clear oropharynx by swabbing or suction (Figure  11.7 ).  
   •      If intubated; check position and patency of tube and ventilate with 100% O 2 .  
   •      Consider the need for a tracheostomy if unable to relieve the obstruction.        

     Figure 11.7     A hand - held suction unit that may be used to remove debris from the 
oropharynx in an emergency.  
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  Breathing 
 Transient apnoea is common following induction of anaesthesia with propofol 
and other intravenous induction agents. Assisted ventilation of the patient 
should be performed until spontaneous breathing resumes. Respiratory arrest 
can be obvious, but it is often preceded by hypoventilation that can be harder 
to assess. 

  Causes of  r espiratory  d epression or  a rrest 
     •      CNS depression:     e.g. anaesthetic overdose, increased intracranial pressure, 

severe head trauma, severe hypothermia, high - dose opioids.  
   •      Chest wall fi xation:     e.g. pneumothorax, neuromuscular blockade, restric-

tive bandages, pain following thoracotomy.  
   •      Pulmonary pathology:     e.g. pulmonary oedema, diaphragmatic hernia, 

restrictive lung lesions.  
   •      Tachypnoea:     e.g. inspired gas does not reach the alveoli. This may result 

from inadequate anaesthetic depth, pyrexia, hypoxia or hypercapnia.     

  Signs of  r espiratory  d epression or  a rrest 
     •      Reduced minute volume.  
   •      Absence of ventilation.  
   •      Cyanosis.     

  Action 
     •      Establish a patent airway.  
   •      Perform IPPV with 100% O 2  at a rate of 8 – 16   bpm. Ensure good chest and 

lung compliance without the use of excessive pressure.  
   •      Assess anaesthetic depth and stop administration of volatile, gaseous or 

intravenous agents if overdose suspected.  
   •      Drug therapy may be required once the cause of respiratory arrest is 

diagnosed, e.g. opioid antagonists (naloxone), analeptics (doxapram), 
atipamezole.       

  Circulatory  i nsuffi ciency 
 Failure of the circulation may be due to either inadequate circulatory volume 
(hypotension, hypovolaemia) or cardiac insuffi ciency (myopathy, arrhythmia). 
If left untreated, the decrease in effective circulating blood volume will lead 
to organ damage. 

 A patient is described as hypotensive when the mean arterial blood pressure 
drops below 60   mmHg. 

     Causes of  h ypotension 
     •      Hypovolaemia:     e.g. absolute hypovolaemia due to volume defi cit 

resulting from pre - existing fl uid losses or severe haemorrhage, or relative 
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hypovolaemia following drug administration, the release of vasoactive sub-
stances, anaphylactic shock and so on.  

   •      Decreased venous return to the heart:     This may occur with partial occlusion 
or compression of the caudal vena cava (large abdominal mass, gravid 
uterus). These effects are particularly marked when patients are placed in 
dorsal recumbency. Decreased venous return may also be caused by increased 
thoracic pressure during IPPV or if the expiratory valve of the breathing 
system is inadvertently closed.  

   •      Reduced systemic vascular resistance:     This is related to blood pressure and 
blood fl ow. It may be associated with vasodilation, excessive depth of 
anaesthesia, high doses of phenothiazines, endotoxaemia or anaphylaxis.  

   •      Myocardial depression:     This results in poor contractility of the heart. It can 
be associated with hypoxia, ischaemia, toxaemia, electrolyte disturbances, 
anaesthetic overdose or existing heart disease.  

   •      Inadequate cardiac output:     Tachycardia and/or inadequate stroke volume 
will affect cardiac output. Inadequate output may also occur with cardiac 
arrhythmias or disease and hypovolaemia.     

  Signs of  h ypotension 
     •      Weak peripheral pulses.  
   •      Pale mucous membrane.  
   •      Increased capillary refi ll time.  
   •      Low measured blood pressure.  
   •      Increased heart rate.  
   •      Poor urinary output.  
   •      Diminished bleeding.     

  Action 
     •      Check that the expiratory valve is open.  
   •      Assess depth of anaesthesia and reduce if necessary.  
   •      Administer intravenous fl uids rapidly if hypovolaemia is present.  
   •      Correct the inspiratory:expiratory ratio if using IPPV.  
   •      If possible, reposition the patient from dorsal to lateral recumbency. Alter-

natively the table may be tilted to encourage abdominal structures to move 
caudally within the abdominal cavity.  

   •      Control haemorrhage and relieve any factors reducing venous return.  
   •      Inotropes may be considered, e.g. dobutamine, dopamine.       

  Tachycardia 
 Clinical tachycardia may be defi ned as heart rates above 180 beats/min in the 
dog and 240 beats/min in the cat. It is associated with decreased cardiac effi -
ciency and increased cardiac workload. See Table  11.2 .    
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  Bradycardia 
 Clinical bradycardia may be defi ned as a heart rate below 60 beats/min in the 
dog and 80 beats/min in the cat. However, it is important to remember that 
there is marked variation between patients, and athletic dogs may normally 
have very low resting heart rates. Attention to possible causes is imperative to 
reduce the risk of CPA. See Table  11.3 .    

  Miscellaneous 
 A number of other complications that may be encountered in the perianaes-
thetic period are detailed in Table  11.4 .     

 Table 11.2     Causes of tachycardia and actions required. 

   Cause     Action  

  Inadequate anaesthesia, and pain    Check depth of anaesthesia 

 Administer analgesics  

  Hypoxia    Ensure patent airway 

 Check oxygen supply 

 Remove nitrous oxide from inspired gases 

 Ventilate with 100% oxygen  

  Hypercapnia    Ventilate with 100% oxygen 

 Treat underlying cause (e.g. exhausted soda lime)  

  Hypotension    Administer fl uids at rapid rates 

 Treat underlying cause  

  Hyperthermia    Rapid cooling, e.g. ice - cold fl uids, cold towels  

  Drugs    Parasympatholytic agents and  β  1  agonists can 

cause tachycardia  

 Table 11.3     Causes of bradycardia and actions required. 

   Cause     Action  

  Anaesthetic overdose/drugs, e.g. 

opioids  

  Check depth of anaesthesia and 

ventilate with 100% oxygen  

  Cardiovascular failure: hypoxaemia, 

decreased venous return  

  Supplemental oxygen therpay 

 Administer fl uids if indicated  

  Hyperkalaemia    Treat underlying cause  

  Vagal refl ex: traction on viscera, ocular 

pressure, laryngeal stimulation  

  Decrease surgical stimulation 

 Administer atropine or glycopyrrolate  

  Hypothermia    Perform rewarming, provide 

supplementary heat  
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 Table 11.4     Complications that may be encountered in the anaesthetic period. 

   Complication     Signs     Treatment     Comments  

  Drug overdose    Apnoea and/or hypoventilation 

 Cardiac arrest  

  Discontinue anaesthetic drugs 

 Administer IPPV 

 Carry out CPCR if required 

 Fluid therapy 

 Consider use of inotropes 

 Drug antagonists when available, e.g. 

naloxone, atipamezole  

  Specifi c treatment will depend on the 

nature of the drug and relevant effects  

  Extravascular 

injections  

  Perivascular swelling around 

vein as drug is injected 

 Pain on injection  

  Dilute with sterile saline by injecting 

2 – 10   ml around affected vein, and 

massage well 

 Lidocaine may be used as analgesia  

  Avoid by venous catheterisation and 

adequate restraint  

  Haemorrhage    Increased blood at surgical site 

 Tachycardia 

 Pallor 

 Weak pulse  

  Replace loss  –  blood, colloids, 

balanced electrolyte solution 

 Estimate blood loss: weigh swabs, 

measure suction fl uid  

  Blood loss leads to hypotension and 

hypovolaemic shock 

 Clinical signs are evident when approx. 

6 – 12   ml/kg lost  

  Vomiting or 

regurgitation  

  Presence of vomitus, 

oesophageal or gastric 

contents in oropharynx 

 Dyspnoea  

  Protect patient airway  –  ensure airway 

cuff infl ated if present 

 Position patient head down 

 Suction and clear oropharynx 

  ±  Irrigation of oropharynx 

 Extubate with partially infl ated cuff  

  This may occur because: 

 Inadequate pre - anaesthetic fasting 

 Prolonged gastric emptying 

 Pressure from surgical manipulation or 

physiological state, e.g. pregnancy 

 Disease or conditions associated with 

vomiting or regurgitation, e.g. 

megaoesophagus  

  Hypothermia    Low core temperature 

 Bradycardia 

 Respiratory depression 

 Prolonged recovery  

  Application of supplementary heat: 

heat pads, bubble wrap, blankets, 

hot water bottles and wheat bags 

 Avoid contact with cold surfaces 

 Ensure warm ambient temperature 

 Warm IV and lavage fl uids 

 Keep non - surgical areas of patient dry  

  Small animals are particularly 

susceptible 

 Heat lost through evaporation, 

conduction, convection and radiation 

 Avoid use of cold fl uids 

 Thermoregulation impaired by 

anaesthetics  
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  SUMMARY 

 Current survival rates for patients who experience cardiac arrest are low. The 
approach to CPCR must be organised and a plan for CPA management must 
be made to attempt to improve success rates. It is very important to prevent 
the factors that contribute to arrest, therefore careful preparation and moni-
toring of patients are essential. Anticipation of potential problems in the high -
 risk patient and early recognition of changes in the physiological status of the 
anaesthetised patient will contribute to an effi cient response and an improved 
outcome. 

 Several factors determine outcome in CPA: age of the patient, any concur-
rent disease and current medical or surgical complications. The prognosis is 
improved in an acute, unexpected arrest where the animal is young and healthy 
and has a reversible disease process such as a drug overdose. Chronic arrests 
are more common, where the patient has an advanced state of disease and these 
carry a poor prognosis and require aggressive management to be successful. 

 Knowledge of the owner ’ s wishes with regard to CPCR is advantageous. 
Prior discussion of the patient ’ s prognosis and medical options will allow the 
owner time to become prepared and to make a decision, either to ask that 
everything possible should be done or to request a  ‘ do not resuscitate ’  order 
if the likelihood of arrest is anticipated. This will prevent undue distress and 
inappropriate resuscitation. 

 When the cardiac resuscitative effort lasts in excess of 10 – 15   min, neuro-
logical outcome is worsened and long - term survival is unlikely. 

 Most dogs and cats that show signs of recovery within 5   min of restoration 
of spontaneous circulation will recover with intact neurological function. 
However, following CPA patients are at risk of further arrests and so it is 
important that those animals that are successfully resuscitated receive contin-
ued intensive monitoring.  
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 Rabbits, Ferrets 

and Rodent 

Anaesthesia  

  Simon   Girling       
 

  INTRODUCTION 

 Sedation and anaesthesia may be required for a number of procedures in small 
mammals. However, there are some general broad common guidelines to 
follow before chemical restraint is attempted in order to safeguard the welfare 
of small mammal patients.  

  ASPECTS OF CHEMICAL RESTRAINT 

 Chemical restraint may be necessary for a number of reasons in small mammals. 
It is often used to facilitate sample collection, such as blood testing or urine 
collection, and for procedures such as radiography and oral examinations. 
Anaesthetic procedures are now becoming routine for most small mammals, 
and the improved levels of success in this area have been mainly due to the 
awareness of certain problems which frequently beset these patients, such as 
a high prevalence of low - grade respiratory infections, and on the fi ne tuning 
of the drugs used for individual species. 

 It is important to make an assessment as to whether or not the patient is 
fi t for chemical restraint. To this end it is worthwhile noting the following 
points: 

   •       Respiratory infections:  A lot of the Rodentia and Lagomorpha members 
suffer from low - grade levels of respiratory infection all of their lives. Many 
will cope with this on a day - to - day basis, but when anaesthetised, the 

12
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respiratory rate slows and respiratory secretions, already thickened/increased 
due to the chronic infections, become more tenacious and physical blockage 
of the airways can occur.  

   •       Upper airway anatomy:  The majority of the species considered are nose 
breathers, with their soft palates permanently locked around the epiglottis. 
If the patient has a blocked nose whether that is due to pus, blood, tumours 
or abscesses, then respiratory arrest is made much more likely under 
anaesthetic.  

   •       Hypothermia:  Due to their small size and large body surface areas to volume 
ratio, these small mammals are prone to hypothermia during anaesthesia 
due to the cooling effect of the inhaled gases and reduced muscular activity. 
It is therefore dangerous to place a patient that is already hypothermic 
through an anesthetic without reversing this change.  

   •       Dehydration:  Respiratory fl uid loses during drying gaseous anaesthetic pro-
cedures are much greater than in cats, dogs or larger species. Hence placing 
a severely dehydrated small mammalian patient through an anaesthetic 
without prior fl uid therapy is dangerous.    

 If chemical immobilisation is to take place, the following procedures should 
fi rst be considered.  

  PRE - ANAESTHETIC PREPARATION 

  Weighing 
 It is vitally important this be accurate. A mistake of just 10 grams in a hamster 
may lead to an under/overdosage of 10%! The use of scales which will read 
accurately down to 1 gram in weight is therefore essential.  

  Blood  t esting 
 This is now routine in cats and dogs prior to anaesthetic procedures if there 
is any doubt regarding the animal ’ s overall health status. It is starting to 
become much more common in small mammals as well, and should be con-
sidered in every clinically unwell or senior patient where a large enough blood 
sample may be obtained. 

 Sites for venepuncture are described below. 

  Lagomorphs (e.g.  r abbits) 
 A blood sample may be collected from the lateral ear vein with a 25 – 27 gauge 
needle. The prior application of a local anaesthetic cream to the site, e.g. 
EMLA  ®  , and the warming of the ear under a heat lamp/hot water bottle is 
advised to allow dilation of the vessel. Alternatively, the cephalic vein or the 
jugular vein may be used. The latter should be used with caution as it is the 
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only source of blood drainage from the eyes, and so if a thrombus forms in 
this vessel, ocular oedema and permanent damage or even loss of the eye may 
occur.  

  Muridae (e.g.  r ats and  m ice) 
 The lateral tail veins may be used in rats and mice. These run either side of 
the coccygeal vertebrae, and are best seen when the tail is warmed. As for the 
lateral ear vein in lagomorphs, a 25 – 27 gauge needle is required.  

  Mustelids (e.g.  f errets) 
 The jugular vein is probably the easiest to access, but may be diffi cult in a 
fractious animal. The positioning adopted for cats is used where one handler 
holds onto both front limbs with one hand, clamping the body with forearm 
and elbow, the other hand placed under the chin and elevating the head. Towel 
restraint may also be used to papoose the ferret. Cephalic veins may also be 
used: 23 – 25 gauge needles suffi ce.  

  Hystricomorphs (e.g.  g uinea  p igs and  c hinchillas) 
 The jugular veins are the most accessible. One handler holds both front limbs 
with one hand and brings the patient to the edge of the table, raising the head 
with the other hand. The other operator may then take a jugular sample with 
a 23 – 25 gauge needle. Lateral saphenous veins may be used in guinea pigs, 
but chinchillas rarely have any other peripheral vessel large enough to sample.  

  Cricetidae (e.g.  h amsters and  g erbils) 
 These are the most challenging and blood sampling may not be possible. With 
care (particularly in gerbils) the lateral tail veins may be used. Frequently 
cardiac puncture under anaesthesia is the only way to get an adequate sample.  

  Scuiridae (e.g.  c hipmunks) 
 Jugular blood samples may be taken, but in nearly every case anaesthesia is 
required fi rst.   

  Fasting 
 This again depends somewhat on the species. 

  Lagomorphs 
 These do not need to be fasted prior to anaesthesia, as they have a very tight 
cardiac sphincter preventing vomiting. Indeed starving may actually be delete-
rious to the patient ’ s health as it causes a cessation in gut motility and may 
lead to ileus. It is useful, though, to ensure that no food is present in the mouth 
at the time of induction of anaesthesia: a period of 30 – 60   min starvation is 
used.  
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  Muridae 
 Due to their high metabolic rate and likelihood of hypoglycaemia, rats and 
mice need only be starved a matter of 40 – 60   min (mice) to 45 – 90   min (rats) 
prior to anaesthetic induction.  

  Mustelids 
 These may be starved for 2 – 4 hours. Any more than this will lead to hypo-
glycaemia as mustelids have a high metabolic rate and short gut transit times.  

  Hystricomorphs 
 Starvation for 3 – 6 hours prior to surgery will ensure a relatively empty 
stomach and reduce pressure on the diaphragm. Again, prolonged starvation 
( > 4 hours) will lead to hypoglycaemia, gut stasis and increase the risks of 
intra - /postoperative death.  

  Cricetidae 
 As for Muridae, a period of 45 – 90   min is usually suffi cient. Any longer than 
2 hours and postoperative hypoglycaemia is a real problem.  

  Scuiridae 
 Periods of fasting of 2 hours have been reported as safe.   

  Pre -  a naesthetic  m edication 
 Pre - anaesthetic medications are used because either they provide a smooth 
induction/recovery to anaesthesia, or they ensure a reduction of airway secre-
tions, act as a respiratory stimulant or prevent serious bradycardia. 

  Antimuscarinic  d rugs 
 Atropine is used in some species such as guinea pigs and chinchillas where 
oral secretions are high and intubation is diffi cult. Doses of 0.05   mg/kg (Heard 
 2004 ) have been used subcutaneously 30   min before induction. Atropine also 
acts to prevent excessive bradycardia which often occurs during the induction 
phase. It is not so useful in lagomorphs as around 60% of rabbits have a serum 
atropinesterase that breaks down atropine before it has a chance to work. 
Glycopyrrolate, which functions in a similar manner, may also be used at doses 
of 0.01   mg/kg subcutaneously (Heard  2004 ).  

  Tranquillisers 
 Tranquillisers are frequently used to reduce the stress of induction, which plays 
a large part in the risks of anaesthetising lagomorphs and hystricomorphs. 
These species will breath - hold during gaseous induction, to the point where 
they become very cyanotic. In rabbits, the  ‘ shock ’  organ is the lungs, and 
during intense stress the pulmonary circulation can go into spasm, making the 
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hypoxia due to breath - holding even worse, even to the point of collapse and 
cardiac arrest! 

 Acepromazine (ACP) can be used at doses of 0.1 – 0.3   mg/kg in ferrets 
(Heard  2004 ); 0.1 – 0.5   mg/kg in rabbits (Flecknall  2006 ); 0.5 – 2.5   mg/kg in rats 
and mice; 0.5 – 5   mg/kg in hamsters; and 0.5 – 1.5   mg/kg in chinchillas and 
guinea pigs (Heard  2004 ). In general it is a very safe pre - anaesthetic medica-
tion even in debilitated animals. However, it is advised not to use ACP in 
gerbils, as it reduces the seizure threshold and many gerbils suffer from heredi-
tary epilepsy. 

 Diazepam is useful as a pre - anaesthetic medication in some species. 
In rodents doses of 3 – 5   mg/kg (Heard  2004 ) can be used and it is the pre - 
anaesthetic medication of choice (where it is necessary) in gerbils. In rabbits, 
the benefi ts maybe outweighed by the larger volumes required, as the intra-
muscular route is employed, which may be painful.  

  Neuroleptanalgesic  d rugs 
 Fentanyl/fl uanisone combination (Hypnorm  ®  ) may be used at varying doses 
as either a pre - anaesthetic medication, a sedative, or as part of an injectable 
general anaesthetic. As a pre - anaesthetic medication, doses of 0.1   ml/kg for 
rabbits, 0.08   ml/kg for rats, 0.2   ml/kg for guinea pigs (one fi fth the recom-
mended sedation doses) can produce suffi cient sedation to prevent breath -
 holding and allow gaseous induction (Girling  2003 ). These doses are given 
intramuscularly 15 – 20 minutes before induction. Hypnorm  ®   is an irritant and 
large doses at one site may cause postoperative lameness. It can be reversed 
with butorphanol at 0.2   mg/kg intravenously or buprenorphine at 0.05   mg/kg 
(Girling  2003 ).    

  INDUCTION AND MAINTENANCE OF ANAESTHESIA 

  Injectable  a gents 
 The advantages of the injectable anaesthetics are that they are often easy to 
administer, they frequently involve minimal stress and they prevent the prob-
lems encountered with breath - holding when using gaseous induction tech-
niques. Disadvantages include the problem of reversal for some agents, the 
often varying responses depending on the individual animal and the frequent 
respiratory depression, hypoxia and hypotensive effects they produce. 

  Propofol 
 Propofol has some use in small mammals. It may be used in most species of 
small mammal at a dose of 10   mg/kg after the use of a pre - anaesthetic medica-
tion such as acepromazine, but requires intravenous or intraosseous access. Its 
effects in rabbits are broadly similar to those seen in cats and dogs although 
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breath - holding is very common and may cause problems where intubation is 
not possible (Aeschbacher and Webb  1993a, 1993b ).  

  Ketamine 
  Mustelids 
 Ketamine may be used alone for chemical restraint in ferrets at doses of 10 –
 20   mg/kg (Mason  1997 ) but, as with cats and dogs, the muscle relaxation is 
poor and salivation occurs. More often ketamine is combined with other drugs 
such as the alpha - 2 agonists, xylazine and medetomidine. In ferrets 10 – 30   mg/
kg ketamine may be used with 1 – 2   mg/kg xylazine, preferably giving the xyla-
zine 5 – 10   min before the ketamine (Mason  1997 ). 

 Ketamine has been used with medetomidine and butorphanol in ferrets in 
the same manner as so - called  ‘ triple anaesthesia ’  in cats with dosages of 5   mg/
kg (ketamine), 0.08   mg/kg (medetomidine) and 0.4   mg/kg (butorphanol). 
Reversal is achieved with atipamezole at 1   mg/kg.  

  Lagomorphs 
 In rabbits ketamine has a very rapid renal excretion and so is short acting 
(Bjorkman and Redke  2000 ). It may be used at a dose of 20 – 35   mg/kg in 
conjunction with medetomidine at 0.3 – 0.5   mg/kg or with xylazine at 5   mg/kg 
using lower doses for debilitated animals (Mason  1997 ). The advantages are 
a quick and stress - free anaesthetic, but the combination will cause  ‘ blueing ’  
of the membranes and make detection of hypoxia diffi cult. True cyanosis 
also occurs. Respiratory depression during longer procedures may become a 
problem and intubation is often advised. If used, medetomidine may be 
reversed using atipamezole at 1   mg/kg. 

 It should be noted that multiple anaesthetics using a combination of ket-
amine and xylazine have resulted in myocardial necrosis in rabbits (Marini 
 et al.   1999 ). 

 A triple combination can also be used in rabbits with 0.2   mg/kg medetomi-
dine, 10   mg/kg ketamine and 0.5   mg/kg butorphanol given subcutaneously 
which will provide approximately 20   min anaesthesia (Harcourt - Brown  2002 ). 
Alternatively, the intravenous route may be used when a lower dose of the 
three drugs is required: 0.05   mg/kg medetomidine, 5   mg/kg ketamine and 
0.5   mg/kg butorphanol. This gives a more rapid induction, but shorter dura-
tion of anaesthesia, although it may be used as an induction combination prior 
to intubation and maintenance on gaseous anaesthesia. Again reversal with 
atipamezole will hasten recovery.  

  Muridae/Cricetidae 
 Ketamine can be used at 90   mg/kg in combination with xylazine at 5   mg/kg 
intramuscularly or intraperitoneally in rats, with mice and hamsters requiring 
100 – 150   mg/kg of ketamine and 5   mg/kg xylazine (Harkness and Wagner 
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 1989 ). These combinations provide 30   min or so of anaesthesia. In gerbils the 
dose of xylazine may be reduced to 2 – 3   mg/kg as they appear more sensitive 
to the hypotensive effects of the alpha - 2 agonists drugs, with ketamine doses 
reduced to 50   mg/kg (Heard  2004 ). 

 Ketamine may also be used in combination with medetomidine at doses of 
0.5   mg/kg (Mason  1997 ) in these species. The advantages of the alpha - 2 ago-
nists are that they produce good analgesia (which ketamine does not) and that 
they may be quickly reversed with atipamezole at 1   mg/kg. Their disadvantages 
include their severe hypotensive effects, and that once administered any inject-
able anaesthetic is always more diffi cult to control than a gaseous one. They 
also increase diuresis and may exacerbate renal and, of course, cardiovascular 
dysfunction.  

  Hystricomorphs 
 Ketamine at 20 – 40   mg/kg may be used in conjunction with xylazine at 3 – 5   mg/
kg in guinea pigs and chinchillas to produce a light plane of anaesthesia (Heard 
 2004 ). Ketamine at 40   mg/kg may also be used with medetomidine at 0.5   mg/
kg for guinea pigs, or ketamine at 30   mg/kg with medetomidine at 0.3   mg/kg 
for chinchillas (Mason  1997 ). Reversal with 1   mg/kg atipamezole may 
be performed. Both of these may be improved after an acepromazine pre -
 anaesthetic medication of 0.25   mg/kg (Mason  1997 ). 

 Alternatively for chinchillas a ketamine (40   mg/kg) and acepromazine 
(0.5   mg/kg) combination can be used. Induction with these drugs takes 
5 – 10   min and typically lasts for 45 – 60   min, but recovery may take 2 – 5 hours 
Reducing the dose of acepromazine/ketamine and using a reversible alpha - 2 
agonist in addition may be benefi cial, but should be weighed against the 
greater hypotensive effects of the alpha - 2 agonist drugs. 

 This author prefers a combination of acepromazine, medetomidine and 
ketamine for minor procedures such as radiography, dental work and straight-
forward extractions in chinchillas. Acepromazine is given subcutaneously 
(0.1 – 0.2   mg/kg) 10 – 15   min before administering a combination of 1 – 5   mg/kg 
ketamine and 0.01 – 0.05   mg/kg medetomidine, using the lower end of the range 
for very debilitated patients.   

  Fentanyl/ fl  uanisone (Hypnorm  ®  ) 
 This drug combination is a neuroleptanalgesic licensed for use in rats, mice, 
rabbits and guinea pigs in the UK. Fentanyl is an opioid derivative and fl ua-
nisone is a neuroleptic. 

  Lagomorphs 
 Fentanyl/fl uanisone may be used as sedation only on its own at a dose of 
0.5   ml/kg intramuscularly. This produces sedation and immobilisation for 
30 – 60   min according to the data sheets, but its analgesic effect due to the 
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opioid derivative fentanyl will persist for some time after. It may be reversed 
with 0.5   mg/kg butorphanol intravenously or 0.05   mg/kg buprenorphine, both 
of which will counteract the fentanyl and its analgesia and substitute their 
own pain relief. 

 Alternatively, to provide greater anesthetic depth, fentanyl/fl uanisone may 
be combined with diazepam (0.3   ml Hypnorm  ®   to 2   mg/kg diazepam) and 
administered intraperitoneally or intravenously (but drawn up in separate 
syringes as they do not mix), or with midazolam (0.3   ml Hypnorm  ®   to 2   mg/kg 
midazolam) administered intramuscularly or intraperitoneally in the same 
syringe. Hypnorm  ®   also may be given intramuscularly followed 15   min later by 
midazolam intravenously into the lateral ear vein. These two combinations 
provide good analgesia and muscle relaxation with a duration of anaesthesia of 
20 – 40   min. Again fentanyl may be reversed with buprenorphine or butorpha-
nol given intravenously, or in emergencies naloxone at 0.1   mg/kg intramuscu-
larly or intravenously may be used, but this provides no substitute analgesia. 

 Fentanyl/fl uanisone combinations are well tolerated in most rabbits, but 
they can produce respiratory depression and hypoxia, which can lead to 
cardiac arrhythmias and even arrest (Brodbelt and Girling  2007 ).  

  Muridae 
 Fentanyl/fl uanisone may be used as sedation only on its own at a dose of 
0.01   ml/30g body weight in mice and 0.4   ml/kg in rats. Again this produces 
sedation and immobilisation for 30 – 60   min and may be reversed with buprenor-
phine or butorphanol as above. 

 Alternatively it may be combined with diazepam (mice 0.01   ml/30g 
Hypnorm  ®   with 5   mg/kg diazepam intraperitoneally; rats 0.3   ml/kg Hypnorm  ®   
with 2.5   mg/kg diazepam intraperitoneally) where the diazepam and Hypnorm  ®   
are drawn up in separate syringes as they do not mix, or with midazolam. 
Midazolam is miscible with Hypnorm  ®   and for rodents the recommendation 
is that each drug is mixed with an equal volume of sterile water fi rst and then 
mixed together. Of this stock solution, mice receive 10   ml/kg and rats 2.7   ml/
kg as a single intraperitoneal injection. These two combinations provide anaes-
thesia for a period of 20 – 40   min.  

  Hystricomorphs 
 Hypnorm  ®   may be used for sedation only on its own at a dose of 1   ml/kg 
intramuscularly. This may be problematic in guinea pigs as large volumes are 
required and Hypnorm  ®   is an irritant and may cause lameness when the whole 
dose is placed in one spot: multiple sites are therefore preferred. Alternatively 
it may be combined as above with diazepam (1   ml/kg Hypnorm  ®   and 2.5   mg/
kg diazepam each drawn up in separate syringes) and administered intraperi-
toneally, or with midazolam by making the stock solution as described for 
Muridae, and then administering 8   ml/kg of this solution intraperitoneally. 
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Hypnorm  ®   may be reversed with the partial opioid agonists buprenorphine 
and butorphanol or with the full antagonist naloxone.    

  Volatile  a gents 
 Volatile agents have the advantage over injectable agents in that it is easier to 
alter the depth of the anaesthetic quickly. The recovery times are often much 
shorter than with injectable anaesthetics and frequently their side effects are 
less, particularly with isofl urane and sevofl urane. However, their disadvan-
tages include the fact that there is a drying effect on the airways of the patient 
when using inhalational anaesthetic agents that can cause dehydration during 
long procedures. They also create problems if used as an induction agent, as 
many species will breath - hold during this procedure. 

  Halothane 
 This has been used in all small mammals, however its margin of safety is less 
than that of isofl urane. Induction concentrations should not exceed 3% and 
anaesthesia can be maintained with 1.5%. Disadvantages include possible 
cardiac arrhythmias, particularly in lagomorphs who are some of the main 
culprits of breath - holding. These may lead to apnoea and cardiac arrest. Use 
of halothane is best after pre - anaesthetic medication with acepromazine rather 
than Hypnorm  ®   as the latter agent requires extensive hepatic metabolism as 
does halothane.  

  Isofl urane 
 This is now becoming the most widespread volatile agent used for induction 
and maintenance of general anaesthesia in small mammals as well as in dogs 
and cats. A pre - anaesthetic medication incorporating an analgesic is usually 
administered as isofl urane has no post - anaesthetic analgesic qualities and it is 
irritant to the mucous membranes of many animals. Inspired concentrations 
required for induction of anaesthesia vary from 2.5 – 4%. Breath - holding still 
occurs, but the practice of supplying 100% oxygen to the patient for 2   min 
prior to anaesthetic administration helps minimise hypoxia. After this pre -
 oxygenation, gradually introduce the isofl urane, fi rst 0.5% for 2   min, then 
assuming regular breathing, increase to 1% for 2   min and so on until anaes-
thetic levels are reached allowing a smooth induction. Surgical anaesthesia can 
usually be maintained at 1.5 – 2.5% assuming adequate analgesia; the MAC 
for this agent is 2.05% in rabbits. One of the main advantages of isofl urane 
is its improved safety profi le in debilitated patient as  < 0.3% of the gas is 
metabolised hepatically, the rest merely being exhaled for recovery to occur. 
Recovery following use of this agent is rapid.  

  Sevofl urane 
 This is not currently licensed for use in small mammals in the UK unlike iso-
fl urane, but its wide safety margins and the fact that it appears less noxious 



326 Anaesthesia for Veterinary Nurses 

to small mammals and so induces less breath - holding when used as an induc-
tion agent, have made it an ideal anaesthetic choice. Induction with sevofl u-
rane still causes some breath - holding in rabbits and guinea pigs if used at 8%, 
therefore this author prefers to use an induction level of 4%. Inspired concen-
trations somewhere around 2 – 3% in 100% oxygen are required to maintain 
anaesthesia: sevofl urane has an MAC of 3.7% in rabbits (Scheller  et al.   1988 ).   

  Aspects of  m aintaining  g aseous  a naesthesia 
 As with all gaseous anaesthetics, placing an endotracheal tube after induction 
of anaesthesia is recommended whenever possible. This is relatively straight-
forward in rabbits using a number 1 Wisconsin fl at bladed paediatric laryn-
goscope and a 2 – 3   mm tube (Figure  12.1 ). The aid of a rabbit mouth gag helps 
visibility, however the procedure becomes a specialised one for rodents such 
as rats and mice where rigid guide tubes/wires and smaller scopes are used to 
guide the tube into the larynx. In these species therefore, face masks are more 
commonly used (Figure  12.2 ). In rabbits and ferrets the use of lidocaine spray 
on the larynx helps to reduce laryngospasm and aids intubation. Ferret intuba-
tion is straightforward and resembles the procedure for a cat.   

  Intermittent  p ositive  p ressure  v entilation 
 This may be necessary in some individuals who breath - hold during induction. 
If intubation is not possible then three options are available. 

  (1)     Ensure a tight - fi tting face mask and have an Ayres - T piece/Mapleson C/
modifi ed Bain circuit with half litre bag attached which can be used to 
attempt ventilation.  

 Figure 12.1     An anaesthetised rabbit with an endotracheal tube in place. Note the use of 
a pulse oximeter probe, oesophageal stethoscope, intravenous catheter and supplemental 
heating. Image courtesy of Brigitte Reusch. 
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  (2)     Place a nasopharyngeal tube through the medial meatus of the nose, into 
the pharyngeal area and insuffl ate oxygen (4   l/min is required to combat 
the resistance of the small diameter tubing).  

  (3)     Perform an emergency tracheotomy with a 25/27 gauge needle attached 
to the oxygen outlet.     

  Anaesthetic  b reathing  s ystems 
 Most of the small mammals described here are  < 2   kg in weight. For this reason 
an Ayres T - piece, a modifi ed Bain or Mapleson C circuit are the best anaes-
thetic systems to use to minimise dead space. For larger rabbits, an Ayres 
T - piece is usually suffi cient.    

  ADDITIONAL SUPPORTIVE THERAPY 

  Positioning 
 During most surgical procedures the positioning will be dependent upon the 
area being operated on. Frequently this necessitates the patient being placed 
in dorsal recumbency. This can cause some problems to small herbivores. 
These species are differently proportioned from cats and dogs and carnivores 
in general. This is because they rely on their gut fl ora to aid digestion and so 
most of the small herbivores have developed an enlarged hindgut. Therefore 
their abdomen to thorax ratio is 2:1 instead of 1   :   2 as with cats and dogs. 
More gut - fi ll means that when they are in dorsal recumbency there is more 
weight on the diaphragm and so more resistance to inspiration. During lengthy 

 Figure 12.2     Using a face mask for rodents such as this rat is often necessary owing to 
the diffi culty of intubation. 
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surgical procedures this may lead to apnoea and hypoxia. Positioning the 
animal with the cranial end of the patient elevated above the caudal end, when 
in dorsal recumbency, can help.  

  Body  t emperature 
 Maintaining core body temperature is vitally important in all patients to 
ensure successful recovery from anaesthesia, but is particularly important in 
small mammals. This is primarily due to their increased surface area in relation 
to their volume, so allowing more heat to escape per gram of animal. 
Anaesthetic gases have a rapidly cooling effect on the oral and respiratory 
membranes, and so patients maintained on gaseous anaesthetics will cool 
down quicker than those on injectable ones: a situation that worsens as the 
duration of anaesthesia increases. To help minimise this the following actions 
may be taken: 

   •      Clip a minimum amount of hair from the surgical site and do not over - wet 
the area during aseptic preparation of the site. Do not use surgical spirit as 
this rapidly cools the skin.  

   •      Ensure an adequate ambient temperature.  
   •      Place the patient on to a water circulating heat pad or use latex gloves/hot 

water bottles fi lled with warm water around the patient (making sure that 
the patient does not directly contact the containers as skin burns may ensue).  

   •      Administer warmed isotonic fl uids subcutaneously/intravenously/intraperi-
toneally during and prior to surgery.    

 These actions will help prevent hypothermia. It is worth noting, however, that 
hyperthermia may be as bad as hypothermia. Small mammals generally have 
few or no sweat glands, so heat cannot be lost via this route. In addition, very 
few small mammals actually pant to lose heat, so if over - warmed, the core 
body temperature rises and irreversible hyperthermia will occur. A rectal 
thermometer is useful to monitor body temperature. Typical values are shown 
in Table  12.1 .    

  Fluid  t herapy 
 Intra - , pre -  and postoperative fl uid therapy is very important in small mammals, 
even for routine surgery. Again, as with the issue of maintaining core body 
temperature, the small size and relatively large body surface area in relation 
to the volume of these patients means that they will also dehydrate much 
faster, gram for gram, than a larger cat or dog. Studies have shown that the 
provision of maintenance volumes of fl uids to small mammals during and 
immediately after routine surgery improved anaesthetic safety levels by as 
much as 15% in some cases, with greater improvement if the surgery was 
being performed on severely debilitated animals. It is therefore to be strongly 
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recommended that all small mammal patients receive fl uids during and after 
an anaesthetic whether it is routine or not. Volumes of fl uids administered can 
be calculated from Table  12.2 .   

 These fl uid rates are nearly double those recommended in cats and dogs. 
The fl uids which should be used will obviously depend on the health status of 
the patient, but a commonly used fl uid for routine surgery is 0.18% saline/4% 
glucose. If dehydration is suspected or diagnosed then 0.9% saline/5% glucose 
should be used to replace the defi cit. Fluid defi cits, as with cats and dogs, 
should be replaced gradually. A rough guide is as follows: 

   •       Day 1:  Replace 50% of fl uid defi cit   +   maintenance fl uids.  
   •       Day 2:  Replace 50% of fl uid defi cit   +   maintenance fl uids.  
   •       Day 3:  Maintenance fl uids.    

 Colloidal fl uids should be contemplated if intravenous access can be achieved 
when haemorrhage occurs, and the use of lactated Ringer ’ s solution for condi-
tions where potassium loss and metabolic acidosis may occur (e.g. renal 
disease, chronic diarrhoea). 

 Table 12.1     Normal body temperature of selected small mammals. 

   Species     Temperature ( ° C)  

  Rabbit    37.0 – 39.4  

  Rat    38.0 (av)  

  Mice    37.5 (av)  

  Gerbil    37.4 – 39.0  

  Hamster    36.2 – 37.5  

  Guinea pig    37.2 – 39.5  

  Chinchilla    38.0 – 39.0  

  Ferret    37.8 – 40.0  

  Chipmunk    38.0 (av)  

 Table 12.2     Typical maintenance fl uid levels for selected small 
mammals. 

   Species     Maintenance fl uid levels  

  Rabbits    80 – 100   ml/kg/day  

  Ferrets    75 – 100   ml/kg/day  

  Rodents    90 – 100   ml/kg/day  

  Chinchillas    100   ml/kg/day  

  Guinea pigs    100   ml/kg/day  

  Chipmunks    100   ml/kg/day  



330 Anaesthesia for Veterinary Nurses 

 The routes by which these fl uids may be administered will depend on the 
species and the degree of dehydration. 

 If the fl uids are required for routine intra /post  - operative requirements with 
minimal or no dehydration, then the subcutaneous route is satisfactory. The 
scruff region or the lateral thoracic wall are may be used in any small mammal 
patient (Figure  12.3 ). For more severe dehydration the intraperitoneal route 
or intravenous or intraosseous routes (in the larger patients) are required.   

 Intraperitoneal injections require the patient to be placed in dorsal recum-
bency with the head tilted downwards, so causing the abdominal viscera to 
move cranially and away from the injection site which is in the right caudal 
quadrant of the ventral abdominal wall. The needle is angled at 20 – 40    °  in a 
cranial direction and advanced until it just pops through the peritoneum. The 
plunger is withdrawn on the syringe to ensure that bladder or gut puncture 
has not occurred and then the fl uids may be administered. 

 In the larger species, such as rabbits and ferrets and even guinea pigs, the 
intravenous route may be used. In rabbits use of the lateral ear vein is common, 
warming the ear to improve circulation or using local anaesthetic cream to 
dilate the vessel. A 25 – 27 gauge butterfl y needle is the best method for this 
route (pre - fl ushed with heparin – saline) as it allows blood to fl ow back into 
the tubing verifying access (Figure  12.4 ). Conversely, the lateral saphenous or 
cephalic veins may be used in rabbits, guinea pigs and ferrets, again preferably 
with 25 – 27 gauge butterfl y needles.   

 In guinea pigs, chinchillas and ferrets the jugular veins may also be used in 
a cut - down procedure which necessitates some form of sedation. The jugular 
vein can be used in rabbits but there is a danger that a thrombus will form in 

 Figure 12.3     Subcutaneous fl uid therapy in the  ‘ scruff ’  region should be performed after 
every routine minor sedation or anaesthetic, as in this chinchilla. 
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the vessel and in rabbits the external jugular veins are the sole drainage for 
the eyes and their orbits. Blockage therefore leads to ocular oedema and in 
severe cases loss of the eye as previously mentioned. 

 In rats and mice the lateral tail veins may be used to administer small 
volumes of fl uid, a 27 gauge needle/butterfl y needle will be required as well 
as warming the tail to improve vessel dilation. 

 For those species which have small or reduced peripheral circulation such 
as gerbils, hamsters or shocked patients, the intraosseous route can be used. 
In the majority of species the proximal femur is the site of choice (Figure  12.5 ). 
Using a spinal needle or an ordinary hypodermic needle, the area over the 
femoral head is surgically prepared and the needle advanced parallel to the 
long axis of the bone and inserted into the intertrochanteric fossa created 
between the hip joint and the greater trochanter. To perform this sedation is 
often required, but the bone marrow cavity provides direct access to the cir-
culation. Because of the confi ning nature of the bone marrow cavity, only 
small boluses of fl uid can be administered, so an infusion device such as a 
syringe driver is important. Asepsis must be strongly adhered to in the case of 
intraosseous needles as osteomyelitis can easily ensue in debilitated patients.     

 Figure 12.4     The lateral ear vein may be catheterised using a pre - heparinised 25 – 27 
gauge butterfl y needle in rabbits for intravenous fl uid therapy. 
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  MONITORING ANAESTHESIA 

 This becomes more and more diffi cult as the size of the patient decreases! No 
one factor (as with cats and dogs) will allow you to assess anaesthetic depth. 
Indeed in small mammals many of the useful techniques used in cats and dogs 
are not relevant. Eye position, for example, should not be used to assess depth 
of anaesthesia in small mammals. Instead a useful method is to assess the depth 
of anaesthesia by the response of the patient to noxious stimuli such as pain. 

 Initially, the fi rst refl ex lost during induction is usually the righting refl ex, 
i.e. the animal is unable to return to ventral recumbency. The next refl ex to 
be lost, for example in rabbits and guinea pigs, is the swallow refl ex. However 
this may be diffi cult to assess. Palpebral refl exes are generally lost early on in 
the course of the anaesthetic, but rabbits may retain this refl ex until well into 
the deeper planes of surgical anaesthesia. The palpebral refl ex is also altered 
by the anaesthetic agent chosen, with most inhalant gaseous anaesthetics 
causing loss of the refl ex early on, while it is maintained with ketamine. The 
pedal withdrawal response is useful in small mammals, with the leg being 
extended and the toe fi rmly pinched. Loss of this refl ex suggests surgical planes 
of anaesthesia, but rabbits again will retain the pedal response in the forelimbs 
until much deeper (and often dangerously deep!) planes of anaesthesia are 
reached. Other pain stimuli such as the ear pinch in the guinea pig and rabbit 
are useful: loss of response indicates a surgical plane of anaesthesia as does 
the loss of the tail pinch response in rats and mice. 

 Figure 12.5     Intraosseous fl uid therapy via the proximal femur is a useful technique in 
small mammals which have collapsed peripheral circulation or a diffi cult venous access 
such as this guinea pig. Note the use of a syringe driver to increase accuracy of fl uid 
administration. 
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 Monitoring of the heart and circulation may be performed in a conventional 
manner with stethoscope and femoral pulse evaluation, or in the larger species 
using an oesophageal stethoscope. As with cats and dogs, increases in the 
respiratory and heart rates can be used to indicate lightening of the plane of 
anaesthesia. More sophisticated techniques may also be used, e.g. pulse oxim-
etry to monitor heart rate and haemoglobin saturation with oxygen. As with 
cats and dogs, the aim is to achieve 100% saturation and levels below 95% 
would indicate hypoxaemia and the need for assisted ventilation and an inves-
tigation of possible underlying causes. The ear artery is useful for this in 
rabbits using the clip - on probe, conversely the linear probes may be used suc-
cessfully on the ventral aspect of the tail in most species. Other forms of 
cardiac monitoring include the electrocardiogram, which is frequently adapted 
to minimise trauma from the alligator forcep attachments by substituting these 
for fi ne needle probes, or by blunting the alligator teeth. 

 An extremely useful monitoring device is a Doppler ultrasound probe which 
can detect blood fl ow in the smallest of vessels as well as in the heart itself. 
The Doppler probe converts blood fl ow into an audible sound through a 
speaker device, which can then be assessed by the anaesthetist during the 
surgery for changes in strength of the output and to count pulse/heart rates. 

 Respiratory monitors may also be used if the patient is intubated and many 
pulse oximeters have outlets for these allowing assessment of respiratory rates. 
Obviously these are not useful for patients that are being maintained on face 
masks or on injectable anaesthetics. 

 Capnography may also be used as with cats and dogs, providing the patient 
is intubated.  

  RECOVERY AND ANALGESIA 

 Recovery from anaesthesia is improved with the use of suitable reversal agents 
if available. Examples include the use of atipamezole after medetomidine 
anaesthesia/sedation and the use of naloxone, butorphanol or buprenorphine 
after opioid/Hypnorm  ®   anaesthesia/sedation. Gaseous anaesthesia, particu-
larly with isofl urane, tends to result in more rapid recovery than the injectable 
anaesthetics, but all forms of anaesthesia recovery are improved by maintain-
ing body temperature and fl uid balance during and after anaesthesia. 

 Most small mammals will benefi t from a quiet, darkened and warm recov-
ery area allowing a controlled recovery: fl uid administration the same day is 
frequently benefi cial as many of these creatures will not be eating as normal 
for the fi rst 12 – 24 hours. 

 Analgesia is vitally important to ensure a quick and smooth recovery. Time 
until return to normal activity such as grooming, eating, drinking etc. has been 
shown to be considerably shortened following provision of adequate analgesia 
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(Table  12.3 ). As with cats and dogs and indeed humans, the administration 
of analgesia prior to the onset of pain makes for the most effective control of 
pain. Analgesics are therefore frequently used as part of premedication.   

 The choice of analgesic depends on the level of pain and other factors such 
as concurrent disease processes. Non - steroidal anti - infl ammatory drugs 
(NSAIDs), for example, are not good analgesics to use in dehydrated animals, 
ferrets with stomach ulcers or those with renal disease. Opioids act to depress 
respiration and so may be contra - indicated in severe respiratory disease cases. 
Buprenorphine is useful, as twice daily administration is effective, and carpro-
fen or meloxicam have been shown to be useful on a once daily basis so 
increasing dosing intervals (Table  12.3 ).  
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 Avian Anaesthesia  

  Simon   Girling       

     Firstly a decision must be made whether anaesthesia is actually safe in the avian 
patient. If the answers to the questions below suggest that anaesthesia may be 
detrimental to the avian patient ’ s health, or even risk a fatality, then anaesthesia 
should obviously be postponed until such time as it is safe to proceed. 

 The fi rst requirement before anaesthesia is induced is to ensure that the bird 
can be successfully physically restrained for anaesthesia to be induced. The 
pros and cons of physical restraint will therefore also have to be considered 
at this stage. 

  Requirements for  r estraint 
 This may seem a basic point but it is sometimes necessary to be sure that 
restraint is required. The veterinary nurse needs to make a value decision on 
whether the bird in question is safe to restrain  –  not only from a danger to 
his/her own welfare (in the case of an aggressive or potentially dangerous bird 
of prey) but also from a medical aspect regarding the patient ’ s health. Points 
to consider include: 

   •      Is the bird in respiratory distress, and therefore is the stress of handling 
going to exacerbate this?  

   •      Is the bird easily accessible allowing quick, stress - free and safe capture?  
   •      Is the bird a potentially dangerous species such as a large eagle or swan and 

do you have the correct equipment to hand to ensure safe restraint?    

 It is worthwhile remembering that many avian patients are highly stressed 
individuals and any restraint should therefore involve minimal periods of 
handling and capture.   

13
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  HANDLING BIRDS 

 It is helpful to remember that the majority of avian patients seen in practice 
(with the obvious exception of the owl family Strigiformae) are diurnal and 
so reduced/dimmed lighting in general has a calming effect. Dimming the lights 
may be adequate or for birds of prey there may well be access to the birds 
own  ‘ hood ’  (Figure  13.1 ). This is a leather cap which slots over the head, 
leaving the beak free but covering the eyes and is used to calm the bird when 
on the wrist or during handling/transporting.   

 Reducing noise levels when handling birds is also advisable as after sight 
their sense of hearing is their next best sense. With these two initial approaches, 
stress and time for capture can be greatly reduced. 

  Birds of  p rey 
  Handling  t echniques 
 Falconiformes is the order of birds of prey which contains the following fami-
lies: falcons, hawks, vultures and eagles. These birds are mainly diurnal and 
make up the most commonly seen group of birds of prey in practice. 

 Figure 13.1     A falcon with a  ‘ hood ’  placed over its head helps to reduce stress levels and 
aid handling. Note also the leather jesses around the legs which can be used to hold a 
bird on to a gloved hand. 
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 Strigiformes is the order containing the owl species. They are generally 
nocturnal and so use of hoods and darkening the room will not quieten these 
birds. However, as an order, they tend to be docile, and short periods of bright 
light may be used to pacify them temporarily. 

 The use of a hood in Falconiformes has already been mentioned, and many 
of these birds will also have jesses on their legs (Figure  13.1 ). These are the 
leather straps attached to their  ‘ ankles ’  (lower tarso - metatarsal area) via a 
leather loop known as an  ‘ aylmeri ’ , and allow the falcon to be restrained whilst 
on the owner ’ s fi st. 

 Leather gauntlets are necessary for handling all raptors as their talons and 
power of grasp of each foot can be extremely strong. The feet of raptors rep-
resent the major danger to the handler and not the beak. It is important to 
note that when the bird of prey is positioned on the gauntletted hand that the 
wrist of this hand (traditionally the left hand in European falconers) is kept 
 above  the height of the elbow. If not the bird has a tendency to walk up the 
arm of the handler with serious and painful results! 

 The gauntletted hand is placed into the cage/box or beside the birds perch, 
and grasps the jesses with the thumb and forefi nger to encourage the bird to 
step up on to the glove. Once on the hand, the hood is slipped over the bird ’ s 
head. The raptor may then be safely examined  ‘ on the hand ’  and frequently 
is docile enough to allow manipulation of wings and beak and for small injec-
tions to be administered.  

  Casting a  r aptor 
 If the diurnal raptor does not have jesses attached but is trained to perch on the 
hand it may well step up on to the gauntlet of its own accord. If not, then the 
room should be darkened (a blue or red light source could also be used, allow-
ing the handler to see the bird but preventing the bird of prey seeing normally) 
and the bird grasped from behind in a thick towel, ensuring that the handler is 
aware of where the bird ’ s head is. The bird is grasped across the shoulder area 
with the forefi ngers pushing forward underneath the beak to extend the head 
away from the hands. The hood can then be applied. The middle fi nger and 
fourth fi nger of each hand are looped in front and behind respectively of the 
upper legs and the legs are presented away from the handler ’ s body. This helps 
prevent the raptor from grasping one taloned foot with the other which may 
cause signifi cant self - trauma. This technique is known as  casting  the bird of 
prey. In this position the raptor may be induced, or medicated.   

  Parrots and  o ther  c age  b irds 
 Psittaciformes is the order of birds which contains all of the parrot group of 
birds. Passeriformes is an enormous order containing over half of all living 
species of birds and are known as  ‘ perching ’  birds. 

 In both cases the use of subdued or blue/red light will aid in calming the 
bird and allow it to be restrained with minimal fuss. 
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 In Psittaciformes the main weapon is the beak with a powerful bite possible. 
The hyacinth macaw, the largest in the family, can produce 330 pounds per 
square inch of pressure with its beak  –  allowing it to easily crack the largest 
Brazil nuts, and enough to badly damage or even sever a fi nger. 

 In Passeriformes the main weapon may again be the beak although this is 
less damaging as a biting weapon, but may still be a sharp stabbing weapon 
in the case of starlings and mynahs. 

 It is advised that heavy gauntlets are not used as they do not allow easy 
judgement of the strength of the handler ’ s grip on the bird and may lead to 
signifi cant restriction of breathing. Instead dish/bath towels for the larger 
species and paper towels for the smaller ones provide some protection from 
being bitten without masking the true strength of the handler ’ s grip. 

 The towel and hand are introduced to the cage and the bird is fi rmly but 
gently grasped from the back, ensuring the head is located fi rst to allow the 
thumb and forefi ngers to be positioned underneath the lower beak, pushing it 
upwards and preventing the bird from biting. The rest of the towel is used to 
wrap around the bird to gently restrain wing movements to avoid excessive 
struggling and wing trauma (Figure  13.2 ).    

 Figure 13.2     Method of restraint with a towel in a parrot. Reproduced from Paterson:  Skin 
Diseases of Exotic Pets , copyright 2006 with permission of Blackwell Publishing Ltd. 
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  Toucans/ h ornbills 
 These have an extremely impressive beak with a serrated edge to the upper 
bill. Providing the head is initially controlled using the towel technique previ-
ously described for parrots, an elastic band or tape may be applied around 
the bill, preventing biting, although the handler still needs to be careful of 
stabbing manoeuvres and a second handler may be needed. Otherwise they 
may be restrained in much the same way as one would cast a raptor.  

  Waterfowl 
 Restraint of these species may become hazardous with the larger swan and 
goose family. Control of the head is important by grasping the waterfowl 
around the upper neck from behind, ensuring the fi ngers curl around the neck 
and under the bill whilst the thumb supports the back of the neck and the 
potentially weak area of the atlanto - occipital joint (which in birds has only 
one condyle unlike mammals that have two). Alternatively a shepherds crook 
or other such adapted smooth metal or wooden pole with a hook attached 
can be used to catch the neck, again high up under the bill. 

 The wings should be rapidly controlled before the bird has a chance to 
damage itself or you! This is achieved by using a towel, thrown/draped 
over the patient ’ s back and loosely wrapped under the sternum. Some practices 
may have access to more specialised goose/swan cradle bags which wrap 
around the body, containing the wings but allowing the feet and head/neck to 
remain free.   

  CHEMICAL RESTRAINT 

 Due to the easily and often highly stressed nature of many avian patients, the 
use of chemical restraint, whether full anaesthesia or less commonly sedation, 
is being used more and more in avian practice. 

 Naturally all methods of chemical restraint require that the patient be fi rst 
restrained manually, even though it may only be for a short period, before the 
medication can be administered. The advantage therefore does not lie so much 
in avoiding manual restraint, but in minimising the period of manual restraint 
in order to reduce stress. 

 Before any form of chemical immobilisation can be used, an assessment of 
the patient ’ s health status has to be made, i.e. is the procedure necessary for 
life - saving medication/treatment, and is the patient ’ s condition likely to be 
worsened by the drugs used? Another area which must be considered and 
appreciated is the avian patient ’ s natural respiratory physiology which differs 
from its better known mammalian counterpart. 
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  Overview of  a vian  r espiratory  a natomy and  p hysiology 
 For an overview of the respiratory cycle of the avian patient see Chapter  2 . 

 The avian respiratory system differs in a number of ways from the mam-
malian system, namely (starting rostrally): 

   •       Vestigial larynx:  The bird has a glottis, but there are no vocal cords or 
epiglottis. All of the sounds a bird makes come from an area known as the 
syrinx that lies at the bifurcation of the trachea deep within the  ‘ chest ’ .  

   •       Complete cartilaginous rings to the trachea:  This is important for two 
reasons. Firstly, it is relatively diffi cult (although not impossible!) to throttle 
a bird by compressing the neck. Secondly, there is no  ‘ give ’  to the trachea 
and so infl atable cuffs on endotracheal tubes should not be over - infl ated as 
this will cause pressure necrosis to the lining of the trachea. Instead it may 
be better to use a snug fi tting uncuffed endotracheal tube. For some proce-
dures, such as fl ushing the crop of a bird, it may be necessary to use and 
infl ate the cuff on the endotracheal tube to prevent inhalation pneumonia. 
Extreme care should then be used.  

   •       The avian respiratory cycle:  This is such that the bird may gain oxygen from 
air on inspiration and expiration (see Chapter  2 ). A series of balloon - like 
air sacs exist inside the body of the bird, which in combination with the 
movement of the avian ribcage and sternum act to push air backwards and 
forwards through a rigid lung structure. This means that birds may extract 
oxygen from the air on both inspiration and expiration. This makes them 
much more effi cient at gaseous exchange than mammals and allows the 
clinician to use this to his/her advantage should the upper airway/trachea 
become blocked. In this instance the caudally located air sacs may be can-
nulated with a cut - down endotracheal tube and the patient ventilated via 
this route (see below).     

  Pre -  a naesthetic  p reparation 
  Blood  t esting 
 It is useful to run biochemical and haemocytological tests on avian patients 
prior to administering anaesthetics. Blood can be taken from the right jugular 
vein in all species, from the brachial vein running cranially on the ventral 
aspect of the humerus in the larger species and from the medial metatarsal 
vein in many waterfowl. Minimal tests include an assessment of the haema-
tocrit, the total blood proteins, blood calcium, uric acid levels for kidney 
function and if possible both aspartate transaminase (AST) and bile acid levels 
to assess liver function. More comprehensive tests in the case of seriously ill 
patients should of course be performed if required.  

  Fasting 
 Because of the high metabolic rate of avian patients, extended fasting may 
be detrimental to health, as hepatic glycogen stores can be quickly depleted. 
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Birds larger than 300   g body weight are slightly less likely to become 
hypoglycaemic. 

 Fasting ensures emptying of the crop  –  the sac - like structure which acts as 
a storage chamber for food and sits at the inlet of the bird ’ s neck  –  and so 
stops passive refl ux of fl uid/food material during the anaesthetic. Some species 
do not have a crop (such as most ducks and geese, penguins, seagulls and 
toucans), but they simply have a more distensible oesophagus which acts as 
its own storage chamber. 

 Most birds are fasted for 1 – 3 hours prior to their anaesthetic depending 
on body size  –  the smallest having the shortest period of fasting (e.g. canaries, 
budgerigars) (Girling  2003 ). Birds  > 300   g may be able to tolerate an over-
night fast of 8 – 10 hours, assuming good health and body condition, and 
this may be necessary if surgery on the gastrointestinal system or crop is 
intended. 

 Whatever the period of fasting, water should only be withheld for 1 hour 
prior to anaesthesia.   

  Local  a naesthesia 
 This may be combined with a sedative tranquilliser such as midazolam (see 
below) for minor procedures where full anaesthesia is not required, such as 
minor skin wound repairs and cloacal prolapse replacements. The local anaes-
thetic of choice is lidocaine hydrochloride with epinephrine. The epinephrine 
component is necessary to prevent rapid absorption of the lidocaine, which 
may induce fatal arrhythmias. It is advised that the stock solution (which is 
generally 2% concentration) be diluted with sterile water to create a 0.5% 
solution, particularly if dealing with smaller species. Even then, parrots below 
200   g should only be given small doses (average 0.1 – 0.15   ml/100   g of a 0.5% 
solution) (Girling  2003 ).  

  Pre -  a naesthetic  m edication 
 These are used in cats and dogs to provide cardiopulmonary and central 
nervous system stabilisation, a smooth anaesthetic induction, muscle relax-
ation, analgesia and a degree of sedation. Pre - anaesthetic medications are used 
infrequently in birds. However, fl uid therapy is important as it can make the 
difference between a successful procedure and failure. 

  Antimuscarinics 
 Atropine and glycopyrrolate will reduce vagally induced bradycardia and 
oral secretions that may block endotracheal tubes. They both however may 
have unwanted side effects, the main ones being an unacceptably high heart 
rate, increasing myocardial oxygen demand and making oral/respiratory 
secretions so tenacious that they make endotracheal tube blockage even more 
likely.  
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  Benzodiazepines 
 Diazepam or midazolam may be used as premedicants in waterfowl, as these 
species may exhibit periods of apnoea during mask induction of anaesthesia. 
This is due to a stress response (often referred to slightly inaccurately as a 
 ‘ diving response ’ ) mediated by the trigeminal receptors in the beak and nares, 
whereby the breath is held and blood fl ow is preferentially diverted to the 
kidneys, heart and brain (Ludders and Matthews  1996 ). Dosages of diazepam 
of 0.2 – 0.5   mg/kg intramuscularly or 0.05 – 0.15   mg/kg intravenously, or of 
midazolam at 0.1 – 0.5   mg/kg intramuscularly or 0.05 – 0.15   mg/kg intrave-
nously, have been suggested (Edling  2005 ). Midazolam is more potent and 
recovery is quicker than following diazepam and it tends not to affect mean 
arterial blood pressure and gases to the same extent (Edling  2005 ).   

  Induction of  a naesthesia 
  Injectable  a gents 
 The advantages of injectable anaesthetics include ease of administration, rapid 
induction, low cost and availability. Disadvantages include the fact that recov-
ery is often dependent on organ metabolism, potentially diffi cult reversal of 
medications in emergency situations, prolonged and sometimes traumatic 
recovery periods, muscle necrosis at injection sites and lack of adequate muscle 
relaxation with some medications. 

  Propofol 
 This must be used intravenously, and hence a jugular, medial metatarsal or 
brachial vein catheter needs to be placed. It produces profound apnoea and is 
rarely used as an induction/anaesthetic agent in birds.  

  Ketamine and  k etamine  c ombinations 
 When used alone this produces inadequate anaesthesia and recoveries are often 
traumatic with the patient fl apping wildly (doses of 20 – 50   mg/kg are quoted) 
(Ludders  1989 ). In addition, due to the high doses required, the duration of 
anaesthesia may be prolonged, leading to poor recovery rates, potential hypo-
thermia and hypoglycaemia. 

 Combining ketamine with other injectable anaesthetic agents allows reduc-
tion of the dose of ketamine and can therefore allow faster recovery times. 
Diazepam at a dose of 1 – 1.5   mg/kg allows the dose of ketamine to be reduced 
to 20 – 40   mg/kg (Curro  1998 ; Edling  2005 ) or midazolam at a dose of 0.5 –
 1.5   mg/kg allows the ketamine dose to be reduced to 10   mg/kg (Curro  1998 ). 
These two tranquillisers help with muscle relaxation and sedation, and reduce 
fl apping on recovery as well as shortening recovery time. 

 Ketamine may also be combined with xylazine at 1 – 2.2   mg/kg, which can 
reduce the dose of ketamine to 5 – 10   mg/kg (Curro  1998 ). Coles  (1997)  has 
recommended a dosage of 20   mg/kg ketamine and 4   mg/kg xylazine, intramus-
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cularly, and fi nds that this gives 10 – 20   min of anaesthesia with full recovery 
in 1 – 2 hours. It should however be avoided for pigeons and doves and for all 
wading birds. 

 Medetomidine (60 – 85    µ g/kg) can reduce the ketamine dose to 5   mg/kg 
(Beynon  et al.   1996 ). However slightly higher doses of 10   mg/kg ketamine and 
100 – 150    µ g/kg medetomidine may be required for full surgical anaesthesia in 
some species such as waterfowl and owls. 

 Again the use of these  α  2  agonist drugs reduces the ketamine dosage appre-
ciably and so improves recovery rates, whilst enhancing levels of sedation and 
analgesia. Xylazine has the side effect of inducing respiratory and cardiac 
suppression and so has become less popular and should be used with caution 
in debilitated patients. It may be reversed with yohimbine at 0.1   mg/kg intra-
venously, but this may not fully reverse its effects. Medetomidine may be 
reversed fully with atipamezole (administer the same volume as medetomidine 
given) and does not seem to produce such profound side effects making this 
a very useful injectable anaesthetic. It can still have cardiopulmonary depres-
sive effects and may compromise blood fl ow to the kidneys, risking renal 
damage. Sun conures have been noted to be particularly intolerant of ketamine –
  α  2  agonist combinations (Rosskopf  et al.   1989 ). 

 The above combined medications are generally given intramuscularly and 
induction will take on average 5 – 10   min. Complete recovery may take 2 – 4 
hours or more unless reversible agents are used.  

  Midazolam 
 Midazolam (Hypnovel  ®  ) may be used on its own as a sedative in many species, 
and of course as an anticonvulsant. Doses for sedation in geese and swans 
have been quoted as 2   mg/kg intramuscularly (Valverde  et al.   1990 ).   

  Extending and  m aintaining  a naesthesia 
 It is always advisable if using injectable anaesthetics that the avian patient is 
intubated and oxygen supplied, or at least that it is available on standby. This 
also allows for anaesthesia to be extended from the 15 – 20 minutes provided 
by many injectable agents, by introducing low levels of isofl urane (0.5 – 1%) if 
the surgical procedure is likely to be prolonged. 

 Alternatively, anaesthesia may be induced directly using an inhalational 
agent via a face mask. It may be necessary with some species with long bills 
to adapt face masks from juice or water bottles, although the majority of birds 
of prey and parrots have short enough beaks to fi t inside standard face masks.  

  Inhalation  a gents 
  Nitrous  o xide 
 This has been used in avian anaesthesia. It has good analgesic properties, but 
accumulates in large hollow viscous organs. There is some thought that it may 
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therefore accumulate in the air sacs and may prolong anaesthetic recovery 
times. Recent evidence disputes this as air sacs have a means of venting gases 
(Heard  1997 ). Some species of bird have subcutaneous air pockets, such as 
many diving birds (e.g. gannets and pelicans), and these can rupture following 
gas accumulation: its use in these species should therefore be avoided. 

 Nitrous oxide cannot be utilised on its own for anaesthesia, and halothane 
or isofl urane is required to allow a surgical plane to be reached. It should not 
exceed 50% of fresh gas fl ow, and should not be used for avian anaesthetics 
if respiratory disease is suspected. As with mammalian anaesthesia, the nitrous 
oxide supply must be discontinued some 5 – 10   min prior to the end of anaes-
thesia to minimise diffusion hypoxia.  

  Halothane 
 Halothane is now rarely used for birds and is not licensed for use in the UK. 
One of the reasons is that halothane is partly metabolised by the liver and, as 
many sick avian patients have some degree of hepatic function impairment, this 
can place the patient at some risk. Recovery is often extended and cardiac arrest 
often occurs at the same time as respiratory arrest giving little response time in 
an emergency. Halothane also depresses the responsiveness of the bird ’ s intra-
pulmonary chemoreceptors (IPCs) to carbon dioxide. This is important as the 
IPCs only respond to increasing carbon dioxide levels in the anaesthetised bird 
and not to hypoxia. Hence birds anaesthetised with halothane are less able to 
adjust ventilation in response to changes in carbon dioxide levels.  

  Isofl urane 
 This is the anaesthetic of choice for the avian patient. Induction may be 
achieved by face mask on 4 – 5% concentration, being turned down to 1.25 –
 2% for maintenance, preferably delivered via an endotracheal tube. Maintaining 
the patient using a face mask requires an extra 25 – 30% increase in gas 
concentration. 

 The advantages of this agent include its low blood solubility, which allows 
rapid changes in anaesthetic depth to occur. At sedative or light anaesthesia 
levels the adverse cardiopulmonary effects are minimal. It does not require 
liver metabolism for recovery to occur. Hence it is a useful anaesthetic for 
sick avian cases. Cardiovascular arrest tends not occur at the same time as 
respiratory arrest, as happens with halothane, so giving some time for 
resuscitation.  

  Sevofl urane 
 Sevofl urane produces a quicker recovery time than isofl urane, but otherwise 
seems to have the same safety margins and anaesthetic effects as isofl urane, 
although it is not licensed for use in birds in the UK. It often requires higher 
induction percentages than isofl urane (5 – 6% compared with 3 – 4%). This is 
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due to its much lower blood solubility (blood:gas coeffi cient 0.68), which leads 
to rapid recovery rates once supply of the anaesthetic is discontinued. 
Maintenance levels average at 3%. It is minimally metabolised in the body 
( < 1%) and, like isofl urane, seems not to produce cardiac dysrhythmias. Its 
high cost currently restricts its use, however its quicker revival rate may make 
it the gaseous anaesthetic of choice for avian patients in the future.    

  Maintaining  a naesthesia 
 For prolonged anaesthetic procedures, gaseous maintenance is required with 
isofl urane being the agent of choice. For avian patients larger than 100   g it is 
advisable to intubate the bird for this period as more effective control of rate 
and depth of anaesthesia can be achieved. Also isofl urane causes dose - depen-
dent respiratory depressive effects, hence with prolonged procedures, the 
patient may become apnoeic and require positive pressure ventilation. 

  Intubation 
 Intubation is easily achieved once the patient is induced via the face mask. 
Once resistance is reduced, the beak may be opened using an avian gag, or 
simply by attaching one piece of bandage material to the lower beak and one 
to the upper, whilst the other operator places the endotracheal tube through 
the glottis which is easily visible  per os  at the base of the tongue on midline. 
Visibility is improved with a directional light source and by grasping the 
tongue, in those species with a mobile tongue, with a pair of atraumatic 
forceps and pulling it and the attached glottis rostrally. It is better not to infl ate 
the cuff on endotracheal tubes as previously mentioned, due to the risk of 
causing severe damage to the lining of the rigid avian trachea. A good fi tting 
tube is thus necessary. However, if prolonged positive pressure ventilation is 
required or if performing a crop wash to remove foreign bodies, the endotra-
cheal tube cuff may be infl ated carefully to prevent air escaping when the 
patient is ventilated or to prevent refl uxed fl uid being aspirated.  

  Anaesthetic  b reathing  s ystems 
 Anaesthetic circuits used must minimise dead space and be of a non - rebreath-
ing nature as many avian patients are much smaller than the more routinely 
seen cats and dogs. Modifi ed Bain circuits, Mapleson C circuits (Figure  13.3 ) 
or even the Ayres T - piece may be used for larger parrots and waterfowl. In 
any instance a 0.5 litre rebreathing bag is necessary.    

  Air  s ac  c atheterisation 
 In the event of an airway obstruction, or if head or oral cavity surgery is 
required, it may be necessary to deliver anaesthetic gases via a tube placed 
directly into one of the air sacs. This is possible due to the close proximity of 
many of the air sacs to the skin surface, and the fact that they take no part in 
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gaseous exchange, but as previously mentioned simply shunt the air back and 
forth through the rigid lung structure. 

 The clavicular and the abdominal/caudal thoracic air sacs may be catheter-
ised. A small stab incision is made in the skin over the air sac, and the under-
lying muscle bluntly dissected with a pair of mosquito haemostats. The 
endotracheal tube is then inserted to a depth of 4 – 5   mm and sutured in place. 

 The clavicular air sacs lie at the thoracic inlet, just dorsal to the clavicles; 
the caudal thoracic air sacs may be entered between the sixth and seventh ribs, 
while the abdominal air sacs may be entered by raising the leg cranially and 
incising just caudal to the stifl e through the lateral body wall (Figure  13.4 ).      

  ADDITIONAL SUPPORTIVE THERAPY 

  Positioning 
 Due to the unique anatomy of the avian patient ’ s respiratory system, it is 
vitally important that the ribcage can move freely, otherwise hypoxia will 

Fresh gas 
inlet 

Patient 
Reservoir

bag 

 Figure 13.3     A Mapleson C circuit may be used for avian patients. 

 Figure 13.4     Feathers plucked from area designated for insertion of an air sac tube in a 
barn owl. Note the wings must be drawn dorsally and the legs caudally to reveal the body 
wall between the sixth and seventh ribs for insertion. 
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develop. Common positions include lateral or dorsal recumbency. Dorsal 
recumbency may be a problem in larger species where the digestive/abdominal 
contents may press on the air sacs when the bird is in this position, so incre-
asing respiratory effort and eventually leading to apnoea during longer pro-
cedures. Therefore, either positioning the bird in lateral or sternal recumbency 
should be considered or intermittent positive pressure ventilation will be 
required. However, the smaller species generally do not suffer from this 
problem and may be positioned according to need.  

  Intermittent  p ositive  p ressure  v entilation 
 If the respiratory rate becomes depressed for periods  > 15 – 20 seconds, respi-
ratory assistance should be instigated. The usual anaesthetic checklist should 
be run through  –  checking fl ow rates, patency of any endotracheal tubing, 
anaesthetic gas levels etc.  –  and the anaesthetic turned down. 

 If the avian patient is still breathing sporadically, then positive pressure 
ventilation two to three times a minute should occur. If possible use a mechani-
cal ventilator unit, as small infl ation pressures of just 10 – 15   cmH 2 O (7 –
 11   mmHg) should be used. If manually ventilating the patient, then the gentlest 
of touches on the bag, enough to just allow the bird ’ s rib cage to rise, should 
be used. If the bird is apnoeic, then a rate of 10 – 15 breaths per minute should 
be used. The cardio - respiratory stimulant doxapram may be administered 
orally, intravenously or intramuscularly at 5 – 10   mg/kg once only if severe 
respiratory suppression is observed. 

 If the bird is on a face mask rather than intubated, the uppermost wing 
may be grasped at the carpus, and gently but fi rmly moved in and out at 90    °  
to the chest wall. This will stimulate movement of the ribcage, and so allow 
air to move back and forth through the air sacs and lungs. Alternatively the 
sternum may be pushed from the ventral aspect, dorsally, which can also be 
useful for cardiac massage in cases of cardiac arrest. Cardiac arrest frequently 
very quickly follows apnoea: it is very diffi cult to revive avian patients follow-
ing cardiac arrest. Epinephrine may be given at 1000   units/kg body weight via 
the endotracheal tube or intravenously, but the success rate is poor. 

 The type of anaesthetic used will infl uence the likelihood of apnoea occur-
ring. Xylazine is notorious as a severe respiratory depressant (Curro  1998 ). 
Isofl urane in African grey parrots will also produce respiratory depression even 
at the lowest surgical levels (Taylor  1988 ).  

  Body  t emperature 
 Hypothermia is a problem in most of the avian patients seen as they are gener-
ally small in size and therefore have a large body surface area to volume ratio, 
leading to a much faster rate of heat loss than larger species. In addition, most 
avian species have a core body temperature of 40 – 44    ° C, and as anaesthetic 
gases are cooling in their effect, they exacerbate the potential for hypothermia. 
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 To minimise hypothermia it is important to pluck only a minimum of feath-
ers and avoid excessive soaking of the patient when preparing the surgical site 
(avian skin is relatively poorly populated with contaminant bacteria and fungi 
anyway in comparison to cats and dogs). Transparent surgical drapes are 
preferred for ease of observation. The patient may be placed on to a circulat-
ing warm water or warm air blanket, the room temperature should be raised, 
an anglepoise lamp may also be used to increase the local environmental tem-
perature. Warm water blankets or fi lled latex gloves may be placed close to 
the patient, although care should be taken not to allow them to directly contact 
the bird, as when too hot they may scald and as they cool they may actually 
draw heat away from the patient. 

 During the procedure the cloacal temperature can be measured directly 
using an electronic probe.  

  Fluid  t herapy 
 It should be noted that, as with small mammals, perioperative fl uid therapy 
may enhance the recovery rate and improve the return to normal function of 
the patient. 

 Healthy, anaesthetised birds should receive replacement fl uids at 10   ml/kg/h 
for the fi rst 2 hours, and then at 5 – 8   ml/kg/h thereafter to prevent over-
hydration (Curro  1998 ). If blood loss should occur during surgery then the 
replacement volume of crystalloid fl uid should be three times the blood loss 
volume. If the volume of blood lost is  > 30% of the normal total blood volume, 
then a blood transfusion should be considered. Other indicators for blood 
transfusions are a total plasma protein level below 25   g/l, and a packed 
cell volume (PCV) below 15%. Blood donors should at least be of the same 
avian group, i.e. parrot to parrot, and preferably the same species, i.e. one 
budgerigar to another. One drop of blood is roughly equivalent to 0.05   ml, 
and the estimated blood volume of an avian patient is 10% of the body weight 
in grams. Therefore a 500   g African grey parrot would have roughly 50   ml 
of blood circulating in its body. However, it is equally worrying to note 
that a 40   g budgerigar will only have 4   ml of blood circulating and thus 
the loss of 25% of its blood volume will occur with just 20 drops of 
blood (1   ml). 

 Patients undergoing routine procedures should also receive fl uid therapy to 
replace maintenance losses and to counteract the drying effects of inhalational 
anaesthetic gases. Maintenance levels of fl uids for birds are the same as for 
mammals at 50   ml/kg/day (Girling  2003 ). 

 Routes of fl uid administration will depend on the procedure and health 
status of the patient. Subcutaneous routes are used for healthy birds undergo-
ing minor or routine surgery. Areas utilised include the interscapular area, the 
axillae, the propatagium (wing web between the shoulder and carpus) and the 
fold of skin inguinally which lies cranial to each leg. 
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 Advanced dehydration requires that intraosseous or intravenous routes 
should be used. Intraosseous routes include the proximal tibia and distal ulna; 
intravenous routes include the right jugular vein, the medial metatarsal vein 
and the brachial veins. The right jugular vein is usually larger than the left 
and may be catheterised relatively easily in most species, a 25 gauge catheter 
being suffi cient in birds down to 100g. The brachial vein runs caudal to the 
humerus and is visible on the underside of the wing. It tends to be smaller, 
but is still relatively easily catheterised in birds over 100 – 200   g. The medial 
metatarsal vein runs along the medial aspect of the lower leg, distal to the 
intertarsal ( ‘ hock ’ ) joint and is particularly useful in waterfowl and many 
raptors as it is less mobile and less fragile than the previously mentioned veins. 

 The most commonly used fl uid is lactated Ringer ’ s solution, but dextrose 
solutions may be used to treat hypoglycaemia in malnourished cases. All fl uids 
should be warmed to 39 – 40    ° C, before being administered (Girling  2003 ).   

  MONITORING ANAESTHESIA 

 During the initial stages of anaesthesia (planes 1 and 2), the respiratory rate 
will be shallow and erratic. The patient will be lethargic, have drooping 
eyelids, a lowered head and ruffl ed feathers. As anaesthetic depth increases, 
palpebral, corneal, pedal and cere refl exes will remain, but all voluntary move-
ment ceases. As stage 3 is reached, the respiration rate becomes regular, depth 
of breathing is increased, corneal and pedal refl exes are slow but the palpebral 
refl ex disappears. If anaesthesia is allowed to progress, respiratory rate and 
tidal volume will continue to decrease, until respiratory arrest occurs. Therefore 
monitoring of the rebreathing bag for rate and depth of respiration can provide 
valuable information to the anaesthetist. 

 Heart rates can be monitored directly using a stethoscope, and electrocardio-
graph leads may be attached to allow monitoring of electrical activity of the 
heart. The attachment of the leads is modifi ed in avian cases by using adhesive 
pads, or fi ne needles to attach to the skin rather than the more traumatic alliga-
tor clips. These may be applied to the wing web (propatagium) or the fold of 
skin in front of the legs. The avian electrocardiogram (ECG) differs somewhat 
from its mammalian counterpart in that the wave appears to be inverted in most 
species on lead II as the RS wave is the most developed part of the QRS complex 
as a norm (Figure  13.5 ). Heart rates in smaller birds may be too fast ( > 300 beats 
per minute) for an electrocardiograph to trace accurately.   

 The use of Doppler ultrasound fl ow probes is extremely useful. These detect 
movement of fl uid, in this case blood fl ow through a superfi cial blood vessel, 
and convert this to an audible sound or visual trace. It provides information, 
therefore, on the strength of the pulse, pulse rate and perfusion of tissues, and 
can often cope better with higher pulse rates than the electrocardiograph. 
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 Respiratory fl ow monitors can be used if endotracheal tubes are used, 
although the very low fl ow rates of some smaller avian species may not 
register. 

 Pulse oximeters may also be used to measure the relative saturation of the 
haemoglobin with oxygen. Refl ector probe attachments are the best, and may 
be used cloacally or orally, but again many oximeters will not be able to cope 
with the high heart rates of smaller birds. The Heska  ®   oximeter will allow 
detection of heart rates in the region of 300 beats per minute. 

 Capnography may also be used in birds that are intubated. Edling  et al.  
 (2001)  has shown that end - tidal carbon dioxide (E T CO 2 ) levels consistently 
overestimated arterial CO 2  levels by 5   mmHg using a sidestream capnograph. 
End - tidal carbon dioxide levels of 30 – 45   mmHg indicated adequate ventilation 
during inhalational anaesthesia in an African grey parrot (Edling  et al.   2001 ).  

  RECOVERY AND ANALGESIA 

 Recovery involves ventilation with 100% oxygen. The endotracheal tube is 
removed once the bird will no longer tolerate its presence. Regardless of the 
anaesthetic used, practically all patients will appear disorientated and will 
attempt to fl ap their wings during recovery. Every attempt should be made to 
gently constrain them (without restricting respiration) to ensure that they do 
not damage their wings/feathers. This can be best achieved by lightly wrapping 
them in a towel. Usually with isofl urane anaesthesia, recovery is over in 5 – 10 
minutes, however if ketamine is used recovery may take much longer. During 
any recovery period the environmental temperature should be kept in the 
25 – 30    ° C range to prevent hypothermia developing. Keeping the recovery area 
quiet and dimly lit to ensure minimal adverse stimulation is advised. 
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 Figure 13.5     The avian ECG differs somewhat from its mammalian counterpart in that the 
wave appears to be inverted in most species on lead II as the RS wave is normally the most 
developed part of the QRS complex. 
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 The patient should be encouraged to take food as soon as it is able, again 
to minimise the deleterious effects of hypoglycaemia seen in these high meta-
bolic rate species. 

  Analgesia 
 Analgesia has been shown to reduce the time taken for an avian patient to 
return to normal eating and preening behaviour, to reduce levels of anaesthetic 
required if administered preoperatively, and to result in less wound break-
downs due to self - trauma (Table  13.1 ).   

 Opioids such as butorphanol at 3 – 4   mg/kg have been used in cockatoos and 
African grey parrots (Bauck  1990 ). Doses may need to be repeated three times 
daily due to its relatively short - acting properties. It does however have some 
respiratory suppression side effects and requires liver metabolism to be excreted. 
Other opioids used include buprenorphine at doses of 0.1   mg/kg intravenously 
or intramuscularly twice daily. Buprenorphine is a predominant  µ  opioid recep-
tor partial agonist and studies in pigeons at least have suggested that birds ’  
central nervous system receptors are mainly  κ  rather than  µ . Butorphanol there-
fore may be the preferred opioid in many birds (Mansour  et al.   1988 ). 

 Non - steroidal anti - infl ammatory drugs (NSAIDs), such as carprofen at 
4 – 5   mg/kg once daily, have been used. Others include meloxicam at 0.2 –
 0.3   mg/kg once daily. As these are all NSAIDs particular care should be taken 
in patients with gastrointestinal or renal disease; avian patients, due to their 
kidney structure, are more sensitive to some of these side effects than their 
mammalian counterparts. This is particularly so in some birds of prey such as 
the Indian white - necked vulture ( Gyps bengalensis ) which has been nearly 
wiped out by the NSAID diclofenic acid used in cattle, the fallen carcases of 
which formed a large part of its diet. The cause of death has been well reported 
as kidney damage. This author has found meloxicam to be generally safe in 
many species including many birds of prey such as vultures, however care 
should still be used in novel species. Concurrent fl uid therapy is often advised 
when using NSAIDs, with or without gastrointestinal protectants such as 
sucralfate and cimetidine.   

 Table 13.1     Commonly used analgesics in birds.

( SC    =   subcutaneously;  IM    =   intramuscularly;  IV    =   intravenously;  PO    =   per os;  q 6 h    =   every 
6 hours;  q 8 h    =   every 8 hours;  q 12 h    =    every 12 hours;  q 24 h    =   every 24 hours) 

   Analgesic drug     Dose rate     Dosing interval  

  Butorphanol    1 – 4   mg/kg SC, IM 

 0.02 – 0.04   mg/kg IV  

  q6 – 8h  

  Buprenorphine    0.02 – 0.06   mg/kg SC IM    q8 – 12h  

  Meloxicam    0.1 – 0.2   mg/kg SC, IM, PO    q24h  

  Carprofen    2 – 4   mg/kg SC, PO    q24h  
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14 Reptile 

Anaesthesia  

  Simon   Girling       

     Restraint of reptiles may be performed without as much risk in the case of the 
debilitated animal in comparison to birds, for example. However, it is still 
worthwhile considering how to successfully and safely restrain the reptile 
patient in order for it to be anaesthetised as well as some techniques that may 
make restraint less dangerous to animal and handler alike.  

  INITIAL RESTRAINT OF THE REPTILE PATIENT 

 Points to consider include: 

   •      Is the patient suffering from disease? Examples include patients with pneu-
monia, where mouth breathing and excessive oral mucus may be seen. 
Over - vigorous manual manipulation can exacerbate the problem.  

   •      What is the species? Day geckos are extremely delicate and very prone to 
shedding their tails when handled. Similarly, species such as green iguanas 
are prone to conditions such as metabolic bone disease (MBD) whereby 
their skeleton becomes fragile and spontaneous fractures are common. Some 
reptiles are naturally aggressive, for example, snapping turtles, Tokay geckos 
and rock pythons. Other species are potentially dangerous, such as a venom-
ous species of snake or lizard (e.g. rattlesnakes, cobras, Gila monsters and 
beaded lizards).    

 The need for restraint therefore needs to be considered carefully before 
physical attempts are made. 
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  Restraint  t echniques and  e quipment 
  Order Sauria 
 This includes the members of the lizard family such as geckos, iguanas, cha-
meleons and agamas. 

 Lizards come in many different shapes and sizes from the 1.2   m (4 foot) 
long adult green iguana, to the 10 – 12   cm (4 – 5   inch) long green anole. They 
have roughly all the same structural format with four limbs (although these 
may become vestigial in the case of the slow worm for example) and a tail. 
Their main danger areas therefore include their claws and teeth, and in some 
species, such as iguanas, their tails, which can lash out in a whip - like fashion. 

 Restraint is thus best performed by grasping the pectoral girdle with one 
hand from the ventral aspect, so controlling one forelimb with the thumb and 
the other between index and middle fi nger (Figure  14.1 ). The other hand is 
used to grasp the pelvic girdle from the dorsal aspect, controlling one limb 
with the thumb and the other again between index and middle fi nger. The 
lizard may then be held in a vertical manner with head uppermost to put the 
tail out of harm ’ s way. The handler should allow some fl exibility in this 
method as the lizard may wriggle and overly rigid restraint could damage the 
spine.   

     Figure 14.1     Method of approaching the restraint of a large lizard such as a green iguana 
by controlling both the pectoral and pelvic limbs from the dorsal aspect.  
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 The use of a thick towel to control the tail and claws is often very useful 
for aggressive lizards. Occasionally gauntlets are necessary for very large 
lizards, and for those that may have a poisonous bite (the Gila monster and 
the bearded lizard). It is important to assure that the lizard is not restrained 
with too much force, as those with skeletal problems such as MBD may be 
seriously injured. In addition lizards, like other reptiles, do not have a dia-
phragm so over - zealous restraint will lead to the digestive system pushing on 
to the lungs and increasing inspiratory effort. 

 Geckos, as noted above, can be extremely fragile and the day geckos may 
be best anaesthetised in a clear plastic container rather than physically restrain-
ing them. Other geckos have easily damaged skin so latex gloves and soft 
cloths should be used. 

 Small lizards may have their heads controlled between the index fi nger and 
thumb to prevent biting.  Under no circumstances should lizards be restrained 
by their tail.  Many will shed their tails if restrained in this way, but not all of 
them will regrow. Green iguanas, for example, will only regrow their tails as 
juveniles, i.e.  < 2.5 – 3 years of age. After this they will be left tail - less. 

  Vago -  v agal  r efl ex 
 There is a procedure which can be used to place members of the lizard 
and snake family into a trance - like state. It involves closing the eyelids of 
lizards (snakes eyelids are transparent and fused together over the eye as a 
 ‘ spectacle ’ ) and placing fi rm but gentle digital pressure on to both eyeballs. 
Alternatively a ball of cotton wool may be placed over each eye and taped 
into place. This stimulates the parasympathetic autonomic nervous system 
which results in a reduction in heart rate, blood pressure and respiration rate. 
After 1 – 2 minutes of this, providing no loud noises are made, the lizard/snake 
may be placed on its side, front, back etc., so allowing radiography to be 
performed without further physical or chemical restraint. A loud noise or 
physical stimulation will immediately cause the lizard/snake to revert to its 
normal wakeful state.   

  Order Serpentes 
 This is the snake family. This order encompasses a wide range of sizes from 
the enormous anacondas and Burmese pythons, which may achieve lengths up 
to 9   m (30 feet) or more, down to the thread snake family, which may only 
be a few tens of centimetres long. However, they are all characterised by their 
elongated form with an absence of limbs. Their danger areas are their teeth 
(and in the case of the more poisonous species such as the viper family their 
fang teeth) and, in the case of the constrictor and python family, their ability 
to asphyxiate their prey by winding themselves around the victim ’ s chest/neck. 

 Non - venomous snakes can be restrained by initially controlling the head. 
This is done by placing the thumb over the occiput and curling the fi ngers 
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under the chin. Reptiles, like birds, have only the one occipital condyle so it 
is important to stabilise the neck occipital/atlantal joint. It is also important 
to support the rest of the snake ’ s body so that not all of the weight of the 
snake is suspended from the head (Figure  14.2 ). This is best achieved by allow-
ing the smaller species to coil around the handler ’ s arm, so the snake is sup-
porting itself. In larger species it is necessary to support the body length at 
regular intervals, so the help of several people may be necessary. Above all it 
is important not to grip the snake too hard as this will cause bruising and the 
release of myoglobin from muscle cells that will damage the kidney fi ltration 
membranes.   

 Poisonous species (such as the viper family, rattlesnakes etc.) or very aggres-
sive species (such as anacondas, reticulated and rock pythons) may be restrained 
using snake hooks. These are 45 – 60   cm (1.5 – 2 foot) long steel rods with a 
blunt - ended shepherd ’ s hook on the end and are used to loop under the body 
of a snake to move it at arm ’ s length into a container. The hook may also be 
used to trap the head fl at to the fl oor before grasping it with the hand. Once 
the head is controlled safely the snake is rendered harmless unless it is a 
member of the spitting cobra family. These are unlikely to be encountered in 
general practice, but if they are, plastic goggles should be worn, as the poison 
is spat into the prey/assailant ’ s eyes, causing blindness.  

  Order Chelonia 
 This includes all land tortoises, terrapins and aquatic turtles, varying in size 
from the small Egyptian tortoises, weighing a few grams, to Galapagos species, 
weighing several hundred kilograms. The majority are harmless, although 

     Figure 14.2     It is important to provide support at regular intervals along the body of the 
snake, such as this garter snake, to avoid undue pressure or dependant weight on any one 
part of the spine.  
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surprisingly strong. Exceptions include the snapping turtle and the alligator 
snapping turtle, both of which can give a serious bite, as can most of the soft -
 shelled terrapins. They also have mobile necks. Even red - eared terrapins may 
give a nasty nip! 

 For the mild - tempered Mediterranean species, the tortoise may be held with 
both hands, one on either side of the main part of the shell behind the front 
legs. For examination to keep the tortoise still he/she may be placed on to a 
cylinder/stack of tins which ensure that his/her legs are raised clear of the table, 
effectively balancing the tortoise on the centre of the underside of the shell 
(plastron). 

 For aggressive species it is essential to hold the shell on both sides behind 
and above the rear legs to avoid being bitten. For examination of the head 
region in these species it is necessary to chemically restrain them. 

 For the soft - shelled and aquatic species, soft cloths and latex gloves may 
be necessary in order not to mark the shell.  

  Order Crocodylia 
 This family is rarely seen in general practice and includes the crocodiles, both 
fresh and saltwater, the alligators, the fi sh - eating gharials and the caimans. 
Their dangers lie in their impressively arrayed jaws and their sheer size  –  an 
adult bull Nile crocodile may weigh many hundreds of kilograms and may 
live for up to 50 years or more. Readers are advised to consult standard texts 
for further information.    

  ASPECTS OF CHEMICAL RESTRAINT 

 Chemical restraint is often necessary in reptile medicine to facilitate procedures 
from simply extracting the head of a leopard tortoise or box turtle, to enable 
a jugular blood sample to be performed, to coeliotomy procedures such as 
surgical correction of egg - binding. 

 Before any anaesthetic/sedative is administered, an assessment of the reptile 
patient ’ s health is necessary. Is sedation/anaesthesia necessary for the proce-
dure required? Is the reptile suffering from respiratory disease or septicaemia, 
i.e. is the reptile ’ s health likely to be made worse by sedation/anaesthesia? 

 Before any attempt to administer chemical restraint the reptilian respiratory 
system should be understood. 

  Overview of  r eptilian  a natomy and  p hysiology  r elevant to 
 a naesthesia 
 The reptilian patient has a number of variations from the basic mammalian 
anatomical and physiological systems. Starting rostrally: 



Reptile Anaesthesia 359 

  (1)      Reduced larynx:  The reptile patient does have a glottis similar to the 
avian patient, which lies at the base of the tongue, more rostrally in 
snakes and lizards and more caudally in Chelonia. At rest the glottis is 
permanently closed, opening briefl y during inspiration and expiration. 
In crocodiles the glottis is obscured by the basihyal valve which is a fold 
of the epiglottis that has to be defl ected before they can be intubated 
(Bennet  1998 ).  

  (2)      The trachea varies between orders:  The Chelonia and Crocodylia have 
complete cartilaginous rings similar to the avian patient, with the Chelonia 
patient having a very short trachea, bifurcating into two bronchi in the 
neck in some species. Serpentes and Sauria have incomplete rings such as 
is found in the cat and dog, with Serpentes species having a very long 
trachea. Many Serpentes species have a tracheal lung  –  an outpouching 
from the trachea as a form of air sac.  

  (3)     The lungs of Serpentes and saurian species are simple and elastic in nature. 
The left lung of most Serpentes species is absent or vestigial but may be 
present in the case of members of the Boid family (boa constrictors etc.). 
The right lung of Serpentes species ends in an air sac. Chelonia species 
have a more complicated lung structure, and the paired lungs sit dorsally 
inside the carapace of the shell. Crocodylia have lungs not dissimilar to 
mammalian ones and they are paired.  

  (4)      No reptile has a diaphragm:  Crocodylia species have a pseudodiaphragm, 
which changes position with the movements of the liver and gut, so 
pushing air in and out of the lungs.  

  (5)      Most reptiles use intercostal muscles to move the ribcage in and out, as 
with birds:  The exception being the Chelonia. These species require move-
ment of their limbs and head into and out of the shell in order to bring 
air into and out of the lungs. This is important when they are anaesthetised 
as such movements, and therefore breathing, cease.  

  (6)      Some species can survive in oxygen - deprived atmospheres for prolonged 
periods:  Chelonia species may survive for 24 hours or more and even green 
iguanas may survive for 4 – 5 hours, making inhalation induction of anaes-
thesia almost impossible in these animals.  

  (7)      Reptiles have a renal portal blood circulation system:  This means that 
the blood from the caudal half of the body can pass through the 
kidney structure before passing into the caudal major veins and enter-
ing the heart. Therefore, if drugs that are excreted by the kidneys are 
injected into the caudal half of the body, then they may be excreted 
before they have a chance to work systemically (e.g. ketamine). In 
addition, if a drug is nephrotoxic (e.g. the aminoglycosides) then injec-
tion into the caudal half of the body may increase the risk of renal 
damage.     
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  Pre -  a naesthetic  p reparation 
  Blood  t esting 
 It is useful to test biochemical and haemocytological parameters prior to 
administering chemical immobilising drugs. Blood samples may be taken from 
the jugular vein or dorsal tail vein in Chelonia, the ventral tail vein, palatine 
vein or by cardiac puncture in Serpentes and the ventral tail vein in Crocodylia 
and Sauria. Minimal testing advised is a haematocrit, blood calcium levels, 
blood total protein levels, aspartate transaminase (AST) levels for hepatic 
function and uric acid levels for renal function.  

  Fasting 
 This is necessary prior to anaesthesia in Serpentes (for a period of 2 days in 
small snakes up to 1 – 2 weeks for the larger pythons) to prevent regurgitation 
and pressure on the lungs/heart. Chelonia rarely regurgitate and do not need 
prolonged fasting. It is important not to feed live prey to insectivores (e.g. 
leopard geckos) within 24 hours of anaesthesia as the prey may still be alive 
when the reptile is anaesthetised!   

  Pre -  a naesthetic  m edications 
  Antimuscarinic  d rugs 
 Atropine (0.01 – 0.04   mg/kg intramuscularly (IM)) or glycopyrrolate (0.01   mg/
kg IM) can reduce oral secretions and prevent bradycardia. However, these 
problems are rarely of concern in reptiles.  

  Benzodiazepines 
 Midazolam has been used in red - eared terrapins at 1.5   mg/kg as a premedicant 
and produced adequate sedation to allow minor procedures and induction of 
anaesthesia (Oppenheim and Moon  1995 ).  

  Tranquillisers 
 Acepromazine (0.1 – 0.5   mg/kg IM) may be given 1 hour before induction of 
anaesthesia to reduce the dose of induction agent required. Diazepam (0.22 –
 0.62   mg/kg IM in alligators) and midazolam (2   mg/kg IM in turtles) are also 
useful.  

  Alpha - 2  a drenoceptor  a gonists 
 Xylazine can be used 30 minutes prior to ketamine at 1   mg/kg in Crocodylia 
to reduce the dose of ketamine required. Medetomidine may be used at 
doses of 100 – 150    µ g/kg, also reducing the required dose of ketamine in 
Chelonia, and it has the advantage of being reversible with atipamezole at 
500 – 750    µ g/kg.  
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  Opioids 
 Butorphanol (0.4   mg/kg IM), can be administered 20 minutes before anaesthe-
sia, providing analgesia and reducing the dose of induction agent required. It 
may be combined with midazolam at 2   mg/kg.   

  Induction of  a naesthesia 
  Injectable  a gents 
 Advantages of injectable anaesthetics include ease of administration, avoiding 
problems related to breath - holding and prolonged induction, low cost and 
good availability. Disadvantages include a recovery often dependent on organ 
metabolism, diffi culty reversing medications in emergency situations, pro-
longed recovery periods and necrosis of muscle cells at injection sites. Also, 
due to the renal portal system, drugs injected into the caudal half of a reptile 
may either be excreted by the kidneys before they take effect, or increase renal 
damage if the case of nephrotoxic agents. Injectable medications should there-
fore be administered in the cranial half of the body. 

  Ketamine 
 The effects of ketamine are species and dose dependent. Recommended levels 
range from 22 – 44   mg/kg IM for sedation and 55 – 88   mg/kg IM for surgical 
anaesthesia. Lower doses are required if the drug is combined with a premedi-
cant such as midazolam or medetomidine. 

 Anaesthesia is induced in 10 – 30 minutes but may take up to 4 days to wear 
off, particularly at low environmental temperatures. Therefore, ketamine is 
mainly used at lower doses to sedate the animal and allow intubation and 
maintenance of anaesthesia using inhalational agents in species such as 
Chelonia, which may breath - hold. 

 Disadvantages of ketamine include pain on administration and renal excre-
tion: due to the renal portal system administration of ketamine in the cranial 
half of the body is recommended.  

  Propofol 
 Propofol produces rapid induction of and recovery from anaesthesia, and is 
becoming the induction agent of choice. Its advantages include a short elimina-
tion half - life and minimal organ metabolism, making it safer in debilitated 
reptiles. Disadvantages include the need for intravenous administration, 
although use of the intraosseous route has been shown to be successful in 
green iguanas at a dose of 10   mg/kg. Propofol does produce transient apnoea 
and cardiac depression, often necessitating positive pressure ventilation. 

 Doses of 10 – 15   mg/kg of propofol administered via the dorsal coccygeal 
(tail) vein in Chelonia have successfully induced anaesthesia in under 1 minute. 
Used alone this will provide a period of anaesthesia of 20 – 30 minutes or will 
allow intubation and maintenance of anaesthesia using inhalational agents.  



362 Anaesthesia for Veterinary Nurses 

  Succinylcholine 
 This is a neuromuscular blocking agent and produces immobilisation without 
analgesia. It should only be used to aid the administration of another form of 
anaesthetic, or for transportation and not as a sole method of anaesthesia. 

 It can be used in large Chelonia at doses of 0.5 – 1   mg/kg IM and will allow 
intubation and conversion to inhalational anaesthesia. Crocodilians can be 
immobilised with 3 – 5   mg/kg IM, with immobilisation occurring within 4 
minutes and recovery in 7 – 9 hours. Respiration usually continues without 
assistance at these doses, but is important to have assisted ventilation facilities 
to hand as paralysis of the muscles of respiration can easily occur.   

  Inhalational  a gents 
 The usual inhalational agents (see below) may be used to induce anaesthesia, 
either in an induction chamber or via face masks. Face masks may be either 
bought, or for snakes, syringe cases may be modifi ed to form elongated masks 
for induction.   

  Maintenance of  a naesthesia with  i njectable  a gents 
  Ketamine 
 This may be used on its own for anaesthesia at doses of 55 – 88   mg/kg IM. As the 
dose increases, so the recovery time also increases, in some instances to several 
days; doses above 110   mg/kg will cause respiratory arrest and bradycardia. 

 Ketamine may be combined with other injectable agents to provide surgical 
anaesthesia. 

 Suitable agents include: midazolam at 2   mg/kg IM with 40   mg/kg ketamine 
in turtles (Bennet  1998 ); xylazine at 1   mg/kg IM, given 30   min prior to 20   mg/
kg ketamine in large crocodiles (Page  1993 ) and medetomidine at 0.1   mg/kg 
IM with 50   mg/kg ketamine in king snakes (Malley  1997 ). 

 Ketamine at 5   mg/kg has been combined with medetomidine at 0.1   mg/kg 
intravenously (IV) to produce a short period of anaesthesia in gopher tortoises 
although some hypoxia was observed and supplemental oxygen is advised 
(Dennis and Heard  2002 ).  

  Propofol 
 Propofol may be used to give 20 – 30   min of anaesthesia, which may allow 
minor procedures. It may be topped up at 1   mg/kg/min IV or intraosseously. 
Apnoea is extremely common and intubation and ventilation with 100% 
oxygen are advised.   

  Maintenance of  a naesthesia with  i nhalational  a gents 
  Halothane 
 Halothane can be used for both induction and maintenance of anaesthesia in 
reptiles. Face mask induction or induction chambers can be used, with inspired 
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halothane concentrations of 4 – 5%. Remember that certain species, such as 
Chelonia, can breath - hold for long periods negating its use for induction. 
Maintenance of anaesthesia can be achieved at concentrations of 1 – 2.5%. 

 Disadvantages of this agent are that it can induce a period of excitement 
in reptiles during the induction phase and it can induce myocardial hypoxia 
and dysrhythmias. Recovery from anaesthesia with this agent requires hepatic 
metabolism (15 – 20%) and, as many diseased reptiles have damaged livers, 
this makes its use limited. Cardiac arrest and apnoea frequently occur simul-
taneously when using this drug, making effective resuscitation challenging. 
Due to these features and the fact that it is not licensed for use in reptiles in 
the UK, halothane is not advised for anaesthesia in reptiles.  

  Isofl urane 
 This is the inhalational anaesthetic of choice and is licensed for use in the UK. 
Although more expensive than halothane it scores over it in several areas. It 
is minimally metabolised in the body (0.3%) and has a very low blood   :   gas 
partition coeffi cient (1.4 compared with 2.3 for halothane in human trials). 
This means it has a very low solubility in blood, so as soon as isofl urane 
administration is stopped the reptile starts to recover, excreting the drug 
unchanged from the lungs. It also has lower fat solubility than halothane and 
so excretion from the body is quicker still. Finally, it has excellent muscle 
relaxing properties and is a good analgesic, although only for as long as the 
drug is present, therefore pre - anaesthetic analgesia is still advised. Another 
positive feature of isofl urane anaesthesia is that apnoea precedes cardiac arrest, 
unlike with halothane. 

 Induction of anaesthesia is by face mask or induction chamber, in those 
species not exhibiting breath - holding capabilities, at inspired concentrations 
of 4 – 5%. Maintenance of anaesthesia, preferably via endotracheal tube is at 
inspired concentrations of 2 – 3% depending on the procedure.  

  Sevofl urane 
 Sevofl urane is not licensed for use in reptiles in the UK. It is however a safe 
gas to use for anaesthesia although its very low solubility levels mean it is 
often necessary to perform intermittent positive pressure ventilation at 
increased rates (20 – 30 breaths per minute) to keep reptiles anaesthetised. 
Induction occurs in 3 – 5 minutes and recovery can take up to 30 minutes 
(Redrobe  2004 ). Inspired concentrations of 5 – 8% sevofl urane are required for 
induction of anaesthesia, while concentrations of 3 – 4% are suitable for 
maintenance.  

  Nitrous  o xide 
 This can be used in conjunction with halothane or isofl urane so reducing the 
concentration of the volatile anaesthetic agent required for induction and 
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maintenance of anaesthesia. Its other advantages include good muscle relax-
ation and analgesic properties, making it useful in orthopaedic procedures. Its 
disadvantages are that it requires liver metabolism for full excretion and so 
again may be a problem in a diseased patient.   

  Maintaining  a naesthesia 
 Inhalational anaesthesia is becoming the main method of anaesthetising rep-
tiles for prolonged procedures and as described above offers many benefi ts. 
These are enhanced still further if the reptile is intubated allowing the anaes-
thetic to be delivered in a controlled manner. 

  Intubation 
 The glottis, which acts as the entrance to the trachea, is relatively rostral in 
many species. It is kept closed at rest, so the anaesthetist must wait for inspira-
tion to occur to allow intubation. Reptiles produce little or no saliva when 
not eating, so blockage of the endotracheal tube is uncommon. 

 In Serpentes, the glottis sits rostrally on the fl oor of the mouth caudal to 
the tongue sheath. Intubation may be performed consciously if necessary, as 
reptiles do not have a cough refl ex. The mouth is opened with a wooden 
or plastic tongue depressor and the endotracheal tube inserted during inspira-
tion. Alternatively, an induction agent may be given and then intubation 
performed. 

 In Chelonia, the glottis sits caudally at the base of the tongue. The trachea 
is very short and the endotracheal tube should only be inserted a few centi-
metres otherwise there is a risk one or other bronchus will be intubated, 
leading to only one lung receiving the anaesthetic. As mentioned above, an 
induction agent such as ketamine or propofol is advised for Chelonia prior to 
intubation due to breath - holding and diffi culty in extracting the head from 
the shell. 

 Sauria vary depending on the species, most having just a glottis guarding 
the entrance to the trachea. However, some species possess vocal folds, e.g. 
geckos. Some may be intubated consciously, but most are better induced with 
an injectable agent or following mask or chamber induction. Some species may 
be too small for intubation. 

 Crocodylia have a basihyal fold which acts like an epiglottis and needs to 
be depressed prior to intubation. These species, due to the risk associated with 
handling them, require some form of chemical restraint prior to intubation.  

  Intermittent  p ositive  p ressure  v entilation 
 If intubation is performed fully conscious, anaesthesia may be induced, even 
in breath - holding species, by using positive pressure ventilation, in a matter 
of 5 – 10   min. This does have some advantages as avoiding injectable induction 
agents leads to rapid postoperative recovery. 
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 Many, if not all species of reptile require positive pressure ventilation during 
the course of an anaesthetic. Chelonia for example are frequently placed in 
dorsal recumbency during intracoelomic surgery (the absence of a diaphragm 
leads to one body cavity  –  the coelomic cavity). As they have no diaphragm 
and the lungs are situated dorsally, the weight of the digestive contents pressing 
on the lungs will reduce inspiration and lead to hypoxia. In addition, move-
ment of the chelonian ’ s limbs induces most of the normal inspiratory effort: 
this should be abolished during anaesthesia! Furthermore, if a neuromuscular 
blocking agent such as succinylcholine has been used, positive pressure ventila-
tion may be needed due to the potential for respiratory muscle paralysis. 

 The aims of intermittent positive pressure ventilation (IPPV) are to just 
infl ate the lungs for an adequately oxygenated state to be maintained and for 
the animal to remain anaesthetised. Most reptiles require 4 – 8 breaths a minute, 
with infl ation pressures of no more than 10 – 15   cmH 2 O (7 – 11   mmHg). A ven-
tilator unit is useful (Figure  14.3 ), but with experience, manual ventilation of 
the patient with enough pressure to just infl ate the lungs and no more, can be 
achieved. A rough guide is to infl ate the fi rst two fi fths of the reptile ’ s body 
at each cycle (Malley  1997 ).    

  Anaesthetic  b reathing  s ystems 
 For species less than 5   kg a non - rebreathing system with oxygen fl ow at twice 
the minute volume (which approximates to 300 – 500   ml/kg/min for most 
species) is suggested (Bennet  1998 ). Ayres T - pieces, modifi ed Bain circuits or 
Mapleson C circuits may all be used.    

     Figure 14.3     Ventilator units such as this Vetronic  ®   small animal ventilator (top left of 
picture) are extremely useful when performing IPPV in reptiles. Note also the use of a 
Doppler probe at the thoracic inlet (the heart of green iguanas is relatively cranial) to 
monitor cardiac output during anaesthesia.  
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  ADDITIONAL SUPPORTIVE THERAPY 

  Positioning 
 Many chelonians will be placed in dorsal recumbency for intracoelomic 
surgery. Other groups of reptiles may be placed in this position for similar 
techniques. Therefore, foam wedges or positional polystyrene - fi lled vacuum 
bags are essential to maintain stability. 

 Snakes become extremely fl accid during surgery and may be strapped to a 
long board, or wedged in place with foam/vacuum bags. IPPV and the need 
to keep the body wall of non - chelonian species free of constraint must be 
considered.  

  Body  t emperature 
 Reptiles are ectothermic, that is they rely on the environmental temperature 
to maintain their optimal core body temperature. For health reasons, there-
fore, they should be maintained as near to their preferred body temperature 
(PBT) as possible. This lies in the 22 – 30    ° C range for most species. The reptile 
may be placed on to a circulating warm water or warm air blanket during 
anaesthesia: environmental room temperatures should be kept high to reduce 
heat loss. Warmed subcutaneous or intracoelomic fl uids can be administered. 
Alternatively hot water bottles, or hot water - fi lled latex gloves may be used 
(wrapped in towelling to prevent direct contact with the reptile) to group 
around the patient. Care should be taken when these cool down as they may 
then draw heat away from the patient rather than provide it. 

 Surgical drapes also help to retain heat and many surgical lights will radiate 
heat. 

 During the procedure a cloacal probe attached to a digital thermometer 
may be used to monitor body temperature.  

  Fluid  t herapy 
 Postoperative fl uid therapy enhances the recovery rate and improves the return 
to normal function of the patient. Fluids may be administered via the intrave-
nous, intraosseous or intracoelomic routes. 

 Serpentes may have fl uids administered intravenously in larger species via 
the palatine vein that runs either side of midline in the roof of the mouth: 
venous catheters must be removed prior to recovery. The alternative is to do 
a cut - down procedure and catheterise the jugular vein 5 – 10   cm caudal to the 
angle of the jaw, or intra - operatively to administer a bolus of fl uids directly 
into the heart (which has a single ventricle). Anaesthesia or sedation is required 
for these procedures. In conscious snakes fl uids may be given intracoelomi-
cally, i.e. into the common body cavity. To avoid organ puncture this is per-
formed in the caudal third of the snake, two rows of scales dorsal from the 
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ventral body scales on the side of the snake. The needle is pushed just through 
the body wall, between the ribs (snakes have ribs along their whole body 
length starting immediately behind the head and ending just cranial to the 
vent). 

 Chelonians may have a catheter placed in the jugular vein which runs 
slightly more dorsally on the neck than would be the case in mammals. Fluids 
and drugs may also be given via the dorsal tail vein, but this is more a sinus 
or collection of small vessels rather than one discrete vessel and so long - term 
therapy is diffi cult. Intraosseous fl uids in Chelonia are administered via the 
pillar  –  the part of the shell that connects the carapace to the plastron. The 
hypodermic or spinal needle is placed in a caudal to cranial direction from in 
front of the hindlimb, screwing it into the marrow cavity while keeping it 
parallel to the outer shell wall (Figure  14.4 ). The proximal tibia or distal femur 
may also be used. Intracoelomic fl uids may be given either side of the neck 
inlet, in a cranial – caudal direction keeping close to the fl oor of the plastron, 
or cranial to either hindlimb. Care should be taken to avoid puncturing the 
urinary bladder via the latter route.   

     Figure 14.4     Intraosseous fl uid therapy in a Horsefi eld ’ s tortoise via the caudal pillar of 
the shell. The use of syringe drivers is invaluable when administering small volumes of fl uids 
over a 24 - hour period.  
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 Sauria may have intravenous fl uids administered via the cephalic vein in 
larger species. A cut - down procedure is required across the humerus in a line 
perpendicular to its long axis. The ventral abdominal vein that runs just 
beneath the skin on ventral midline may also be used. Intraosseous fl uids can 
be given into the proximal end of the femur or into the proximal end of the 
tibia, again using a hypodermic or spinal needle. Intracoelomic fl uids may be 
administered in the right caudal quadrant of the lizard after placing it on its 
back with its head down to allow the gut to fall away from the injection site. 

 Recommended fl uid volumes are 20 – 25   ml/kg every 24 hours. In chelonians 
the volume should not exceed 2 – 3% body weight as they have no diaphragm 
but do have a rigid outer body covering, and therefore excess fl uids can place 
pressure on the lungs and organs (Bennet  1998 ). 

 Most reptiles should receive lactated Ringer ’ s and glucose saline fl uid mixes; 
a common combination is 33% lactated Ringer ’ s, and 33% 0.9% saline   +   5% 
glucose and 33% sterile water. This is to reduce the isotonicity of the fl uid as 
most terrestrial reptiles have a plasma concentration equivalent to 0.8% saline, 
unlike 0.9% in mammals.   

  MONITORING ANAESTHESIA 

 Reptiles will pass through similar defi nable stages of anaesthesia as mammals 
do: 

   •       Stage 1:  This is marked by a reduction in the rate of movement, although 
the reptile maintains the ability to right itself after being turned on its back. 
Tongue withdrawal and palpebral refl exes are present.  

   •       Stage 2:  In this stage the righting refl ex often disappears and the reptile 
ceases to respond to mildly noxious stimuli. The palpebral and vent refl exes 
are diminished and movement ceases.  

   •       Stage 3:  This is classically the stage of surgical anaesthesia. Tongue with-
drawal disappears and the muscles are totally relaxed. In snakes the Bauch-
streich refl ex (where stroking the ventral scutes normally produces movement 
of the body wall) ceases. There is no response to noxious stimuli and the 
vent refl ex is much reduced, although total loss of this indicates the reptile 
may be too deeply anaesthetised. Chelonia still possess a corneal refl ex at 
this stage.  

   •       Stage 4:  This stage precedes death. Respiratory movements cease or slow 
markedly, Chelonia lose their corneal refl exes and all reptiles lose their vent 
refl exes.    

 Monitoring the heart rate and rhythm can be extremely diffi cult with a con-
ventional stethoscope due to both the rough scales of the reptile interfering 
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with sound transmission and the three - chambered heart of reptiles which 
reduces the clarity of the heart beat. Some of this can be overcome by placing 
a damp towel over the area to be auscultated, so deadening the sound of the 
scales; in many cases the best solution is to resort to using a Doppler ultra-
sound probe which produces an audible sound in response to movement of 
blood through a superfi cial vessel or the heart (Figure  14.5 ).   

 Electrocardiogram leads may be attached to the patient to give an electrical 
trace of heart activity. The alligator forceps on the leads may be attached to 
hypodermic needles which can then be attached to the patient to minimise the 
crushing effects of the forceps on small fragile patients. In snakes these can 
still be used, even in the absence of limbs: the forelimb leads are placed two 
heart lengths cranial and the hindlimb leads two heart lengths caudal to the 
heart. In some Sauria, such as iguanas, skinks, chameleons and water dragons, 
the heart is situated far cranially and hence the forelimb leads are better placed 
cervically. 

 Respiratory fl ow monitors are generally not useful due to the need for IPPV 
in most reptile species. 

 Pulse oximeters are useful, with refl ector probes being used per cloaca or 
orally to measure the percentage saturation of haemoglobin with oxygen, 
although the reptile oxygen – haemoglobin dissociated curve is not the same as 
the mammalian one. However one study showed that there were no signifi cant 
differences in pulse oximeter readings and arterial blood gas analysis between 
humans and green iguanas (Juergen and Moon 2004). In any case, trends may 
be monitored and  S pO 2  levels  < 90% should certainly cause concern. 

     Figure 14.5     Cardiac output monitoring with a Doppler ultrasound probe in a red - eared 
terrapin. The area of skin between the neck and forelimb provides a useful access point 
as it is over the outfl ow of the major vessels of the heart and so allows the rate and quality 
of blood fl ow to be assessed.  
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 Capnography may also be used to monitor ventilation in reptiles, although 
due to the ability of reptiles to shunt blood from one side of the heart to 
another, the correlation between the end - tidal carbon dioxide and arterial 
 P aCO 2  values is not absolute. However, again trends are useful and a decrease 
in end - tidal carbon dioxide levels may indicate airway obstruction, failure of 
the ventilator or disconnection of the patient from the anaesthetic circuit.  

  RECOVERY AND ANALGESIA 

 Reptiles often will recover rapidly from isofl urane anaesthesia, but if other 
injectable drugs were used, recovery may be prolonged. It is thus essential to 
keep the reptile patient calm, stress free and at its optimum preferred body 
temperature. It may be necessary to keep the patient intubated with IPPV with 
oxygen if high doses of injectable agents have been used, until the reptile is 
once again breathing for itself. Care should be taken though, as high levels of 
oxygen actually suppress the stimulus for a reptile to breathe, as this is induced 
by a low level of  P aO 2  rather than high  P aCO 2  as in mammals. The use of 
doxapram at dose of 5   mg/kg IM or IV helps stimulate respiration. 

 Fluid therapy also helps to speed recovery, especially with agents such as 
ketamine which are cleared through the kidneys. Once recovery occurs, the 
patient should be encouraged to eat; if anorectic, the patient should be assist 
fed or stomach tubed. 

 The provision of analgesia, as is the case for other animal groups, is an 
important aspect of postoperative recovery (Table  14.1 ). Reptiles that have 
been given analgesia have been shown to have a quicker return to normality, 
i.e. eating, normal behaviour etc., than those who do not receive analgesia.   

 Opioids have been shown to have some effect in reptiles: butorphanol at 
0.4   mg/kg IM, IV or subcutaneously and buprenorphine at 0.02   mg/kg IM have 
been recommended (Redrobe  2004 ; Schumacher and Yelen 2006). 

 Non - steroidal anti - infl ammatory drugs (NSAIDs) also seem to be benefi cial 
in reptiles. Carprofen at doses of 2 – 4   mg/kg IM initially, and then 1 – 2   mg/kg 

 Table 14.1     Commonly used analgesics in reptiles. 

( SC    =   subcutaneously;  IM    =   intramuscularly;  IV    =   intravenously;  PO    =   per os;  q 8 h    =   every 
8 hours;  q 24 h    =   every 24 hours and so on) 

   Analgesic     Dosage     Dosage interval  

  Butorphanol    0.4   mg/kg SC, IM    q6 – 8h  

  Buprenorphine    0.01   mg/kg SC, IM    q8 – 12h  

  Meloxicam    0.1 – 0.2   mg/kg SC, IM, PO    q24h  

  Carprofen    2 – 4   mg/kg SC, PO    q24h (fi rst day 4   mg/kg then 

decrease to 2   mg/kg)  
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every 24 – 72 hours thereafter, and meloxicam at 0.1 – 0.2   mg/kg orally every 24 
hours have both been recommended (Girling 2003; Redrobe  2004 ; Juergen 
and Moon 2004). It should be noted that all NSAIDs are potentially nephro-
toxic and can have gastrointestinal ulcerative side effects, so fl uid therapy and 
close monitoring are required.  
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15 Large Animal 

Anaesthesia  

  Fiona   Strachan       

     The basic principles of good anaesthetic practice apply regardless of the 
species and size of animal to be anaesthetised. It is important to obtain a 
complete history, perform a thorough physical examination, undertake pre -
 anaesthetic tests (if indicated) and obtain informed consent from owners prior 
to anaesthetising large animals such as horses, ponies, cattle, sheep and goats. 
Many horses, ponies and valuable breeding or showing animals will be 
insured. If feasible, the insurance company should be informed of the need 
for general anaesthesia, although in emergency situations this may not be 
possible. 

 Many of the problems encountered in anaesthetising large animals arise 
from the sheer size and weight of the patient. The safety of personnel involved 
must be considered, with risk of injury most likely during anaesthetic induc-
tion and recovery. This is particularly important if the animals are not familiar 
with being restrained, or become excited when handled.  

  EQUINE ANAESTHESIA 

 Both general anaesthesia and local anaesthetic techniques are used in horses. 
Major surgery, e.g. laparotomy, orthopaedic surgery or laryngeal surgery, 
requires general anaesthesia in a specialised clinic, but unlike with small 
animals, horses and ponies may also be anaesthetised  ‘ in the fi eld ’ , i.e. on the 
premises where they are kept rather than in a veterinary clinic (Figure  15.1 ). 
In this environment it is important that only healthy horses undergoing short 
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procedures are anaesthetised, as facilities and equipment may not be available 
to use in an emergency as they would be in the clinic. Procedures performed 
under  ‘ fi eld anaesthesia ’  conditions include castration and minor surgical 
procedures such as sarcoid removal.   

 Some procedures may also be performed under standing surgical anaesthe-
sia (standing chemical restraint) with the use of local anaesthetic at the surgical 
site, e.g. laparoscopy and sinus surgery. This avoids many of the problems 
encountered during general anaesthesia and an increasing number of proce-
dures are performed safely using this technique. However, horses may become 
ataxic, which can be dangerous without restraint in stocks, and can make 
surgery diffi cult. 

 Many sedatives, analgesics and anaesthetic agents are not permitted for use 
in animals intended for human consumption and, although most horses and 
ponies in the UK are kept for pleasure or sporting purposes, this should be 
borne in mind. 

  Pre -  a naesthetic  c onsiderations 
  Horse  s hoes 
 It is important to remove the shoes prior to general anaesthesia for the safety 
of the patient, anaesthetist and surgical personnel and to protect the rubber 
fl oor of the induction and recovery box. If the shoes cannot be removed, 
clenches and shoes should be padded and covered with adhesive tape. Water -
 impermeable coverings should also be placed on the hooves during the surgical 
procedure to reduce the risk of postoperative infection originating from the 
microbial population present.  

     Figure 15.1     General anaesthesia under fi eld conditions for castration in the horse. 
Reproduced with permission of Eddie Clutton.  
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  Pre -  a naesthetic  f asting 
 Patients should be fasted overnight for 12 – 18 hours prior to general 
anaesthesia. This may be achieved by stabling the horse overnight with wood 
shavings or a similar material rather than straw for bedding. In emergencies 
this may not be possible. Access to fresh water should be denied from the time 
of pre - anaesthetic medication. 

 Fasting reduces the volume and weight of gastrointestinal contents and 
increases the functional residual capacity of the lungs by reducing pressure on 
the diaphragm. Unlike dogs and ruminants, healthy horses rarely regurgitate 
during anaesthesia. 

 It is often diffi cult to maintain a steady level of general anaesthesia in physi-
cally fi t horses, and they may be prone to the development of intra -  and 
postoperative complications such as hypotension and myopathy. Consequently, 
elective surgical procedures in fi t performance horses should be delayed for a 
period of time during which exercise and the dietary protein and carbohydrate 
levels are decreased.  

  Intravenous  c atheterisation 
 In horses and ponies the jugular vein is catheterised using a 13 – 16 gauge 
catheter. Aseptic technique is observed during placement of the catheter. 
Jugular catheters are secured using sutures rather than tape. Most general 
anaesthetic techniques use intravenous sedative and induction agents 
administered via the catheter. Analgesics, fl uids and other drugs may also be 
administered through the catheter during anaesthesia and, importantly, it 
provides rapid intravenous access in the event of an emergency.  

  Weight 
 Ideally large animal scales should be used to accurately weigh horses and 
ponies prior to anaesthesia. If scales are not available, weight tapes or the 
following equation may be used:

   Horse’s weight kg
Girth inches Length inches

±( ) =
( ) × ( )

25
660

2

  

 Estimation by eye is possible in the fi eld, but requires practice and can be 
inaccurate. It is generally safer to over - estimate rather than under - estimate the 
weight of horses, as underdosage with some drugs, e.g. ketamine, can be 
dangerous.   

  Pre -  a naesthetic  m edication 
 Many of the same sedatives, tranquillisers and analgesics used in small animals 
are also used in equine anaesthesia. 
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  Acepromazine 
 Acepromazine (ACP) has the same pharmacological effects in horses following 
parenteral administration as those found in small animals and it may be 
administered by the same routes (including orally as a paste). Unlike the solu-
tion for injection in dogs and cats (0.2% solution; 2   mg/ml), the solution 
available for horses is 1% (10   mg/ml). Although it is rarely used in isolation 
for pre - anaesthetic medication due to its unreliable sedative properties, ACP 
is useful for the sedation of young, nervous horses and ponies prior to further 
pre - anaesthetic medication and induction of anaesthesia. 

 Acepromazine is contraindicated for use in breeding stallions because of the 
risk of priapism and paraphimosis. Horses and ponies should not be ridden 
within 36 hours of administration of ACP due to the prolonged duration of 
action in this species.  

  Alpha - 2  a drenoceptor  a gonists 
 Xylazine, romifi dine and detomidine are the sedatives most commonly used 
in horses. These drugs cause profound standing sedation following administra-
tion and are used either as sedatives in their own right or as part of a general 
anaesthetic protocol. They are usually administered intravenously, but can also 
be injected intramuscularly at two to three times the intravenous dose in horses 
which are diffi cult to handle, alone or in combination with ACP and/or opioids 
(Clutton  1997 ). 

 The  α  2  adrenoceptor agonists are the main agents used in standing surgical 
anaesthesia when they are combined with opioid analgesics, a non - steroidal 
anti - infl ammatory drug (NSAID) and often a local anaesthetic technique. The 
 α  2  adrenoceptor agonists and opioid can be given by repeat injection or intra-
venous infusion for the duration of the procedure. 

 Atipamezole, an  α  2  adrenoceptor antagonist, may be used to reverse the 
sedative effects of medetomidine in small animals, but in the UK there is no 
specifi c antagonist licensed to reverse the effects of  α  2  agonists in horses. 
Atipamezole has been used in horses but it is rarely required in this species.  

  Analgesics 
 Opioids and NSAIDs are used routinely to provide pain relief. As in small 
animals, pethidine is the only full agonist licensed for use in horses, and simi-
larly should not be injected intravenously. Morphine is also used in equine 
anaesthesia as it has a longer duration of action, but, as in small animals, it 
is unlicensed. Butorphanol (a partial agonist) is licensed in horses and is com-
monly used as an analgesic. It is also used to synergise with tranquillisers and 
sedatives to improve sedation. NSAIDs are very useful analgesics in equine 
practice and can be administered by injection (parenterally) preoperatively and 
as pastes or powders in the feed postoperatively. They include phenylbutazone, 
fl unixin, carprofen and meloxicam. 
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 Peripheral nerve blocks using local analgesic techniques are very commonly 
used in the diagnosis of lameness in horses. In addition, local analgesic tech-
niques are particularly valuable as part of a balanced anaesthetic technique 
(either with general anaesthesia or as part of a standing surgical anaesthesia 
technique). Examples of regional local anaesthesia include abaxial sesamoid 
nerve block for foot surgery or infraorbital nerve block for surgery on the 
lower face. Intra - articular local anaesthetic is often used for joint surgery. 

 Opioids, local anaesthetics and  α  2  adrenoceptor agonists can also be used 
as extradural analgesic agents. The sacrococcygeal or fi rst intercoccygeal space 
is used to inject drugs extradurally in horses, since local anaesthetic in the 
lumbosacral space as used in small animals would result in undesirable 
hindlimb paralysis.  

  Other  a gents 
 Large Animal Immobilon  ®   (ACP and etorphine, a potent opioid drug), a 
reversible neuroleptanalgesic, is licensed for restraint and minor surgical inter-
vention in horses. Its use is generally restricted to darting of wild animals as 
it has many undesirable effects including hypertension and hypoventilation. 
Large Animal Immobilon  ®   is a Schedule 2 controlled drug. Administration of 
the reversing agent Large Animal Revivon  ®   (diprenorphine) results in recovery, 
but enterohepatic recycling of etorphine can cause excitement, walking and 
head - pressing 6 – 8 hours later. 

 Extreme care must be taken when handling this drug, as etorphine can be 
life - threatening to humans if absorbed by any route. An assistant must be 
present who is capable of giving an intravenous injection of the opioid antago-
nist naloxone (Narcan  ®  ) following accidental self - injection; a stock of Narcan  ®   
must always be available.   

  Induction of  g eneral  a naesthesia 
  Volatile  a gents 
 Induction of anaesthesia using inhalation of volatile anaesthetic agents (e.g. 
halothane or isofl urane) in oxygen  via  face mask or nasotracheal intubation 
is limited to foals. The technique avoids the need for metabolism of injectable 
drugs, and so may be useful for very young or sick foals with compromised 
hepatic or renal function.  

  Injectable  a naesthetics 
 In adult horses and ponies, induction of general anaesthesia is accomplished 
using injectable anaesthetic agents such as thiopental or ketamine. 

 To limit the volume required for injection in large horses, thiopental is made 
up to a more concentrated solution than is used in small animals (5 – 10%). 
Consequently it must be administered through a secure intravenous catheter 
and accidental perivascular injection of this irritant drug must be treated 
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promptly and aggressively to avoid tissue necrosis and skin sloughing. After 
injection induction is rapid and anaesthesia is of short duration. 

 Ketamine is now used more frequently than thiopental, giving a relatively 
slow steady induction after intravenous injection. It is important that profound 
sedation is allowed to develop in quiet surroundings after pre - anaesthetic 
medication to prevent excitement on injection of ketamine. Ketamine is often 
combined with a benzodiazepine (diazepam or midazolam) to improve muscle 
relaxation. Induction with this drug (after sedation with an  α  2  adrenoceptor 
agonist) can provide adequate duration of anaesthesia for short procedures 
(e.g. castration) in the fi eld. 

 The induction agent is normally given with assistants controlling the horse 
on either side of its head until it becomes recumbent, or by use of a swinging 
gate against one side of the induction box.  

  Endotracheal  i ntubation 
 Cuffed endotracheal tubes are considerably larger than those used in dogs and 
cats, e.g. 30   mm tube for a 500   kg horse. Direct visualisation of the rima glot-
tidis in horses and ponies is not possible. The head and neck are extended and 
a gag used to hold the incisors apart before the tube is inserted blindly to the 
level of the larynx and passed down the trachea.  

  Anaesthetic  b reathing  s ystems 
 Large animal versions of the circle and to - and - fro breathing systems are used 
to deliver anaesthetic gases to equine patients. Non - rebreathing systems would 
require extremely high fresh gas fl ows (outside the specifi cations of most 
fl owmeters) and result in considerable expense. Metabolic oxygen consump-
tion rate is approximately 5   ml/kg/min in horses, so a fresh gas fl ow of 2.5   l 
might be appropriate for a 500   kg horse if the system is used closed (after the 
initial period of denitrogenation). 

 The large (25 – 30   l) rebreathing bag should be  ‘ pre - fi lled ’  with oxygen and 
volatile anaesthetic gas so that the horse does not empty the bag with its fi rst 
few breaths when connected to the breathing system.   

  Maintenance of  g eneral  a naesthesia 
 Halothane, isofl urane and sevofl urane may be administered via calibrated out -
 of - circuit vaporisers to horses and ponies. The use of large - volume rebreathing 
anaesthetic gas delivery systems slows the rate of change of anaesthetic depth 
in response to increasing or decreasing the concentration of the volatile agent, 
especially when the system is used with low fresh gas fl ows. If anaesthesia 
suddenly becomes too light, a top - up of injectable anaesthetic (e.g. ketamine 
and midazolam or thiopental) is often administered intravenously to increase 
depth of anaesthetic more quickly than would follow an increase in vaporiser 
setting and volatile anaesthetic agent concentration. 
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 All the volatile anaesthetics have effects on cardiac output and cause dose -
 dependent hypotension, with the mechanism of reducing blood pressure dif-
ferent for each agent. They also cause varying degrees of respiratory depression. 
These effects, and the differing recovery characteristics (dependent on speed 
of elimination of the gas) may be used to decide which agent to use in a par-
ticular case. 

 Nitrous oxide may be used as a carrier gas in equine anaesthesia but reduces 
the maximum possible inspired oxygen concentration. This may exacerbate 
hypoxia, and monitoring  P aO 2  by arterial blood gas analysis is essential. 

 Total intravenous anaesthetic techniques are also possible, and commonly 
used in fi eld anaesthesia. A  ‘ triple drip ’  is made up by adding ketamine and 
an  α  2  adrenoceptor agonist to a bottle of guaiphenesin (sometimes referred to 
as GGE) and infusing intravenously to effect. Guaiphenesin is a centrally 
acting muscle relaxant (but itself has no anaesthetic properties). Blood pressure 
is often better maintained in horses with this combination than with a volatile 
anaesthetic. Use of the  ‘ triple drip ’  is limited to anaesthesia of 60 – 90   min dura-
tion as cumulation of ketamine and GGE occurs leading to a prolonged 
recovery.  

  Intra -  o perative  m onitoring 
 Monitoring of anaesthetic depth and physiological variables is of equal impor-
tance in horses as in small animals. Depth of anaesthesia should be maintained 
at a level just enough to prevent any response to surgery, but this may be more 
diffi cult to judge in horses. During maintenance of general anaesthesia with a 
volatile anaesthetic agent, a slow palpebral refl ex should be present: the 
absence of any blink suggesting that anaesthesia is too deep. The eye rotates 
ventromedially at a surgical plane of anaesthesia, with a central eye suggesting 
either light or deep anaesthesia, however slow nystagmus is also normal. Rapid 
nystagmus may indicate a very light plane of anaesthesia. Observation of the 
ventral neck muscles may be useful especially in horses in dorsal recumbency, 
as these may tense as anaesthesia lightens. It is not uncommon that a horse 
will start to move unexpectedly during anaesthesia with very few other signs 
suggesting inadequate depth. 

 It should be noted that during ketamine - based anaesthesia (e.g. the  ‘ triple 
drip ’ ), cranial nerve refl exes are well maintained, and spontaneous blinking, 
a central eye or nystagmus and swallowing may be seen at a surgical plane of 
anaesthesia. 

 Heart rate and pulse quality should be monitored frequently by palpation 
of peripheral pulses, e.g. facial, auricular or lateral metatarsal arteries. Whereas 
heart rate increases in response to surgical stimulation in dogs and cats, it 
often stays fairly constant in horses and so is not a good indicator of anaes-
thetic depth. Respiratory rate can be counted and an assessment of adequacy 
of tidal volume made by watching chest movement and/or the reservoir bag. 
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 It is preferable to monitor the electrical activity of the heart continuously 
using an electrocardiograph. Pulse oximetry is less useful in horses than in 
small animals as the thickness of the tongue and pigment and haircoat on lips 
or ears often means that the signal is poor. Capnography is very useful in 
anaesthetised horses. Blood pressure is often measured directly via a catheter 
placed in a peripheral artery and connected to a pressure transducer. This is 
important due to the common occurrence of hypotension in anaesthetised 
horses (see Complications of general anaesthesia, below). Placement of an 
arterial catheter also permits arterial blood gas analysis which gives very useful 
information on pH,  P aO 2  and  P aCO 2 , and is routinely performed during 
anaesthesia in specialised equine hospitals.  

  Recovery of  c onsciousness and  p ostoperative  m onitoring 
 Once the endotracheal tube has been removed during recovery of laryngeal 
refl exes, the horse is normally left alone in lateral recumbency to recover from 
general anaesthesia. In specialist clinics, horses and ponies generally recover 
in a padded room to limit self - infl icted trauma. It is extremely important to 
avoid unnecessary visual or auditory stimulation during the recovery period. 
Dimmer switches allowing modulation of the light levels in the recovery box 
are useful. Anaesthetic personnel should observe from outside the box until 
the horse is standing and no longer ataxic. Alternative methods of recovering 
horses to try to reduce injuries include the use of head and tail ropes (assisted 
recovery) or recovery pool and raft systems. 

 Occasionally the nasal mucous membranes of horses and ponies become 
oedematous following prolonged periods of recumbency, which leads to 
snoring during recovery. If this causes obstruction to free air fl ow through the 
nasal passages, a nasotracheal or orotracheal tube should be placed to main-
tain the airway and oxygen may be insuffl ated through these tubes. Such tubes 
may be taped into position and removed once the horse is standing.  

  Complications of  g eneral  a naesthesia 
 The mortality rate following general anaesthesia in horses is tenfold greater 
than that in dogs and cats (1.0% versus 0.1%) with cardiac arrest, periopera-
tive fractures and postoperative myopathy the most commonly cited factors 
(Johnston  et al.   2002 ). 

  Hypotension 
 Suppression of the central nervous system during general anaesthesia is 
accompanied by depression of the cardiovascular and respiratory systems. 
Horses in particular are prone to hypotension. A mean arterial blood pressure 
 > 60 – 70   mmHg is thought to ensure adequate blood fl ow to organs, and 
simple measures such as intra - operative administration of intravenous fl uids 
(usually isotonic crystalloids) and refi ning anaesthetic technique to limit 
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administration of hypotensive agents (such as the volatile anaesthetic agents) 
helps to maintain blood pressure within acceptable limits. However, adminis-
tration of inotropic agents such as dobutamine or dopamine by infusion 
may be required to maintain blood pressure within acceptable limits, even in 
healthy horses.  

  Hypoxia 
 In a healthy, conscious, standing horse breathing air, both lung fi elds are well 
ventilated and receive adequate blood fl ow. The  P aO 2  is normal. In healthy, 
unconscious recumbent horses the dependent lung fi elds (the lower lung fi eld 
in lateral recumbency and the dorsal lung fi elds in dorsal recumbency) are no 
longer normally ventilated but continue to be normally perfused. This occurs 
because of the combination of the weight of the abdominal viscera pressing 
on the diaphragm in addition to drug - induced depression of respiration. This 
effect is compounded if the perfusion of the upper lung is compromised 
because of hypotension. This phenomenon is referred to as ventilation – 
perfusion mismatch and can cause hypoxia even when the horse is breathing 
100% oxygen. Uncorrected hypoxia and hypercapnia have deleterious effects 
on the myocardium and may lead to cardiac arrhythmias and ultimately 
cardiac arrest. 

 The severity of ventilation – perfusion mismatching may be limited by: 

   •      Maximising functional residual capacity of the lungs (e.g. pre - anaesthetic 
fasting, treatment of respiratory disease prior to anaesthesia, delaying elec-
tive procedures in pregnant mares).  

   •      Ideally positioning anaesthetised horses in left lateral recumbency to 
ensure the greatest lung mass is uppermost. This position is best for 
oxygenation, followed by right lateral recumbency and then dorsal 
recumbency.  

   •      Increasing the inspired fraction of oxygen during anaesthesia, by using an 
endotracheal tube connected to an anaesthetic breathing system or Hudson 
Demand Valve. Alternatively, oxygen may be insuffl ated intranasally or via 
endotracheal tube at 10 – 15   l/min.  

   •      Ventilating the lungs to lower  P aCO 2  if hypercapnia is severe.  
   •      Using standing surgical anaesthesia if possible. Ventilation – perfusion mis-

match does not occur in standing horses.     

  Size -  r elated  p roblems 
 The size and weight of horses and ponies present problems in manoeuvring 
them when they are anaesthetised. In the fi eld it is important to select a safe 
environment to induce general anaesthesia. This may be in a grassed fi eld or 
an indoor arena. A loose box is not usually suitable as it is too small for a 
horse having a rough recovery. Careful restraint using experienced handlers 
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and smooth induction of general anaesthesia allow some manipulation of the 
horse during the transition from standing to lateral recumbency. In specially 
equipped veterinary clinics, tilting tables, hoists, overhead tracks and fl oor 
partitions in the induction/recovery box that also serve as the operating table 
facilitate the movement of the anaesthetised patient (Figure  15.2 ).    

  Myopathy 
 Post - anaesthetic myopathy is a distressing condition causing a range of clinical 
signs from temporary lameness to prolonged recumbency, inability to rise 
necessitating euthanasia, or inco - ordination resulting in limb fractures. The 
pathogenesis of the condition is not completely understood but several factors 
have been implicated including reduced muscle perfusion, prolonged duration 
of recumbency, hypotension, hypoxia, anaesthesia of physically fi t horses, high 
carbohydrate diets, large size of horse and poor positioning on the operating 
table with inadequate padding. 

 To limit development of this condition, anaesthetised horses are positioned 
in such a way as to maintain blood supply to the limbs. In lateral recumbency 
the uppermost legs are supported to avoid tension in any muscles or pressure 
that may compromise blood circulation in the lower limbs. In dorsal recum-
bency the horse should be completely straight when viewed from behind. 
Padding is important to distribute weight evenly and alleviate pressure points 
such as the edge of the table. In addition hypoxia, hypotension and prolonged 
duration of anaesthesia should be avoided.  

     Figure 15.2     An anaesthetised horse is moved to the recovery box using a hoist following 
anaesthesia. Note the padding on the surgical table and the endotracheal tubes on the 
wall. Photograph courtesy of Louise Clark.  
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  Neuropraxia 
 The facial nerve, which courses over the edge of the mandible, is prone to 
damage during general anaesthesia. Care should be taken to avoid trauma to 
this area during induction of general anaesthesia, and head collars should be 
removed (or well padded) for the duration of the general anaesthetic.  

  Other  c omplications 
 Recovery injuries are not uncommon as horses may attempt to rise while still 
unco - ordinated, and may become excited or panic due to individual tempera-
ment, pain, respiratory obstruction or ataxia. Self - infl icted trauma can range 
from simple abrasions and cuts, to disruption of the surgical wound, to 
catastrophic limb fractures. 

 Other problems include corneal abrasions/ulcerations, gut stasis leading to 
impaction and postoperative colic, and myelomalacia (spinal cord necrosis).    

  RUMINANT ANAESTHESIA 

 Cattle, sheep and goats are ruminants. Ruminants regurgitate and remasticate 
solid food and unlike dogs, cats and horses, ruminants have four stomachs. 
These stomachs are called the reticulum, rumen, omasum and abomasum. 
During general anaesthesia, most problems relate to the digestive system, with 
ruminants prone to regurgitation with possible aspiration of rumen contents, 
bloating (tympany) and excess salivation. 

  Pre -  a naesthetic  c onsiderations 
 Many ruminants will not be accustomed to physical restraint, and experienced 
assistance when anaesthetising the larger species is imperative. Facilities such 
as a race and good cattle crush are essential for bulls and other large ruminants 
not used to being handled. Long ropes for using Rueffs technique (to cast large 
ruminants) may be required. 

 Most anaesthetics are not approved for use in food - producing animals, and 
due consideration must be made to the fi nal fate of ruminants undergoing 
anaesthetic procedures, i.e. whether or not they will enter the human food 
chain. Even when licensed drugs are used (Table  15.1 ), withdrawal periods 
for milk and meat must be observed. Withdrawal periods can vary con-
siderably and must always be checked according to the manufacturer ’ s 
instructions.   

 Because of these limitations, economic considerations and the complications 
that may occur during general anaesthesia, physical restraint (with or without 
sedation) combined with local anaesthetic techniques are commonly used in 
ruminants for a wide variety of procedures including caesarean section, foot 
surgery, rumenotomy and dehorning (Edwards  2001 ).  
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  General  a naesthesia 
 If general anaesthesia is required, a number of (mostly unlicensed) pre - 
anaesthetic and general anaesthetic drugs may be used in ruminants (Tables 
 15.2  and  15.3 ).   

 Prior to general anaesthesia, preoperative fasting is particularly important 
to reduce the risk not only of regurgitation but also of bloat, as ruminants 
produce large amounts of gas during their normal digestive processes. Food 
deprivation for 24 hours prior to anaesthesia is normal (see below). 

 Many techniques for general anaesthesia in ruminants have been described, 
but the basic principles of pre - anaesthetic sedation and analgesia, intravenous 
catheterisation (jugular or auricular vein), injectable or mask induction (e.g. 
for lambs), endotracheal intubation (see below) and maintenance with inject-
able or inhalational anaesthetic agents still apply. Breathing systems and 
anaesthetic machines suitable for horses or dogs may be used depending on 
the size of animal, and most routine monitoring equipment can be used on 
ruminants.  

  Complications of  g eneral  a naesthesia 
  Regurgitation 
 Several factors are thought to predispose to regurgitation, including choice of 
induction agent, light general anaesthesia, relaxation of the sphincter 

 Table 15.1     Pre - anaesthetic and anaesthetic drugs licensed for use in ruminants in the  UK . 

   Drug     Animal  

  Xylazine  *      Cattle  

  NSAIDs: fl unixin, carprofen, meloxicam, ketoprofen, 

tolfenamic acid  

  Cattle  

  Local anaesthetics: procaine    Cattle  

    * Ruminants are very sensitive to the effects of  α  2  adrenoceptor agonists and the dose is 
approximately one tenth that used in horses.   

 Table 15.2     Drugs used for pre - anaesthetic medication in ruminants. 

   Drug     Comments     Species  

  Acepromazine    Mild sedation; may tend to 

increase regurgitation  

  Cattle, sheep, goats  

  Alpha - 2 adrenoceptor 

agonists  

  Only xylazine licensed in cattle; 

mild to profound sedation 

depending on dose  

  Cattle, sheep, goats  

  Benzodiazepines    Unpredictable sedative effects 

in healthy animals  

  Cattle, sheep, goats  
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mechanisms between the pharynx and oesophagus and the oesophagus and 
the reticulum (the fi rst of the four stomachs) under deeper general anaesthetic 
levels, and increased pressure on the rumen during recumbency. In anaesthe-
tised ruminants the protective refl exes of the larynx are suppressed or 
abolished and aspiration of regurgitated food and fl uid may occur. This 
can cause bronchoconstriction (immediately) or aspiration pneumonia 
(postoperatively). 

 There is a number of ways to limit regurgitation or minimise the complica-
tions following regurgitation. 

  Pre -  a naesthetic  f asting 
 Mature ruminants should be fasted for up to 24 hours. Periods up to 48 hours 
have been suggested but may cause the rumen contents to become more fl uid. 
Access to water is removed at least 12 hours pre - induction. Ruminants under 
1 month of age should not be fasted prior to anaesthesia.  

  Endotracheal  i ntubation 
 Cuffed endotracheal tubes help to protect the lower airways from aspiration. 
Intubation of ruminants is less straightforward than in small animals. Adult 
cattle tend to be intubated in lateral recumbency by direct manual palpation 
of the larynx, with the aid of a gag (e.g. Drinkwater gag) to hold the mouth 

 Table 15.3     Drugs used to induce and maintain general anaesthesia in ruminants. 

   Drug     Comments     Species  

  Ketamine    Intravenous or intramuscular 

injection; frequently used in 

combination with xylazine  

  Cattle, sheep, goats  

  Thiopental    Intravenous injection, relatively 

cheap  

  Cattle, sheep, goats  

  Pentobarbital    May be used for sedation (at 

reduced doses) or anaesthesia; 

slower recovery  

  Cattle, sheep, goats  

  Propofol    Intravenous injection, relatively 

expensive  

  Sheep, goats  

  Halothane    Delivered in oxygen; kids, lambs 

and calves are amenable to 

mask induction  

  Cattle, sheep, goats  

  Isofl urane/

sevofl urane  

  Delivered in oxygen; kids, lambs 

and calves are amenable to 

mask induction; faster recovery  

  Cattle, sheep, goats  
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open. A laryngoscope with a suitably long, compact blade is useful for sheep, 
goats and calves, which are usually held in sternal recumbency with the neck 
extended.  

  Recovery 
 Ruminants should be moved into sternal recumbency as soon as possible 
during recovery to aid eructation and limit regurgitation. The endotracheal 
tube is removed only when the patient can maintain sternal recumbency, and 
can eructate and swallow. The cuff of the tube may be only partially defl ated 
before removal, helping to clear any regurgitated material from the orophar-
ynx (Figure  15.3 ).     

  Bloat ( t ympany) 
 During normal digestive processes, ruminants, which are herbivores, naturally 
produce a large amount of gas (carbon dioxide and methane) within the gas-
trointestinal tract. Much of this is passed out of the gastrointestinal tract 
during the process of eructation where gas is passed back up the oesophagus 
to the oropharynx. Eructation normally occurs once per minute. Under general 
anaesthesia ruminants are no longer able to eructate, which in association with 
reduced ruminal motility causes gas build - up within the bowel (bloat). This 
in turn can lead to a reduction in functional residual capacity of the lungs, 
because of increased pressure on the diaphragm, and also decreases venous 
return, reducing cardiac output and mean arterial blood pressure. Ruminants 
are prone to hypoventilation under general anaesthesia and this effect is com-
pounded by the development of bloat. Appropriate pre - anaesthetic fasting will 

     Figure 15.3     Endotracheal intubation in ruminants protects the lower airways in the event 
of regurgitation. Note also the sandbag under the neck to incline the nose downwards, 
allowing saliva to drain from the mouth.  
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help to minimise bloat, but a stomach tube may be passed or ruminal trochari-
sation performed to relieve any excessive build - up of gas that occurs.  

  Salivation 
 Ruminants normally produce large volumes of alkaline (bicarbonate - rich) 
saliva and production continues under general anaesthesia. However because 
swallowing is not present, the saliva either remains within the mouth (from 
where it may be aspirated) or drains from the mouth. Antisialogogues such as 
atropine do not reduce the volume of saliva produced but tend to increase the 
viscosity. The most effi cient method of dealing with saliva under general 
anaesthesia is to allow it to drain by gravity from the mouth (Figure  15.3 ). 
This may be achieved by positioning the animal in a nose down, tail down 
position, i.e. with the top of the head higher than the rest of the body. This 
position also aids drainage of regurgitated material from the mouth.  

  Other  p roblems 
 Adult ruminants are often hypertensive during anaesthesia, compared to 
horses which tend to have low blood pressure. Hypoventilation may become 
severe, especially during long procedures or if tympany is allowed to develop, 
and ideally capnography and facilities for ventilation of the lungs should be 
available. Despite their similar size, recovery injuries are very rare in cattle 
compared with horses, as ruminants will rise to their feet in a slow and 
methodical way if left undisturbed.    

  ANAESTHESIA OF PIGS 

 General anaesthesia will be required only occasionally in commercial pigs, but 
more frequently in pet pigs due to an increase in the popularity of breeds such 
as Vietnamese pot - bellied pigs and Kune Kunes. Local anaesthesia is also used 
in pigs, for example castration of piglets. As with ruminants, consideration 
must be given to the fate of the pig as there are very few licensed anaesthetic 
products available for use in animals destined to enter the human food chain 
(Table  15.4 ).   

 Pigs presented for anaesthesia may range from small easily handled piglets 
to large sows and boars (350   kg) which can be dangerous and diffi cult to 
restrain. Most pigs struggle and squeal very loudly when handled, making 
physical examination challenging. A snare around the upper jaw may be used 
to facilitate restraint in large pigs. 

  Sedation 
 Azaperone (Stresnil; Janssen) is the only licensed sedative/premedicant used 
for pigs. It is a butyrophenone with similar properties to acepromazine, and 
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 Table 15.4     Pre - anaesthetic and anaesthetic drugs licensed for use in pigs in the UK. 

   Drug  

  Azaperone  

  NSAIDs: fl unixin, meloxicam, ketoprofen, tolfenamic acid  

intramuscular injection (behind the ear) results in mild to profound sedation 
depending on the dose used.  

  General  a naesthesia 
 As with ruminants, a wide variety of (unlicensed) injectable and inhaled drugs 
can be used to induce and maintain anaesthesia in pigs. These include 
thiopental, ketamine, midazolam, halothane, isofl urane and sevofl urane. 
Anaesthetic equipment used for small animals is generally suitable for pigs. 
They are reasonably good anaesthetic candidates providing some peculiarities 
are taken into account. 

  Endotracheal  i ntubation 
 This can be diffi cult (particularly so in brachiocephalic pot - bellied pigs) due 
to the shape and size of the head. The glottis is narrow and the larynx set at 
an angle to the trachea, with this species also prone to laryngospasm. However, 
fat in the pharyngeal region and the small trachea and larynx make respiratory 
compromise likely in anaesthetised pigs that do not have an endotracheal tube 
in place. Salivation may contribute to airway obstruction.  

  Malignant  h yperthermia 
 This condition is inherited in some breeds of pigs (e.g. Poland - China and 
Pietrain) and is characterized by an abnormal response to certain anaesthetic 
drugs including halothane and isofl urane. Affected pigs develop muscle rigidity 
and severe hyperthermia on exposure to the triggering agent, followed by 
respiratory failure and death. Treatment may be attempted by discontinuing 
the volatile agent, cooling with cold water and administration of the skeletal 
muscle relaxant dantrolene if available.  

  Other  p roblems 
 Fat makes identifi cation of most peripheral veins for catheterisation diffi cult 
and so the auricular vein is generally recommended. Large accumulations of 
subcutaneous fat also necessitate the use of a long needle for intramuscular 
injections. Pigs are prone to hypothermia during anaesthesia due to lack of 
haircoat, and efforts must be made to conserve heat by covering them with 
blankets and a maintaining a warm operating environment.    
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  SUMMARY 

 Many of the basic anaesthetic principles and anaesthetic drugs for large 
animals are similar to those for small animals. However, the size of many large 
animal patients, in addition to the different anatomical and physiological 
considerations between large and small animal species, mean that veterinary 
nurses involved in anaesthetising horses, ruminants and pigs must be familiar 
with the particular challenges these animals present.  
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circulatory insuffi ciency during anaesthesia   

311–12
coagulation factor defi ciency   51
codeine   10, 169
Coles endotracheal tubes   113
colloid oncotic pressure   34
colloids   203, 207–9, 210
colour codes for gas cylinders   64, 65
complications of anaesthesia, summarized   

314
consent forms   8–9, 58
constant rate infusions   187–8, 212
Control of Substances Hazardous to Health 

(COSHH) (1988)   9
core body temperature measurement   260
core–periphery temperature difference   251
corneal refl ex   235, 368
cough   42, 44, 45, 170
CPA see cardiopulmonary arrest (CPA)   

CPCR see cardiopulmonary cerebral 
resuscitation (CPCR)   

CPR see cardiopulmonary resuscitation (CPR)   
cranial nerve refl exes during anaesthesia   

235–6
crash boxes   270, 271, 296, 299–300, 306
creatinine   52, 56, 197
Cricetidae   319, 320, 321, 322–3, 329, 331

see also small mammal anaesthesia   
critical temperatures of gases   87
Crocodylia   358, 359, 362, 364

see also reptile anaesthesia   
crystalloids   203, 204–6, 207, 210
Cushing’s disease   34, 50, 55, 293
cyclooxygenase (COX) inhibition by NSAIDs   

176–8
cyclopropane   64, 65, 74

dead space   24–5, 36, 124, 125
defi brillation   306–7, 308
dehydration see hydration status   
dermatological examination   43
dermatological history   42
desfl urane   73, 122, 146, 151
detomidine   375
dexmedetomidine   29, 131, 132–4, 153, 187, 

200
dextrans in IV fl uids   208, 210
dextrose 5%   205
diabetes mellitus   50, 54, 55, 292
diarrhoea   42, 46, 283
diazepam   4, 128–30, 144, 155

birds   343
horses   377
reptiles   360
small mammals   321, 324

diffusion hypoxia   152, 272
diprenorphine   376
direct intubation   117–18
dissociative anaesthesia   141–2
dobutamine   304
dogs   144, 146

ACP   126, 127, 141
blood typing   208, 209
causes of raised urea   53
endotracheal tube removal   273
mortality rates   16–17, 267
normal blood pressure   30
oxygen requirement   25, 106
pant mechanism   24
respiratory rates   22–3, 43
seizure induction by ketamine   142, 154
sighthounds and thiopentone   34, 41, 136

dopamine   304
Doppler probes   247–8, 333, 350, 369
dose meters   12
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doxapram   5, 348
draw-over vaporisers   69–70
dressings, wound   281, 282, 287, 289
drug overdose during anaesthesia   313, 314
drugs, controlled   2–3, 9–11, 173
drying agents   123–5
dysphoria   169–70

ear, nose and throat procedures   287–9
ectothermy   37
edrophonium   159
electrocardiography (ECG)   239–41, 277

birds   350–1
reptiles   369

emergence delirium   281
EMLA (eutectic mixture of local anaesthetics) 

cream   181, 186
endocrine disease   54, 55, 292–3
endoscopic intubation   119
endotracheal intubation   6, 8, 12, 58–9, 

112–19
advantages/disadvantages   116
birds   341, 346
cleaning of tubes   114–15
cuffed tubes   114, 118
diffi cult cases   116–17
equipment list   115
failed intubation drill   117
horses   377
models of tube   112–13
pigs   387
removal   272–3, 282
reptiles   364
ruminants   384–5
small mammals   326–7
techniques   117–19
tube obstruction   264
tube sizes   114
visualisation of rima glottidis   111, 112, 

118
enfl urane   12, 146, 151–2
entonox   64, 65
epidural analgesia   183, 184, 185, 188
epilepsy   42, 127, 129–30, 139, 321
epinephrine   29, 30, 164, 186, 342, 304, 

305
equine anaesthesia   372–82, 386

complications   379–82
induction   376–7
intra-operative monitoring   378–9
maintenance   377–8
pre-anaesthetic considerations   373–4
pre-anaesthetic medication   374–6
recovery   379

eructation   385
erythropoietin   33

ether   123
etomidate   140–1, 144
etorphine   10, 376
euthanasia   4
exercise intolerance   41, 42, 44, 45
expiratory reserve volume   23, 24
extradural anaesthesia   182, 183, 184
extravascular injections   314
extubation (endotracheal tubes)   272–3, 282
eye position during anaesthesia   235, 332

fasting pre-anaesthesia   6, 58, 193
birds   58, 341–2
horses   374
reptiles   360
ruminants   383, 384
small mammals   319–20

fentanyl   10, 154, 172, 174, 175, 177, 323
fentanyl–fl uanisone (Hypnorm)   321, 323–5, 

333
ferrets see mustelids   
fi rocoxib   178, 179
fl uid fl ow   87–8
fl uid therapy for anaesthetised patients   

191–231
administration   3, 212–23
assessment of perfusion   199, 250–1
birds   349–50
calculation of requirements   209, 211–12
constant rate infusions   212
delivery systems   223–7
during CPCR   306, 308
fl uid selection   203–9, 210
maintenance fl uids   192–3, 211
monitoring response   227–31, 261–2
normal body fl uid distribution   194
ongoing fl uid losses   200–3
reasons for   191–2
recovery   280
replacement fl uids   193–9, 200
reptiles   366–8, 370
selection, colloids and crystalloids   203–9, 

210
small mammals   328–32

fl umazenil   130
fl unixin   176, 179, 334, 375, 383, 387
follow-up of CPCR   307–8
fresh gas fl ow requirements   108, 109, 110
functional residual lung capacity   23–4
furosemide   304

gabapentin   189
gas critical temperatures   87
gas cylinders   62, 63–4

colour codes   64, 65
pin index   73–4
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pipeline systems   63–4
safe handling   11–12, 63–4, 66
sizes   63

gas exchange   256–9
gas laws   86–7
gas scavenging systems   12, 58, 63, 76–7, 

272
gastrointestinal history   42
geckos   354, 355
gelatins in IV fl uids   207, 210
general anaesthesia   4, 5, 6–7, 59, 268
gerbils see Cricetidae   
giving sets   223–4
glass ampoules, safe use   14, 16, 17
glucose   56, 132, 164, 207, 262, 292

saline   205, 210
glycopyrrolate   124–5, 150, 320, 342, 360
goats   118, 382, 383, 384
green iguanas   354, 355, 365
guaiphenesin   378
guidewire intubation   119
guinea pigs see hystricomorphs   

haemoglobin   25–6, 56, 197–8
haemorrhage   314
Hagen-Poiseuille equation   88
halothane   12, 73, 123, 146, 149

birds   345
horses   376, 377
pigs   387
reptiles   362–3
ruminants   384
small mammals   325

hamsters see Cricetidae   
Hartmann’s solution   188, 204, 210
health and safety   9–17, 77–9

anaesthetic machines   73–6
gas cylinders   11–12, 63–4, 66
gas scavenging systems   76–7
soda lime   13, 70, 94–5

Health and Safety at Work Act (1974)   9
heart   28–9, 32, 43, 239–41, 237, 238, 277

bradycardia   30, 123, 124–5, 241–2, 
313

disease, perioperative   48
rate   29, 30, 164, 237, 238–9, 241–3
tachycardia   124, 125, 242, 312, 313
see also cardiac entries   

heat loss during anaesthesia   259–61
Hering–Bruer refl ex   22
history collection   39, 40–2, 59
horses see equine anaesthesia   
Humphrey ADE breathing system   107–8
hydration status   44, 47, 193–4, 195, 318

clinical measurements   195–6
laboratory investigations   197–8

physical examination   44, 195, 196
signs of over-hydration   211–12

hyperadrenocorticism   34, 50, 55, 293
hyperalgesia   163
hypercapnia   28, 309, 313
hyperglycaemia   132, 134, 262
hyperkalaemia   47, 54, 293, 313
hypertension   31, 52
hyperthermia   202–3, 293, 313, 387
hyperthyroidism   42, 46, 50, 55, 57
hypertonic saline   205, 210
hyperventilation   27–8, 256
Hypnorm   321, 323–5, 333
hypnosis   5, 131
hypoadrenocorticism   55, 292–3
hypoalbuminaemia   33, 34, 49, 294
hypoglycaemia   47, 49, 58, 262, 292
hypotension   31, 248–9, 276, 311–12, 313

ACP   126–7
horses   379–80, 386

hypothermia   127, 260–1, 279–80, 313, 314
birds   348–9
small mammals   318, 328

hypothyroidism   34, 50, 55, 293
hypoventilation   27, 84, 256, 275, 309
hypovolaemia   32, 44, 47, 52, 127, 249

CPCR   306, 311–12
hypoxia   21, 84, 309, 313

horses   378, 380
hystricomorphs   116, 274, 319–21, 329, 332

fl uid administration   329–32
induction of anaesthesia   323, 324–5
see also small mammal anaesthesia   

in-circuit (draw-over) vaporisers   69–70, 
108

induction of anaesthesia   3, 7–8, 135–44
birds   343–6
horses   376–7
reptiles   361–2
ruminants   383–4
small mammals   321–7

infusion pumps   224–5
inhalational anaesthetic agents   6, 32, 

145–54
blood : gas solubility   146, 147
delivery   145
desirable properties   148
drugs   149–54
lipophilicity   145
MACs   145–6
uptake and elimination   146–8

inspiratory reserve volume   23, 24
insulin   54, 55, 132, 292
insulinoma   55
intercostal nerve blocks   182
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intermittent positive pressure ventilation 
(IPPV)   22, 80–5

birds   348
cardiovascular function   81–2, 201
Mapelson A (Magill and Lack)   95–8
Mapelson DEF   98–102
reptiles   364–5
small mammals   326–7

intra-articular blocks   181
intracranial pressure (ICP)   31, 283
intraosseous administration   221–2, 223, 

305
small mammals   321, 330–1, 332

intrapleural blocks   181
intratracheal drug administration   185, 

305
intravenous catheters   7–8, 58–9, 213–33, 

374
equipment   215
maintenance   222–3, 281
multilumen   214
over-the-needle   213–14, 217–18
peel-away-sheath   219–20
preparation for   217
Seldinger technique   220, 221
sites   215, 281
through-the-needle   214, 216–17, 219

intravenous regional anaesthesia   182, 
185

intravenous stylets   227
IPPV see intermittent positive pressure 

ventilation (IPPV)   
isofl urane   6, 12, 145, 73, 75, 146, 150

birds   344, 345, 348, 351
horses   376, 377
pigs   387
reptiles   363, 370
ruminants   384
small mammals   325, 333

Jackson–Rees T-piece   100, 109

ketamine   6, 22–3, 123, 130, 133–4, 141–3, 
153

analgesia   188, 189
birds   343–4, 351
dosage   144
fl uid balance   200
horses   376–8
pigs   387
reptiles   360–2
ruminants   384
small mammals   322–3, 332

ketoprofen   179, 383, 387
key fi llers   62, 75
kidneys   31, 32–3, 52–4, 293

Lack breathing systems   79, 95–8, 109
lacrimation during anaesthesia   235–6
lagomorphs   267, 317–27, 329–32, 334

endotracheal intubation   112, 116, 326
see also small mammal anaesthesia   

laryngeal mask airway (LMA)   116
laryngoscopy   59, 115, 118–19
lavage fl uid, estimation of blood in   201
legislation   1–4, 9–11
levomedetomidine   133
lidocaine   6, 115, 180–9, 304, 326, 342
liver and liver disease   33–4, 47, 49–52, 294
lizards see Sauria   
local anaesthesia   4–7, 134, 180, 187, 200

administration   181–5
birds   342
drugs   185–7
horses   372, 376
ruminants   382
side effects   187
spray for cats   59, 115, 157, 181

lung volumes   23–5
lymph node examination   43

MAC values of inhalational agents   145–7
Magill breathing system   79, 95–8, 109
Magill endotracheal tube   112
magnesium sulphate   304, 305
maintenance of anaesthesia   3–4, 7–8, 138, 

145–61
birds   344, 346–7
horses   377–8
inhalational agents   145–54
muscle relaxants   154–61
reptiles   362–5
small mammals   326–7
total intravenous anaesthesia   154

mannitol   54
Mapleson breathing systems   84, 92, 

95–102, 109, 365
birds   346, 347
small mammals   326–7

mask anaesthesia   6, 12, 110–12, 326, 327
mean arterial pressure (MAP)   237
mechanical dead space   24
medetomidine use   36, 122, 131–4, 144, 153

analgesia   187
birds   344
fl uid balance   200
heart rate   29
reptiles   361, 362
small mammals   322, 333

medical air   64, 65
meloxicam   176, 179, 334

birds   352
horses   375



396 Index

pigs   387
reptiles   370, 371
ruminants   383

mental block   182
metabolic acidosis   27, 32, 203
metabolic alkalosis   27, 31, 32–3
metabolic oxygen requirement   106
methadone   10, 174, 177
methohexitone   135
methoxyfl urane   145, 146, 152
methylprednisolone   304
mice see Muridae   
midazolam   128–30, 144, 155

birds   342, 343, 344
horses   377
reptiles   360, 361, 162
small mammals   324

MiLK infusion   188–9
minimum alveolar concentrations (MACs) of 

inhalational agents   145–7
minute volume   25, 110, 252–3
minute volume dividers   84–5
Misuse of Drugs Act (1971)   9–10, 173, 

175
Misuse of Drugs Regulations (1986)   9–11
monitoring the patient   3–4, 8–9, 59, 

233–65
after CPCR   308
birds   350–1
blood glucose   262
blood loss   262
depth of anaesthesia   234–7
equipment   264–5
fl uid therapy   227–31, 261–2
horses   378–9
neuromuscular blockade   160–1, 

262–3
reptiles   368–70
respiratory function   252–9, 274–5
small mammals   332–3
temperature   259–61
see also cardiovascular system: monitoring   

morphine   3, 10, 169, 173–4, 177, 188–9, 
334, 375

mortality   16–17, 39–40, 267, 379
mucous membrane   43, 44, 199, 250, 251, 

277
CPA   297, 298

multidose bottles/vials, safe use   14
multilumen catheters   214
multimodal analgesia   163, 189
Muridae   319–21, 322–4, 326–7, 329, 331, 

332
see also small mammal anaesthesia   

muscarine   35–6, 155
muscarinic receptors   35–6

muscle relaxants   5, 6, 35, 128, 130, 
154–61

see also neuromuscular blocking agents 
(NMBAs)   

mustelids   319, 320–2, 326, 329–30, 
334

see also small mammal anaesthesia   
myelography   127, 129–30, 290
myocardial depression   312
myopathy in horses   381

naloxone   130, 175–6, 304, 325, 333, 376
narcosis   5, 6
needle-stick injures   14, 15
needle valves   62, 63, 66–7, 68, 88
neostigmine   159
nervous system   34–6
neuroleptanaesthesia   5
neuroleptanalgesia   5, 321, 323
neuroleptics   5, 323
neurological history   42, 46
neurological procedures, recovery   290–2
neuromuscular blocking agents (NMBAs)   

155–6, 262–3, 362
depolarising (non-competitive)   156–7
non-depolarising (competitive)   157–8, 

159
peripheral nerve stimulation tests   160–1, 

262–3
reversal   159
signs of inadequate anaesthesia   158–9, 

263
neuropraxia in anaesthetised horses   382
nitrous oxide (N2O)   6, 12, 75, 107, 145, 

152–3
analgesic effects   187
birds   344–5
critical temperature   87
cylinders   12, 62, 64–6, 74
dogs   146
horses   378
measurement   265
reptiles   363–4
scavenging systems   76–7

nociceptors   163
non-steroidal anti-infl ammatory drugs 

(NSAIDs)   33, 41, 53, 176–80
birds   352
horses   375
pigs   387
reptiles   370–1
ruminants   383
small mammals   334

noradrenaline see norepinephrine   
norepinephrine   29, 35–6, 164
normal saline   204, 210
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obese patients   44
occupational exposure standards   12
ocular lubricants   59, 142, 236, 287
ocular refl exes during anaesthesia   235–6
oesophageal stethoscopes   238–9
ophthalmic surgery   156, 282–3
opioid antagonists   167–8
opioids   5, 6, 10–11, 129–30, 167–76, 177

analgesia   187, 189
combinations   125, 129–30, 133–5, 144
fl uid balance   200
horses   376
pre-anaesthetic medication   134–5
reptiles   360, 370

oral examination   43
orthopaedic surgery, recovery   289–90
oscillometry   247
out-of-circuit (plenum) vaporizers   70–3
over-the-needle catheters   213–14, 217–18
oxygen   20–2, 25–8, 90–1, 265, 272, 275

critical temperature   87
cylinders   12, 62, 64–6, 74

oxygenation, effects of IPPV   82
Oxyglobin   208, 210

packed cell volume (PCV)   47–8, 56, 197–8
pain   4, 5, 162–3, 164–7, 313

see also analgesia   
palpation of peripheral arteries   244, 245
pancreatitis and opioids   171
pancuronium   158
panting   24, 253, 328
papaveretum   173
paracetamol   176
parasympathetic antagonists   123–5
parasympatholytics   24, 123–5
peel-away-sheath catheters   219–20
pentazocine   11
pentobarbital   11, 135, 384
perfusion status   195, 199, 250–1
peripheral nerve stimulation tests   160–1, 

262–3
peripheral sensitization to pain   163
petechiation   43, 46
pethidine   3, 10, 126, 169–70, 173, 177, 

375
phenobarbital   4, 11
phenothiazines   30, 125–7
phenylbutazone   176, 178, 375
physiological dead space   24–5
pigs   118, 386–7
pin index cylinders   73–4
pipeline gas systems   63–4, 74
plasma administration   208–9, 210
platelet dysfunction   49, 51
plenum vaporizers   70–3

polydipsia/polyuria (PUPD)   42, 44, 46
positioning of patients   27, 31, 42, 184, 281, 

290
birds   347–8
pain   165, 166
reptiles   366
small mammals   327–8

potassium chloride in IV fl uids   206
pre-anaesthetic medication   3–4, 7–8, 58, 

121–2, 144
birds   342–3
drug groups   123–35
horses   374–5
reptiles   360–1
ruminants   383, 384
small mammals   320–1

pre-emptive analgesia   5, 122, 134, 163, 
180, 189

preferred body temperature (PBT)   37, 366
pregnancy   41, 131, 134
preload   238
preoperative assessment   39–59

components   40
geriatric patients   54, 56
history collection   39, 40–2, 59
patient classifi cation scheme (ASA)   40
physical examination   39, 40, 42–4, 59
signifi cance of abnormalities   40, 44
small mammals   318–20
see also blood tests, pre-operative   

preoperative management of disease   47–54
preoperative preparation   7, 51, 52, 58–9

birds   341–2
horses   373–4
reptiles   360
ruminants   382–3, 384
small mammals   318–20
see also fasting pre-anaesthesia; 

pre-anaesthetic medication   
pressure gauges   65–6
pressure reduction valves   62, 63, 66, 67, 87
pressure relief valves   62, 76
procaine   180, 186, 383
propofol   4, 6, 23, 34, 138–40, 154, 159, 

311
birds   343
dosage   144
fl uid balance   200
reptiles   361, 362
ruminants   384
small mammals   321–2

propranolol   304
prostaglandins   33, 163, 176–7
Protection of Animals (Anaesthetics) Acts 

(1954 and 1964)   4
proxymetacaine   181, 186
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pseudocholinesterase   159
pulmonary disease, preoperative   48–9
pulse monitoring   276
pulse oximetry   48, 256–8, 275

birds   351
CPA   297, 298
data interpretation   258
horses   379
reptiles   369
small mammals   333

pulseless electrical activity (PEA)   298
pupillary dilation   124–5
Purkinje fi bres   28, 29

rabbits see lagomorphs   
rats see Muridae   
recovery area   269–70, 271, 277–81
recovery period   8–9, 267–8, 271–95

airways   272–4
analgesia   281, 284, 285, 290
birds   351
body temperature   277–81
breathing   274–5
circulation   276–7
diarrhoea   283
extubation   272–3
factors affecting   267–9
fl uid therapy   280
horses   379, 382
mental status   290–1
mucous membrane colour   250, 251, 277
neonatal and paediatric patients   294–5
patient comfort   27, 281, 282, 290
pre-existing disease management   292–4
premedication   122
pulse   276
reptiles   37, 370–1
ruminants   385
small mammals   333–4
specifi c procedures   282–92

abdominal   283–4
ear, nose and throat   287–9
neurological   290–2
ophthalmic   282–3
orthopaedic   289–90
thoracic   284–7
urogenital   284

speed of recovery   267–9
urinary output   281, 284
wound management   283–4

refl exes during anaesthesia   235–6
regional anaesthesia see local anaesthesia   
remifentanil   177
renin   33
reproductive system   44, 131

reptile anaesthesia   151, 354–71
analgesia   370–1
anatomy   37–8, 358–9
blood fl ow system   37–8
body temperature maintenance   366
breath holding   37, 361, 362–3, 364
breathing systems   365
fl uid therapy   366–8
induction   361–2
intubation   364
IPPV   364–5
maintenance   362–5
monitoring   368–70
positioning the patient   366
pre-anaesthetic medication   360–1
pre-anaesthetic preparation   360
recovery   370
restraint   354, 355–8
stages   368

residual lung volume   23, 24
respiratory acidosis   26, 27, 31, 33, 203
respiratory alkalosis   27
respiratory arrest   84, 274
respiratory assessment   43, 45
respiratory emergencies   309–11
respiratory gas monitors   264–5
respiratory infections in small mammals   

317–18
respiratory quotient   106
respiratory system   19–28, 131, 134, 

136–42, 237
avian   36–7, 341
dead space   24–5
fl uid loss   201
lung volumes   23–5
monitoring   252–9, 274–5
NBAs   155
reptilian   37–8, 358–9
respiratory cycle   19–23

respirometers   253
retrograde intubation   119
Ringer’s solution   204, 210, 329, 350
rocuronium   158
rodent anaesthesia   169, 317–27, 329, 334

see also small mammal anaesthesia   
rofecoxib   178
romifi dine   131, 133, 134, 375
rotameters   62, 63, 68, 88
ruminant anaesthesia   382–6
R wave monitors   243

safety see health and safety   
Saffan   137–8, 384
salivation   122, 123, 202, 382, 386
saturated vapour pressure   88
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Sauria   354, 355–6, 359, 364, 368
see also reptile anaesthesia   

scavenging systems   12, 58, 63, 76–7, 272
Sciuridae   319, 320, 329, 334

see also small mammal anaesthesia   
second gas effect   152
sedatives   4, 5, 7, 29, 58, 122, 138, 140

pigs   386
see also pre-anaesthetic medication   

seizures   127, 129–30, 142, 154
postoperative   42, 290–1

Seldinger technique   220, 221
Serpentes   354, 356–7, 359, 364, 366–7

see also reptile anaesthesia   
sevofl urane   6, 12, 122, 145, 150–1, 200

birds   345–6
dogs   146
horses   377
pigs   387
reptiles   363
ruminants   384
small mammals   325–6

sharps containers   14
sheep   118, 134, 182, 382, 383–4
shivering   275, 285
shock   32, 50, 199
‘sighing’ 79, 253, 264   
sino-atrial node (SAN)   28–9
small mammal anaesthesia   317–34

analgesia   333–4
body temperature maintenance   328
fl uid therapy   328–32
induction   321–6
maintenance   326–7
monitoring the patient   332–3
positioning the patient   327–8
pre-anaesthetic medication   320–1
pre-anaesthetic preparation   318–20
recovery   333–4
restraint   317–18

snakes see Serpentes   
soda lime   13, 70, 94–5
sodium bicarbonate   206, 304, 305
sodium channels   28, 180
sodium chloride IV solutions   204, 205, 210
sodium succinate   304
soft tissue entrapment (STE)   309
somatic nervous system   34–5
specifi c heat capacity   88–9
spillage of volatile anaesthetic   13
spinal analgesia   185
spinal surgery   291–2
‘splash’ blocks   181
stages of anaesthesia   234–5, 368
standard operating procedures (SOPs)   9

starches in IV fl uids   208, 210
Starling’s law   30
static compliance of lungs   81
status epilepticus, control of   4, 139, 291
stretch receptors   20, 21–2
stroke volume   30, 237, 238
sucralfate   352
suxamethonium (succinylcholine)   35, 157, 

158–9, 161, 362
synovial blocks   181
syringe drivers   225–6, 332, 367
systemic vascular resistance (SVR)   237, 238, 

312

tachycardia   124, 125, 242, 312, 313
T-port, connector   227
temperature see body temperature   
terrapins see Chelonia   
thermometers   259–60, 278–9
thiopental   23, 33, 34, 39, 135–7, 138

dosage   137, 144
fl uid balance   200
horses   376–7
ruminants   384
pigs   387
sighthound sensitivity   34, 41, 136

third spacing of fl uids   202
thoracic disease, preoperative   48–9
thoracic pump   302–3
thoracic surgery, recovery   284–7
through-the-needle catheters   214, 216
thyroxine   57
tidal lung volumes   23, 110
time constant of lungs   81
to-and-fro breathing system   102–3, 104, 

109
tolfenamic acid   383, 387
topical local analgesia   181, 186
tortoises see Chelonia   
total intravenous anaesthesia (TIVA)   137, 

154
total lung capacity   23, 24
toucans, handling   340
tracheostomy   288–9
train of four (TOF) stimulation   160–1, 

262–3
tramadol   189
tranquillisers   5, 58, 122, 125, 320–1, 360

see also pre-anaesthetic medication   
transdermal patches of analgesia   185
trauma, preoperative   47–8, 50
turtles see Chelonia   
twitching   42, 138, 140, 141, 160–1, 

188–9
tympany   58, 382, 385–6
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urea   50, 52, 53, 56, 197
urinary catheters   228–9, 281, 284
urinary output   3, 228–9, 250–1, 281, 284
urine tests   52–3
urogenital surgery, recovery period   284

vago-vagal refl ex in lizards   356
vaporisation   88
vaporisers   58, 62, 63, 66, 68–73

fi lling   12, 75
variable orifi ce devices   66, 88

see also needle valves; rotameters   
vasoconstriction/vasodilation   31
vasopressin   304
vecuronium   158
venepuncture in small mammals   318–19
ventilation/perfusion mismatch   380
ventilation/perfusion ratio   25, 27
ventilators   79–86

see also intermittent positive pressure 
ventilation (IPPV)   

venous return, decreased   312, 313

veterinary nurses   1–17, 19
Veterinary Surgeons Act (1966)   1, 2, 3
vital lung capacity   23, 24
vitamin K defi ciency   51
vocal signs of pain   165
vomiting   42, 46, 126, 132, 134, 314, 383–4

Water’s canister (to-and-fro) breathing system   
102–3, 104, 109

whole blood   208, 210
wound management   281, 283
Wright’s respirometer   253

xylazine use   131, 132–4, 200
birds   343–4, 348
horses   375
reptiles   360, 362
ruminants   383, 384
small mammals   322–3

yohimbine   344
Y-type connectors   227
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