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Foreword

It gives me enormous pleasure, and it is a great privilege, to be able to write a preface for
the first edition of this new book, edited and coauthored by Drs. Paulo Steagall, Sheilah
Robertson, and Polly Taylor. If you are reading this having just purchased the book, the
first thing to say is congratulations! You have made a sound investment!
For many decades there has been a trend for growth in cat ownership, and in many

countries throughout the world the pet cat population now exceeds that of dogs. Despite
their rising popularity, cats are still often a “second class” veterinary patient. Cats are
taken to the veterinarian less frequently than dogs, and, regrettably, veterinary publica-
tions on dogs still far outweigh those on cats. Things are changing though – many
practitioners appreciate the real value in focusing on the differing (and sometimes
unique) needs of cats, and there is a growing emphasis on a better understanding of cats
as veterinary patients.
The welfare of patients under our care is, of course, the primary concern of every

veterinarian. It is also true that, in terms of animal welfare, nothing is more important
than pain relief, which is why I am so pleased to see the publication of this new book. It is
nearly 25 years since the last veterinary book to focus on feline anesthesia was published
(Anaesthesia of the Cat, edited by Hall and Taylor, published in 1994). As so much has
changed in our knowledge in the past 25 years, this new publication is both timely and a
very welcome addition to the literature.
This book takes a very practical approach to feline anesthesia and analgesia. It is

designed to be a practical clinical tool, providing state-of-the-art information in
accessible format enabling improved management of cats under our care. This book
is equally relevant to veterinary practitioners, students, nurses and technicians, and with
its emphasis on the management of both acute and chronic pain it will serve as an
invaluable resource in any clinic.
The concise and clear layout of this book makes accessing information particularly

easy for the busy practitioner. The text is concise, practical, relevant, and addresses
exactly the sorts of questions and issues that occur in day-to-day veterinary practice.
Chapters are well illustrated and authored by an outstanding collection of international
experts in feline anesthesia and analgesia.
It is perhaps unusual to look at a book’s table of contents and to look forward to

reading every single chapter in the publication. I can honestly say that is the case with this
book though. Much thought has gone into its structure, the subjects covered, and the
way they are addressed. I hope and believe that this book will be very widely read and

xvii



used. For anyone purchasing the book, it is destined to be something that is used on a
daily basis in the clinic, and will not be a book that simply collects dust on the shelf!
On a personal note, I am passionate about feline welfare – I have also known Paulo,

Sheilah, and Polly for a number of years and I know how passionate they are too about
improving cat welfare through better clinical application of analgesia. With this book,
any veterinarian or nurse/technician will find a wealth of practical information that will
directly impact their everyday clinical work, and will improve the lives of the cats that are
under their care. I can offer no higher recommendation – this book will improve your
ability to care for your feline patients and improve their welfare, and as such it deserves to
have a place in every small animal clinic.

Dr. Andy Sparkes BVetMed PhD DipECVIM MANZCVS MRCVS
Veterinary Director, International Cat Care and International Society of Feline Medicine
www.icatcare.org
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1

Handling, Restraint, and Preanesthetic Assessment
Graeme Doodnaught and Paulo Steagall

Université de Montréal, Saint-Hyacinthe, Canada

Key Points

� Behavioral considerations� Handling methods and physical restraint� Routes of drug administration� Airway management� Preanesthetic evaluation� Mortality and morbidity in feline anesthesia

Introduction

The pet cat population has grown over the last few decades, as has our understanding of
disease prevention and treatment in this species. Despite population growth, fewer cats
visit a veterinary clinic on a regular basis when compared with dogs. Cat owners often
avoid veterinary visits as transportation of the cat to the clinic may be stressful. Handling,
appropriate physical examination, knowledge of behavior, and preanesthetic assessment
are essential components of feline anesthesia and analgesia.

Box 1.1: Cat-friendly techniques in clinical practice

Safe handling and cat-friendly practices minimize stress, fear, anxiety, and potential
personnel injuries related to aggression. They are key components of veterinary care for
the anesthetist and staff members.

A cat-friendly practice will provide an environment that reduces the stress of veterinary
consultation and hospitalization. More information can be found at http://icatcare.org
(June 24, 2017). These practices involve:

� A calm, safe, and quiet clinic with cat-designated areas or cat-only appointment times� Gentle and efficient physical examination and treatment� Client education on transporting the cat to and from the clinic� Client communication about feline anesthesia and analgesia

Feline Anesthesia and Pain Management, First Edition. Edited by Paulo Steagall,
Sheilah Robertson and Polly Taylor.
 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Handling and Restraint

Each cat is unique and can exhibit a wide range of behaviors. Experienced handlers will
often adapt their approach and handling technique to suit each patient. While there is no
substitute for “experience”, some principles exist to aid in the restraint ofmost cats. The
mantras “go slow to go fast” and “less is more” are commonplace. Good feline handling
revolves around the premise of de-escalation, where the handler avoids potential actions
that may elevate a patient’s stress. De-escalationminimizes noxious visual, auditory, and
olfactory stimuli that could lead to avoidance or aggressive behavior. It should be noted
that the major cause of defensive or aggressive behavior is fear. Cats have limited
appeasement behaviors, making it difficult to calm them once they are distressed. Thus,
avoiding these behavioral triggers is critical to success.
To facilitate handling throughout life, kittens should be encouraged to interact with

people, animals, and new environments between 2 and 7 weeks of age. With all ages of
cats, positive reinforcement techniques (e.g. rewarding with food, play, brushing) along
with behavioral therapy in difficult individuals, help to reduce the stress and anxiety
associated with veterinary visits.
Most cats in a calm environment will readily explore their surroundings. Anxious or

fearful individuals will tend to remain within their carriers. The cat should be handled
with patience and a positive attitude throughout the physical examination. Minimal
restraint is required to perform a full physical examination in most cats. Gentle touch
and petting around the head and neck are generally well tolerated, and allow for minor
manipulations without the need for physical restraint (Figure 1.1a, b, c). Timid or
fearful individuals who choose to remain in the carrier should be allowed to do so. The
top of a carrier may be removed and an examination can be performed with the cat still
inside (Box 1.2).

Box 1.2: Safe handling in feline practice

Consider using top-opening carriers and baskets for transporting cats into the clinic. This
allows for easy handling and provides a safe and secure environment.

It is understandable that most medical procedures in cats require some level of
restraint. This makes treatments and procedures safer for both cat and handler. While
immobilization is often required, the approach should still be gentle. Figure 1.2 shows
common methods of control.

Scruffing

Scruffing is a controversial method of restraint. Many clinics have a “no-scruffing”
policy. Scruffing should be regarded as a last resort for physical restraint to avoid
injuries and accidents. For these exceptional cases, the cat is gently grasped by the
skin over the dorsum of the neck and scapulae, and minimal (firm) pressure is
maintained. The method should certainly not be used if there is already pain or
discomfort present. It is important to highlight that scruffing may lead to fear-based
aggression and further escalation of stress. The American Association of Feline
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Practitioners (AAFP) and the International Society of Feline Medicine (ISFM) state
that the technique should be used sparingly. A cat should never have its full weight
suspended from the scruff.

The Fearful Cat

Fear is the most common cause of aggression in hospitalized cats. De-escalation
techniques do not always work in fearful individuals. These cats exhibit strong avoidance
or aggressive behavior making handling difficult. In this situation, chemical restraint
should be considered before any manipulation (Chapter 3). To assist in the physical
restraint of these patients, use of appropriate handling equipment is recommended
(description of techniques to follow). In these cases, the equipment for IV catheter
placement, and for anesthetic induction, maintenance, and monitoring should be ready.

Figure 1.1 A cat-friendly approach in a hospital setting. (a) This cat explores the examination room and
its surroundings. (b) The handler gently pets the cat to control its movement without using forcible
restraint. (c) Placing the hands under the chin allows for better control of the head and neck.
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Box 1.3: The handling equipment

Handling equipment should be:

� Safe for the cat and handler� In good working order with frequent “check ups”� Easy to use and to clean� Suitable for the intended task

Figure 1.2 Restraint for common procedures in cats. (a) Most cats will tolerate gentle extension of the
neck toexpose the jugular veins for blood sampling. In this image the jugular vein is occludedwith thecat
in lateral recumbency. (b) Restraint of the forelimb for cephalic blood sampling or IV catheterization. The
handler is preventing the cat from backwardmovement by applying gentle pressure over the cat’s hind
limbs. Using the same arm, the handler is extending the right limb forwardwith three fingers behind the
elbow to prevent retraction of the limb, and rotating and raising the cephalic vein with their first and
second digits. (c) Restraint of the hind limb for medial saphenous blood sampling or IV catheterization.
The cat is restrained in lateral recumbency with the dependent limb intended for venous sampling. The
handler uses one hand to restrain the contralateral (upper) hind limb and apply medio-lateral pressure
over theveinproximal to the sampling site.Once thevessel is visualized, the cliniciandirects theneedle in
a distal to proximal directionwhilemaintaining control of the lower limbwith the opposite hand. (d) This
cat is allowed to stand freely on the treatment table and is only restrained by gentle control of the head
and neck. This allows free access to the epaxial muscles for intramuscular injection.
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Some techniques used for appropriate restraint of the fearful and/or aggressive cat are
listed below:

� Towels or blankets are commonly used for restraining fearful cats. They are often
successful in protecting the handler from injury. By covering the patient, they give the
cat a place to hide, minimizing visual and auditory stimulation. The handler maintains
good dexterity and can assist with the procedure� Synthetic feline facial pheromonesmimic natural pheromones that are secreted by cats
via facial rubbing when they are comfortable and when they mark their territories.
These products have been shown to decrease stress and facilitate handling of some
cats� Masks or hoods may assist with physical restraint of some cats by limiting visual
stimulation. A well-fitted mask will also protect the handler from bites. They are
variably tolerated and require judicious use� Bags for restraint protect individuals from aggressive cats. Openings in these bags
allow access to the limbs and head� Feral cats may require the use of squeeze cages, humane traps or nets for drug
administration. Their application is limited to capture and restraint of cats for
injection. Nets are used in exceptional conditions such as when a cat escapes or
where there are extremely limited facilities. Such equipment can easily cause trauma if
not used properly� Anesthetic induction chambersmay be used to anesthetize cats. This requires minimal
restraint but placing the cat inside the chamber can be a challenge. While the absence
of restraint is arguably better for the cat, there is potential for environmental
contamination and exposure of personnel with volatile anesthetics. A fearful cat
can be briefly restrained using a towel or cat bag for mask induction using volatile
anesthetic agents. Techniques for induction of general anesthesia are discussed in
Chapters 4 and 6� Leather handling gauntlets or gloves can protect the handler from an aggressive cat but
they limit dexterity. They should be used only as a last resource for restraint. Leather is
also difficult to clean and repeated disinfection is required

Blood Sampling

Restraint for blood sampling can be performed in many ways. The jugular vein is a
common site as it is easily identified and allows rapid withdrawal of large volumes of
blood compared with distal veins (Figure 1.2a). The handler extends the head and neck
with the cat in a sternal or lateral position. The clinician approaches the vein with the
needle directed either in a cranio-caudal (Figure 1.2a) or caudo-cranial direction. The
use of a 23-G 1.6 cm (5/8th inch) needle and a small volume syringe (1–3mL) is
recommended.
Peripheral blood sampling, for example from the cephalic vein (Figure 1.2b), may be

used for low-volume sample collection, or where jugular sampling is contraindicated
(e.g. coagulopathies, increased intracranial or intraocular pressure). Another common
site for sampling is the medial saphenous vein (Figure 1.2c). To limit repeated
venipuncture, the blood that is collected in the hub of a catheter’s stylet can be used
for a basic blood panel during the preoperative period (Table 1.1).
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Drug Administration

A number of routes of administration are available for drug delivery, and the choice will
depend on both drug selection and intended purpose.

� Intravenous (IV) administration is the most efficacious and reliable method of drug
delivery. It is commonly used for anesthetic induction, or for analgesic drugs when a
catheter is in place� The intramuscular (IM) route is commonly used for premedication. Any skeletal
muscle may be used but large-bellied and superficial muscles are preferred. The
epaxial and muscles of the cranial and caudal thigh are often chosen (Figure 1.2d); if
using the hind limb, the cranial thigh is more reliable. When using the caudal thigh, it
is easy to miss muscle tissue and inject into fascial planes. The location of major blood
vessels and nerves is important when selecting an injection site. For example, the
sciatic nerve runs beneath the biceps femoris in the caudo-lateral thigh, and may be
inadvertently injured. Aspiration should precede injection to avoid unintended
intravascular injection� The subcutaneous (SC) route is used for perioperative administration of drugs such as
nonsteroidal inflammatory drugs. This route can also accommodate large volumes of
crystalloid fluids when intravenous fluid therapy is not possible. Most conscious cats
will tolerate injection between the shoulder blades� Buccal or oral transmucosal (OTM) administration is not commonly used in hospital
settings, as other routes are usually an option. However, it can be used as a less invasive
route of administration during long-term hospitalization or “home care.” It is
accomplished by inserting the syringe tip into the cat’s mouth and gently squeezing
the syringe contents into the cheek pouch; swallowing must be avoided to allow
transmucosal absorption and prevent first-pass hepatic metabolism

IV Catheterization

A wide array of IV catheter types exists in veterinary practice. These are commonly
inserted into the cephalic or medial saphenous veins. Catheterization of these vessels is
often performed following premedication (Chapter 3). Intravenous catheterization
allows easy drug titration during anesthetic induction, administration of fluids, emer-
gency intervention, and minimizes the need for multiple SC or IM injections in the
perioperative period. Use of topical local anesthetic creams can facilitate placement of

Table 1.1 Values for basic blood panel in cats.

Hematocrit (packed cell volume) 30–50%

Total solids (total protein) 60–85 g/L

Blood urea nitrogen 170–320 g/L

Calcium 85–110 g/L

Potassium 3.7–5.4mEq/L
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catheters (Box 1.4). The ideal catheter material is inert, long-lasting, and atraumatic.
Catheters should be placed using a sterile technique.
Silicone catheters are good choices for long-term cannulation. In cats requiring

extended hospitalization, central venous catheters (18- or 21-G) are placed using the
modified Seldinger method, peel-away introducers, or cut-down techniques. Aseptic
technique is mandatory for the placement of long term catheters.

Box 1.4: Intravenous catheterization in clinical practice using local anesthetic creams

Smaller gauge (� 22-G) catheters are commonly used for the cephalic and medial
saphenous veins in cats. Application of topical anesthetics (e.g. EMLA; eutectic mixture of
local anesthetics, a combination of lidocaine 2.5% and prilocaine 2.5%) at least 30
minutes before catheterization desensitizes the skin, thereby reducing the stress of the
whole procedure. This technique can also be used for jugular venipuncture enabling
minimal restraint. The cream is applied and covered with an impermeable and non-
absorbent dressing. The use of gloves is recommended, as the cream will anesthetize
human skin. IV catheters should be examined daily for signs of infection and skin
irritation, and to confirm patency. Taping should not be overtight otherwise distal limb
edema may occur.

Intubation and Airway Management

Induction of anesthesia is commonly followed by maintenance with a volatile anesthetic
and oxygen. Endotracheal intubation protects the airway,minimizing the risk of aspiration
if regurgitation occurs; it also enables delivery of oxygen and anesthetic, and facilitates
ventilation. Figure 1.3 shows appropriate positioning for intubation in a cat.

Figure 1.3 Restraint for intubation: with the cat in sternal recumbency, the handler gently extends the
neck and head. Either the handler or the individual performing the intubation opens the mouth by
exteriorizing the tongue. In this position the larynx is easily visualized with a laryngoscope enabling
application of local anesthetic followed by intubation. The laryngoscope (or other instrument) should be
used to exteriorize the tongue as intraoralmanipulationof cats in a lightplaneof anesthesiamay lead to a
reflex bite.
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The challenges and complications (i.e. laryngospasm, laryngeal trauma, tracheal
rupture or necrosis and airway obstruction) of intubation in cats (Box 1.5) are discussed
in Chapters 2 and 10. Most adult cats can be intubated with a 3.5–5mm internal
diameter endotracheal tube (ETT). Cuff inflation should not require more than 1.5mL of
air using a small syringe. Small increments of air (0.5mLs) should be injected at a time
into the pilot balloon until a seal is achieved when the pressure in the breathing circuit is
16–18 cmH2O. Pressure within the high-volume low-pressure cuff can be monitored
using a special device (Posey Cufflator Endotracheal Tube Inflator and Manometer®).
This will avoid high cuff pressures and the risk of airway trauma. Overlong ETT may
cause a range of problems (Chapter 10) and should be cut to an appropriate length before
insertion (Box 1.5; Figure 1.4a, b, c).
It is strongly recommended that the cat is disconnected from the breathing system

when turning is required during anesthesia. This will prevent extubation and inadver-
tent trauma. All endotracheal tubes can damage the mucociliary apparatus, which
moves particles in an orad direction, and can cause direct damage to the tracheal
endothelium. If an endotracheal tube is used, the tip should not extend beyond the
thoracic inlet (point of the shoulder); if a tracheal tear does occur, the prognosis is worse
for an intrathoracic tear and it is more difficult to repair than an extrathoracic injury
(Chapter 10).

Figure 1.4 (a) The tip of the endotracheal tube should not reach further than the thoracic inlet. (b)
Endotracheal tubes should be measured before use; they should reach from the tip of the shoulder
(thoracic inlet) to the incisor teeth. (c) Endotracheal tubes should be cut to the correct length prior to
use. Excess length adds dead space.
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Box 1.5: Endotracheal tubes

Cuffed tubes

� The inflatable cuff seals the airway but has the potential to cause damage� The cuff and its pilot tubeoccupy a substantial proportion of the tubediameter, potentially
reducing airway size. Modern tube construction minimizes this effect (e.g. soft silicone)� Potential for damage caused by the cuff (Chapter 10)� An inflated cuff may cause local pressure ischemia to the tracheal lining (Chapter 10)� Lubricant gel on the cuff enhances the seal at a given pressure� Cuffed tubes are required for IPPV (or a supraglottic airway device see below) and
reduce the risks of fluid aspiration

Noncuffed tubes

� Used to be considered best for cats� Avoid potential for cuff-induced tracheal damage but more difficult to seal the airway� Require pharyngeal packing to prevent fluid entering the airway� The Cole tube is cuffless; the seal is produced by advancing the shoulder until it
impacts onto the larynx. These are difficult to place reliably without causing damage
and are now rarely used

Supraglottic airway devices

� This device does not enter the trachea and ends above the larynx� Distal elliptical component with an inflatable bladder on the dorsal aspect seals the airway� The v-gel® developed for cats is easy to place� Limited evidence so far suggests that the v-gel® is less likely to cause damage than
standard ETT� Suitable for IPPV

Endotracheal tube length

� Overlong tubes may cause excessive airway dead space, tracheal tears, and endo-
bronchial intubation (Chapter 10)� The length of the endotracheal tube should bemeasured in each cat before placement
(Figure 1.4b) and cut as needed (Figure 1.4c)� The endotracheal tube should reach from the incisor teeth to the point of the shoulder� The tip should reach the mid to lower third of the trachea and not enter the thorax� The connector end can be cut to shorten the tube

A stylet can be used cautiously to increase dexterity especially with silicone ETT. The tip
of the stylet should never go through the distal part of the ETT.

Supraglottic airway devices (SGAD) (e.g. the v-gel®) are another option for airway
management in cats. The device comprises a tube with a distal elliptical component that
has an inflatable bladder on the dorsal aspect that is used when needed to create a better
seal (Figure 1.5a). It is a practical alternative to endotracheal intubation in cats, leading to
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a lower incidence of upper airway discomfort after extubation when compared with an
endotracheal tube. The v-gel® can be inserted at a more superficial depth of anesthesia
than an endotracheal tube. It can be used for mechanical ventilation and a variety of
procedures. Placement is relatively easy and can be performed by inexperienced
individuals. However, v-gels are much more expensive than endotracheal tubes.

Preanesthetic Assessment

The purpose of the preanesthetic examination is to assess the suitability of a patient for
anesthesia, prevent complications, assess risks, and determine whether any special
consideration, material, preparation or equipment is required. Planning is a key
component to prevent anesthetic-induced complications such as hypothermia, hypo-
ventilation, bradycardia, and hypotension.
A checklist for preanesthetic assessment is recommended. The Association of

Veterinary Anaesthetists (AVA) have examples available for download at
http://www.ava.eu.com/information/checklists/ (accessed June 24, 2017). The checklist
should include:

� Patient identification, history, and signalment
– A full history should be taken, with emphasis on previous anesthetic and surgical

procedures, as well as current medication. Age is particularly important in
identifying individuals at risk (pediatrics or geriatrics)� Concomitant diseases/conditions

– These have a potential impact on anesthesia and pain management. Particular
considerations apply for managing anesthesia of neonatal, pediatric, and pregnant
cats as well as for those with, for instance, diabetes, cardiomyopathy, and urinary
tract obstruction (Chapter 9). Some cats may require stabilization before anesthesia� Physical examination

– Emphasis should be given to the cardiovascular, respiratory, hepatic, and renal
systems as their roles in perfusion, oxygenation, and drug metabolism affect
many aspects of anesthesia. Unfortunately, the hospital visit itself is stressful,
generally elevating heart and respiratory rate, blood pressure, and body temper-
ature (Box 1.6). Therefore, recognition of stress and anxiety is important in

Figure 1.5 (a) A v-gel® has been selected, lubricated and is sitting in its cradle to avoid contamination; a
side streamcapnographhas been attached to confirmproper placement. (b) The v-gel® has beenplaced
and secured in place.
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clinical assessment of these values. Body condition scoring allows objective
recognition of extremes in body weight, which may increase the patient’s risk.
An accurate weight should be obtained� Risks associated with the surgical procedure

– This includes planning for the potential of bleeding and perioperative pain, the
effects of positioning, technique (e.g. laparoscopic procedures) and duration.
Crossmatching and blood typing may be required for some cases and is discussed
in Chapter 8. Certain surgical procedures require special equipment, materials or
changes in the layout of the operating room. Team meetings prior to a nonroutine
procedure prevent mistakes and misunderstandings, and save valuable time� Fasting

– Fasting has been recommended to allow time for gastric emptying, which should
decrease the risk of vomiting, regurgitation, and aspiration. Withholding food for
periods from2 to 10 hours have been suggested; short fasting times are appropriate in
some instances, for example pediatric patients and cats with diabetes mellitus. The
anesthetist shouldnever assume that fastingwill result in an empty stomach andmust
be prepared to act if vomiting occurs in the perioperative period (Chapter 10)� Risk assessment (ASA status)

– Full discussion of all possible presenting conditions is beyond the scope of this
chapter, but interpretation of clinical data should allow the patient’s health status to
be classified according to the American Society of Anesthesiologists (ASA). The
five-point scale used in people is adapted inTable 1.2 for use in veterinary medicine.
ASA status is correlated with risk of anesthetic death� Set up

– All materials and equipment should be tested and ready before general anesthesia is
induced. Supplies include tape, catheters, eye lubricant, flush solution, airway
devices, laryngoscope, stylet, anesthetic record, surgical preparation solutions,
gauze and fluid bags. Monitors should be calibrated beforehand. Anesthetic
machines and breathing systems must be in good working condition

Box 1.6: Normal physiological values in cats

� Resting heart rate: 120–200 beats per minute� Resting respiration rate: 20–30 breaths per minute� Rectal Temperature: 37.5–38.9 °C

Ancillary tests are recommended when abnormalities are identified from the history and
physical examination. This may include a basic blood panel (Table 1.1). Low hematocrit
may indicate anemia, limiting thepatient’s ability to carry oxygen.Decreases in total protein
may increase the effect of highly protein bound drugs and may also require adjustment of
the anesthetic dose and fluid therapy. Many clinicians extend their screening to include a
complete blood count, biochemical panel, total thyroxin (T4), and a urinalysis in geriatric
patients. The rationale behind geriatric screening is the detection of subclinical disease
despite normal clinical findings. However, it is important to highlight that blood collection
may cause stress and results will not change the anesthetic plan in the majority of cases.
Hypertrophic cardiomyopathy is often asymptomatic in cats and can be only diag-

nosed using echocardiography. A workup is recommended when murmurs are
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auscultated and if cardiovascular disease is suspected as this could change the anesthetic
protocol (Chapters 9 and 10).

Risk Factors, Morbidity, and Mortality

The risk of anesthetic-related death in cats varies between 0.1% and 0.3%. A study in
the United Kingdom reported an overall mortality rate of 0.24% in cats, which was

Table 1.3 Timing, number, and percentage of anesthetic- and sedation-related deaths in dogs, cats,
and rabbits.

Timing of death Dogs (%) Cats (%) Rabbits (%)

After premedication 1 (1) 2 (1) 0

Induction of anesthesia 9 (6) 14 (8) 6 (6)

Maintenance of anesthesia 68 (46) 53 (30) 29 (30)

Postoperative deatha) 70 (47) 106 (61) 62 (64)

0–3 hours post-op 31 66 26

3–6 hours post-op 11 9 7

6–12 hours post-op 12 7 13

12–24 hours post-op 13 12 9

24–48 hours post-op 3 10 3

Unknown time 0 2 4

Total 148 (100) 175 (100) 97 (100)

Note:
a) Postoperative deaths were additionally categorized by time after anesthesia. The percentage values are given

in parentheses.
Source: Brodbelt 2008. Reproduced with permission of John Wiley & Sons.

Table 1.2 ASA physical status classification system.

ASA classificationa) Definition

ASA I A normal healthy patient

ASA II A patient with mild systemic disease

ASA III A patient with severe systemic disease

ASA IV A patient with severe systemic disease that is a constant threat to life

ASA V A moribund patient who is not expected to survive without the operation

Note:
a) Each classification is further subdivided with the inclusion of an “E” to represent an emergency surgery,

where delay may affect outcome.
Source: ASA House of Delegates. (2014) ASA Physical Status Classification System, American Society of
Anesthesiologists, www.asahq.org/resources/clinical-information/asa-physical-status-classification-system
(accessed June 24, 2017).
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higher than the 0.17% reported in dogs. Healthy cats (ASA I to II) are >12 times more
likely to survive anesthesia than those that are sick (ASA III to V). This demonstrates
the importance of preanesthetic assessment and health-status classification. An ASA
classification of � 3 should not discourage clinicians from important procedural
interventions, but the increased risk should be taken into account when the
anesthetic protocol and monitoring are planned and should be discussed with
the owner. Since disease increases the risk of anesthetic-related mortality, elective
procedures should be delayed until the patient is stabilized and/or treated. Peri-
operative monitoring is crucial because it is associated with reduced anesthetic risk.
Almost two-thirds of all anesthetic-related deaths in cats occurred in the post-
operative period, in particular during the first three hours after extubation (Table 1.3)
(Chapter 10).
Other risk factors associated with perioperative mortality in cats include:

� Extremes of age
– Neonatal and geriatric cats are at higher risk of anesthetic-induced fatality (Chap-

ter 9). However, healthy kittens over 1 kg tolerate general anesthesia remarkably well� Extremes of body weight
– Weight loss in cats may indicate underlying disease (e.g. hyperthyroidism, renal

disease, lymphoma), which may affect drug metabolism, protein binding, and
cardiovascular reserve. Small cats may be at a greater risk for becoming hypo-
thermic. On the other hand, obesity may be associated with disease (e.g.
cardiovascular disease, diabetes, lower urinary-tract disease). Obese cats (Fig-
ure 1.6) have increased intra-abdominal and thoracic fat, potentially limiting
respiratory function when in dorsal recumbency and potentially putting them at
higher risk of airway obstruction (Chapter 10). Obesity increases the volume of
distribution for lipophilic drugs into tissues that do not actively participate in
drug metabolism� Endotracheal intubation

– Endotracheal intubation protects the airway while providing means of oxygen-
ation, ventilation, and administration of anesthetic gas mixtures. A study
reported that 63% of cats that died after surgery were intubated compared to
48% of nonintubated cats. One of the most common causes of perioperative death
in cats is airway obstruction, which may be a result of laryngeal trauma during
intubation (Chapter 10)� Absence of, or excessive, fluid therapy

– The benefits and risks of fluid administration during anesthesia are discussed in
Chapter 8. Cats are at higher risk of fluid overload when compared with dogs.
Administration of fluids has been associated with increased anesthetic-induced
fatality (Chapter 10)� Spay-neuter clinics

– A retrospective study from a large volume spay-neuter clinic reported the risk
of mortality in cats as 0.05%, 5 times that of dogs in the same setting. The risk of
mortality in females was twice that of males and most deaths occurred post-
operatively. The lower mortality risk in these cats compared to the Confidential
Enquiry into Perioperative Small Animal Fatality (CEPSAF) study is probably
due to the young, healthy population and the skills of experienced veterinarians.
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Key Points

� Unique anatomical and physiological features of each organ system in the cat� Overview of pharmacological effects of sedatives, analgesics, and anesthetics on each
system� Peculiarities of feline drug metabolism

Introduction

Assessment of physiological function can be difficult in cats due to their natural
behavior, high sympathetic tone, disease, the effects of drugs, and lack of patient
compliance in a hospital setting. This chapter describes specific features of normal
feline physiology and anatomy, and includes a discussion of the effects of anesthetic
and analgesic agents on body systems. Based on this information, the anesthetist may
tailor an anesthetic protocol for the individual cat and prevent potential complications
during anesthesia.

Cardiovascular System

Anatomy

The heart contains four chambers (right and left atria, right and left ventricle), and
separates the arterial and venous systems. It is perfused by the right and left coronary
arteries. The right ventricle pumps blood through the pulmonary valve into the
pulmonary trunk and then into the pulmonary circulation where gas exchange takes
place. The left ventricle pumps blood through the aortic valve into the aorta and
out into the systemic circulation. Aortic blood enters arteries and then arterioles,
which are heavily innervated and surrounded with smooth muscle to regulate tissue
blood flow.
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The dorsal pedal artery is palpated on the dorsomedial aspect of the pelvic limb,
distal to the tarsus, and the coccygeal artery on the ventral aspect of the tail. These
arteries can be used for invasive blood pressure monitoring during anesthesia
(Chapter 7). The radial artery is palpated on the palmar aspect of the forelimb,
just distal to the carpal joint, and is often used for pulse detection and blood-pressure
monitoring using Doppler ultrasound. Blood enters the capillaries where nutrient,
waste, and fluid exchange occur. Arteriovenous (AV) anastomoses connect arterioles
to venules and respond to α1 and α2 adrenergic stimulation. These AV anastomoses
also play an intrinsic role in thermoregulation and are found in distal extremities and
skin. Venules and veins transport blood from capillaries back to the heart and are a
reservoir for 60–70% of the total blood volume during rest. They also possess α1 and
α2 adrenergic receptors that alter vascular tone. The cephalic vein, medial saphenous,
and the external jugular vein are used for venipuncture or intravenous catheter
placement.
The chemoreceptors (pH, PCO2, PO2), baroreceptors (vascular and cardiac stretch

receptors), local control mechanisms (PO2, PCO2, lactate, H
+), and the parasympathetic

and sympathetic nervous systems play a fundamental role in acute blood pressure and
heart-rate regulation.
Feline blood is unique when compared with other species, and this is further discussed

in Chapter 8.
In cats, the heart sits in a more horizontal plane than in the dog, with greater sternal

contact. Feline auscultation is best performed over the left and right parasternum,
enabling the clinician to auscultate the following sounds (S):

� S1: “lub” is associated with closure of the tricuspid and mitral valves, and is best
auscultated at the costochondral junction over the right apex of the heart at the fourth
and fifth intercostal spaces (tricuspid) and over the left apex at the left fifth intercostal
space (mitral)� S2: “dub” is associated with closure of the pulmonary and aortic valves, and is loudest
at the heart base, located medial to the triceps muscle on the left side at the third and
fourth intercostal spaces� S3 and S4 are considered abnormal in cats and constitute a “gallop rhythm”. S3 may be
associated with ventricular dilation or rapid ventricular filling during states of anemia,
volume overload, dilated cardiomyopathy, and hypertrophic cardiomyopathy. S4 may
be heard in patients with hypertrophic cardiomyopathy

The feline brain and retina receive the majority of their blood supply from the
maxillary artery, which forms an arteriolar network known as the rete mirabile arteria
maxillaris (Figure 2.1). The prolonged use of a mouth gag or wide opening of the jaw
may compress the maxillary artery via the angular process of the mandible, leading to
blindness and neurological dysfunction (Chapter 10). Opening the mouth narrows the
distance between the medial aspect of the angular process of the mandible and the
rostrolateral border of the tympanic bulla; the maxillary artery runs between these
two osseous structures. In particular, spring-loaded mouth gags may reduce maxil-
lary artery blood flow and compromise perfusion of the brain and retina. Mouth gags
are no longer recommended in cats for dental procedures or endoscopy (Figure 2.2)
(Chapter 10).
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Cardiac Electrical Conductivity

The sinoatrial (SA) node contains specialized cardiac cells that allow spontaneous
depolarization (automaticity) and is termed the “pacemaker”. Automaticity depends on
the slow influx of calcium and sodium into the cardiac myocyte, and is affected by
temperature, pH, oxygen, carbon dioxide (CO2), electrolytes, and hormones. Summation
of the action potentials produced by all cardiac myocytes following SA node
depolarization generates the electrocardiogram (ECG) (Figure 2.3a). The feline ECG
(Figure 2.3b) can be difficult to interpret due to artifacts, rapid heart rate, and small

Figure 2.1 Magnetic resonance angiography of the head and neck of a cat. (1) maxillary artery;
(2) external carotid artery. (a) normal bloodflowwith closed catmouth; (b) severely decreasedblood flow
with open cat mouth.
Source: Barton-Lamb 2013. Reproduced with permission of Elsevier.

Figure 2.2 The effects of the angular process on maxillary arterial blood flow in cats with mouth closed
(A) and mouth open (B).
Source: Barton-Lamb 2013. Reproduced with permission of Elsevier.
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Figure 2.3 (a) Feline electrocardiogram. (b) The feline electrocardiogram canbe difficult to interpret due
to artifacts and electrical deflections.
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electrical deflections. Electrolyte changes alter the ECG (for example in cats with
hyperkalemia due to urinary tract obstruction) (Chapter 9).

Physiology

The volume of blood ejected from the left ventricle per contraction is termed the
stroke volume (SV) and is affected by preload, afterload, and contractility. Stroke
volume multiplied by the heart rate (HR) determines cardiac output (CO). This equation
(CO= SV ×HR) is of paramount importance in understanding and treating hypotension
and hypertension in the clinical setting.

� The preload is the pressure of the blood creating stretch on the myocardium just
before contraction. It is determined by the volume of blood returning from the
systemic circulation (venous return)� The afterload is the pressure in the wall of the left ventricle during ejection. It is
directly related to the systemic vascular resistance (SVR). Increased systemic vascular
resistance (i.e. after administration of agonists of α2-adrenoreceptors) may decrease
stroke volume� Cardiac contractility depends on the availability of intracellular calcium. Sympathetic
activation, afterload, circulating catecholamines, and heart rate affect ventricular
contractility

Feline HR is affected by sympathetic and parasympathetic tone, mediated by nor-
epinephrine and acetylcholine, respectively. Heart rates range from 140–200 beats per
minute (bpm) in hospitalized cats while lower rates are reported in cats at home
(120–140 bpm) (Chapter 1). Consensus statements of the American College of Veteri-
nary Internal Medicine report that the mean (range) of systolic, mean, and diastolic
arterial blood pressures (SAP, MAP, DAP) in conscious cats are 132 (115–162)mmHg,
102 (96–106)mmHg, and 83 (74–91)mmHg, respectively; these values may increase
with age and are dependent on which device is used to measure blood pressure. Feline
blood pressure may artificially increase when in hospital or stressed. This is termed
“white-coat hypertension”, and should be interpreted with caution. Values under
anesthesia will be usually lower due to the depressant effects of general anesthetics.
Systemic hypertension is defined when SAP or MAP are persistently greater than

180mmHg or 140mmHg, respectively. Significant hypotension in cats occurs when SAP
and MAP are below 80mmHg and 60mmHg, respectively. Blood pressure depends on
CO and SVR (MAP = CO × SVR).
Under clinical conditions, hemodynamic changes during anesthesia are best eval-

uated as part of thewhole picture. A combination of all variables such asHR, SAP,MAP,
pulse pressure, oxygenation, and peripheral perfusion are integrated and considered
before any therapeutic intervention is made. The ultimate goal is to deliver oxygen to
the tissues.

Pharmacology

Table 2.1 summarizes the effects of sedatives and anesthetics on the cardiovascular
system.
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Respiratory System

Box 2.1 is a glossary of important terms relevant to anesthesia.

Anatomy

The glossoepiglottic frenulum runs from the dorsal surface of the tongue to the cranial
aspect of the epiglottis. Pulling the tongue rostrally moves the tip of the epiglottis
forward and down, exposing the laryngeal inlet and vocal cords.
Feline airways are small and more sensitive to trauma, spasm and edema than other

species. The larynx may spasm during intubation. If this occurs, cyanosis and hypoxia
develop and may be fatal. Laryngospasm is a well-known hazard for the anesthetist
(Box 2.2; Figure 2.4). The use of a supraglottic airway device (e.g. v-gel) may circumvent

Box 2.1: Glossary of terms in anesthesia

� Hypoxia is the low oxygen tension available to the tissues. This includes hypoxic hypoxia
(lowarterial PO2; pulmonarydisease), anemic hypoxia (reducedoxygencarrying capacity
in the blood; anemia or CO poisoning), circulatory hypoxia (decreased tissue blood flow;
shock), and histotoxic hypoxia (poor ability for tissues to utilize oxygen; cyanide toxicity)� Hypoxemia is the low oxygen tension in the blood (PaO2 < 60mmHg; normal PaO2 �
100mmHg). Causes include low fractional inspired oxygen concentration, hypoventi-
lation (when breathing room air), ventilation/perfusion mismatch (atelectasis, asthma,
decreased pulmonary perfusion), anatomical shunting, and diffusion impairment� Blood oxygenation may be measured as tension (pressure), hemoglobin saturation,
and content. Most oxygen is carried by hemoglobin and very little is dissolved in
plasma. Hemoglobin is 100% saturated above a PaO2 of 150mmHg (20 kPa). Any
increase in PaO2 above this adds very little to the total oxygen content. Higher tensions
increase total content of oxygen in blood by increasing dissolved oxygen� The volume of each normal breath (i.e. tidal volume) is approximately 8–9mL/kg in cats.
Normal respiratory rate varies from 20 to 30 breaths per minute in the adult; these
values are lower during sedation and general anesthesia� Hyperventilation leading to hypocapnia (PaCO2< 30mmHg in cats) and hypoventilation
leading to hypercapnia (PaCO2 > 50mmHg) are consequences of a change in minute
volume (MV = tidal volume × RR). As CO2 tension affects blood pH, hypercapnia causes
respiratory acidosis (pH < 7.35), pulmonary vasoconstriction/hypertension, cerebral
vasodilation, and increased sympathetic tone. Hypocapnia leads to respiratory alkalo-
sis (pH > 7.45) and cerebral vasoconstriction� Cyanosis is associated with extreme desaturation that renders a blue color to hemo-
globin (Hb) (not detectable if Hb < 5 g/L). Indirectly, this is caused by low PaO2 from
sluggish peripheral circulation or admixture of venous blood, disruption of pulmonary
ventilation or inadequate oxygen supply� Anatomical dead space is contained in the conducting airways from the nares to the
bronchi inwhich there canbenogas exchange.Alveolar dead space is theportionof alveoli
in the lungs inwhich there is no gas exchange. Physiological dead space is the combination
of the anatomical and alveolar dead space, which is approximately 6mL/kg in healthy cats.
Apparatus or mechanical dead space is the part of the breathing circuit (e.g. endotracheal
tube connector) from which carbon dioxide is not removed; rebreathing occurs
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Table 2.1 Pharmacology and CV system.

Increase Decrease

Contractility dissociative agentsa) (indirect),
norepinephrine, epinephrine,
ephedrine, dobutamine, dopamine

propofol, volatile anesthetics,
barbiturates, lidocaine

Heart rate dissociative agentsa) (indirect),
norepinephrine, epinephrine,
ephedrine, dobutamine, dopamine,
anticholinergic drugs,b)

alfaxalone

opioids, agonists of α2-adrenergic
receptors

Blood pressure
(BP = CO × SVR)

dissociative agents,a) α2 adrenergic
agonists (transient), norepinephrine,
epinephrine, ephedrine, dobutamine,
dopamine, anticholinergic drugs,b)

vasopressin, phenylephrine

propofol, volatile anesthetics,
alfaxalone, acepromazine, agonists of
α2-adrenergc receptors (late effect)

Cardiac output
(CO = HR × SV)

dissociative agents,a) norepinephrine,
epinephrine, ephedrine, dobutamine,
dopamine, anticholinergics drugsb)

agonists of α2-adrenergic receptors,
volatile anesthetics, propofol,
barbiturates, lidocaine, alfaxalone

Dysrhythmias barbiturates, dissociative agents,a)

epinephrine,
lidocaine, acepromazine

Packed-cell
volume

phenylephrine, epinephrine, agonists
of α2-adrenergic receptor

acepromazine

Notes:
a) Ketamine and tiletamine;
b) Atropine and glycopyrrolate.

Figure 2.4 Feline larynx during intubation. Note the space between the arytenoid cartilages, necessary
for the endotracheal tube to pass into the larynx and trachea. (AR) – Arytenoid cartilages; (TR) – opening
into the trachea.
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this problem. Potential complications associated with airway management are discussed
in Chapters 1 and 10.

Physiology

Oxygen travels through the trachea, bronchi, and bronchioles into the alveolar sacs via
bulk flow. The alveoli have a large surface area and pulmonary capillaries are intertwined
around them. Oxygen tension in the alveolar capillaries is lower than in the alveoli. The
oxygen tension gradient and large surface area enable rapid diffusion of oxygen from the
alveoli into blood. Hemoglobin (Hb) is the major transport mechanism for oxygen.
Oxygen binding is dependent on the affinity of Hb for oxygen molecules and is affected
by temperature, pH, 2,3-diphosphoglycerate (DPG), and CO2.
The feline diaphragm has more muscle fibers than the canine equivalent and motor

function is controlled via the phrenic nerve, which arises from the ventral branches of
cervical spinal nerves five, six, and seven. The diaphragm plays an important role during
inspiration, along with the scalenus, serratus dorsalis cranialis, rectus thoracis, and
external intercostal muscles. Inspiration is an active process and cats have a more
compliant chest wall than other species. Expiration is mostly a passive process due to the
elastic recoil properties of the lung but it is aided by the abdominal and internal
intercostal muscles.

Box 2.2: The issue of laryngospasm in cats

� Cats are prone to laryngospasm, characterized by tight closure of the arytenoids in
response to mechanical (during intubation) or chemical (detergent, disinfectants)
stimulation� Laryngospasm may occur both during intubation and as the endotracheal tube is
removed and, less typically, later during recovery� Laryngospasm can be blunted by application of 0.1mL of lidocaine 2% onto the
arytenoid cartilages before endotracheal intubation. Metered local anesthetic sprays at
concentrations of 10% should be avoided due to the risk of toxicity. Additional
excipients (e.g. methylparaben) found in some human products may cause fatal
laryngeal cell damage and edema� Local anesthetic spray should be allowed to take effect (30 seconds) and the glottis
should reopen before intubation is attempted� Laryngospasm is reduced, but not entirely prevented, by propofol, alfaxalone, and
sedatives� Laryngospasm can be prevented by IV administration of a neuromuscular blocking
agent (e.g. atracurium) and this may be required in emergency. Cyanosis and
hypoxemia develop rapidly when both laryngospasm and anesthetic-induced respi-
ratory depression occur during induction of anesthesia; this can be ameliorated with
preoxygenation� Deep anesthesia enables intubation with less likelihood of laryngospasm but risks
overdose
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Overall, ventilation is dependent on feedback from the central nervous system (CNS)
(brainstem, cortex, limbic system, and hypothalamus), central chemoreceptors (PaCO2 –
partial pressure of carbon dioxide in blood), peripheral chemoreceptors (pH, PaCO2,
PaO2 – partial pressure of oxygen in blood), lung and peripheral receptors. Changes in
PaCO2 (< 35mmHgor> 45mmHg) are themajor driving force for ventilation. Significant
reductions in PaO2 (< 60mmHg) also cause increased ventilation (“hypoxic drive”). Feline
pores of Kohn allow the passage of gas from poorly to highly ventilated areas of the lung,
contributing to a high degree of collateral ventilation in this species.

Pharmacology

Table 2.2 describes the effects of sedatives and anesthetics on the respiratory system.

Nervous System

Central Nervous System (CNS) Anatomy

The CNS consists of the brain and the spinal cord. The brain is made up of the cerebrum,
hypothalamus, thalamus, pons, cerebellum, and medulla oblongata. The primary energy
sources for the brain are oxygen and glucose. Cerebrospinal fluid (CSF) plays an
important role in protecting the CNS against trauma and in homeostasis of cerebral
parenchymal interstitial fluid.
The blood-brain barrier is a permeable lipid barrier that separates the circulating blood

from the brain’s extracellular fluid. It restricts the movement of highly ionized, protein-
bound, water-soluble, and large molecular weight substances into the brain. Penetrabil-
ity of drugs through the barrier is dependent on molecular size, charge, lipid solubility
and protein binding. Most anesthetic agents, oxygen, and CO2 penetrate the blood-brain
barrier readily. Permeability may increase with intracranial disease, neoplasia, inflam-
mation, trauma, hypercapnia, sustained seizures, azotemia, and hypoxia.
The spinal cord is surrounded by three layers of meninges: dura mater, arachnoid

membrane, and pia mater. The epidural space surrounds the dura mater and contains
adipose tissue. The subarachnoid space is filled with CSF and is located between the
arachnoid membrane and pia mater. The dorsal horn of the spinal cord is the primary site

Table 2.2 Pharmacology and respiratory system

Increase Decrease

Minute ventilation
(MV = TV × RR)

Agonists of β2-adrenergic
receptors (albuterol,
terbutaline), doxapram

Opioids, propofol, barbiturates, dissociative
anesthetics (apneustic pattern), alfaxalone,
volatile anesthetics, agonists of α2-
adrenergic receptors

Bronchial tone Chemicals, dust, smoke,
desflurane

Sevoflurane, isoflurane, dissociative
anesthetics, epinephrine, ephedrine,
anticholinergic drugs
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for sensory innervation and nociception. In cats, the arachnoid space extends beyond the
lumbosacral junction (Figure2.5), so epidural injections at this site aremore likely to lead to
accidental subarachnoid puncture (spinal or intrathecal) than in dogs (Chapter 5).

Peripheral Nervous System Anatomy

The peripheral nervous system is made up of sensory neurons that travel to the CNS
(afferent) and motor fibers that travel from the CNS (efferent). The peripheral nervous
system includes the autonomic nervous system, the parasympathetic and sympathetic
nervous systems (PNS and SNS, respectively), and innervates vital organ systems
including, but not limited to, the visual, cardiovascular, respiratory, reproductive,
digestive, endocrine, and excretory systems.

Parasympathetic Nervous System (PNS)

� The cranial component is carried in cranial nerves II (oculomotor), VII (facial), IX
(glossopharyngeal), and X (vagus). The vagus nerve carries parasympathetic nerve
fibers to the heart, lungs, and abdominal organs, and accounts for 75% of the PNS� The sacral component extends from three sacral spinal segments and supplies pelvic
viscera� The PNS contain two types of receptors: muscarinic and nicotinic. These receptors are
activated by acetylcholine (ACh) both presynaptically and postsynaptically. Acetyl-
cholinesterase degrades ACh into choline and acetate
– Nicotinic receptors and ACh are responsible for skeletal muscle stimulation at the

neuromuscular junction
– Muscarinic receptors are found in secretory glands, smooth muscle, and the

myocardium

Figure 2.5 Magnetic resonance image of a feline lumbar and sacral spinal column. Note the spinal cord
(SC) extending beyond the seventh lumbar (L7) vertebra.
Source: Courtesy of Mr. Wade Friedeck.
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� Clinical effects of parasympathetic stimulation include decreased heart rate, arteriolar
vasodilation, bronchoconstriction, increased glandular secretions, miosis, and
increased gastrointestinal motility

Sympathetic Nervous System (SNS)

� The SNS is located in the lateral horn of the spinal cord from the first thoracic to the
fifth lumbar vertebra. It contains three major types of adrenergic receptors: dopamin-
ergic, α (α1 and α2), and β (β1, β2 and β3)
– ACh is released from the preganglionic nerve endingwhereas norepinephrine (NE) is

releasedbymostpostganglionicnerveendings.Norepinephrinestimulatesbothα and
β receptors within the splanchnic, cardiac, respiratory, and gastrointestinal systems

– ACh is the main neurotransmitter activating muscarinic receptors on blood vessels
in skeletal muscle producing vasodilation, and sweat glands. ACh also activates
nicotinic receptors on the adrenal medulla

– Dopamine and epinephrine are released from the adrenal gland(s) and stimulate
dopamine and adrenergic receptors, respectively� Clinical effects of the SNS include increased heart rate and contractility, broncho-

dilation, decreased intestinal activity, bladder relaxation, urinary sphincter constric-
tion, decreased insulin secretion, glycogenolysis, gluconeogenesis, and lipolysis

Physiology

Autoregulation of cerebral blood flow (CBF)maintains constant cerebral perfusion during
states of altered arterial blood pressure. This preserves perfusion when MAP is between
approximately 60mmHg and 160mmHg. Mean blood pressure must be greater than
50mmHg to prevent cerebral ischemia in cats. In cats with conditions that may induce
systemic hypertension, for example cardiovascular and chronic kidney disease, the lower
limits of cerebral autoregulation may shift upwards, closer to 80mmHg. CBF is directly
related to cerebral perfusion pressure (CPP) which in turn is directly related to MAP and
indirectly related to intracranial pressure (ICP): CPP = MAP – ICP. Cats with increased
ICP may have hypertension with reflex bradycardia (Cushing’s reflex) (Chapter 9). Raised
ICP associatedwith a space-occupying lesionmay also cause changes in breathing pattern.

Pharmacology

Table 2.3 shows the effects of sedatives, anesthetics, and analgesics on the nervous system.

Urinary System

Anatomy

Feline kidneys are palpated with the right lying just ventral to the first-fourth
lumbar vertebrae and the left just ventral to the second-fifth lumbar vertebrae. They
have prominent capsular veins and are separated into two major areas; the cortex and
medulla. Innervation of the kidneys is predominantly from sympathetic nerve fibers.
The nephron is themicroscopic functional unit of the kidney. Feline kidneys contain fewer

nephrons (approximately 200 000/kidney) when compared with the dog (approximately
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500 000/kidney). The nephron consists of the glomerulus, Bowman’s capsule, proximal
convoluted tubule, loop of Henle, distal convoluted tubule and the collecting ducts. The
functionof thenephron is to reabsorbwater, electrolytes, and lowmolecular-weight proteins
back into the circulation, and to eliminate unwanted solutes in urine.
Male cats have a long and narrow urethra. For anatomical reasons, urethral obstruc-

tion, caused by matrix plugs, is more likely to occur in male cats.

Renal Blood Flow and Autoregulation

The kidney receives 25% of the cardiac output via the renal artery, with the majority
delivered to the renal cortex. The medulla receives a smaller portion, making it
extremely sensitive to hypoxemia and hypotension.
Renal blood flow (RBF) is regulated both extrinsically and intrinsically, is dependent on

adequate blood pressure, and is kept constant when MAP is within the range of
approximately 75–160mmHg (autoregulation). Extrinsically, angiotensin II, aldoster-
one, vasopressin, and atrial natriuretic peptides alter systemic blood pressure in response
to changes in systemic blood volume to maintain RBF. Intrinsically, the renin-angio-
tensin-aldosterone system (RAAS) assists in regulating RBF and glomerular filtration
rate (GFR). Both angiotensin II and aldosterone increase sodium and water retention
promoting increases in intravascular volume and renal blood flow. Angiotensin II also
increases prostaglandin production (PGE2 and prostacyclin), which promotes renal
arterial dilation protecting against ischemia. Decreased renal perfusion due to hypo-
tension, hypovolemia or dehydration may exacerbate the renal toxicity of nonsteroidal
anti-inflammatory drugs (NSAIDs) (Chapter 10 and 13).

Physiology

Blood filtration occurs in the glomerulus, a tuft of capillaries receiving blood from the
afferent arteriole. Filtered blood exits the glomerulus via the efferent arteriole. The GFR
is an important measure of renal function. Starling’s forces are responsible for filtration

Table 2.3 Pharmacology and neurological system.

Increase Decrease

Cerebral blood
flow and
intracranial
pressure

Volatile anesthetics (> 1 × MAC∗),
dissociative anesthetics, hyperthermia,
hypercapnia, hypoxemia, hypertension,
vasodilators, vomiting

Volatile anesthetics (< 0.5 × MAC∗),
barbiturates, etomidate, propofol,
midazolam, diazepam, alfaxalone

Sympathetic
nervous system

Activation: inotropes, epinephrine,
norepinephrine, dopamine, dobutamine,
phenylephrine, ephedrine, albuterol,
terbutaline

Local anesthetics via epidural or spinal
route cause blunting of the SNS
(“sympathetic blockade” results in
vasodilation, venous pooling, and
hypotension)

Parasympathetic
nervous system

Anticholinergic agents (muscarinic
receptors only)

Neuromuscular blocking agents
(nicotinic receptors only)

∗Minimum Alveolar Concentration
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of the solutes, small proteins, and water leaving the glomerulus (Box 2.3). Larger
molecules and negatively charged ions (anions) do not readily cross the filtration barrier.

Box 2.3: Starling’s forces and net filtration

� Starling’s forces determine net filtration of a fluid across a capillary membrane.� Net filtration is dependent on both hydrostatic and oncotic pressures within the
intravascular and interstitial compartments:

Net filtration = Kf [(Pcap – Pif) – (πP − πif)]

Kf = filtration coefficient, P = hydrostatic pressure generated by the heart (Pcap) or
tissues (Pif); π= oncotic pressure generated by plasma proteins (πP) or filtered proteins
and mucopolysaccharides in the interstitium (πif)

The proximal convoluted tubule reabsorbs 60% of the filtrate back into the systemic
circulation. Glucose, sodium, chloride, potassium, calcium, insulin, glucagon, para-
thyroid hormone, and bicarbonate are reabsorbed here. Toxins, some drugs, hydrogen
ions, creatinine, oxalates, prostaglandins, epinephrine, and endogenous waste products
are not reabsorbed and are cleared from the systemic circulation:

� The descending loop of Henle aids in water reabsorption as well as some reabsorption
of sodium, potassium, and chloride� The ascending loop of Henle is primarily responsible for solute reabsorption. These
cells are impermeable to water� The distal convoluted tubule is the site for bicarbonate, sodium, and water
reabsorption along with proton and potassium excretion. Since protons and potas-
sium compete for excretion, hyperkalemic cats may develop concurrent acidemia
because of the need to remove potassium (Chapter 9). The collecting tubule is
primarily responsible for water regulation in response to arginine vasopressin (AVP)

The kidneys also play an important role in regulating systemic pH via reabsorption of
bicarbonate in cases of chronic respiratory acidosis; this compensatory mechanism takes
24–36 hours to develop. In addition, erythropoietin is produced in the kidney and aids in
red blood cell production; secondary anemia is common in chronic renal failure.

Pharmacology

Table 2.4 shows the effects of sedatives and anesthetic drugs on the urinary system.

� Nephrotoxic substances
– Compound A: Sevoflurane at low flow rates in contact with dry older style CO2

absorbents creates fluoride ions (Compound A). This is of negligible clinical signifi-
cance when using nonrebreathing systems and fresh gas flows � 200mL/kg/hour

– NSAIDsmay decrease renal perfusion via their inhibition of vasodilatory prostaglan-
dins and must be used with caution in patients with hypotension or hypovolemia� Pharmacokinetics

– Azotemia and renal dysfunction decrease anesthetic and sedative requirements by
changing the blood-brain barrier permeability
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– Diazepam: hepatic metabolism of diazepam produces the active metabolite des-
methyldiazepam and temazepam in cats (Chapter 3). Diazepam undergoes slow
biotransformation in cats where there is inhibition of the bile acid efflux that results
in accumulation of bile acid in the hepatocytes. These mechanisms can contribute
to liver injury after repetitive administration of diazepam. Both the parent com-
pound and its metabolites are eliminated via the kidney, and in cats with impaired
renal clearance the clinical effects of diazepam may be prolonged (several days).
Midazolam is the preferred benzodiazepine in cats

– Ketamine is metabolized in the liver to the active metabolite norketamine, which is
renally excreted. In cats with significant renal impairment, the effect of both
ketamine and norketamine may be prolonged

Hepatic System

Anatomy and Physiology

The liver is the largest endocrine organ in the body, located primarily in the thoracic
part of the abdominal cavity. It is divided into six lobes by interlobar fissures: left and
right lateral, left and right medial, quadrate, and caudate lobes. In cats, it may be
difficult to distinguish between the quadrate and right medial lobes. The left lobes
account for approximately 50% of the liver mass. The gall bladder resides between the
right medial and quadrate lobe. In cats, the bile duct shares a common duct with the
pancreas.
The hepatic portal system consists of the portal vein, hepatic artery, nerves, ducts,

and lymphatics. The liver receives approximately 30% of the cardiac output. The
portal vein delivers three-quarters of the liver’s blood flow. The hepatic artery carries
blood with higher oxygen content than the portal vein. Blood entering the portal vein
comes from the abdominal organs and gastrointestinal tract. Hepatic innervation is

Table 2.4 Pharmacology and urinary system.

Increase Decrease

Renal blood flow Dopamine (controversial) Volatile anesthetics, agonists of
α2- adrenergic receptors,
hypotension

Urine output Agonists of κ-opioid receptors
(butorphanol), agonists of α2-
adrenergic receptors

Volatile anesthetics, pure
agonists of μ-opioid receptor
(parenteral or epidural)

Natriuresis Dopamine (controversial) Volatile anesthetics

Potentially
nephrotoxicity (further
description in the text)

Compound A, NSAIDs,
aminoglycosides, vancomycin,
polymyxin, ciprofloxacin, trimethoprim
sulfamethoxazole, propylene glycol
(some formulations of diazepam and
etomidate), iodinated contrast media,
gadolinium
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from both the PNS and SNS, stimulating adrenergic, dopaminergic, and cholinergic
receptors.
Themajor functions of the liver include productionof albumin, coagulation, andclotting

factors, acute phase proteins, urea, and plasma cholinesterases, as well as metabolism of
carbohydrates, lipids, amino acids, ammonia, and drugs. The liver maintains oncotic
pressure and stores glycogen. Hypoalbuminemia predisposes to ascites, and edema, and
may affect the pharmacokinetics of drugs normally bound to albumin.

Hepatic Metabolism and Pharmacology of Anesthetics, Analgesics, and Sedatives

Some drugs that are administered via parenteral or rectal routes undergo the first-pass
effect. In this case, metabolism by the liver decreases their bioavailability and systemic
effects. This is particularly evident after oral (not buccal) administration of opioids:
optimal analgesia does not occur.

� Phase I metabolism (oxidation, reduction, hydrolysis, deamination, sulfoxidation, and
dealkylation or methylation) may produce inactive or active metabolites. The cyto-
chrome P450 (CP450) and its subtypes are the most important hepatic enzymes in
drug metabolism. They convert lipid-soluble anesthetics to more water-soluble
compounds, which are eliminated via urine and bile. Some CP450 inducers (benzo-
diazepines, ketamine, and barbiturates) and inhibitors (cimetidine and chloramphen-
icol) have been identified. However, the clinical relevance of this in cats is unknown,
especially with short-term administration� Phase II metabolism (conjugation and glucuronidation) further increases water solubility
and polarity, and enhances renal elimination. Some drugs aremetabolizedmore slowly in
cats when compared with dogs. Cats are deficient in glucuronyl transferases, which
prolongs biotransformation of a number of drugs (propofol, carprofen, aspirin, acetamin-
ophen) which may lead to toxicity of some such as acetaminophen (paracetamol) (e.g.
methemoglobinemia) and salicylates. This issue appears to be most significant regarding
the lack of metabolism of phenolic compounds. In cats, metabolism of acetaminophen
produces reactive free radicals, which cause oxidative damage to erythrocytes and
formation of methemoglobin and Heinz bodies. The metabolism of propofol in cats is
unknown, but its slow clearance and prolonged elimination half life in this species may be
associated with a deficiency in glucuronidation. Most anesthetic drugs require glucur-
onidation for metabolism, but cats may use alternative pathways. For example, morphine
is metabolized via sulfate conjugation rather than glucuronidation in this species. Drugs
that do not depend on glucuronidation include atracurium and remifentanil� Benzyl alcohol, often used as a bacteriostatic preservative, requires glucuronidation for
metabolism. Benzyl alcohol is used as a preservative in some formulations of propofol
and carprofen. Excessive amounts (> 156mg in 6.5 hours) may cause central nervous
system toxicity (hyperesthesia, ataxia, depression, aggression, coma, death). The
benzyl alcohol used in some formulations of propofol does not cause toxic effects
in cats when used in normal clinical protocols

Endocrine System

� Exocrine pancreas:
– Acini cells secrete digestive enzymes that contribute to gastrointestinal function,

digestion, and motility
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� Endocrine pancreas:
– β cells: produce insulin which controls uptake, storage, and use of glucose by most

body tissues; insulin enhances anabolism via glycogenesis, increased protein
synthesis, glycolysis, and triglyceride storage; it inhibits catabolism

– α cells: produce glucagon which increases blood glucose concentration. Glucagon
decreases glycogen synthesis and increases both glycogenolysis and gluconeogenesis

Table 2.5 describes the effect of anesthetic agents on endocrine gland function.

Gastrointestinal System

Anatomy

The digestive tract includes the oropharynx, esophagus, stomach, intestines, and colon.
The pancreas, liver, and biliary tract also play an important role in digestion. The tract
contains smooth muscle with four major orientated layers: mucosa, submucosa, muscu-
laris externa, and serosa. In cats, the first two-thirds of the esophagus have striatedmuscle.
The innervation of the gastrointestinal tract (GIT) contains both extrinsic (para-

sympathetic and sympathetic) and intrinsic (enteric nervous system (ENS)) components.
Parasympathetic fibers to the upper tract are supplied via the vagus and pelvic nerves
supply the lower tract. Sympathetic innervation is provided by spinal segments T1 to L3,
and is typically inhibitory in the GIT. The ENS is located in the submucosal and
myenteric plexus, receiving input from the PNS and SNS. Cats with GIT disease and
undergoing abdominal laparotomy may have increased vagal tone with bradycardia.

Physiology

The major functions of the GIT, with aid from the neuroendocrine, pancreatic and
hepatic systems, are to digest and absorb water, nutrients, electrolytes, minerals,
vitamins, xenobiotics, proteins, lipids, carbohydrates, hormones, and bile secretions.

Table 2.5 Pharmacology and neuroendocrine system.

Anesthetic drug Target endocrine
organ

Pharmacological effect

Opioid agonists Hypothalamus
Adrenal gland

Alter thermoregulation usually resulting in hyperthermia
(specifically in cats)
Blunt the stress response

Acepromazine Hypothalamus Alters thermoregulation resulting in hypothermia

Agonists of α2-
adrenergic receptors

Adrenal gland
Pancreas

Decrease stress response
Hyperglycemia due to decreased insulin release from β
cells

Etomidate Adrenal gland Reduction in cortisol and aldosterone production by
inhibiting 11 β-hydroxylase for up to three hours in cats.
Concern about repeat administration or infusion. Single-
dose administration used with caution in adrenocortical
disease (Addison’s disease)
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Total GIT transition time in cats is between 25 and 35 hours. Unlike other species, cats
use a less intense system called a migrating spike complex to assist in emptying the
stomach. Complete emptying of the stomach is less likely in this species. Gastric
emptying time in conscious fed or unfed cats is approximately 9 hours and 1 hour,
respectively. However, stress and fear may increase sympathetic tone, which decreases
gastrointestinal transit time. Fasting times are often empirically suggested in cats and
gastric emptying time in this species can be unpredictable (Chapter 10). Therefore,
fasting period of more than 8 hours is most likely unnecessary. Water may be offered to
cats up until an hour before surgery.

Pharmacology

Some drugs may cause emesis and nausea in cats. Vomiting is common after lower
dosages and when the SC or IM route is used. Some opioid agonists (e.g. morphine and
hydromorphone) stimulate the chemoreceptor trigger zone and dopamine receptors in
the vomiting center to induce vomiting. Both neural and humoral pathways play an
intricate role during emesis. Some other opioids such as buprenorphine and methadone
do not cause vomiting. Agonists of α2-adrenoceptors may also cause vomiting by
stimulating the chemoreceptor trigger zone. Acepromazine has antiemetic properties,
which may inhibit vomiting when administered 15 to 20 minutes before an opioid.
However, this has not been demonstrated in cats.
Opioids are known to increase gastroesophageal reflux but this has not been

thoroughly investigated in cats. Intestinal motility decreases after administration of
opioids, agonists of α2-adrenoceptors and volatile anesthetics. Appetite increases after
propofol and diazepam administration. Life-threatening ulcers may be produced by
NSAIDs when administered with corticosteroids, or when dosage intervals, data sheet
dosing and contraindications are not observed. Chronic kidney disease leads to
decreased appetite, weight loss and vomiting.
Maropitant (a neurokinin-1 receptor antagonist) is a very effective antiemetic in cats

(e.g. for xylazine and uremia). Ondansetron (a serotonin 5-HT3 receptor antagonist)
prevents dexmedetomidine-induced vomiting in cats. This antiemetic drug is only
effective when administered simultaneously with dexmedetomidine as it provides little
benefit when administered 30 minutes before the sedative.
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Key Points

� Indications for sedation and premedication� Definition of neuroleptanalgesia� Drugs used for sedation including their clinical application, adverse effects and
contraindications� Practical tips on sedation and premedication

Introduction

Cats regularly require sedation to facilitate physical examination, handling, and diag-
nostic investigation. Premedication is the administration of sedatives or tranquilizers
before general anesthesia. This is usually to render the cat cooperative, to reduce stress,
and to provide analgesia in the preoperative period. A stress response leads to deleterious
physiological effects through activation of the sympathetic nervous system. Analgesics
(e.g. opioids) are administered as part of the premedication whenever pain is a concern
or to reduce the dose of sedatives.
Sedation is commonly required in the following scenarios:

� To allow vascular access or venipuncture� To allow minor noninvasive procedures such as urinary catheterization, bandage
change, imaging, or other minor diagnostic procedures� To provide anxyolisis, comfort, and perioperative analgesia� To reduce the dose (requirements) of intravenous and inhalant anesthetics� To smooth anesthetic induction and recovery� To treat excitement and opioid-induced dysphoria without reversal of analgesia

There is a false impression that sedation is safer than general anesthesia. However,
some sedatives may cause significant cardiorespiratory depression and potential
hazards (e.g. regurgitation, hypoxemia) for the cat. This is particularly true for the
critically ill, pediatric, or geriatric patient. In the latter cases, physiological systems

Feline Anesthesia and Pain Management, First Edition. Edited by Paulo Steagall,
Sheilah Robertson and Polly Taylor.
 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.

35



may already be compromised by an underlying disease, or may not yet be fully
developed (as in pediatrics). In addition, general anesthesia allows airway control
and ventilation with oxygen. It is recommended that vigilant monitoring is applied;
the cat should be always under close supervision after administration of sedative
drugs.
The choice of sedative for the procedure to be carried out and the required degree of

sedation should be evaluated on a case-by-case basis (Box 3.1). A thorough physical
examination is recommended to identify both minor and major pathology before
selection of the appropriate sedative and analgesic therapy. Sedation of fractious
cats can be challenging because the depth of sedation achieved with ketamine-
based protocols is profound, with loss of protective reflexes. Patient history is often
unknown.
The SC route of administration is often chosen for premedication because it is less

painful. However, particularly with opioids (Chapter 13), this is not the best route as
uptake is variable and unreliable. The IM route is preferred when an intravenous
catheter is not in place. The buccal (oral transmucosal) route may be used to administer
drugs in fractious patients or for analgesia.

Box 3.1: Neuroleptoanalgesia

Neuroleptanalgesia is a combination of a sedative or tranquilizer (i.e. acepromazine or an
agonist of α2-adrenergic receptors) with an analgesic, most commonly an opioid.
The combination is synergistic, increasing the intensity of sedation and analgesia while
decreasing the doses of each individual drug to be used. Opioids are included in the
premedication for any procedure that may cause pain. This concept is widely used in
feline practice.

Drugs used for Sedation in Cats

Some recommended drug combinations are given in Table 3.1.

Acepromazine

Mechanism of action: acepromazine decreases reaction to external stimuli (tranquiliza-
tion with neuroleptic effects) by blocking central and peripheral dopaminergic receptors
with variable sedative effects.
Key pharmacological features of acepromazine:

� Does not produce analgesia� Produces minimal respiratory depression when administered alone to healthy cats� Produces peripheral vasodilation (decreased systemic vascular resistance) by blockade
of α1-adrenergic receptors leading to hypothermia and hypotension especially in
hypovolemic cats
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� Hypothermia is also produced by depression of the hypothalamic thermoregulatory
center� There is no antagonist for acepromazine� Undergoes hepatic metabolism and renal excretion (inactive metabolites)� Produces an antiemetic effect by interacting with dopaminergic receptors in the
chemoreceptor trigger zone� Produces an antihistaminic effect by blocking histamine (H1) receptors� Recent retrospective studies have shown that acepromazine may be used in patients
with history of seizures and epilepsy without reducing seizure threshold. This is still
controversial, and acepromazine may be better avoided if other sedatives can be used.
On the other hand, hospitalization can induce a stress response and evoke seizures
in cats

Table 3.1 Drugs used for premedication and sedation in cats. These are commonly administered
with opioids for neuroleptanalgesia.

Drug Dosage regimens Comments

Acepromazine 0.03–0.05mg/kg IM, IV, SC Mild sedation. Increasing doses do not always
increase sedation in cats

Diazepam 0.2–0.5mg/kg IV Poor absorption after IM administration.
Commonly used in combination with ketamine
or propofol for anesthetic induction. Midazolam
is the better alternative

Midazolam 0.2–0.5mg/kg IM, IV Commonly used in combination with ketamine
or propofol for anesthetic induction

Xylazine 0.2–1mg/kg IM, IV Sedation when dexmedetomidine or
medetomidine is not available. High prevalence
of vomiting

Dexmedetomidine 3–20 μg/kg IM, IV Lower doses are used for neuroleptanalgesia
while high doses are administered for anesthesia
in combination with ketamine and opioid
(Chapter 4)

Medetomidine 6–40 μg/kg IM, IV Same for dexmedetomidine with the exception
that doses are doubled

Ketamine 3–10mg/kg IM, PO Chemical restraint. Ketamine may be used for
sedation in cats when combined with
midazolam and an opioid

Alfaxalone 2–3mg/kg IM Chemical restraint. Alfaxalone is administered
in combination with midazolam and/or opioid
for sedation of fractious cats

Atropine 0.02–0.04mg/kg IV, IM Does not produce sedation. Prevention or
treatment of bradycardia

Glycopyrrolate 0.005–0.01mg/kg IV, IM Does not produce sedation. Prevention or
treatment of bradycardia. Does not cross blood-
brain barrier
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Clinical Use

Acepromazine is commonly used as part of the premedication in combination with an
opioid analgesic (e.g. morphine, methadone, hydromorphone, buprenorphine;
Chapter 13) to facilitate catheterization. The onset and duration of action are approxi-
mately 15–20 minutes and 4 hours, respectively, but these effects can be variable.
Acepromazine does not appear to reduce the prevalence of opioid-induced vomiting
unless given 15 minutes before the opioid. However, these effects are not clearly
established in cats. Protrusion of the third eyelid is commonly observed (Figure 3.1).
Acepromazine has been shown to decrease propofol requirements by 20–25% but this

may not be observed in all cats. It is also administered to control postoperative agitation
due to opioid-induced dysphoria or hyperthermia. In the latter case, its peripheral
vasodilatory effects may help with cooling.
Acepromazine significantly decreases intraurethral pressure in preprostatic and

prostatic regions of the urethra (smooth muscle) but not at the penile segment (striated
muscles) so may not facilitate urethral catheterization. In addition, cats with urethral
obstruction are often severely dehydrated and acepromazine may not be an option (see
contraindications). A combination of acepromazine (0.1mg/kg) and butorphanol
(0.25mg/kg), with or without ketamine (1.5mg/kg) has been used for echocardiography
without significantly changing the left atrial/ventricular size/function in cats. However,
the study was performed in healthy patients and with high doses of acepromazine that
are not commonly used in feline practice. Alternatively, low doses of acepromazine with
butorphanol can be used to facilitate handling during echocardiography.

Contraindications

Because of its vasodilatory properties, acepromazine is contraindicated in cats at high risk of
hypotension, hypovolemia, severe dehydration, or undergoing surgery with a high risk of
bleeding (e.g. splenectomy, limb amputation). Animals treated with acepromazine may be
more refractory to conventional treatment of hypotension, especially when it is used with

Figure 3.1 Protrusion of the third eyelid is commonly observed after administration of acepromazine
and an opioid in cats.
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volatile anesthetics.Highdosesofdopamine(upto20μg/kg/minute infusionIV)orephedrine
(0.1–0.2mg/kg IV) may be required to treat hypotension in some instances. Acepromazine
should be used with caution in critically ill cats or patients with hepatic and kidney disease. It
has been shown to decrease platelet aggregation but the clinical significance of this finding is
unknown. Anemic patients should not be given acepromazine as splenic sequestration of red
blood cells will further decrease hematocrit. Acepromazine should be avoided in cats
undergoing intradermal skin testing due to its antihistaminic effects (Figure 3.2).

Benzodiazepines

Mechanism of action: benzodiazepines act by facilitating the actions of gamma-amino-
butyric acid (GABAa), the principal inhibitory neurotransmitter in the central nervous
system. They do not activate GABAa but rather enhance the affinity of the neuro-
transmitter for the receptor; the postsynaptic neurons are hyperpolarized and more
resistant to excitation. Benzodiazepines have a synergistic effect when administered with
barbiturates, alfaxalone, and propofol due to their similar mechanisms of action.
Key pharmacological features of benzodiazepines:

� Anticonvulsant activity� No clinically relevant analgesia� Minimal cardiorespiratory effects� Extensive hepatic metabolism (low hepatic clearance); the metabolism is highly
dependent on the intrinsic capacity of the cytochrome P450 enzymes� Skeletal muscle relaxation� Appetite stimulation� Antagonism by benzodiazepine antagonists (e.g. flumazenil)� High protein binding

Figure 3.2 Intradermal skin testing in a cat. Acepromazine should be avoided due to its antihistaminic
effects. The cat is commonly sedatedwith dexmedetomidine alone, or in combinationwith butorphanol.
In cats undergoing heavy sedation, oxygen is administered using a face mask, and monitoring can be
accomplished using “hands-on” techniques, pulse oximetry, and an electrocardiogram (Chapter 7).
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Clinical Use

Benzodiazepines are never used for sedation and premedication in the young healthy
adult because they may cause dysphoria, agitation, and disinhibition of aggressive
behavior. However, midazolam may be administered in combination with an opioid
(IV or IM) for sedation of geriatric or debilitated cats. However, excitement and
aggression may be observed if the cat is not depressed or obtunded. More commonly,
benzodiazepines are administered in combination with ketamine, propofol or alfaxalone
for induction of general anesthesia. They counteract the muscular rigidity and seizure-
like activity that may be observed after ketamine administration. Midazolam and
diazepam both significantly decrease the dose of propofol required for tracheal intuba-
tion in healthy cats. Midazolam (0.25mg/kg) and ketamine (3mg/kg) given IM produce
moderate sedation for noninvasive and nonpainful procedures. However, other proto-
cols are better especially where agonists of α2-adrenergic receptors are available.

Diazepam versus Midazolam

Diazepam is hydrophobic and not well absorbed IM, and midazolam is recommended
for this route of administration. In addition, diazepam is less potent and may have long-
term effects in cats due to slow elimination compared with midazolam as well as
producing active metabolites via demethylation. Temazepam is the main metabolite that
undergoes glucuronidation in cats. Diazepam undergoes slow biotransformation in cats
where there is inhibition of the bile acid efflux that results in accumulation of bile acid in
the hepatocytes. These mechanisms can contribute to liver injury after repetitive
administration of diazepam.
Diazepam is commercially available in propylene glycol and may cause venoirritation

and pain on injection because it is a hyperosmolar solution. Cardiac toxicity and
cardiovascular depression due to propylene glycol administration is only a problem
with repeated administration. Midazolam is water soluble, does not cause irritation or
liver injury, and it is the benzodiazepine of choice in cats.
Zolazepam is commercially available in combination with tiletamine in many countr-

ies. It is used for induction andmaintenance of general anesthesia. There are a number of
injectable protocols using this combination (Chapter 4). Dosage regimens for flumazenil,
a specific antagonist of benzodiazepine receptors, have not been reported in cats.

Contraindications

Benzodiazepines are not used for sedation of healthy cats, and they should be used
cautiously in those with hepatic disease, if used at all. Acute hepatic necrosis has
been reported after oral administration of diazepam but only following repeated
administration.

Agonists of α2-Adrenergic Receptors

Mechanism of action: agonists of α2-adrenergic receptors (i.e. dexmedetomidine,
medetomidine, and xylazine; others are rarely used in cats) bind to α2-adrenergic
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receptors and produce reliable sedation in a dose-dependent manner. Sedation is
produced by inhibition of the locus coeruleus, a vital modulator of vigilance in the
brain as well as decreasing sympathetic nervous system outflow from the CNS to the
periphery.
Key pharmacological features of agonists of α2-adrenergic receptors:

� Peripheral vasoconstriction causing hypertension (increases in systemic vascular
resistance) via binding to postsynaptic α2-adrenergic receptor on the peripheral blood
vessels. Reflex bradycardia, decreases in cardiac output, and coronary perfusion may
result; Bradycardia and bradydysrhythmia (second-degree atrio-ventricular block) are
also induced by increased vagal tone (first hemodynamic phase) (Box 3.2)� Once vasoconstriction and hypertension subsides, bradycardia with hypotension may
be observed (second hemodynamic phase)� Respiratory depression when administered in combination with opioids but not when
given alone� Hypothermia is produced via depression of the hypothalamic thermoregulatory center� Analgesia through decreased nociceptive input to the brain and inhibited release of
excitatory neurotransmitters in the spinal cord� Muscular relaxation� Hepatic metabolism and renal excretion� Inhibition of insulin release leading to hyperglycemia� Inhibition of antidiuretic hormone (ADH) leading to increased urine production� Direct stimulation of the chemoreceptor trigger zone inducing vomiting; higher
prevalence of vomiting after xylazine than medetomidine� Other effects include decreased gastrointestinal motility, suppression of the surgery-
induced stress response, and decreased intraocular and intracranial pressure (as long
as vomiting does not occur)

Box 3.2: To treat or not to treat α2-agonist-induced bradycardia
with anticholinergics?

Administration of anticholinergics (i.e. atropine or glycopyrrolate) to treat α2-agonist-
induced reflex bradycardia is controversial and often contraindicated. This is particularly
true if the cat is hypertensive (blood pressure measured by Doppler ultrasound >
120mmHg). Severe hypertension, tachycardia and impairment of cardiac function may
be observed after administration of anticholinergics. Increases in heart rate may increase
myocardial oxygen demand and reduce time for diastole. Tachycardia is not always
associated with increases in cardiac output. Instead, the adverse effects of these drugs
should be reversed with antagonists of α2-adrenergic receptors such as atipamezole or
yohimbine. However, if hypotension (decreased systemic vascular resistance) and
bradycardia are observed, administration of anticholinergics might be acceptable.

Clinical Use

Agonists of α2-adrenergic receptors are used for sedation to facilitate noninvasive
procedures. The sedative, analgesic, and negative hemodynamic effects are dose depen-
dent in cats so their use is limited to those that can tolerate such effects. They are used for
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premedication in combination with an opioid to reduce anesthetic requirements in a
dose-dependent manner. Such premedication produces a substantial injectable and
volatile anesthetic-sparing effect. Doses of injectable anesthetics and vaporizer concen-
trations should be reduced accordingly. The cornea should be lubricated in cases of
profound sedation to avoid ulcers.
“Microdoses” (0.25–0.5 μg/kg of dexmedetomidine IV) are used to smooth anesthetic

recovery and to treat dysphoria in healthy cats. The dose is diluted in saline 0.9% and
given slowly to effect. High doses of agonists of α2-adrenergic receptors (20–40 μg/kg of
dexmedetomidine IM) are administered to facilitate handling of aggressive and feral cats.
Dexmedetomidine can be administered by the buccal route (20 μg/kg) for “hands-off”
premedication (Figure 3.3).
Dexmedetomidine and medetomidine are highly selective, specific, and potent ago-

nists of α2-adrenergic receptors when compared with xylazine. Dexmedetomidine is the
pharmacologically active component of medetomidine. The former is twice as potent as
the latter. Xylazine has a shorter duration of action and is often used when dexmede-
tomidine is not available. Some adverse effects observed after xylazine administration
are most probably a result of their effects on α1-adrenergic receptors. Agonists of
α2-adrenergic receptors are widely used as part of the “kitty magic” protocol for spay-
neuter programs (Chapter 4).

Contraindications

Agonists of α2-adrenergic receptors are best restricted to use in healthy adult cats, and
should not be administered to patients that are hemodynamically compromised or
unstable. Adverse effects as well as analgesia and sedation can be fully reversed with
the competitive antagonist atipamezole given IM. Dexmedetomidine and medetomidine
have been administered to cats with hypertrophic cardiomyopathy (HCM) and

Figure 3.3 Dexmedetomidine can be administered by the buccal route for premedication in cats
that do not tolerate needle injections. Sedation is less profound than when the same dose is
administered IM.
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left-ventricular outflow tract (LVOT) obstruction in order to decrease LVOT velocity
and pressure gradient, and eliminate outflow obstruction. This technique is particularly
suited to sedation of aggressive cats with hyperthyroidism and HCM. In calm cats with
HCM, appropriate sedation is often achieved with opioids alone. Agonists of α2-
adrenergic receptors are best avoided in cats with increased intraocular (e.g. glaucoma,
open globe injuries) or intracranial pressure (e.g. head trauma, brain tumors) because of
the risk of vomiting (Chapter 9).
If an antagonist is required, atipamezole is administered IM because tachycardia,

hypotension, defecation and excitement may be observed after IV administration.
Generally, the same original volume of standard dexmedetomidine or medetomidine
preparations is administered when calculating the dose of atipamezole, however this may
not be valid with new (i.e. more diluted) concentrations of dexmedetomidine. The IV
route is only used in life-threatening conditions; in this case, it is diluted in saline 0.9%
(up to 1mL) and given slowly until the cardiovascular depression is reversed. Atipa-
mezole has greater specificity for α2-adrenergic receptors than yohimbine. Atipamezole
is commonly administered to reverse the effects of dexmedetomidine andmedetomidine
whereas yohimbine is given when available to antagonize the effects of xylazine.
Yohimbine is not available in the United Kingdom.

Anticholinergics

Mechanism of action: anticholinergics (atropine, glycopyrrolate and scopolamine)
competitively and reversibly antagonize the effects of acetylcholine at cholinergic
postganglionic sites (muscarinic but not nicotinic receptors). For this reason, they
are called parasympatholytic (blockade of parasympathetic tone) agents. Muscarinic
receptors are present in the heart, salivary glands, and smooth muscles of the gastro-
intestinal and genitourinary tracts.
Key pharmacological features of anticholinergics:

� Increased heart rate. However, heart rate may decrease immediately after IV admin-
istration of small doses� Mydriasis, with the exception of glycopyrrolate, which is a quaternary ammonium
compound and does not cross the blood-brain barrier or the placenta. Mydriasis
obstructs passage of intraocular fluid into the venous circulation thereby increasing
intraocular pressure� Inhibition of nasal, ocular, salivary, bronchial, gastrointestinal secretion� Gastric pH and gastroesophageal sphincter tone are decreased, leading to an increased
risk of gastroesophageal reflux and regurgitation during general anesthesia� Decreased gastrointestinal motility� Relaxation of bronchial smooth muscle and bronchodilation

Clinical Use

Anticholinergics are primarily used to prevent or treat bradycardia caused by increased
vagal tone (drug-induced or from manipulation of head, neck or ophthalmic structures).
They can decrease salivary and bronchial secretions in a clinically relevant manner.
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Formation of mucus plugs is a concern due to the potential to reduce water content of
salivary and airway secretions. Cats have small bronchi and bronchioles and even a small
amount of bronchial secretion and plugs could cause airway obstruction and increased
resistance to breathing.
Administration of anticholinergics is controversial. Some anesthesiologists give them

routinely in the premedication to prevent bradycardia during anesthesia. Others
administer anticholinergics only to treat bradycardia. It is of note that many cats will
develop opioid-induced bradycardia during anesthesia, and increasing the heart rate will
improve cardiac output and mean arterial pressure. However, in some instances,
tachycardia will increase myocardial work and oxygen consumption and decrease
coronary perfusion.
Glycopyrrolate is the common anticholinergic of choice as it is longer acting than

atropine and does not cross the blood-brain/placental barriers. For this reason, if an
anticholinergic is required, glycopyrrolate should be used in cesarean section. However,
atropine has a shorter onset of action and is used for cardiopulmonary resuscitation
(Chapter 10) or where glycopyrrolate is not available. Anticholinergics are also admin-
istered for counteracting the muscarinic effects of anticholinesterase drugs such as
neostigmine, which is used to antagonize nondepolarizing neuromuscular blocking
agents. In this situation, neostigmine and atropine are administered together at the end
of surgery.

Contraindications

Anticholinergics are not routinely administered for the treatment of agonist of α2-
adrenergic receptor-induced bradycardia (Box 3.2) and they are contraindicated in cats
with pulmonic or arterial stenosis, cardiomyopathy or pre-existing tachycardia. Atropine
is contraindicated in cats with glaucoma.

Opioids

The pharmacological, analgesic, and adverse effects of opioids are discussed in detail in
Chapter 13. However, opioids are commonly used for premedication and sedation as
part of a neuroleptanalgesic or preventative analgesia protocol. Opioids produce
adequate sedation in kittens (< 12 weeks) when administered alone. With appropriate
doses and administration intervals, dysphoria and excitement (hyperactivity, agitation,
difficult to handle and possible aggression) are rarely observed; euphoria is the typical
behavioral effect induced by opioids, which will include kneading with the forepaws,
rubbing on objects, purring, and rolling.
Opioids provide profound analgesia (agonists of μ-opioid receptors) with minimal

effects on the cardiovascular system and without changes in myocardial contractility.
They also have anesthetic-sparing effects (reduction in intravenous and inhalant
anesthetic requirements). Opioid-induced bradycardia can easily be treated with anti-
cholinergics. Dose-dependent respiratory depression becomes more evident when
opioids are administered with other hypnotic anesthetics (propofol, alfaxalone, thio-
pental, inhalant anesthetics) or sedatives such as agonists of α2-adrenergic receptors.
Judicious monitoring of ventilation and oxygenation should be performed (Chapter 7)
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with the ability to provide oxygen during heavy sedation of ill cats if needed. Opioids
should be used with caution in patients with elevated intracranial pressure because of the
potential for hypoventilation and vomiting, which may further compromise their
neurological status. Opioids may be reversed with the competitive antagonist naloxone,
keeping in mind that the analgesic effects will also be terminated and that the duration of
action of naloxone (�1 hour) may be shorter than the opioid, with the potential for
renarcotization.

Ketamine and Alfaxalone

The pharmacological effects of ketamine and alfaxalone, together with their contra-
indications and adverse effects, are discussed in Chapter 4. Ketamine (3–5mg/kg) or
alfaxalone (2–3mg/kg) have been administered IM for premedication of the fractious
or difficult cat. Ketamine is painful on injection due to it low pH. Alfaxalone is
particularly useful for sedation of the geriatric but difficult cat. Both ketamine and
alfaxalone may be combined with an opioid and midazolam (or acepromazine) to
facilitate handling of these patients, however alfaxalone can be administered alone. At
high doses (anesthesia for spay-neuter programs), both ketamine and alfaxalone given
IM will induce general anesthesia. In the feral cat, ketamine (20mg/kg) can be squirted
into the mouth at the same time that the animal is hissing to facilitate handling. This
approach produces excessive salivation and should only be considered as a last resort
for chemical restraint.

Trazodone

Trazodone is an antagonist of serotonin receptors with anxiolytic, mild sedative, and
antidepressant effects. It is administered to control anxiety related to car rides
and veterinary visits, as difficulty with transport is the main cause of limited
feline veterinary care compared with dogs. Adverse effects have not been clearly
reported but decreased activity is observed after administration of 50, 75, and
100mg/cat of trazodone PO without affecting behavior during patient examination.
Trazodone should be given 2 hours before transportation. Trazodone interferes with
central serotonin receptors and there may be potential for the serotonin syndrome
(Chapter 15).

Other Drugs

Gabapentin (25mg/kg PO) and amitriptyline (10mg/cat PO) appear to produce sedation
in cats and have been used as alternatives to trazodone for feline transportation; however
little is known about their clinical value in this respect, nor their potential adverse effects.
Several protocols have been described for sedation or premedication of cats using a

range of drug combinations (Table 3.2). Each has its own advantages and disadvantages
to be considered.
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Key Points

� Choosing the appropriate anesthetic regimen on a case-by-case basis� Considerations for injectable-only protocols versus volatile anesthesia� Anesthetics and their pharmacology, clinical application, adverse effects, and contraindications� Considerations for induction using volatile anesthetics, including their advantages and
disadvantages� Use of total intravenous anesthesia (TIVA) and injectable-only protocols

Introduction

Injectable anesthetics, given by the IV route, are used most commonly for induction of
general anesthesia for short procedures, or are followed by maintenance with volatile
anesthetics. An injectable-only protocol may be selected for maintenance of anesthesia
when volatile anesthesia is not available, or for technical reasons such as airway
procedures. Injectable-only protocols, often administered IM are widely used for
neutering procedures. They may be more practical and cost effective than volatile
anesthesia but should be managed and chosen judiciously.
Considerations for injectable-only protocols include:

� Repeated injections may result in drug accumulation and slow anesthetic recovery� Drugs administered by the IM route cannot be titrated or adjusted to effect, and may
result in profound effects or failure to achieve anesthesia� Endotracheal intubation is not always performed and airways are not protected. There
is a risk of regurgitation and aspiration. In this case, means of securing an airway and
providing oxygenation are important and should be available (Chapter 1)� Equipment for gaining IV access should be available (Chapter 1)� Fluid therapy is indicated in most cases (Chapter 8) but routine feline neutering does
not always require it� Anesthesia for complex surgical procedures is best maintained using volatile anes-
thetics and balanced anesthesia
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� Anesthetic monitoring is strongly recommended with any anesthetic technique; it
decreases morbidity and mortality

General Considerations for Induction of Anesthesia

The choice of anesthetic drug for induction of anesthesia should be evaluated on a case-
by-case basis. A thorough physical examination is essential before selection of the
appropriate anesthetic and analgesic therapy (Chapter 1); however, this may not be
possible in fractious or feral cats. Patient status, presence of disease (type, duration,
organ system), type of procedure (surgery, diagnostic examination), availability of drugs,
and the experience of the anesthetist will ultimately determine the anesthetic protocol.
Venous access can be achieved in cats using a variety of intravenous catheters

(Chapter 1). The IV route allows the anesthetic dose to be administered “to effect”.
Transition from an injectable induction to volatile anesthesia is generally smooth.
“Off-needle” injections are not best practice for induction of anesthesia; this technique
is often used, but it does carry the risk of perivascular injection. An IV catheter should
be placed for long procedures and when intravenous fluids and additional drugs will
be administered. The buccal (oral transmucosal) route of administration is reserved
for ketamine squirted into the mouth of fractious cats that do not tolerate physical
restraint. Some drugs such as ketamine or alfaxalone can be administered IM for
chemical restraint (Chapter 3), which will facilitate handling and IV catheterization
and decrease the anesthetic induction dose.
Induction of anesthesia is one of the most critical events for the cat since most

anesthetics cause a degree of cardiorespiratory depression. Apnea, hypoxemia, hypo-
tension, and hypoventilation may all occur. The clinician should be ready to intervene,
and a checklist is recommended before anesthesia (Chapter 1).
Critically ill patients should be stabilized before general anesthesia (Chapter 9). In such

cases, preoxygenation for 3 minutes and continuous ECG monitoring during anesthetic
induction is recommended (Figure 4.1).

Figure 4.1 A cat is preoxygenated before induction of anesthesia. An ECG is monitored continuously
during the perioperative period.
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Drugs used for Induction of Anesthesia

Table 4.1 shows recommended doses for injectable agents. The veterinarian should be
aware of the current national scheduling and regulation control of these medicines in
whichever country they practice.

Propofol

Mechanism of action: GABA is the main inhibitory neurotransmitter in the central
nervous system (CNS) and binds to gamma aminobutyric acid (GABAA) receptors.
Propofol exerts its effect at GABAA receptors. It hyperpolarizes the postsynaptic cell
membrane causing functional inhibition of the postsynaptic neuron by increasing
chloride conductance. Propofol also decreases the rate of dissociation of GABA from
the receptor leading to increased GABA activity and depression of the CNS.

Commercial Preparations

Propofol is not soluble in water and is prepared commercially as a lipid emulsion
containing soybean oil, glycerol, and egg lecithin. This formulation will promote rapid
bacterial growth and the solution should be discarded 6–8 hours after the vial is opened.
Mixing of propofol with other drugs using the same syringe is not recommended. Current
formulations do not normally cause pain or tissue damage after perivascular injection.

Table 4.1 Suggested doses for induction and maintenance of anesthesia with injectable agents.

Druga) Doses for
inductionb)

Infusion rates Comments

Alfaxalone 3–5mg/kg IV 0.2–0.3mg/
kg/minute

Cardiorespiratory depression. Greater margin of
safety versus propofol.

Propofol 4–8mg/kg IV 0.2–0.4mg/
kg/minute

Cardiorespiratory depression. Smooth induction
and recovery.

Ketaminec) 5mg/kg IV
10–15mg/kg IM

0.01–0.04mg/
kg/minute

Infusion rates used for antihyperalgesia. High doses
will contribute to anesthesia. Excreted mostly
unchanged in cats.

Tiletamine-
zolazepam

1–2mg/kg IV
3–6mg/kg IM

Chemical restraint or injectable-only anesthesia.
Apneustic breathing in spay-neuter programs.

Thiopental 5–10mg/kg IV Cardiorespiratory depression. Neuroprotection.

Etomidate 2mg/kg IV Minimal cardiovascular effects. Adrenal
suppression.

Notes:
a) Doses are commonly reduced when propofol, alfaxalone, thiopental, and etomidate are administered with

midazolam.
b) Lower doses are used after premedication.
c) Rarely administered alone. For IM administration, ketamine is commonly combined with an opioid and

midazolam or dexmedetomidine.
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A formulation of propofol (“Propofol 28” or “PropoFloPlus”), containing the preserv-
ative benzyl alcohol, is designed to reduce anesthetic waste. This product can be used for
up to 28 days after broaching without refrigeration. Propofol 28 is not approved for use
in cats in all countries but it is widely used in cats in Europe.
A number of clear preparations of propofol have become available globally but should

be used with extreme caution as the vehicle may cause serious irritation or even
cardiovascular collapse.

Pharmacology

Key pharmacological features of propofol:

� Does not produce antinociception� Decreases cerebral metabolic oxygen consumption, cerebral blood flow, and intra-
cranial pressure� Has antiepileptic activity but myoclonus or excitatory movements may occasionally be
seen at a light depth of anesthesia� Produces significant cardiovascular depression by decreasing systemic vascular resist-
ance (vasodilation), mean arterial blood pressure, cardiac output, myocardial con-
tractility, and depression of sympathetic nervous system activity� Produces dose-dependent respiratory depression including apnea. Hypoventilation
and decreased tidal volume result in hypercapnia� Blunts the ventilatory response to increases in carbon dioxide (CO2) and hypoxemia.
These effects can be observed even at low doses� Has highmetabolic clearance and is rapidly redistributed after administration. Propofol
can be used in cats with hepatic or renal disease since rapid tissue uptake occurs. It is
primarily metabolized by the liver but there is also extrahepatic uptake in the lungs� It is not clear whether propofol increases intraocular pressure in cats. Propofol has
been used successfully in cats with glaucoma as long as the cough reflex is minimized
during intubation (Chapter 1)� Reduces gastroesophageal sphincter pressure and gastric pressure, predisposing the
cat to gastroesophageal reflux during anesthesia� May cause oxidative injury of red blood cells with Heinz body formation and repeated
exposure can result in inappetence and prolonged recovery. However, this effect
appears to be dose related� Is a phenolic compound, and cats have reduced ability to conjugate it. Delayed
anesthetic recovery may occur in cats after prolonged infusions or repeated exposures
due to slow clearance of propofol

Clinical Use

Propofol is only effective when administered IV and is widely used for induction of
anesthesia. It has a short duration of action after a single injection (3–5minutes), and
produces smooth induction and recovery from anesthesia. Premedication reduces pro-
pofol requirements; this is especially obvious after use of agonists of α2-adrenergic
receptors. Propofol is commonly given in combination with other agents such as
benzodiazepines (diazepam or midazolam) or ketamine (so-called “ketofol”) (Box 4.1).
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In general, cats will require higher doses on amg/kg basis comparedwith dogs. The goal of
using propofol in combination with other drugs is to reduce the dose and cardiovascular
depression. This is particularly important in geriatric and compromised cats. Lower doses
of propofol (1–2mg/kg) may be administered to healthy cats after premedication with
acepromazine or dexmedetomidine and an opioid. Midazolam, diazepam or ketamine is
then injected and finally, propofol injected again, if needed. Propofol should always be
administered slowly (over at least 30–60 seconds) to reduce the likelihood of apnea and
cardiorespiratory depression. Smaller doses of propofol are required for supraglottic
airway device placement when compared with endotracheal intubation (Chapter 1).

Box 4.1: The use of “ketofol” in feline anesthesia

The combination of propofol and ketamine has been used with the goal of maximizing the
benefits while minimizing the adverse effects of each drug alone. For example, a calm and
smooth recovery is producedby propofol, but not ketamine. On the other hand, sympathetic
stimulation with increases in heart rate and blood pressure and minimal respiratory
depression are produced by ketamine. The latter effects can override the cardiorespiratory
depression produced by propofol alone. This protocol is an attempt to use the “best of both
worlds” in terms of anesthetic effects of propofol and ketamine. After premedication,
propofol (2mg/kg) is administered before ketamine (2mg/kg) to avoid muscle rigidity.

Propofol can be used for induction of anesthesia in cats with head trauma or space-
occupying lesions, especially when barbiturates are not available. In these cases, a secure
airway is required so that eucapnia can be maintained to avoid increases in intracranial
pressure (Chapter 9).
The cardiovascular depressant effects of propofol may be severe in some cats; for

example, those that are volume depleted or have hypertrophic cardiomyopathy (HCM).
Respiratory depression is less of a concern if an airway can be readily secured and
respiratory support provided. These depressant effects are likely to be exacerbated by co-
administration of volatile anesthetics. However, the effect is short lived and the patient
normally starts to breathe spontaneously a few minutes after drug administration.
Propofol is an appropriate choice for cesarean section, when there is increased intra-
cranial pressure and in the face of hepatic (e.g. lipidosis) or renal disease (Chapter 9).
Cats may sneeze during recovery from propofol anesthesia. They will often paw at their

nose and mouth. These effects are self-limiting and do not require treatment. In
addition, opisthotonus and spontaneous muscle activity can occur during induction
and do not require any treatment. Repeated injections of propofol may cause delayed
recovery. In cats undergoing daily general anesthesia, propofol should alternate with
other drugs (alfaxalone or ketamine/benzodiazepine) or be coadministered with ben-
zodiazepines to reduce the dose and therefore daily exposure.

Contraindications

Propofol should be used judiciously in cats with cardiovascular disease and hypovolemia.
Cats with respiratory disease and brachycephalic breeds should be closely monitored
after administration of propofol and provided with oxygen.
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Alfaxalone

Mechanism of action: alfaxalone is a synthetic neurosteroid with a similar mechanism of
action to propofol and barbiturates, modulating the GABAA receptor, producing
anesthesia and muscle relaxation. Alfaxalone is devoid of steroid activity despite its
similarities to the progesterone molecule.

Commercial Preparations

Alfaxalone has low solubility in water and was first manufactured in combination with
alfadalone (alphadolone) and dissolved in a castor-oil-based surfactant called Cremo-
phor EL (commercially marketed as Saffan for cats and Althesin for humans). This
formulation caused anaphylactic reactions manifesting as edema of the pinna and
forepaws and occasionally bronchoconstriction; pulmonary edema and death were
also reported. It was a remarkably successful anesthetic with a good safety record in
cats but was withdrawn because of the adverse effects produced by the solvent. The
current formulation of alfaxalone is water soluble with cyclodextrin (Alfaxan® or
Alfaxan-HPCD), and does not produce the adverse effects mentioned above. Alfaxalone
does not contain a microbiocidal preservative and labeled recommendations vary
between “discard within a few hours of broaching the vial” to “keep refrigerated for
up to 7 days,” depending on the country.

Pharmacology

Key pharmacological features of alfaxalone:

� Does not produce antinociception� Decreases cerebral metabolic oxygen consumption, cerebral blood flow, and intra-
cranial pressure� Produces dose-dependent cardiovascular depression by decreasing systemic vascular
resistance (vasodilation), cardiac output andmean arterial blood pressure. Increases in
heart rate are often observed� Produces dose-dependent respiratory depression including decreases in respiratory
rate and tidal volume leading to hypoventilation and hypercapnia. As with propofol,
apnea may be observed but is less common than after propofol. Slow administration
reduces the prevalence of apnea� Does not accumulate at clinical doses and can be used as a bolus, by “top-up” doses or
by infusion for TIVA. It has high clearance with primary hepatic metabolism and renal
elimination� Reduces gastroesophageal sphincter pressure and gastric pressure, predisposing the
cat to reflux during anesthesia� Does not cause oxidative injury of red blood cells with Heinz body formation

Clinical Use

Alfaxalone is approved for IV administration. However, IM injection has been used for
chemical restraint (Chapter 3). The dose for induction of anesthesia in nonpremedicated
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cats is 5mg/kg, but is reduced after premedication (1–3mg/kg). Alfaxalone has a short
duration of action (3–5minutes but up to 10minutes after a second bolus), and produces
a smooth induction. However agitation and dysphoria may be seen during recovery
especially if premedication was not used. These effects can be decreased by leaving the
cat undisturbed in a quiet cage and ensuring good postoperative pain management
(Chapter 13).
Cardiorespiratory depression is short lived. These effects can be minimized by slow

(over 60 seconds) administration. Alfaxalone can be used in cats with head trauma or
space-occupying lesions since it decreases intracranial pressure. In these cases, securing
an airway is important so that ventilation can be supported (Chapter 9). Alfaxalone has
been used in compromised cats for induction of anesthesia in combination with
benzodiazepines and opioids (Chapter 3, Chapter 9).
Alfaxalone has been used for cesarean section in dogs without negative impact on

Apgar scores; it should be a reasonable choice for induction of anesthesia in cats
undergoing this procedure. Alfaxalone is a good choice of anesthetic for examination of
laryngeal function in cats as it does not affect arytenoid cartilage motion. It is also an
option when TIVA is required, although long-term anesthesia with alfaxalone has not
yet been evaluated in cats. Anesthesia was uneventful when alfaxalone was used for
induction in juvenile cats (< 12 weeks of age) undergoing neutering procedures.
Box 4.2 compares and contrasts propofol and alfaxalone.

Box 4.2: The advantages and disadvantages of propofol and alfaxalone

Cardiorespiratory depression, quality of induction and recovery from propofol and
alfaxalone are similar, with both anesthetics increasing the risk of gastroesophageal
reflux. However, apnea is less common and recovery may sometimes be agitated with
paddling and trembling after alfaxalone. In cats with hepatic or renal disease, propofol
is the anesthetic of choice. The cost differential between the two agents varies from
one country to another. Alfaxalone can be administered by the IM or SC route for
chemical restraint, an important advantage over propofol. However, high volumes of
injection will be required, and prolonged and poor recoveries can be observed when
high doses are used. Alfaxalone has greater margin of safety when compared with
propofol.

Contraindications

No studies have been published on the impact of impaired hepatic or renal function on
pharmacokinetic variables or recovery duration after the administration of alfaxalone. It
is not clear whether accumulation occurs or if recovery from anesthesia is delayed.

Dissociative Anesthetics (Ketamine and Tiletamine)

Most of our knowledge of dissociative anesthetics is based on studies using ketamine.
Tiletamine has not been widely studied but it is believed that its mechanism of action and
general pharmacology are similar to ketamine.
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Mechanism of action: ketamine and tiletamine cause dissociation between the thala-
mus and the limbic system, and amnesia, but not muscle relaxation. They bind to a
number of receptors throughout the body but most notably they are noncompetitive
antagonists at N-methyl D-aspartate (NMDA) receptors. Ketamine is considered to be
an antihyperalgesic agent. Suppression of neutrophil production and inflammation may
result in some analgesic effect.

Commercial Preparations

Ketamine is commercially available as a racemic mixture in an acidic solution (pH
3.5–5.5). This solution causes pain on IM injection. Ketamine S (+) is available in many
countries. Theoretically, this is twice as potent as racemic ketamine with a better
antihyperalgesic effect and fewer adverse effects. However, to date, there is no clear
evidence for these advantages in the cat. Benzethonium chloride is the preservative used
in most ketamine preparations.
Tiletamine is commercially available only in combination with zolazepam, a benzodi-

azepine, and is marketed for IM administration in cats. The powder is reconstituted with
sterile water for injection to produce a solution that contains 50mg/mL of each drug or
100mg/mL of the combination. The dose is usually expressed in terms of the combined
drugs. Tiletamine and zolazepam have plasma half lives between 2 and 4 hours, and 4.5
hours, respectively.

Pharmacology

Key pharmacological features of dissociative anesthetics:

� Produce antinociception by antagonism of NMDA receptors (Box 4.3). However,
these drugs are not sufficient for painful procedures when used alone� Increase cerebral oxygen consumption, cerebral blood flow, and intracranial pressure.
The latter is exacerbated by hypercapnia� Cause direct myocardial depression (in vitro ketamine studies). However, dissociative
anesthetics inhibit uptake of catecholamines back into postganglionic sympathetic
nerve endings, producing an indirect sympathetic effect� Exert some anticholinergic effects. Administration of these agents in healthy cats usually
increases heart rate, cardiac output, myocardial contractility, and blood pressure� Produceminimal respiratory depression. The ventilatory response to increased PaCO2

(partial pressure of carbon dioxide in the blood) is maintained. However, a decrease in
respiratory rate and tidal volume may be seen, particularly during deep anesthesia, or
when used in combination with other anesthetic/sedative drugs. Irregular respiratory
patterns (apneustic ventilation) may be seen� Ketamine is rapidly distributed after injection and has a short elimination half life.
Ketamine is partially metabolized by the liver into an active metabolite (norketamine),
which has an anesthetic effect. In contrast to other species, ketamine is primarily
excreted unchanged via the kidney in cats� Increase intraocular pressure� Risk of corneal abrasion since eyes remain open and tear formation is reduced.� Do not significantly change gastroesophageal sphincter pressure and gastric pressure
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Box 4.3: NMDA receptor and ketamine as an adjuvant analgesic

The NMDA receptor is activated by glutamate and glycine, which are excitatory neuro-
transmitters in the dorsal horn of the spinal cord (increased nociception). This receptor is
involved with pain processing, central sensitization with consequent hyperalgesia and
allodynia (Chapter 11). Ketamine is used at subanesthetic doses in the prevention and
treatment of central sensitization, neuropathic, and cancer pain. The drug is combined
with opioids, local anesthetics, and NSAIDS in the treatment of pain (Chapter 13).

Clinical Use

Dissociative anesthetics produce a cataleptic state, which is characterized by open eyes,
mydriasis, muscle rigidity, and increased lacrimation and salivation. Tiletamine is only
available in combination with zolazepam, and ketamine is usually administered in
combination with a benzodiazepine or an agonist of α-2 adrenergic receptors for
induction of anesthesia (Table 4.1) or as part of TIVA. Dissociative anesthetics produce
rapid onset of anesthesia. Muscle rigidity, agitation, salivation, and hyperexcitability may
be observed after ketamine or tiletamine/zolazepam administration when used alone.
The quality of recovery from anesthesia is suboptimal. On the other hand, protective
laryngeal reflexes are maintained. Ketamine is a good choice for induction of anesthesia
in sick cats with hypovolemia, dehydration, and sepsis because of its sympathomimetic
effects. In addition, ketamine can be administered at low doses in combination with
midazolam and butorphanol for nonpainful diagnostic procedures or for chemical
restraint in cats that are difficult to handle (Chapter 3). Ketamine is also used as an
infusion and as part of balanced anesthesia (Chapter 6).
Ketamine can confound the psychomotor subscale of the UNESP-Botucatu multi-

dimensional composite pain scale. Cats may show behaviors that can be confused with
pain after ketamine administration even if they have not had surgery (Chapter 12).
Ketamine and tiletamine/zolazepam combinations are widely used for spay-neuter

programs (see below). Duration of anesthesia with tiletamine/zolazepam is longer
(30–40 minutes) when compared with ketamine (10–15 minutes); however, this will
vary according to the protocol.

Contraindications

Alternatives to the dissociative agents are best chosen for cats with the following
conditions: head trauma or space-occupying lesions, increased intraocular pressure,
HCM, pregnancy, lower urinary tract obstruction, renal or hepatic disease, and cesarean
section (Chapter 9).

Barbiturates

Mechanism of action: barbiturates interact with the GABAA receptor in the CNS and
have a similar mechanism of action to propofol and alfaxalone. They can also mimic the
action of GABA by directly activating GABAA receptors.
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Commercial Preparations

Barbiturates are prepared commercially from highly alkaline solutions (sodium salts),
and are dissolved in water for injection or saline 0.9% to make an appropriate
concentration for administration. They should not be mixed with other drugs, which
are acidic in solution. Thiopental is commercially available as a powder, which has a long
shelf life; however, once reconstituted, the solution should be used within 6 days if stored
at room temperature and 2 weeks when refrigerated. Thiopental solutions cause tissue
necrosis and pain if injected perivascularly. If this happens, saline 0.9% should be injected
into SC tissues as a diluent with or without local anesthetic. A local anesthetic cream can
also be applied for pain relief.

Pharmacology

Key pharmacological features of thiopental

� Does not produce antinociception� Produces rapid onset of anesthesia. Awakening from anesthesia is largely attributed to
redistribution of the drug from the brain to skeletal muscles� Decreases cerebral metabolic oxygen consumption, cerebral blood flow, and intra-
cranial pressure, and has antiepileptic activity� Produces significant cardiovascular depression by decreasing systemic vascular resist-
ance (vasodilation), cardiac output, myocardial contractility, and mean arterial blood
pressure. These effects are dose dependent� Produces dose-dependent respiratory depression including decreases in respira-
tory rate and tidal volume leading to hypoventilation and hypercapnia. Apnea
may be observed but is less likely with slow (over at least 60 seconds)
administration� Decreases intraocular pressure� Is metabolized in the liver and excreted by the kidneys. Recovery from anesthesia is
significantly prolonged if incremental doses are used to maintain anesthesia� Thiopental is highly bound to proteins. This may potentially lead to an enhanced
anesthetic effect in cases of hypoalbuminemia, or, at least theoretically, when other
protein-bound drugs are used� It reduces hematocrit and total protein concentration due to splenic sequestration

Clinical Use

Thiopental and pentobarbital were commonly used for induction of anesthesia in cats,
but are now almost universally replaced by alfaxalone and propofol. Pentobarbital is
commonly administered for euthanasia.
Thiopental produces rapid onset and short duration of anesthesia (5–10minutes);

however, recovery may be very prolonged if it is used to maintain anesthesia. The main
use of thiopental would be for induction of anesthesia in cats with head trauma or space-
occupying lesions, because of its neuroprotective effects, which are also observed with
alfaxalone and propofol.
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Contraindications

Barbiturates are not recommended for cats in the following circumstances: cardio-
myopathy, respiratory disease, pregnancy, lower urinary tract obstruction, anemia, renal
or hepatic disease, and cesarean section (Chapter 9).

Etomidate

Mechanism of action: etomidate is an imidazole compound that binds to specific sites at
the GABAA receptors, enhancing GABA activity and producing anesthesia.

Commercial Preparation

Etomidate is a nonveterinary product containing propylene glycol, which causes pain
and vascular irritation during injection, and may result in hemolysis due to its high
osmolality (4640mOsm/L). Lipid emulsion formulations cause fewer adverse effects.

Pharmacology

Key pharmacological features of etomidate:

� Does not produce antinociception� Produces rapid onset of anesthesia� Decreases cerebral metabolic oxygen consumption, cerebral blood flow, and intra-
cranial pressure via cerebral vasoconstriction. It has antiepileptic activity. Myoclonus
or excitatory (“paddling”) movements are often seen if cats are not heavily sedated
before administration of etomidate or if low doses are given. These side effects are
reduced by benzodiazepines� Suppresses adrenocortical function by inhibiting the conversion of cholesterol to
cortisol. This effect lasts between 2 and 4 hours after administration. Maintenance of
anesthesia with etomidate has been associated with higher mortality rates in humans,
especially in the face of sepsis, which may be a consequence of suppressed adreno-
cortical function� Produces minimal cardiovascular depression; a unique feature of etomidate� Produces minimal respiratory depression and does not blunt the ventilatory response
to increases in CO2� Decreases intraocular pressure� Is metabolized in the liver and excreted by the kidneys� Reduces gastroesophageal sphincter pressure and gastric pressure, predisposing the
cat to gastroesophageal reflux during anesthesia

Clinical Use

There is a lack of studies on the use of etomidate in cats. It produces rapid onset and
short duration of anesthesia after IV administration. Etomidate is not widely used in cats
because it is expensive, it causes retching and adrenocortical suppression, and may cause
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hemolysis. Myoclonia may be seen during induction or recovery, but this is minimized by
coadministration of a benzodiazepine. Etomidate is suitable for cats with cardiorespira-
tory disease, or those with hypovolemia or severe dehydration (Chapter 9). It can be also
used for cats with ocular or cardiac disease, or those with head trauma.

Contraindications

Etomidate is not recommended for cats with hepatic or renal disease, sepsis, adrenal
suppression, or anemia. Judicious use is recommended in hypo or hyperadrenocorticism.

Fentanyl plus Midazolam

Anesthesia can often be induced with a combination of IV fentanyl (2–5 μg/kg) and
midazolam (0.25–0.5mg/kg) in critically ill, debilitated, injured cats (Chapter 9). This
protocol produces minimal cardiorespiratory depression and is a good choice for cats
whose cardiovascular function is not stable. A small IV dose of propofol or alfaxalone
(0.5mg/kg) may be required if the desired end point is not reached (e.g. intubation).

Induction with Volatile Anesthetics

Induction of anesthesia using a “cat chamber” or a “cat bag” is discussed in Chapter 1.
This technique should not be used on a routine basis but may be chosen when injectable
methods are not possible or have failed, or may be chosen to minimize handling.
Environmental pollutionmust be considered (Chapter 6). Some cats become excited and
upset during the process (Figure 4.2). Mask techniques should also not be a routine
technique but may be chosen when intravenous access is difficult, or has failed, or the cat

Figure 4.2 A cat is anesthetized in a chamber with appropriate scavenging of gases. Sevoflurane is the
preferred volatile agent.
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is to be anesthetized on a daily basis. Maintenance for short procedures such as blood
donation can continue using a tight fitting mask (Figure 10.2). Sedation will decrease
the “dose” of inhalant required and time to loss of consciousness. Low-stress handling
is essential to ensure a calm and cooperative cat (e.g. towel wraps or “cat bags”), and to
prevent injury to personnel. The mask alone is introduced to the cat to test its reaction
before proceeding. Oxygen alone is turned on first, then the vaporizer setting is
increased in 0.5 % increments – either every five breaths or every 15–30 seconds; if the
cat becomes excited the vaporizer is increased to the maximum setting until the cat
ceases struggling. Respiratory rate and mucus membrane color can be monitored by
observation and heart rate palpated through the towel or bag. If available, sevoflurane
is preferred for mask and chamber induction. Higher concentrations can be admin-
istered from the outset because it is nonirritant, making time to unconsciousness
shorter and less stressful.

Total Intravenous Anesthesia (TIVA)

Volatile anesthesia is commonly used for maintenance of anesthesia in clinical practice
(Chapter 6). However, it produces dose-dependent cardiorespiratory depression. Inha-
lation anesthesia is also unsuitable for some procedures, such as airway examination,
bronchoalveolar lavage, and bronchoscopy. Cats that are mechanically ventilated for
nonanesthetic-related treatment (including but not limited to head trauma, aspiration
pneumonia, severe pulmonary contusions) are usually heavily sedated or anesthetized
using injectable intravenous drugs. TIVA is a technique for providing general anesthesia
using a single or a combination of injectable agents. With the correct choice of drugs
TIVA may offer some benefits compared with inhalant anesthesia; these primarily relate
to better cardiovascular stability, and calm and predictable recovery from anesthesia.
TIVA has been administered using alfaxalone or propofol alone, or by combining
propofol or alfaxalone with ketamine or short-acting opioids (e.g. fentanyl, alfentanil or
remifentanil) (Table 4.1). Anesthesia is induced using a bolus of the chosen agent, then
maintained with the same drug with or without additional agents given by infusion (Box
4.4). Cats developed less respiratory depression using TIVA with alfaxalone when
compared with propofol for ovariohysterectomy. An analgesic drug is always admin-
istered with propofol or alfaxalone when using TIVA for painful procedures. Anesthetic
recoveries may be prolonged when using propofol for TIVA.

Box 4.4: Administration of drug infusions in anesthesia

Constant rate infusion (CRI) is defined as a continuous administration of a set dose
regimen through an electronic delivery device to maintain constant plasma levels.
Target-controlled infusion (TCI) is based on complex algorithms and PK values, and
infusion rates are administered by a delivery device to obtain a specific plasma (effect
site) concentration to produce a desired effect. Analgesic and anesthetic CRI and TCI are
used both for TIVA and for balanced anesthesia during inhalant anesthesia in cats
(Chapter 6).
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Infusion Devices

There are two types of infusion device for clinical use: volumetric infusion pumps may
use peristaltic, piston or shuttle delivery systems to supply high volumes with low
accuracy (± 10%). Syringe drivers use a stepper motor with a drive screw, and are more
suitable for administering drugs when high accuracy (± 5%) is required. A calculator
feature allows the user to enter body weight, drug concentration, and the desired
infusion rate. As with vaporizers, the anesthetist will alter the setting based on depth of
anesthesia. This equipment is illustrated in Figure 8.1.

Injectable-only Protocols

Feline population control has become extremely important in our society. Injectable-
only anesthesia with appropriate analgesia has become a crucial component of humane
spay-neuter programs. The Association of Shelter Veterinarians has published guide-
lines for spay-neuter programs and how they are best implemented and performed.
Some considerations for anesthetic protocols are:

� The need for analgesia, muscle relaxation, immobility, and loss of consciousness� Low-volume injections with a wide margin of safety and possible reversibility
(especially for agonists of α2-adrenergic receptors)� Rapid and smooth recovery from anesthesia� Protocol will ultimately be dictated by the number and type of cats (e.g. feral or
community cats), the skill and efficiency of technical assistance, timing and surgical
competence, financial constraints of the program, drug availability, equipment, and
facilities

The anesthetic management should take into consideration that kittens represent a
large part of the population in these programs.

� Kittens (6–12 weeks) are usually fasted for no more than 2 hours to avoid hypo-
glycemia. Fasting times are controversial and it is now accepted that adult cats do not
require prolonged fasting (8–12 hours). Fasting for approximately 4 hours should be
sufficient� Hypothermia must be prevented by avoiding conductive heat loss, limiting body cavity
exposure, and keeping hair removal and wetting with cleansing and antiseptic solutions
to a minimum� Intubation is not always practical in spay-neuter programs but may be required for
treatment of hypoventilation, hypoxemia and respiratory arrest, and the appropriate
equipment should be available. A supraglottic airway devices is an excellent option for
rapid and nontraumatic intubation in these cases (Chapter 1)� IV catheterization is usually not practical, and is often not performed in spay-neuter
programs. This is particularly true when experienced personnel are involved and
surgery times are short. However, it may be important for administration of “top ups”
during anesthesia, or for emergency drugs. Even if not routinely used, equipment for
IV catheterization should be available

62 Feline Anesthesia and Pain Management



� Incisional, intraperitoneal, and intratesticular blocks are highly recommended as
part of the multimodal protocol for postoperative analgesia (Chapter 5). Local
anesthetics are cost effective, widely available, and will reduce injectable anesthetic
requirements� Administration of nonsteroidal anti-inflammatory drugs (NSAIDs) is controversial
because patient history is often unknown, and preanesthetic blood work is not
routinely performed. They should be administered according to the veterinarian’s

Table 4.2 Suggested anesthetic protocols for spay-neuter programs.

Anesthetic protocola) Comments

Buprenorphine
Dexmedetomidine
Ketamine

Add equal volumes of buprenorphine (0.3mg/mL),
dexmedetomidine (0.05mg/mL) and ketamine (100mg/mL) into a
sterile vial.
The dose is 0.1mL/kg of the mixture IM.

“Kitten Quad”
Buprenorphine
Midazolam
Ketamine
Medetomidine

60mg/m2 ketamine + 180 μg/m2 buprenorphine + 3mg/m2

midazolam and either 600 μg/m2 medetomidine or 300 μg/m2

dexmedetomidine.
An excellent chart can be found online at http://www.cats.org.uk/
uploads/documents/Earlier_neutering_priciples-Dosage_Chart.pdf
(accessed July 4, 2017)
Equal volumes of medetomidine (1mg/mL), ketamine (100mg/mL),
midazolam (5mg/mL) and buprenorphine (0.3mg/mL) are mixed in
the same syringe and administered at the same time.
Examples: 1 kg= 0.06mL of each agent; 2 kg= 0.1mL;
3 kg= 0.13mL; 4 kg= 0.16mL; 5 kg= 0.18mL. Note that dosing is
nonlinear, and the use of an application is recommended. The Kitten
Quad App is available on Android, iPhone, and Windows.

“TKX”
Tiletamine/Zolazepam
Ketamine
Xylazineb)

In one bottle of tiletamine/zolazepam, add 4mL of ketamine
(100mg/mL) and 1mL (100mg/mL) of xylazine. Each mL contains
80 mg of ketamine, 20mg of xylazine, 50mg tiletamine and 50mg
zolazepam.
The dose is 0.25mL for a 3 kg cat IM.
The addition of an opioid such as buprenorphine (0.02mg/kg) IM is
recommended. Supplemental doses of 0.05–0.1mL IV or IM (total)
may be required.

“TTDex”
Tiletamine/Zolazepam
Butorphanol
Dexmedetomidine

In one bottle of tiletamine/diazepam, add 2.5mL of
dexmedetomidine and 2.5mL of butorphanol. Each mL contains
50mg tiletamine, 50mg zolazepam, 0.25mg dexmedetomidine, and
5mg butorphanol.
The dose is 0.03–0.04mL/kg IM for surgical anesthesia.

Notes:
a) Monitoring and oxygen supplementation are recommended. If needed and if the equipment is available,

maintenance of anesthesia in female cats can be performed with isoflurane administered by mask or
following placement of a supraglottic airway device or intubation. Atipamezole (0.2mg/kg, IM) or
yohimbine (0.4mg/kg) can be given to shorten anesthetic recovery times when dexmedetomidine or
xylazine has been used, respectively. Administration of NSAIDs is recommended if there are no contra-
indications. Intraperitoneal and intratesticular blocks will provide additional analgesia.

b) When dexmedetomidine is not available or when cost is prohibitive.
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discretion, the patient’s health status and the exclusion of any contraindications.
Nonsteroidal anti-inflammatory drugs play a major role in postoperative pain relief� Monitoring is commonly performed manually and by auscultation. This includes
assessment of anesthetic depth (pulse palpation, heart rate, respiratory rate, mucous
membrane color, and neurological reflexes). Pulse oximetry is practical and useful
with protocols where oxygen is not routinely administered (Chapter 7)� A protocol for anesthetic emergencies should be in place with standard kits and
equipment readily available (Chapter 10). Personnel should be trained for emergency
procedures� Adjustments to the range of recommended dosages, regimens, and techniques to suit
the conditions of each center are to be expected� A successful program includes necropsy and tentative diagnosis of any deaths. Case-
based discussions (“rounds”) are important to review anesthetic records and com-
munication of all parties involved� Anesthetic recovery should be monitored until the cats are at least in sternal
recumbency. Hypothermia is a common complication and warming methods should
be employed (Figure 10.8)� Transportation to the operating facility should be by trained personnel and in suitable
vehicles and traps or carriers. Patient identification and space allocation are important
to organize in advance to avoid stress and accidents� Free-roaming cats and cats from shelters may have upper respiratory disease, and the
attending veterinarian will be required to make decisions on whether or not these
patients undergo anesthesia and surgery

Some injectable-only anesthetic protocols are suggested in Table 4.2.
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Key Points

� Basic pharmacology of local anesthetics� Factors influencing onset and duration of action of local anesthetics� Local anesthetic-induced toxicity� Local anesthetics used in clinical practice� Basic principles of electrical nerve location� Description of loco-regional anesthetic techniques suitable for clinical practice

Introduction

Local anesthetics block neuronal voltage-gated Na+ channels and voltage-dependent K+

and Ca2+. By doing so, they block the generation and propagation of electrical impulses
in a reversible manner. These mechanisms produce loss of sensory, motor, and
autonomic function. Loco-regional anesthetic techniques are widely used in the man-
agement of perioperative pain (Box 5.1).

Box 5.1: Advantages of using perioperative local anesthetic techniques

� They provide preventive and multimodal perioperative analgesia. Local anesthetics
can be administered in combination with opioids, agonists of α2-adrenergic receptors,
ketamine, and NSAIDs (Chapter 13)� They decrease / blunt the stress response to surgical trauma: local anesthetic tech-
niques used before surgery reduce the neuroendocrine response to surgery� They prevent the development of central sensitization: local anesthetics are the only
drugs that completely block peripheral nociceptive input� They reduce volatile and injectable anesthetic requirements (anesthetic “sparing
effect”). They diminish autonomic responses to surgical stimuli, which improves
intraoperative cardiopulmonary function, and facilitate a rapid and smooth recovery
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Nerve branches of the maxillary, inferior alveolar (mandibular), intercostal, and
those innervating the thoracic and pelvic limbs are commonly blocked as part of
loco-regional anesthetic techniques in cats. Knowledge of anatomy and clinical
pharmacology of local anesthetics is required to ensure these techniques are safe and
effective.

Physicochemical and Pharmacodynamic Properties of
Local Anesthetics

Local anesthetics have a lipophilic aromatic unsaturated ring linked to a hydrophilic
amino group by an intermediate hydrocarbon chain. The latter contains either an ester
or an amide group, which defines the type of metabolism, and serves as the basis for
classification (esters vs amide local anesthetics). The amino group is usually a tertiary
amine and determines the degree of water solubility (molecular dissociation and
combination with sodium channels).

� Most of these drugs are formulated as a racemic mixture (1:1). Ropivacaine and
levobupivacaine are exceptions� Local anesthetics have a nonionized, lipid-soluble form (base) and an ionized water-
soluble form (conjugated acid). The dissociation constant (pKa) corresponds to the pH
at which the acid and base forms exist in equal amounts. This is calculated using the
Henderson–Hasselbalch equation:

pKa � pH � log�base�=�acid�;where the pH is that of the solution or tissue:

� Local anesthetics have a pKa between 7.5 and 9 and are formulated as acid solutions of
hydrochloride salts (pH 3.5–5.0). This formulation gives a net prevalence of the
ionized form, and is therefore water soluble� When a local anesthetic solution is injected into body tissues with a physiological pH
(7.4), the nonionized lipid-soluble form will prevail. This is critical for the drug effect
since the nonionized form crosses biological membranes. In inflamed tissues, the
ionized form prevails, explaining why local anesthetics are usually ineffective in these
conditions (acidic pH)� Protein binding influences the drug activity because only the unbound free fraction is
pharmacologically active. Higher protein binding is associated with a longer duration
but slow onset of action. Protein binding is pH-dependent, and is reduced in
pathological conditions such as acidemia� Lipid solubility promotes sequestration of the local anesthetic into lipophilic com-
partments (i.e. myelin) from where the drug is slowly released. Lipid solubility is
directly correlated with potency (Box 5.2). It also contributes to the slower onset and
longer duration of action of the highly lipid-soluble drugs� Potency can be defined as theminimum concentration of a local anesthetic required to
block nerve conduction� Increased protein binding, potency, and the effect of the local anesthetic on vascular
tone (i.e. vasoconstriction), correlate with increased duration of action� The concentration of a local anesthetic required to block nerve conduction is inversely
related to the length of the nerve in contact with the anesthetic solution

68 Feline Anesthesia and Pain Management



Box 5.2: Potency and lipid solubility of local anesthetics: Practical implications

� Potency and lipid solubility (octanol: buffer partition coefficient) are positively correlated� Bupivacaine is almost ten times more lipid soluble (partition coefficient of 3440) than
lidocaine (partition coefficient of 366). In vivo potency of bupivacaine is four times
that of lidocaine� The higher lipid solubility of bupivacaine accounts for the lower concentrations (0.125 –
0.75%) required to produce nerve block when compared with lidocaine (1–2%)� The high lipid solubility of bupivacaine accounts for the slower onset (20–30 minutes)
and longer duration of action (3–6 hours) when compared with lidocaine (5–10minutes
and 1–2 hours, respectively)

Axons and Nerve Fibers

Axons may be classified on their structure (myelinated and unmyelinated), diameter, and
function (Table 5.1). The small unmyelinated axons (C fibers) are more susceptible to
local anesthetics followed by small myelinated axons (B fibers), and large myelinated (Aα
and Aβ) fibers. Clinical experience shows that autonomic responses are inhibited before
sensory (pain, loss of sensation, and light touch), and motor blockade. The resolution of
nerve block follows the reverse order. This phenomenon is known as differential block,
and is influenced by many other factors (i.e. characteristics of the local anesthetic, length
of nerve in contact with the anesthetic solution, position of the single axon in the nerve
bundle, frequency of discharge of the nerve). Some local anesthetics may cause sensory

Table 5.1 Classification of nerve fibers with regard to structure (myelinated and unmyelinated),
diameter and function.

Type of
fiber

Structure Diameter
(μm)

Function Conduction
(m/s)

Susceptibility to
local anesthetics
(in vitro)

Order of
blockade
(in vivo)

Aα Myelinated 12–20 Motor and
proprioception

30–120 ++ 5

Aβ Myelinated 5–12 Sensory (touch
and pressure)

30–70 ++ 4

Aγ Myelinated 3–6 Muscle tone to
the muscle spindle

15–35 +++ 3

Aδ Myelinated 2–5 Pain (fast), touch,
temperature

5–25 ++ 2

B Unmyelinated < 3 Autonomic
function

3–15 ++ 1

C Unmyelinated 0.3–1.4 Pain (slow),
autonomic
function,
temperature

0.7–1.3 + 2
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blockade with apparent sparing of motor blockade (e.g. ropivacaine), and this is known
as sensitive-motor dissociation. For example, if ropivacaine is used, a cat may be able to
walk postoperatively (lack of motor impairment) while sensory block is still present after
epidural administration or a sciatic-femoral nerve block.

Pharmacokinetics

Figure 5.1 shows the classic absorption, distribution, metabolism, and excretion after the
administration of local anesthetics.

Factors Influencing Onset and Duration of Action

� Site of injection is the most important factor influencing the onset of local anesthetic
block. The anesthetic solution should be injected as close as possible, but not into, the
nerve for the most rapid onset of anesthesia� Dose, volume, and concentration of the local anesthetic solution influence onset,
magnitude, and duration of anesthesia. Higher concentrations are normally preferred.
If the local anesthetic is diluted this reduces concentration, and might affect duration
of anesthesia. On the other hand, in small animals such as the cat it may be necessary
to use dilute solutions so that an adequate volume can be used without giving a toxic
dose

Figure 5.1 Absorption, distribution, metabolism, and excretion of local anesthetics.
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� Physical and chemical characteristics of the local anesthetic solution influence the
onset of anesthesia (see lipid solubility, potency above). This may explain the slow
onset of action of the lipophilic drugs (such as bupivacaine, ropivacaine), despite their
greater potency� Duration of anesthesia depends on clearance of the local anesthetic solution from the
site of action, which, in turn, will depend on the dose, blood flow, and lipophilicity of
the drug

Metabolism

Amino-esters such as tetracaine, procaine, and benzocaine are not recommended in
feline anesthesia. They are hydrolyzed into para-aminobenzoic acid (PABA), which may
cause an allergic reaction and methemoglobinemia (Chapter 2).
Amino-amide local anesthetics include lidocaine, mepivacaine, prilocaine, bupiva-

caine, ropivacaine, and levobupivacaine. These drugs are largely metabolized by cyto-
chrome P450 enzymes in the liver. Conjugation and glucuronidation (phase II of hepatic
metabolism) increase water solubility and polarity, thereby facilitating renal elimination.
Cats are deficient in glucuronyl transferases; this impairs biotransformation of local
anesthetics and makes this species more prone to toxicity (Chapter 2). Prilocaine
undergoes hydrolysis to o-toluidine, a compound capable of oxidizing hemoglobin to
methemoglobin, which does not bind to oxygen and leads to cyanosis. Clearance of
amide local anesthetics may be reduced or prolonged by decreased hepatic blood flow
(e.g. decreased cardiac output and hypotension).

Adjuvants

Local anesthetics are commonly administered with adjuvant drugs to modify their onset
and duration of action. The advantages and disadvantages of these adjuvants are
described in Table 5.2.

Local Anesthetics

The most common local anesthetics used in feline practice are presented in Table 5.3.

Lidocaine

Lidocaine is the most popular local anesthetic in veterinary practice, and is considered to
be the prototype of the amino-amide group. It is available in concentrations of 0.5%, 1%,
and 2% with or without epinephrine (adrenaline), and in a gel preparation in concen-
trations of 2.5% to 5%. Doses should not exceed 10mg/kg.
Lidocaine is administered as part of topical or infiltration anesthesia, peripheral nerve

(brachial plexus, sciatic, and femoral nerve, “ring block” e.g. for onychectomy), and
neuraxial (epidural and spinal) blocks. Lidocaine is routinely applied to the larynx before
intubation to avoid laryngospasm (Chapter 1 and 2).
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Lidocaine (1mg/kg IV) is a class Ib antiarrhythmic drug that can be used to treat cardiac
ventricular dysrhythmias. When administered intravenously either as a bolus or as a
constant rate infusion it can provide prokinetic, anti-dysrhythmic, inhalant-anesthetic
sparing, anti-inflammatory and analgesic effects. In cats, intravenous infusions of lido-
caine (25–50μg/kg/minute) reduce isoflurane requirements but cause cardiovascular

Table 5.2 Adjuvant drugs administered with local anesthetics.

Adjuvant Advantages Disadvantages Mechanism of action Comments

Vasoconstrictors
(epinephrine
1:200 000 (5μg/mL))

Prolong the
duration of the
block; increase
the intensity of
the block;
reduce the
systemic
absorption of
local anesthetics

Potential
ischemic
nerve injury;
accidental
intravascular
and high
doses cause
systemic
effects

Reduction of local
blood flow and
clearance of the drug;
direct stimulation of
the α2-adrenergic
receptors

1:200 000
concentrations
can be obtained
by adding 0.1 mL
of 1:1000
epinephrine
(0.1 mg) to 20 ml
of local anesthetic
solution

Agonists of
α2-adrenergic
receptors
(dexmedetomidine)

Shorten onset of
the block; longer
duration of
sensory and
motor block;
enhance the
quality of block

Accidental
intravascular
and high
doses cause
systemic
effects

Direct supraspinal and
spinal mechanisms;
local effect mediated by
hyperpolarization of C
fibers; local
vasoconstriction

Clinical
experience
suggests that a
solution of local
anesthetic
containing 0.5–
1 μg/mL of
dexmedetomidine
is effective in
small animal
patients

Sodium bicarbonate Reduce pain of
injection of local
anesthetic
solution; shorten
the onset of the
block

Excessive
alkalinization
(pH > 7) may
cause
precipitation
of local
anesthetic
solutions

Raises the pH of the
local anesthetic
solution (alkalinization)
increasing the amount
of nonionized lipid
soluble form of the
local anesthetic

The
recommended
dose of sodium
bicarbonate
solution is
0.1 mEq per mL
of local anesthetic
solution

Hyaluronidase Improves the
diffusion of local
anesthetic into
the tissues

Allergic
reactions have
been reported
in humans

The enzyme breaks
down hyaluronic acid,
which is a constitutive
component of the
connective tissue in the
extracellular matrix

The efficacy of
this technique is
unproven

Opioids Potentiation of
sensory block
without
impairing motor
function;
prolonged
duration of
action

Epidural
morphine
may result in
urine
retention and
pruritus

Opioids exert their
analgesic action
through a variety of
supraspinal and spinal
mechanisms, including
attenuation of C fiber-
mediated nociception

Morphine is the
most widely used
epidural opioid in
veterinary
medicine (alone
or in combination
with local
anesthetic)
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depression which is greater than an equipotent dose of isoflurane alone. Thus, in cats,
lidocaine infusion is not recommended to reduce inhalant agent requirements or as a
component of a multimodal analgesic plan (Chapter 6).

Lidocaine Patch

Lidocaine can be administered by the transdermal route (Figure 13.5). Lidocaine adhesive
patches provide pain relief in a safe manner with minimal systemic absorption and poor
bioavailability (6%). The 700mg patch (50mg/g of adhesive) is applied over the area of
need, and measurable concentrations can be detected in plasma after 12 hours. However,
an analgesic effect is observed at the site earlier due to a local effect. This formulation
should be used as part of multimodal analgesia, but is not available in all countries.

Eutectic Mixture of Lidocaine and Prilocaine

This is a commercial mixture of lidocaine 2.5%, and prilocaine 2.5% (1:1) for topical
anesthesia. Application of the cream does not result in significant systemic absorption or
adverse effects in healthy cats. It has been shown to be efficacious for venipuncture and
intravenous catheter placement (Figure 5.2).

Bupivacaine and Levobupivacaine

Bupivacaine is a highly lipophilic amino-amide local anesthetic. It is significantly more
cardiotoxic than other local anesthetics and must never be administered by the IV route.
Doses should not be greater than 2mg/kg. Concentrations of 0.25%, 0.5%, and 0.75% are
available commercially with or without epinephrine.
Levobupivacaine is an isomer (S-enantiomer) of bupivacaine, and produces less

cardiotoxicity than the racemic mixture. The physicochemical properties and clinical
uses are similar to bupivacaine but the drug is more expensive in most countries.
Adverse effects were not reported when levobupivacaine (2mg/kg) was used for feline
femoral and sciatic nerve block.

Ropivacaine

Ropivacaine is an amino-amide local anesthetic with intermediate potency and long
duration of action. It is marketed as a pure S-enantiomer. It produces less cardiovascular

Table 5.3 Common local anesthetics used in feline practice.

Local anesthetic pKa Protein binding
(%)

Onset
(minutes)

Duration of the
block (hours)

Relative potency
(lidocaine = 1)

Lidocaine 7.7 55–65 5–15 1–2 1

Mepivacaine 7.6 75–80 5–15 1.5–2.5 1

Bupivacaine 8.1 85–95 10–20 4–6 4

Ropivacaine 8.1 94 10–20 3–5 3

Levobupivacaine 8.1 97 10–20 4–6 4
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and central nervous system (CNS) adverse effects compared with bupivacaine. It is
available in concentrations up to 1%. Ropivacaine causes sensory block but limited
motor blockade which is often beneficial in clinical cases. However, its use in cats is not
well documented.

Mixing Local Anesthetics

Historically, lidocaine 2% and bupivacaine 0.5% have been mixed together to decrease
the onset of action of bupivacaine while increasing the duration of action of lidocaine.
However, these drugs have different pKa and percentage protein binding, and there is
little evidence that this combination is better than bupivacaine alone. The results
may be unpredictable and the duration of action actually decreased. For example,
epidural administration of lidocaine and bupivacaine produced a similar onset of
sensory block to either drug alone. When anesthetics are combined, the total dose
should be calculated as a fraction of each anesthetic’s maximum dose to avoid
toxicity.

Adverse Effects

Neurotoxicity
Local anesthetics can produce irreversible or reversible nerve damage. Local neuro-
toxicity is directly related to the potency of a local anesthetic. However, adverse effects
are rare if normal clinical precautions are taken (Box 5.3).

Figure 5.2 A eutectic mixture of lidocaine and
prilocaine cream is used to desensitize the skin
before venous catheterization and veni-
puncture. The area should be covered by an
occlusive bandage for 20–30 minutes before
puncture. Blanchingor hyperemiamaybenoted
in the area of application after removal of the
occlusive bandage. Adverse reactions have not
been reported in cats.
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Box 5.3: Risk factors associated with toxicity of local anesthetics

� Excessive doses or concentration of the local anesthetic solution; this is not a problem
when recommended doses and concentrations are used� Addition of epinephrine to the local anesthetic solution (especially if administered for
limb block) carries a risk of central or peripheral ischemic tissue injury� Use of spinal or epidural catheters (increases the risk of inflammation and spinal cord
damage)� Contamination of the local anesthetic solution� Use of preservatives; this is particularly important with repeated epidural injections of
solutions containing preservatives that are neurotoxic to the spinal cord

Neurotrauma can be caused by direct nerve damage or intraneural injection. A local
anesthetic solution should never be injected if resistance to injection is experienced.
Recent studies using ultrasound-guided techniques showed that intraneural injection is
common but often occurs without causing neurologic lesions. Use of electrical periph-
eral nerve stimulators and ultrasonography should reduce the incidence of such
complications.

Systemic Toxicity
Systemic toxicity is usually produced by accidental intravascular injection of the local
anesthetic solution. It results from high plasma concentrations affecting the central nervous
system followed by respiratory and cardiovascular depression, and death (Figure 5.3).
Bupivacaine is the exception to this rule; it causes immediate cardiovascular toxicity.

Figure 5.3 Plasma concentrations of lidocaine associated with adverse effects.
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Systemic toxicity can be prevented by

� Using recommended doses and concentrations� Confirming negative aspiration of blood before injection (risk of intravascular
injection)� Using an ECG or Doppler ultrasound tomonitor cardiovascular function and for rapid
recognition of dysrhythmias. Bupivacaine is injected slowly� Appropriate knowledge of anatomical landmarks and the risks associated with each
technique

Signs of central nervous toxicity include agitation, muscle twitching, seizures, stupor,
and coma. Some of these signs are not observed if the cat is anesthetized. In this case,
apnea and cardiovascular collapse (decreased cardiac contractility, bradycardia, hypo-
tension, and dysrhythmias) will result. Severe cardiovascular depression (bradycardia,
sinus arrest, and severe hypotension) has been reported in a cat after receiving
bupivacaine (1.6mg/kg) for an inferior mandibular block. Accidental IV injection
may have occurred.

Treatment of Systemic Toxicity

� Administration or infusion of local anesthetics should be stopped immediately� Anticholinergics and positive inotropes are recommended for treatment of bradycar-
dia and hypotension� If signs do not resolve within minutes, an intravenous lipid emulsion (Intralipid®,
4mL/kg bolus, followed by 0.5mL/kg/minute for 10 minutes) is administered. This
will also increase the chance of successful resuscitation after cardiac arrest following
bupivacaine overdose� Other treatment includes ventilation (respiratory arrest), administration of benzodi-
azepines, barbiturates or propofol (treatment of seizures) and epinephrine (cardiac
arrest). Heavy sedation or anesthesia may be required to control neurological signs� Amiodarone is used as an antiarrhythmic drug in cases of local anesthetic-induced
cardiotoxicity

Other Complications
Knowledge of feline anatomy and good local anesthetic technique should enable effective
blocks to be produced with few complications.

� Hematoma and bleeding can occur during administration of a local anesthetic. This is
usually not a problem; however, an epidural or spinal hematoma may cause serious
neurologic deficit� Aseptic techniques prevent development of infection; a block should never be
performed through known infected tissue� Penetration of the globe has been reported in a cat following an intraoral maxillary
nerve block for oral surgery. Enucleation was required� Suspected brainstem anesthesia following a retrobulbar block has been reported in a
cat: the patient became apneic and ventilation was required in the intra- and early
postoperative period. Postoperative neurological signs included nystagmus, absent
menace response, mydriasis, and lack of dazzle and direct pupillary light reflex. All
neurological signs resolved within 3 hours of extubation
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Techniques for Nerve Location

Some peripheral nerve blocks may be guided using electrical nerve stimulator (ENS)
or ultrasonography. Methods employing ENS are convenient, safe, and affordable for
administration of local anesthetics. The ENS is attached to an insulated needle (Box 5.4)
generating an electrical field in the tissues surrounding a target nerve. This results in
depolarization and muscle contractions that are used to confirm correct needle
placement (Figure 5.4). Most cats will require heavy sedation or general anesthesia
for this procedure.

Box 5.4: The insulated needle

An insulated needle is electrically isolated with the exception of its tip. In cats, a 23 or
22-G needle with a length of 25–50mm (1–2 inches) is most commonly used. The needle
is equippedwith a luer lock (with or without a short extension line) to connect the syringe
and avoid excessive movements. The dead space of the extension line and needle should
be taken into account when calculating the volume to be injected.

Ultrasonography allows direct visualization of nerves, vessels, and surrounding
structures during application of peripheral nerve block. This may reduce complications
such as nerve damage, bleeding, and hematoma; however, it requires training and the
equipment is expensive. Use of ENS and ultrasonography reduces the dose of local
anesthetic required to produce effective nerve block and increases the rate of success.

Figure 5.4 Sciatic nerve block. An electrical nerve stimulator (ENS) is used to locate the sciatic nerve for
administration of the local anesthetic. A typical nerve stimulator delivers currents at a variable frequency
(1–4Hz) and intensity (0 and 4–5mA). There are two electrical cables (not shown); one (negative charge,
cathode, black color) is connected to the insulated needle while the second (positive charge, anode, red
color) is attached to the skin of the cat and distal to the needle (Box 5.4). Muscle contraction usually
disappears after injection. This is due to the solution deposited between the needle and the nerve and
should not be considered a sign of onset of the block.

5 Local Anesthetics and Loco-regional Techniques 77



These advantages are particularly important in cats because of the increased risk of
toxicity resulting from their poor hepatic glucuronidation.

Local Anesthetic Techniques

Some basic principles are employed before application of all local anesthetic techniques
(Box 5.5). Local anesthetic techniques should not be used in proximity to any cancerous
tumors since neoplastic cells may be disseminated. This section briefly describes
common local anesthetic techniques used in feline practice.

Box 5.5: Basic principles that are applied with local anesthetic techniques

� Aseptic technique is always employed. Chlorhexidine (� 0.12% solution to avoid
swelling and irritation) can be applied before local anesthetic techniques in the oral
cavity� Careful calculation of local anesthetic dose is essential to avoid toxicity. Cats are
relatively small and possess poor metabolic capabilities (i.e. glucuronidation)
(Chapter 2)� Negative aspiration of blood should be confirmed before injection. This is particularly
important when bupivacaine is administered because of its cardiotoxicity� Lack of resistance to injection; intraneural injection followed by nerve damage has
been associated with high resistance during injection

Head

All dental procedures should be performed under general anesthesia with a properly
secured airway. Mouth gags are no longer applied for surgical procedures involving the
head and oral cavity because they are associated with postanesthetic blindness (Chapter
1 and 10). Oral local anesthetic techniques require simple, low-cost material such as
disposable 1mL syringes and 23 or 25-G 25-30mm (1.2 inch) needles. Larger needles
may cause nerve and vascular damage.
Dental blocks can be used for extractions and for surgery of the oral cavity, including

maxillectomy and mandibulectomy. A small quantity of local anesthetic (most com-
monly lidocaine or bupivacaine) is required. In general, volumes between 0.1–0.25mL
are appropriate. These blocks reduce anesthetic requirements and procedure-induced
increases in heart rate and blood pressure, and contribute to the control of postoperative
pain. It is important to note that techniques used in dogs cannot be directly extrapolated
to the cat due to some anatomical differences between species.

Infraorbital Nerve Block (Figure 5.5.1)
The infraorbital foramen is located just ventral to the orbit, and a bony ridge can be
palpated in cats. The infraorbital canal is much shorter in the cat than in dogs. It is only a
few millimeters in length. The needle is introduced ventrally and advanced approxi-
mately 2mm since eye penetration may occur. Both the intraoral (or subgingival) and
extraoral approaches are acceptable.
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Anesthesia of the infraorbital nerve as it leaves the canal will produce ipsilateral
anesthesia of the nasal, labial, and rostral soft tissue. A maxillary block is required to
desensitize the incisor teeth.

Mental Nerve Block (Figure 5.5.2)
In cats, the middle mental foramen can be located between the third premolar and the
canine tooth. However, it is difficult to palpate because it is located medial to the lip
frenulum. The foramen is small and to avoid nerve damage it should not be penetrated.
The needle is gently inserted rostro-caudally at the lateral aspect of the mandible, and
local anesthetic is injected over the foramen.
This block desensitizes the rostral lower lip and mandible, and the canine and incisor

teeth. It is commonly performed for mandibular symphysis repair or extraction of the
ipsilateral lower incisor teeth.

Inferior Alveolar (Mandibular) Nerve Block (Figure 5.5.3)
The inferior alveolar foramen is located on the medial side of the mandible approxi-
mately halfway between the angular process of the mandible and the last molar tooth.
This foramen may be difficult to palpate in cats but the block can still be performed
successfully. Some cats do not have the concavity of the ventral margin of the
mandibular ramus, which can be easily located in dogs. An extraoral approach is
commonly used for this block; however, an intraoral technique is also acceptable.
Two imaginary lines are used to locate the mandibular foramen. One is perpendicular

to the lateral canthus of the eye and ventral portion of the mandible, which crosses with
another line dividing the dorsal and ventral teeth arcade, and parallel to the ventral
portion of the mandible. Where these lines intersect indicates the injection point.
A mandibular nerve block produces sensory and motor block of the mandible

including teeth, lower lip, part of the tongue, and hard and soft tissues.

Figure 5.5 Common local anesthetic blocks of the oral cavity. Anatomical location of the infraorbital
nerve block (1), mental nerve block (2) and inferior alveolar (mandibular) nerve block (3).
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Maxillary Nerve Block
The percutaneous approach for the maxillary nerve block involves desensitizing the
maxillary nerve as it enters the pterygopalatine fossa. The nerve is located ventral to
the rostral aspect of the zygomatic arch and caudal to the vertical aspect of the
maxillary bone. The needle is inserted in a rostro-medial direction just below the
ventral border of the zygomatic arch, and between the caudal aspect of the maxilla, and
the vertical ramus of the mandible. The needle should be directed towards the
pterygopalatine fossa.
For the intraoral approach, the needle is bent to a 45° angle and advanced dorsally, and

caudal to the molar tooth. The needle is pointed towards the maxillary foramen in the
pterygopalatine fossa. Global penetration has been reported in cats after a maxillary
block using the intraoral technique (see other complications above).
This block produces anesthesia of the ipsilateral maxilla including teeth, palate, and

the skin of the nose, cheek, and upper lip, as the infraorbital nerve and branches of the
pterygopalatine nerve branches are also blocked.

Peribulbar and Retrobulbar Blocks
Anesthesia of the eye and the orbit is achieved by blocking the ophthalmic branch of the
trigeminal nerve. Advantages include excellent analgesia, reduction of analgesic and
anesthetic requirements, akinesia, and blunting of the oculocardiac reflex.
Retrobulbar anesthesia is achieved by injecting a small volume of local anesthetic

solution intraconally (i.e. inside the extraocular muscle cone). A 38mm (1.5 inch), 22-G
needle is bent at the midpoint by approximately 20°. The needle is inserted through the
superior eyelid of the medial region of the orbit and advanced approximately 30mm
(1.2 inches) towards the caudal pole of the globe but in close proximity to the orbital wall.
Intraconal placement of the needle can be performed under ultrasound guidance. One
mL of the local anesthetic solution is injected once the needle tip is in the intraconal
space.
A 15mm (5/8th inch), 25-G needle is used for the peribulbar block. The needle is

inserted through the superior eyelid in the medial region of the orbit and advanced to its
full length in close proximity to the orbital wall, and 2–3mL of local anesthetic is
injected. Peribulbar injection relies on the distribution of local anesthetic rather than
direct retrobulbar anesthesia.
Possible complications of retrobulbar anesthesia include an oculocardiac response,

retrobulbar hemorrhage, intravenous injection of anesthetic, globe perforation, extra-
ocular muscle damage, and intrathecal injection which can induce seizures or cardio-
respiratory arrest.

Thoracic Limbs

Intravenous regional anesthesia (“Bier” block) is rarely performed in cats. Application of
a tourniquet has been shown to carry a significant risk of nerve damage and paralysis in
cats.

Brachial Plexus (using ENS)
This block is indicated for anesthesia of structures distal to the middle third of the
humerus. The goal is to anesthetize the axillary, musculocutaneous, radial, median, and
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ulnar nerves (Figure 5.6). The brachial plexus comprises a number of different nerves
and there is a higher prevalence of “patchy anesthesia” (i.e. some nerves are anesthetized
but not all of them) when compared with other loco-regional anesthetic techniques.
The scapulo-humeral joint, acromion, the jugular vein, greater tubercle, and the first

rib are identified. The needle is introduced in a cranio-caudal direction, medial to the
scapulohumeral joint, cranial to the acromion, and dorsal to the jugular vein. It is
directed perpendicular to a line between the acromion and the cranial border of the
greater tubercle of the humerus, and advanced towards the first rib at the ventral border
of the scalenus muscle. The ENS is set to deliver a 0.6–0.8mA current output at 2Hz.
The needle is slowly advanced towards the nerve until flexion of the elbow and
contraction of the biceps brachii muscle is observed. Correct needle placement is
confirmed when the response is observed at 0.4mA, but not at 0.2mA (risk of intra-
neural injection). Local anesthetic is injected at 0.3mL/kg. The axillary artery and vein
are located within the axillary space and there is a risk of inadvertent intravascular
injection if negative aspiration is not performed and repeated during the injection
procedure.

Figure 5.6 Anatomy of the brachial plexus in the cat (left lateral view). The cervical (C6, C7, C8)
and thoracic (T1) nerve roots and their branches form the brachial plexus. ∗Transverse processes
of the fifth, sixth and seventh cervical vertebrae. AA: Axillary artery; AV: Axillary vein; 1. Nerve to
the muscle brachiocephalicus; 2. Suprascapular nerve; 3. Subscapular nerve; 4. Axillary nerve;
5. Musculocutaneous nerve; 6. Radial nerve; 7. Median nerve; 8. Ulnar nerve; 9. Thoracodorsal nerve.
Source: Courtesy of Dr. Marina Evangelista.
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When a peripheral nerve stimulator is not available, the same technique is applied
using the aforementioned landmarks and the blind technique.

Metacarpal/Metatarsal “Ring” Block
These blocks are used for onychectomy, where this procedure is still performed. For the
thoracic limbs, this block desensitizes the dorsal and palmar branches of the ulnar nerve,
the superficial branches of the radial nerve, and the median nerve. The injections are
performed close to the carpus. For the pelvic limbs, this block desensitizes the superficial
and deep peroneal nerve and the tibial nerve, and lateral and plantar nerves. The
injections are performed close to the metatarsal joint. Local anesthetic is administered
subcutaneously over the palmar/plantar aspect of the limbs and anesthetizes the
superficial nerves. A 25- or 27-G needle is used. Bupivacaine or ropivacaine is recom-
mended for prolonged anesthesia.

Pelvic Limbs

Lumbosacral Epidural
Lumbosacral epidural anesthesia is indicated for surgery caudal to the diaphragm. This
block blunts the stress response to surgery, provides intraoperative and postoperative
analgesia, and decreases inhalant anesthetic requirements during surgery.
The cat is positioned in sternal recumbency and the spinous processes of L7 and S1

and the iliac tuberosity are identified with the middle finger and thumb of the non-
dominant hand. A 22-G, 25mm (1 inch) Tuohy (preferably) needle is inserted perpen-
dicular to the skin with the dominant hand. The needle is advanced through the
subcutaneous tissues, and the needle stylet is removed with the nondominant hand.
The needle hub is filled with local anesthetic for the hanging drop technique. The needle
is further advanced until the ligamentum flavum is punctured and loss of resistance is
felt while the local anesthetic is aspirated due to negative pressure within the epidural
space. Puncture of the ligamentum flavum will produce a “pop” sensation although this
may be quite subtle in cats. Additionally, the hanging drop with aspiration of local
anesthetic is not always reliable in cats.
Lidocaine or bupivacaine is injected in combination with preservative-free morphine

(0.1mg/kg) (total volume of injection is 0.2mL/kg) (Chapter 13). Slow injection is
important to achieve a homogenous distribution of the drug within the epidural space,
andprevent “patchy” anesthesia,which occurswhen some spinal nerves are left unaffected.
In cats, the dural sac extends further caudally than in other species and penetration of

the duramater can occur with consequent leakage of cerebrospinal fluid into the needle
hub (Chapter 2). In this case, the needle should be pulled back a little before injection. If
this does occur, use of preservative free drugs is essential.
Epidural injection should not be performed if there is skin infection at the puncture

site. Other contraindications for this technique include coagulation disorders, spinal
cord trauma, hypovolemia, and septicemia.

Sacrococcygeal Epidural
This is a simple, easy, and readily applicable technique for catheterization of male cats
with urethral obstruction (Figure 9.2). The cat is sedated, if not depressed, and positioned
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in sternal recumbency. The sacrococcygeal area is prepared aseptically. The space
between the sacrum and first coccygeal vertebra is identified. Lidocaine 2% is injected
(0.1–0.2mL/kg) using a 25-G, 25mm (1 inch) needle at a 30–45° angle and advanced
through the interacuate ligament and ligamentum flavum. The needle is repositioned if
bone is encountered, or if blood is aspirated. The technique produces anesthesia of the
perineal area, penis, urethra, colon, and anus.

Sciatic and Femoral Nerve Block (using the ENS Technique)
Sciatic and femoral nerve blocks provide analgesia and probably fewer complications
than epidural anesthesia for pelvic limb surgery in dogs, and may equally be applied in
cats. These blocks are usually combined and should result in anesthesia of the femur,
stifle, tibia, tarsus, metatarsus, digits, as well as other pelvic structures.
The sciatic nerve block is performed with the cat in lateral recumbency (Figure 5.4).

The greater trochanter and the ischiatic tuberosity are palpated and the insulated needle
is inserted at the midpoint between these landmarks. Initially, the ENS is set to deliver a
0.5–0.6mA current output at 2Hz. The needle is slowly advanced towards the nerve
until dorsiflexion or plantar extension of the foot is observed. Correct needle placement
is confirmed when the response is observed at 0.4mA, but not at 0.2mA (risk of
intraneural injection).
A femoral nerve block is performed using a ventral (inguinal) approach with the cat in

dorsal recumbency (Figure 5.7). The pelvic limb to be injected is abducted at 90° and
extended caudally. The femoral triangle (delineated by the pectineus muscle caudally,
the sartorius muscle cranially and the iliopsoas laterally) is identified. The puncture site
is located cranial to the femoral artery. The insulated needle is advanced towards the
iliopsoas muscle until contraction of the quadriceps muscle results in stifle extension.
Negative aspiration is essential prior to injection in this area due to the proximity of the
femoral artery.

Figure 5.7 Femoral nerve block. An electrical nerve stimulator (ENS) is used to locate the femoral nerve
for administration of the local anesthetic.
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Other Techniques

Intratesticular Block
The intratesticular block is indicated for anesthesia of the testicles in cats undergoing
castration. The technique is shown in Figure 5.8.

Intraperitoneal and Incisional Anesthesia
Incisional anesthesia is accomplished by infiltrating the skin in the surroundings of the
surgical field with local anesthetic. The technique has been used most often before
laparotomy, and as part of a multimodal analgesic protocol. Doses of local anesthetic are
calculated (Figure 5.9), and additional loco-regional blocks should be taken into account.
For example, half of the dose should be used for each block if both incisional and
intraperitoneal techniques are employed. For laparotomy, local anesthetic is injected
into the subcutaneous tissues along the linea alba, just before final aseptic preparation.
Intraperitoneal anesthesia with bupivacaine provides postoperative analgesia in cats

undergoing ovariohysterectomy; plasma concentrations of bupivacaine were below toxic
levels. The technique is shown in Figure 5.9.

Wound “Soaker” Catheters
Local anesthetics can be delivered through diffusion (“wound soaker”) catheters that are
embedded near or in surgical sites and used to deliver continuous or intermittent
infusions of local anesthetic for postoperative pain management. However, “patchy”
distribution can occur and the technique is best applied as part of a multimodal protocol,
and not as a “stand-alone” analgesic technique. The incidence of complications is low
and the need for rescue analgesics is commonly reduced in the postoperative period.

Figure 5.8 Intratesticular anesthesia. This block
blunts stress response to castration, decreases
intraoperative and postoperative pain and
incidence of rescue analgesia. Inhalant anes-
thetic requirements during surgery are reduced.
Under general anesthesia and aseptic condi-
tions, a 23-G or 25-G needle is inserted into the
testicular parenchyma and approximately
0.25–0.5mL of lidocaine per testis is injected
after aspiration to prevent intravascular
injection.
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Inhalation and Balanced Anesthesia
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Key Points

� Inhalant anesthetics are most commonly used for maintenance of anesthesia. However
they may result in hypotension and low cardiac output� Dexmedetomidine or lidocaine decreases inhalant requirements and improves blood
pressure but reduces cardiac output more than an equipotent concentration of the
inhalant drug alone� Opioids provide good analgesia and exert a variable effect on inhalant requirements. At
high doses, they cause tachycardia, hypertension, and hyperthermia� Ketamine decreases volatile anesthetic requirements, but its hemodynamic effects in
combination with these drugs have not been well characterized in cats� Nonrebreathing circuits are typically used in feline anesthesia and require the use of high
fresh gas flow

Volatile Anesthetics

Volatile anesthetic agents are widely used for maintenance of anesthesia in cats. Some
advantages include predictable and rapid adjustment of anesthetic depth and fast
recovery. These drugs are not dependent on liver metabolism or renal excretion.
The mechanism of action of inhalant anesthetics has not been elucidated but it may
involve nonspecific effects on lipid membranes, interactions with ion channels or
receptors, or both.
Intubation of the airways (e.g. endotracheal tube or supraglottic airway device,

Chapter 1) is most commonly used to deliver these anesthetics to the patient. Oxygen
is administered along with the inhalant anesthetic (volatile anesthetics and nitrous
oxide), and ventilation is easily controlled if needed. Both these features may decrease
morbidity and mortality, although endotracheal intubation in cats has been reported to
increase the risk of death (Chapter 1). A well-fitting mask is acceptable for short periods
of anesthesia.
Four volatile anesthetics have been widely used in cats: halothane, isoflurane, sevo-

flurane, and desflurane; only the three latter agents are currently available in the United
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States and Europe. In addition, desflurane does not appear to be commonly used in
current veterinary practice. While nitrous oxide is still available, it does not induce
unconsciousness alone in cats and therefore is used as part of a balanced anesthetic
technique. The following section discusses the main features of these anesthetics.

Halothane

� Halothane is a halogenated hydrocarbon discovered in the early 1950s and introduced
in veterinary anesthesia in the late 1950s� Its vapor pressure is 244mm Hg at 20 °C, and it is usually delivered via a precision,
out-of-circuit vaporizer� Its chemical structure lacks the ether group found in isoflurane, sevoflurane, and
desflurane; this feature has been implicated in the higher dysrhythmogenic potential of
halothane� Thymol is added to its preparation; it can damage the anesthetic vaporizer, which
therefore requires regular service and calibration� Its blood:gas partition coefficient is 2.4, which makes it the volatile anesthetic with the
highest solubility in blood among the ones in current use; therefore it has a slower
onset and offset of action than other volatile anesthetics� Its MAC (minimum alveolar concentration required to prevent a response in 50% of
the population) is 1.14% in cats. Halothane is the most potent of the volatile
anesthetics in current use� Halothane has the potential to cause hepatitis, although this has not been reported in
cats. In contrast to other inhalant anesthetics in current use, halothane sensitizes the
myocardium to catecholamine-induced dysrhythmias, and should be used with
caution in patients at risk for dysrhythmias, or in combination with other dysrhyth-
mogenic agents� Halothane depresses myocardial contractility in a concentration-dependent manner,
and to a larger extent than isoflurane

Isoflurane

� Isoflurane is a fluorinated ether released for veterinary use in the late 1980s.
Commercially available products are stable and do not require a preservative� Its vapor pressure is 240mmHg at 20 °C, and it is usually delivered via a precision, out-
of-circuit vaporizer� It has a low blood:gas partition coefficient (1.46). This results in rapid anesthetic
induction and recovery. Isoflurane undergoes minimal hepatic metabolism (0.2%)� Its MAC is between 1.63 and 2.21% in cats. Cardiopulmonary studies at 1.3 MAC in
cats reported minimal cardiopulmonary depression, especially in cats breathing
spontaneously. At 2.0 MAC (deep anesthesia), isoflurane caused hypotension and
hypercapnia; however, cardiac index was maintained. On the other hand, cardiac
index decreased when the hypercapnia was corrected by controlled ventilation. In the
cat, respiratory rate tends to be maintained as dose is increased whereas tidal volume
decreases. The alveolar concentration that causes apnea is 2.4 MAC
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� Mean arterial blood pressure decreased from 95± 5mmHg in the conscious cat to
60± 7mmHg at 1.5% inspired concentration and 40± 2mmHg at 2.5% inspired
concentration. Isoflurane does not sensitize the heart to catecholamines� It has a strong pungent odor and cats may resist its administration via a facemask

Sevoflurane

� Sevoflurane is also a fluorinated ether, it was released for veterinary use in the late
1990s� Its vapor pressure is 160mmHg at 20 °C, and it is usually delivered via a precision, out-
of-circuit vaporizer� It has a lower blood:gas partition coefficient (0.68) than isoflurane; induction and
recovery from anesthesia should be more rapid with sevoflurane than isoflurane. It
undergoes minimal hepatic metabolism (2–5%)� Its MAC is between 2.58 and 3.41% in cats. The cardiopulmonary effects at 1.25, 1.5,
and 1.75 MAC of sevoflurane have been reported in cats. Sevoflurane-induced dose-
dependent cardiovascular depression characterized by decreases in arterial blood
pressure, cardiac index, and stroke index. Arterial blood pressure was better main-
tained with sevoflurane than isoflurane, thus limiting hypotension despite substantial
myocardial depression� Sevoflurane causes dose-dependent respiratory depression, although it appears less
severe than reported in other species. Like isoflurane, sevoflurane does not sensitize
the heart to catecholamines� It has a more pleasant odor than isoflurane and it is better tolerated for mask induction
than isoflurane. It is currently more expensive than isoflurane, particularly when the
difference in potency is taken into account

Desflurane

� Desflurane is also a fluorinated ether, currently approved only for use in humans� Its vapor pressure is 700mmHg at 20 °C. The boiling point is close to room
temperature, so all changes in temperature result in large changes in vapor pressure.
Desflurane requires a unique and expensive precision, out-of-circuit vaporizer that
heats the agent in order to deliver accurate concentrations. The vaporizer therefore
requires an electrical source and warming up before use. These features and the
high cost, especially considering its potency, limit the use of desflurane in veterinary
anesthesia� Desflurane has the lowest blood:gas partition coefficient (0.42) among volatile
anesthetics. It results in very rapid anesthetic induction and recovery. Desflurane
undergoes minimal hepatic metabolism (0.02%)� It is the least potent volatile anesthetic with a MAC of approximately 10%
(9.79–10.27%) in cats. The cardiopulmonary effects of 1.3 and 1.7 MAC of desflurane
have been reported in cats. Desflurane at 1.7 MAC decreased mean arterial pressure
and induced marked hypercapnia, although cardiac index was not affected. However,
cardiac index was decreased when hypercapnia was corrected by mechanical
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ventilation. In the cat, respiratory rate tends to be maintained as dose is increased
whereas tidal volume decreases� Like isoflurane and sevoflurane, desflurane does not sensitize the heart to catechol-
amines; however, it appears to be irritant to airways

Balanced Anesthetic Techniques

Balanced anesthesia relies on combining drugs to produce anesthesia so that the dose of
each drug can be reduced, in an attempt to decrease the adverse effects produced.
Specific drugs are often administered for specific effects such as analgesia.
Volatile anesthetics result in poor hemodynamics (low blood pressure and cardiac

output) when administered at concentrations that produce a surgical depth of anesthe-
sia. Balanced anesthesia is often advocated to decrease volatile anesthetic requirements,
and improve cardiovascular performance and analgesia. Techniques include the admin-
istration of opioids (following parenteral, transdermal, and epidural administration),
ketamine, nitrous oxide, lidocaine (following intravenous administration), gabapentin,
and dexmedetomidine in combination with volatile anesthetics (Table 6.1).

Table 6.1 Drugs that are administered for balanced anesthesia in cats.

Agent Dose Comments

Fentanyl LD: 5 μg/kg IV slow bolus
CRI: 0.1–0.4 μg/kg/minute

May or may not reduce inhalant requirements;
good analgesia; requires mechanical ventilation;
low to moderate doses may cause bradycardia; high
doses may cause hypertension, tachycardia, and
hyperthermia.

Ketamine LD: 0.5–1mg/kg IV bolus
CRI: 20–30 μg/kg/minute

Decreases inhalant requirements by approximately
50%. Cardiovascular effects in combination with
inhalants have not been studied in detail.

Nitrous oxide 50–70% inspired
concentration

May or may not reduce inhalant requirements;
may provide analgesia; sympathetic stimulant;
increases blood pressure but not cardiac output.

Lidocaine LD: 1mg/kg IV bolus
CRI: 50–80 μg/kg/minute

Decreases inhalant requirements by approximately
20%. Increases blood pressure but decreases
cardiac output. Used for prevention or treatment
of ventricular dysrhythmias.

Dexmedetomidine LD: 0.5 μg/kg IV bolus
CRI: 0.5 μg/kg/hour

Decreases inhalant requirements by approximately
50%. Decreases heart rate by approximately 19%
and cardiac output by approximately 34%;
increases mean arterial pressure by approximately
61% and systemic vascular resistance by
approximately 181%. Worsens cardiovascular
performance compared to inhalant alone. May be
useful to provide analgesia or sympatholysis.

Notes: LD – loading dose; CRI – constant-rate infusion.
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Opioids

Intravenous Administration

In human anesthesia, administration of high doses of opioids has become popular during
general anesthesia. Opioids decrease volatile requirements in a dose-dependent manner,
and produce or promote stable hemodynamics in both the presence and absence of
noxious stimuli. In cats, the magnitude of decreases in these requirements (i.e. decrease
in MAC) appears to be significantly smaller than in other species. Large doses of opioids
stimulate the sympathetic nervous system and result in tachycardia, hypertension, and
hyperthermia. In addition, the effects of opioids on the MAC may be highly variable. In
some studies, a clinically relevant effect (i.e. decrease in MAC) was demonstrated while
others failed to do so (see below). Nevertheless, IV administration of moderate to high
doses of opioids during volatile anesthesia are expected to result in good to excellent
analgesia and blunting of autonomic responses to noxious stimulation (while directly
increasing blood pressure and heart rate).
Maximal reduction in the MAC of a volatile anesthetic by a specific drug is defined as

the reduction achieved when further increases in plasma drug concentration do not
result in a further reduction in MAC. The effects of high and low doses of different
opioids on the MAC of isoflurane have been studied in cats and are summarized below.

� Low and high doses of morphine, butorphanol, buprenorphine, and U50488H (an
experimental kappa agonist) decreased MAC by 12 and 28%, 18 and 19%, 11 and 14%,
and 4 and 11%, respectively� Maximal MAC reduction during administration of alfentanil was up to 35% in a later
study using target-controlled infusions (Chapter 4) in cats� Agonists of μ-opioid receptors such as morphine and alfentanil appear to have the
potential to reduce MAC to a larger extent than agonists of κ-opioid receptor and
antagonists of μ-opioid receptors such as butorphanol, or pure κ-opioid receptor
agonists such as U50488H� In a different study, with the exception of alfentanil, high plasma concentrations of
fentanyl, sufentanil, and remifentanil did not significantly reduce the MAC of inhalant
anesthetics in cats; MAC reduction during administration of alfentanil was 16.2%� Remifentanil decreased the MAC of isoflurane between 23–30% in a further study,
whereas it did not influenceMAC in a different study. A ceiling effect was reported where
high doses of remifentanil did not further decrease MAC� These studies highlight the large individual variability with opioid-induced MAC
sparing in cats. Opioids will decrease volatile anesthetic requirements in some cats but
this effect may not be observed in others

Better cardiovascular performance was reported in cats when alfentanil/isoflurane was
compared with an equipotent isoflurane alone MAC multiple. Alfentanil was found to
attenuate most of the hemodynamic and metabolic responses to noxious stimulation.
However, increases in plasma concentrations of epinephrine and norepinephrine were
reported resulting in tachycardia and hypertension (Figure 6.1). These effects could be
detrimental in some cats where balanced anesthesia would be considered desirable (e.g.
cats with hypertrophic cardiomyopathy, the most common type of cardiac disease in
cats, Chapter 9). In summary, sympathetic stimulation may be observed during general
anesthesia when high dose opioid infusions are used.
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Fentanyl is more commonly used for balanced anesthesia in cats than other opioids.
Based on published pharmacokinetic data in isoflurane-anesthetized cats, a loading dose
of 0.2 μg/kg, and a constant rate infusion (CRI) of 0.02 μg/kg/minute (1.2 μg/kg/hour) of
fentanyl would be required to maintain plasma concentrations of 1 ng/mL (lower
analgesic concentration) at steady state. A loading dose of 12 μg/kg followed by a
CRI of 1 μg/kg/minute (60 μg/kg/hour) would be required to maintain plasma concen-
trations of 50 ng/mL (maximal MAC reduction) at steady state (Box 6.1).

Box 6.1: Balanced anesthesia with fentanyl

In clinical practice, when using fentanyl for balanced anesthesia in cats, a loading dose of
5 μg/kg is administered followed by an infusion of 0.4 μg/kg/minute. This would be
expected to result in good analgesia, and possibly some, but not maximal, MAC
reduction. Isoflurane, sevoflurane or desflurane is administered concurrently, at the
lowest concentration necessary to achieve surgical depth of anesthesia. Doses are
reduced to avoid dysphoria approximately 30minutes prior to the end of surgery. In
cats, unlike in dogs, heart rate does not decrease and administration of an anticholinergic
agent is usually not required.

Opioid infusion techniques induce less respiratory depression in cats when compared
with dogs; however, assisted or mechanical ventilation may be still required. Cats may
become hypersensitive to touch and sound during recovery of anesthesia after prolonged
opioid infusions. This can be minimized with a quiet environment andminimal handling.

Epidural Administration

Opioids may be administered by the epidural or subarachnoid (spinal, intrathecal) route
to provide analgesia, and possibly reduce the MAC of volatile anesthetics (Chapter 5 and

Figure 6.1 Effect of alfentanil on the MAC of
isoflurane (red line) and effect of equipotent
concentrations of isoflurane and alfentanil
combined on cardiac index (blue line). This
figure shows that alfentanil causes a mod-
eratedecrease inMAC, anda large increase in
cardiac index (only one alfentanil concen-
tration studied). The increase in cardiac index
was due to increases in heart rate and stroke
volume presumably caused by sympathetic
stimulation. Alfentanil is uncommonly used
in veterinary medicine, but fentanyl may
have similar effects. Note that 500 ng/mL is a
very high plasma alfentanil concentration;
based on pharmacokinetic data, an equipo-
tent plasma fentanyl concentration (50 ng/
mL) would be achieved by administering a
loading dose of 12 μg/kg, followed by a
constant rate infusion of 1 μg/kg/minute
(60 μg/kg/hour).
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Chapter 13). Opioids produce analgesia without interfering with motor function. While
opioids are generally administered by this route to provide postoperative analgesia, their
effects are also observed intraoperatively if administered early enough in the pre-
operative period.
Epidural administration of morphine (0.1mg/kg) decreased the MAC of isoflurane by

31%. However, in another study, significant decreases in the MAC of isoflurane were not
recorded after epidural administration of morphine (0.1mg/kg) or buprenorphine
(12.5 μg/kg) in cats. The latter study suggested important individual variability. In
any case, lack of MAC reduction should not be interpreted as lack of antinociception;
the same dose of morphine produced significant thermal antinociception from 1 to
24 hours. The potential of epidural opioids to improve hemodynamics when combined
with volatile anesthetics for balanced anesthesia appears limited.

Transdermal Administration

Administration of fentanyl by the transdermal route using a human patch may provide
postoperative analgesia. This is not to be confused with a veterinary licensed transdermal
solution of fentanyl in dogs (Recuvyra®), which should not be administered to cats
(Chapter 13) and is no longer available.
The fentanyl patch must be placed before surgery in order to be effective in the

postoperative period. Thus, plasma fentanyl concentrations within the analgesic range
may be present during surgery and contribute to balanced anesthesia. Transdermal
fentanyl (25 and 50 μg/hour patches) was reported to reduce theMAC of isoflurane by 17
and 18%, respectively. Possible hemodynamic benefits of this technique in combination
with volatile anesthetics have not been evaluated.

Ketamine

Ketamine has been reported to decrease theMAC of isoflurane in cats by 45, 63, and 75%
when administered by CRI at 23, 46, and 115 μg/kg/minute. Corresponding plasma
ketamine concentrations were 1.8, 2.7, and 5.4 μg/mL; for comparison, a study in
isoflurane-anesthetized dogs reported that plasma concentrations of ketamine between
2–3 μg/mL would provide maximum benefits for balanced anesthesia (improved hemo-
dynamics and ventilation compared with volatile anesthetic alone). Administration of
approximately 50 μg/kg/minute of ketamine in cats appears to produce plasma concen-
trations in that range; however, these doses are higher than those used in clinical practice
(10–20 μg/kg/minute). In-depth studies on the cardiovascular effects of ketamine in
combination with volatile anesthesia have not been reported in cats; however, both
arterial blood pressure and heart rate increase during ketamine administration. Recovery
may be prolonged when using high ketamine doses for long periods of infusion. Further
work is needed to define infusion doses before this can be recommended in cats. Some
studies are summarized below:

� A recent study reported the effects of ketamine in combination with remifentanil in
isoflurane-anesthetized cats. Ketamine increased the MAC-reducing effect of remi-
fentanil but there was no difference in heart rate or blood pressure in cats anesthetized
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with isoflurane alone, isoflurane with remifentanil, and isoflurane with remifentanil
and ketamine� The effects of ketamine in combination with morphine and lidocaine (MLK) or
fentanyl and lidocaine (FLK) have been studied in dogs. At the doses used, morphine
(0.2–0.24mg/kg/hour), lidocaine (3mg/kg/hour), ketamine (0.6mg/kg/hour), and
MLK significantly reduced the MAC of isoflurane by 48, 29, 25, and 45%, respectively.
These reductions were not significantly different between morphine and MLK but the
percent MAC reduction of both treatments was significantly greater than lidocaine
and ketamine infusions� In dogs, FLK (fentanyl 0.0036mg/kg/hour, lidocaine 3mg/kg/hour, ketamine 0.6mg/
kg/hour) was reported to reduce the MAC of isoflurane by approximately 100% (e.g.
produce immobility in response to noxious stimulation without addition of an
inhalant anesthetic)� These drug combinations are commonly administered as balanced anesthetic tech-
niques in veterinary practice. In some cases, these protocols have been administered to
cats; however, some practitioners do not include lidocaine. It should be stressed that
the cardiovascular effects of ketamine during inhalant anesthesia have not been
determined in cats, and those of fentanyl and lidocaine appear to be different between
dogs and cats (see below)� Further studies are needed to evaluate the potential benefits of such combinations in
cats and until adequate information is available these combinations should be used
with caution in cats

Nitrous Oxide

Nitrous oxide has been a common component of general anesthetic techniques in
human anesthesia; however, its use in veterinary anesthesia has been less widespread.
Nitrous oxide has low solubility in blood, and results in rapid onset and offset of effect
with limited cardiorespiratory depression. In veterinary anesthesia some have reported
minimal advantages in supplementingmore potent volatile anesthetics while others have
concluded that its analgesic properties reduce the need for high concentrations of
volatile anesthetics, which ultimately minimizes cardiopulmonary depression.
In cats, nitrous oxide decreased the MAC of halothane in a concentration-dependent

manner (e.g. by 19% with 50% nitrous oxide and by 31 % with 75% nitrous oxide). On the
other hand, consistent reduction in the MAC of isoflurane was not observed in a similar
study. This may suggest that the effects of nitrous oxide on the MAC of isoflurane are
highly variable. Interestingly, interaction of nitrous oxide and halothane, and with
isoflurane, was reported to be additive and antagonistic, respectively. The cardiovascular
effects of isoflurane alone versus isoflurane (at the same concentration) and 70% nitrous
oxide showed that in cats the combination improved arterial pressure due to vaso-
constriction. Overall, beneficial effects (e.g. increased cardiac output) were not reported;
however, clinical impression is that addition of nitrous oxide to isoflurane will often
stabilize mean arterial blood pressure within a normal range despite changes in surgical
stimulation, especially in critically ill cats.
Potential delivery of a hypoxic mixture is of great concern (Chapter 10) when using

nitrous oxide since a high concentration of the gas is administered with oxygen and a
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volatile anesthetic. Because of an increase in the alveolar to arterial oxygen tension
difference in cats under general anesthesia, an inspired oxygen concentration of at least
33% is recommended; this concentration should be measured (Chapter 7) rather than
assumed based on relative flows of oxygen and nitrous oxide. When inspired oxygen
concentration cannot be measured, target nitrous oxide concentration (based on relative
oxygen and nitrous oxide flows) should not exceed 50%. It has been argued that due to its
low potency, nitrous oxide produces minimal benefits when administered at concen-
trations lower than 50%.
Precautions should be taken when nitrous oxide is used:

� Because of the decrease in inspired oxygen fraction inherent to the use of nitrous
oxide, it should not be administered to cats with respiratory dysfunction unless the
arterial oxygen tension can be measured� Potential problems associated with gas spaces can arise when an animal previously
breathing air is given a gas mixture containing nitrous oxide. Since nitrous oxide
moves into gas spaces more rapidly than nitrogen moves out, an increase in volume in
compliant spaces, or an increase in pressure in noncompliant spaces may occur. Thus
nitrous oxide should not be administered to cats with pneumothorax or in situations
where air embolus could occur (e.g. spinal surgery)� At the end of anesthesia, the rapid transfer of nitrous oxide from the blood into the
lung, related to the large partial pressure gradient, results in a transient but marked
decrease in alveolar and therefore arterial oxygen tensions. For this reason, it is
recommended to administer 100% oxygen for a minimum of 10 minutes following
discontinuation of nitrous oxide administration� As nitrous oxide is not absorbed by activated charcoal canisters, active scavenging is
necessary to prevent contamination of the environment and personnel exposure (Box
6.2). These factors have reinforced the opinion of some authors that the cost:benefit
ratio does not justify the use of nitrous oxide in veterinary patients

Box 6.2: Environmental effects of nitrous oxide

Nitrous oxide contributes to the greenhouse effect and global warming, and to ozone
depletion. These effects, combined with its low anesthetic potency in dogs and cats,
potential for abuse, potential for affecting human health through chronic exposure to
low concentrations, and cost, have led some authors to claim that it should not be used in
veterinary practice

Lidocaine

Lidocaine is a local anesthetic agent (Chapter 5); its IV administration has been reported
to provide perioperative analgesia in humans. In addition, it reduces the requirement for
both volatile and injectable anesthetics. In cats, lidocaine decreases the MAC of
isoflurane in a plasma concentration-dependent manner: MAC was reduced by 3 to
52% with plasma concentrations ranging from 1 to 10 μg/mL (Figure 6.2). The decrease
in MAC was linear within that range. However, administration of lidocaine was
associated with greater cardiovascular depression than an equipotent concentration of
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isoflurane alone. Oxygen delivery decreased and it could result in poor tissue oxygen-
ation. Therefore administration of lidocaine is not recommended for balanced anesthe-
sia in cats if the goal is to improve hemodynamics; IV lidocaine is used for other reasons
such as the treatment of ventricular dysrhythmias.

Dexmedetomidine

Dexmedetomidine is an agonist of α2-adrenergic receptors with sedative, analgesic, and
anesthetic-sparing effects. It causes cardiovascular depression characterized by brady-
cardia, decreased cardiac output and increased systemic vascular resistance (Chapter 3).
In dogs, IV dexmedetomidine (0.5 μg/kg loading dose followed by 0.5 μg/kg/hour)

decreased the MAC of isoflurane by approximately 20% without producing significant
cardiovascular depression. In cats, it decreased the MAC of isoflurane in a plasma
concentration-dependent manner by up to 85%. In a follow-up study, dexmedetomidine
produced cardiovascular depression (decrease in cardiac output and oxygen delivery,
and increase in systemic vascular resistance) in a plasma concentration-dependent
manner. This cardiovascular depression resulted in lower cardiovascular performance
than isoflurane alone within the range of plasma dexmedetomidine concentrations
studied, despite the decrease in MAC (see Figure 6.3). Administration of dexmedeto-
midine is not recommended for balanced feline anesthesia if the goal is to improve
hemodynamics; dexmedetomidine may provide other benefits (e.g. analgesia, muscle
relaxation).

Gabapentin

Gabapentin is an anticonvulsant drug. It produces sedation and possibly analgesia in
various species including cats (Chapter 13 and Chapter 15). In humans, it is widely used
in the treatment of a variety of painful conditions. Some studies have suggested benefits

Figure 6.2 Effect of lidocaineon theMACof isoflurane (red line), andeffect of equipotent concentrations
of isoflurane and lidocaine combined on cardiac index (blue line). This figure shows that while lidocaine
decreases MAC in a plasma concentration-dependent manner, the combination of lidocaine and
isoflurane results in lower cardiac index than an equipotent (higher) concentration of isoflurane alone.
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when gabapentin is combined with other analgesic drugs to treat perioperative pain. In
cats, gabapentin did not change the MAC of isoflurane over a wide range of plasma drug
concentrations (1–20 μg/mL), and it does not appear to be suitable for balanced
anesthetic techniques in cats.

Balanced Anesthesia Summary

Some agents (lidocaine, dexmedetomidine) have been shown to decrease the MAC of
volatile anesthetics while worsening cardiovascular performance when compared with a
higher, equipotent dose of the anesthetic alone. Some agents (nitrous oxide, opioids)
may or may not decrease MAC, and may or may not improve hemodynamics; ketamine
appears to decrease MAC but its cardiovascular effects in combination with volatile
anesthetics have not been studied in cats. If the goal of balanced anesthesia is to improve
hemodynamics, the quest continues for the ideal agent in cats. However, some of these
drugs are useful for balanced anesthesia if the goal is to improve analgesia.

Breathing Systems

Breathing systems are required to deliver inhalant anesthetics to a cat. Minute ventilation
is a combination of a small tidal volume with a high respiratory rate in cats (Chapter 2).
Some basic information about breathing systems are included below:

� The anesthetic circuit must be small and light to allow easy access to the patient, have
minimal dead space, offer little resistance to respiration, and provide a method of
controlling ventilation when necessary� Nonrebreathing systems are commonly used in cats. Ayre’s T-piece, Jackson-Rees,
Lack, and Bain circuits are among the most popular systems in feline anesthesia
(Box 6.3). The Bain and Jackson-Rees circuits are commonly used in North America

Figure 6.3 Effect of dexmedetomidine on the MAC of isoflurane (red line) and effect of equipotent
concentrations of isoflurane and dexmedetomidine combined on cardiac index (blue line). The lines
represent themodeled concentration-effect relationship. Thisfigure shows thatwhiledexmedetomidine
decreases MAC in a plasma concentration-dependent manner, the combination of dexmedetomidine
and isoflurane results in lower cardiac index than an equipotent (higher) concentration of isoflurane
alone.
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(Figure 6.4). A “mini Lack” specially sized for cats has become popular in the United
Kingdom (Figure 6.5a)� High fresh gas flows are necessary to prevent rebreathing of expired gas when using
nonrebreathing systems. The lowest theoretical fresh gas flow achievable to avoid
rebreathing of expired gas equals minute ventilation: approximately 150mL/kg/
minute in anesthetized cats� High-fresh gasflowsmay inducehypothermia and increase costswith volatile anesthesia� Most nonrebreathing systems are not perfectly efficient; this is at least in part related
to the distance between the patient and the exhaust (pop-off) valve or equivalent (e.g.
open reservoir bag)� Systems in which the exhaust valve is close to the patient (e.g. Mapleson A or
Magill, Lack) are highly efficient during spontaneous ventilation; fresh gas flows
that are similar to minute ventilation may be sufficient to prevent rebreathing of
expired gas� Systems in which the exhaust valve is farther away from the patient (e.g. Mapleson D,
Bain) are less efficient; a fresh gas flow higher than minute ventilation is required to
prevent rebreathing of expired gas; for the Bain circuit, a minimum of 200mL/kg/
minute has been recommended, and this may be insufficient in some conditions (e.g.
rapid shallow breathing)� Although rebreathing systems are not commonly used in cats, modern technology, and
light materials have enabled the design of circle systems suitable for very small animals
(Figure 6.5b). These enable low flows to be used in the same way as in larger animals

Mechanical (or intermittent positive pressure) ventilation is sometimes necessary in
anesthetized cats, for example to avoid excessive hypercapnia, during the use of
neuromuscular blocking agents, or during thoracic surgery. During positive pressure
ventilation, Mapleson A systems are inefficient; higher fresh gas flows are required to
prevent rebreathing of expired gas than during spontaneous ventilation. In addition, the
location of the exhaust valve (close to the patient) may make mechanical ventilation
difficult using this system. These factors have led some authors to conclude that
Mapleson A systems should not be used for mechanical ventilation. Mapleson D (e.g.
Bain) and F (e.g. Jackson-Rees) are as efficient during spontaneous and mechanical
ventilation, and similar fresh gas flows can be used in both conditions without causing
rebreathing of expired gas. Rebreathing systems are also suitable for mechanical
ventilation.
One study compared the cardiopulmonary effects of a pediatric circle system with an

oxygen flow of 0.5 L/minute, an adult circle with an oxygen flow of 0.5 L/minute, and
an Ayre’s T-piece with an oxygen flow of 3 L/minute during halothane anesthesia in
cats. Variables (heart rate, cardiac output, stroke volume, arterial pressure, venous
pressure, systemic vascular resistance, respiratory rate, end-tidal concentrations of
carbon dioxide, end-tidal concentrations of halothane, arterial blood gas and pH,
temperature and ECG) were not statistically or clinically different among groups
during 135minutes of anesthesia. It was concluded that none of the systems was
superior to the others. However, this study was conducted in healthy cats, and the
conclusions may not apply to sick patients that may not tolerate increases in the work
of breathing.
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Figure 6.4 A: Bain circuit picture and B: Bain circuit schematic. 1: inside tubing, connected to fresh gas
flow line; 2: outside tubing, connected to reservoir bag and exhaust system; 3: fresh gas flow line; 4:
reservoir bag; 5: adjustable pressure limiting (pop-off) valve; 6: exhaust tubing; 7: patient connection; 8:
circuit manometer (low pressure gauge). C: movement of gas during inspiration; D: movement of gas
during expiration; E: movement of gas during expiratory pause. The green dots represent oxygen, the
purple dots represents inhalant anesthetic, and the black dots represent carbon dioxide. During
inspiration, gas devoid of carbon dioxide flows from the inside and outside tubing towards the patient.
During expiration, gas containing carbon dioxide flows from the patient to the outside tubing;
continuous flow in the inside tubing prevents expiratory gas to flow in it. During the pause between
expiration and inspiration, continuous flow of fresh gas in the inside tubing “flushes” gas in the outside
tubing towards the exhaust, resulting in accumulation of fresh gas in the outside tubing prior to the next
inspiration.
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Figure 6.5 (a) The “mini-Lack” breathing circuit specifically designed for cats. (b) Although nonre-
breathing circuits are commonly used in cats, rebreathing circle circuits specifically designed for small
animals enable cats to benefit from these systems as much as larger animals. This system enables
maintenanceflowrates tobeas lowas30mL/kg/minuteornot less than200mL/minute.Aminimumflow
is required to ensure vaporizer accuracy.
Source: Courtesy of Dr. Colin Dunlop.

Box 6.3: Advantages and disadvantages of nonrebreathing systems

Advantages of nonrebreathing systems include small dead space, minimal resistance to
breathing, minimal drag on the endotracheal tube due to the light weight, no dilution of
fresh gas with expired gas (the inhalant concentration dialed on the vaporizer is the
inspired inhalant concentration), rapid changes in anesthetic concentration, and low cost
of purchase. Disadvantages include potential for rebreathing of expired gas if fresh gas
flow is not high enough, loss of heat and moisture related to the use of high fresh gas
flow, waste of inhalant anesthetic and oxygen due to the high fresh gas flow, atmo-
spheric pollution related to the use of high fresh gas flow, and inefficiency of some
systems during intermittent positive pressure ventilation
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Monitoring
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Key Points

� Assessment of anesthetic depth allows the volatile anesthetic concentration to be
adjusted according to the cat’s needs. Avoiding unnecessarily high concentrations of
volatile anesthetics reduces the risk of hypotension and hypoventilation� The most frequently encountered adverse effects during general anesthesia can be
assessed and monitored with a small number of monitors� Capnography is the only readily available noninvasive technique for assessment of
ventilation� The pulse oximeter is the best instrument to draw immediate attention to hypoxemia but
has limited value as a monitor of ventilation during general anesthesia with 100% oxygen� When intubation is not performed or cats are breathing room air during general
anesthesia, pulse oximetry provides an alternative albeit less sensitive and nonspecific
monitor of ventilation� Monitoring should be continued into the recovery period, a time when most feline
anesthetic and sedation-associated mortalities occur

Introduction

Monitoring enables detection of physiological abnormalities during anesthesia and it
prompts intervention before any harm is caused. Most drugs used for sedation and
anesthesia produce changes in normal physiological function either directly or by
blunting responses to deviations from normality. For example, surgical depth of
anesthesia using volatile anesthetics may cause dose-dependent reduction in myocardial
contractility and depression of the response to decreases in arterial blood pressure,
resulting in hypotension. Additionally, volatile anesthetics and many sedative-analgesic
combinations can cause hypoventilation and respiratory acidosis through depression of
the ventilatory response to carbon dioxide (CO2) accumulation.
This chapter describes the key monitoring equipment and techniques available to

feline practitioners, focusing on body systems that are most commonly affected by
sedatives, analgesics, and anesthetics.

Feline Anesthesia and Pain Management, First Edition. Edited by Paulo Steagall,
Sheilah Robertson and Polly Taylor.
 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Clinical Monitoring using Physical Senses (“Hands On”)

The senses of sight, sound, and touch are invaluable in monitoring. They often provide
the first indication of physiological changes or equipment malfunction. For example,
Doppler ultrasound provides audible objective information about arterial blood pressure
but also continuous indication of changes in frequency or volume of the signal,
indicating changes in heart rate and blood flow that should be further investigated.
Similarly, if a monitor (e.g. a pulse oximeter) gives an unexpected reading (e.g. peripheral
capillary oxygen saturation; SpO2 < 90%), “hands-on” assessment of the patient will
often help rule out equipment malfunction (e.g. assess mucous membrane color,
respiratory pattern, and oxygen supply). A proficient anesthetist integrates the infor-
mation provided by physiological monitors, clinical monitoring, and a knowledge of
physiology, pharmacology and physics to provide safe, efficient perioperative care.
Table 7.1 describes predicted changes in cardiopulmonary variables and neurological

reflexes at different depths of general anesthesia.
Mucous membrane color and capillary refill time, typically assessed at the buccal

mucosa, provide subjective information on peripheral perfusion, red blood cell concen-
tration, oxygenation, and hydration status. However, this information should be eval-
uated in combination with other evidence due to its subjective nature.

Table 7.1 Anesthetic depth and cardiorespiratory variables.

Clinical sign Depth of anesthesia

Light Appropriatea) Deep

Palpebral reflex Present Absent Absent

Eye position Central Ventromedial rotation Central

Pupil diameter Variable (drug dependent) Variable
(drug dependent)

Dilated

Jaw tone Present Absent Absent

Withdrawal response
to toe pinch

Present Absent Absent

Heart rateb) Possibly increased
(depending on drugs given)

Steady Possibly decreased
(depending on drugs given)

Respiratory rateb) Possibly increased
(depending on drugs given)

Steady Possibly decreased
(depending on drugs given)

Cardiopulmonary
response to noxious
stimulation

Yes Variablec) No

Notes:
a) An appropriate depth of anesthesia will vary depending on the nature of stimulation. For example, the

anesthetic depth required for diagnostic imaging will be less than for surgery.
b) Heart and respiratory rates are often affected by drugs (e.g. bradycardia and decreased respiratory rate

associated with dexmedetomidine). Single observations are unreliable. It is more informative to evaluate
changes in heart and respiratory rates following stimulation or over time.

c) There should be nomore than aminimal response (< 10–15% of prestimulation values) when the anesthetic
depth is appropriate for the degree of noxious stimulation. The depth of anesthesia should be increased or
analgesics should be administered if a marked response to surgery occurs.
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Healthy cats are expected to have pink, moist mucousmembranes with a capillary refill
time of less than 2 seconds. Pale mucous membranes may indicate anemia or vaso-
constriction. Identifying the cause of deviations requires measurement of hematocrit,
assessment of volume status and arterial blood pressure. Agonists of α2-adrenergic
receptors such as dexmedetomidine cause vasoconstriction, commonly resulting in pale
mucous membranes, which may also appear bluish (cyanotic) due to reduced local tissue
perfusion. This effect lasts approximately 20–30 minutes and is more marked after IV
administration. Though apparent cyanosis is an expected side effect of administration of
agonists of α2-adrenergic receptors, cardiorespiratory function should be evaluated
(heart and respiratory rates, arterial blood pressure) to confirm normal function.
Palpatingperipheral pulses allowscalculationof thepulse rate, assessmentofpulsepressure

and rhythm, and confirms that blood is being delivered to the periphery (Chapter 1). The
relationship between systolic anddiastolic pressures (pulse pressure) affects howapulse feels.
For example, it is usually pronounced and easily palpable with vasodilation (where diastolic
pressure is decreased, widening the difference between systolic and diastolic pressures). In
contrast, increased diastolic pressure following vasoconstriction (e.g. after dexmedetomidine
administration) usually make peripheral pulsesmore difficult to palpate. This can lead to the
incorrect assumption that a cat is hypotensive when it is actually a reflection of the reduced
difference between systolic and diastolic pressures; the mean arterial blood pressure (MAP)
may be within or above the normal range. Common sites for peripheral pulse palpation
include the femoral, metacarpal, and metatarsal arteries.
The most widely used method of monitoring ventilation during anesthesia is from direct

observation of the reservoir bag ormovement of the body wall, or both. Observation of chest
and abdominal excursions and the associated changes in reservoir bag volume is also valuable
for confirming ventilatory efforts and patient connection to the breathing system. The
respiratory rate (breaths per minute) can be counted and a subjective evaluation of tidal
volume may be made. However, this may be difficult in cats due to their low tidal volume.
Respiratory rates for cats during general anesthesia range from 12–30 breaths per

minute and are influenced by many factors including respiratory disease, pain, acid-base
status, drugs, and body position. Clinical monitoring of respiratory rate provides less
information than capnography, which provides a comprehensive picture. Indeed, limit-
ing observations to respiratory rate alone is misleading because minute ventilation is the
product of respiratory rate and tidal volume (Chapter 2). For example, hypoventilation
and hypercapnia may be observed even in the presence of a reasonable respiratory rate
(e.g. 15 breaths per minute) due to low tidal volume.
Providing a breath manually by squeezing the reservoir bag with the pressure-relief

(“pop-off”) valve temporarily closed gives an indication of lung and chest wall compli-
ance. For example, noticeable changes occur during bronchoconstriction and increased
resistance to air flow (e.g. anaphylaxis, feline asthma) and with reduction in thoracic
volume (fluid or air in the pleural space). Auscultation of the lungs during intermittent
positive pressure respiration can help identify inadvertent endobronchial intubation as
well as detecting abnormal breath sounds.

Cardiovascular System

Hypotension is a common side effect of general anesthesia; it was reported to occur in
33% of clinical cases in one study. Young, healthy animals can withstand a degree of
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hypotension but it is impossible to state with any certainty the duration and severity that
can be tolerated without resulting in complications. Mean systemic AP should be
maintained between 60–120mmHg (Chapter 2). Below 60mmHg, there is a risk of
inadequate tissue perfusion because organs are unable to regulate local blood flow to
match metabolic requirements. Potential clinical consequences of hypotension include
acute renal failure, diarrhea or ileus (secondary to reduced gastrointestinal tract
perfusion), and blindness.
Indirect bloodpressuremeasurementusing theDoppler or oscillometricmethod ismost

common in feline clinical practice. Indirect techniques have greater variability in their
accuracy over different ranges of blood pressure and are unable to provide information as
rapidly or continuously compared with direct (invasive blood pressure) monitoring. In
contrast, indirect techniques have the advantages of being noninvasive and simple to
perform, and are associatedwithminimal risk of tissue damage (e.g. hematoma, infection).
The advantages and disadvantages of each of these techniques are described below.

Doppler Ultrasound Probe, Pressure Cuff, and Sphygmomanometer

A Doppler ultrasound unit converts ultrasound waves, reflected by moving (pulsatile)
blood, to an audible sound. It is strongly recommended that the unit remains switched

Figure 7.1 Placement sites for the Doppler ultrasound probe in cats include the ventral tail (a), ventral
metacarpal area (b), ventral metatarsal area (c), and dorsomedial metatarsal area (d). Note that the blood
pressure cuff is always placed proximal to the ultrasound probe to allow blood pressure measurement
using a sphygmomanometer.
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on throughout the anesthetic procedure so that pulsatile blood flow can be heard
continuously and not only during blood-pressure monitoring.
The addition of a pressure cuff and sphygmomanometer allowmeasurement of arterial

blood pressure. The width of the pressure cuff should be approximately 40% of the
circumference of the limb or tail where it is placed. After inflating the cuff to a pressure
exceeding systolic arterial blood pressure (SAP), indicated by loss of the audible signal
(typically >120mmHg during anesthesia), air is gradually released from the cuff until an
audible signal returns. The pressure at which this occurs has been shown in cats to be
closest to MAP. This approximation is clinically acceptable, tending to be within
10mmHg of the true mean arterial blood pressure (Box 7.1; Figure 7.1).

Box 7.1: Advantages and disadvantages of arterial blood pressure monitoring with
a Doppler ultrasound probe

Advantages

� Continuous, audible monitor of blood flow� Minimal risk of injury to animal� Noninvasive� With practice, rapid to place� Sudden changes in pitch, rhythm or volume of sound can indicate changes in
cardiovascular function and should be investigated immediately

Disadvantages

� A pressure cuff that is too large will underestimate arterial blood pressure� A pressure cuff that is too small will overestimate arterial blood pressure� Electrical interference may occur when used with other electrical equipment, making it
difficult to hear the Doppler signal� Only provides the mean arterial blood pressure in cats� Pressure readings must be performed manually

Oscillometric Devices

An oscillometric device measures arterial blood pressure by detecting pulsatile flow
through a pressure cuff.

� An appropriately sized pressure cuff (as described for theDoppler technique) is selected� The device is triggered manually or by setting a reading frequency (usually every 5
minutes) for automated readings; it inflates the pressure cuff to a value likely to exceed
SAP (often as high as 180mmHg)� The pressure is then gradually released and the device detects the return of pulsatile
flow. The detected return of arterial pulsations is registered as systolic pressure.
Diastolic pressure is registered when pulsatile flow disappears. MAP is recorded at the
point of maximum amplitude of detected pulsations� In general, MAP is the most accurately recorded. The variation in device reliability and
accuracy is likely to stem from sensitivity to detection of pulsatile blood flow and
control of cuff pressure
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Many oscillometric devices are available. When considering purchasing an oscillo-
metric device practitioners should enquire whether comparison has been made with
direct or Doppler methods, and, ideally, whether the device conforms to the American
College of Veterinary Internal Medicine Consensus Statement on validation of blood
pressure measurement devices. Clinical experience suggests that oscillometric devices
vary considerably in their reliability and accuracy, where reliability indicates the ability to
provide a blood pressure reading within a reasonable period of time and accuracy
indicates the ability to measure blood pressure values within 10mmHg of simulta-
neously recorded direct arterial blood pressure. The following devices have been
assessed in cats: Cardell, Dinamap, and Datascope Passport (Boxes 7.2 and 7.3).

Box 7.2: Advantages and disadvantages of oscillometric devices for arterial blood
pressure monitoring

Advantages

� Minimal training required for use� Pressure-cuff size guidelines are the same as for the Doppler technique� Provides three values of blood pressure (systolic, mean, and diastolic)� Automatic readings� Minimal background noise

Disadvantages

� These devices sense pulsatile flow, so they are sensitive to movement and dysrhyth-
mias, which may result in inaccurate readings or failure to read� Very low or high heart rate, or severe vasoconstriction may lead to failure to read� In contrast to the Doppler, oscillometry does not provide a continuous audible
indication of pulsatile flow

Box 7.3: Accuracy of oscillometric devices

� Cardell: mean and diastolic arterial blood pressures were within 5mmHg of the direct
(invasive) blood pressure measurement during hypotension, normotension, and hyper-
tension. The systolic arterial bloodpressure tended tounderestimatedirect bloodpressure,
although values were within 5mmHg during hypotension, and within 12 and 17mmHg
during normotension and hypertension, respectively. This device was highly reliable� Dinamap: overall, there was an underestimation of values compared with direct
arterial blood pressure measurement of between 10–20mmHg in 30% of measure-
ments. Accuracy was improved during hypotension but there was a high rate of failure
to provide a reading during hypotension (approximately 50% of attempts)� Datascope Passport: this device was able to perform a measurement and provide a
reading in over 97% of attempts. Its accuracy decreased when arterial blood pressure
increased with underestimations ranging from 20–30mmHg during hypertension
(defined as mean arterial blood pressure of 120–140mmHg). Its accuracy was slightly
better during hypotension and normotension with underestimations ranging from
10–20mmHg. No difference was identified whether fur was circumferentially clipped
from the cuff placement site or left unclipped
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Esophageal Stethoscope

Esophageal stethoscopes are often overlooked where electronic displays are the norm,
yet they are simple and reliable. They are minimally invasive and can provide continuous
monitoring of heart and respiratory rates (Box 7.4; Figure 7.2).

Box 7.4: Advantages and disadvantages of an esophageal stethoscope

Advantages

� Inexpensive� Continuous monitoring (if worn by anesthetist or connected to an electronic trans-
ducer and speaker)� Simple and quick to place� Does not depend on power supply

Disadvantages

� Information is limited to heart rate and rhythm� Provides no information on blood pressure or tissue perfusion

Electrocardiograph (ECG)

An ECG is the only way to diagnose a cardiac dysrhythmia definitively. While it may be
tempting to purchase an ECG monitor, it should be kept in mind that dysrhythmias are
much less common than hypotension and hypoventilation. Furthermore, an ECG is a
measure of electrical activity; it does not provide information on contractility, blood

Figure 7.2 Esophageal stethoscope. The tip of the stethoscope is advanced into the esophagus until
heart and lung sounds (transmitted through the air bladder) can be heard. This stethoscope allows
continuous monitoring of heart rate and rhythm and respiratory rate.

7 Monitoring 111



pressure, vascular tone or tissue perfusion (Chapter 2). An acceptable trace can be
obtained with an esophageal lead or adhesive ECG electrodes placed on footpads.
“Crocodile” clips should be used with caution as high clamp force and serrated teeth can
cause tissue damage, and when alcohol is used for electrical contact it may need to be
replaced during a procedure.

Respiratory System

Box 7.5 describes the definition and methods for calculation of minute ventilation

Box 7.5: Minute ventilation

Minute ventilation (liters per minute) = respiratory rate (breaths per minute) × tidal
volume (milliliters per breath)
There are two methods available for accurate calculation of minute ventilation:

� Measurement of volume with a flowmeter� Indirect measurement of ventilation with capnography

Flowmeters

Several types of flowmeter are available for measurement of tidal volume. Additionally, a
spirometer measures volume with rate of flow, and expiratory time. These are very useful
for accurate, detailed measurements of ventilation. However, this is normally used only
in the research setting and rarely in clinical anesthetic practice.

Capnography

A capnograph is the display of the partial pressure of carbon dioxide (CO2) sampled from
the anesthetic breathing circuit throughout the respiratory cycle, typically at the
connection between the endotracheal tube and breathing circuit tubing (Box 7.6).

Box 7.6: Definitions of capnometry, capnography, hypercapnia, and hypocapnia.

� Partial pressure of exhaled CO2 at the end of expiration (PETCO2) is measured by a
capnometer. Display of the measured level of CO2 may be limited to a value or, more
commonly, shown as a graphical waveform (capnogram or capnograph). Capnometry is
the measurement of CO2 and the display of the resulting measurement is capnography� When a capnogram is displayed, it is usually accompanied by a numerical value
representing the PETCO2 (corresponding to highest point on the capnogram trace)
Often, a value for the baseline of the trace is also displayed (corresponding to the lowest
point on the trace) and may potentially indicate rebreathing of CO2. Display of the
capnogramprovides useful information fromwaveform interpretation (Figure7.3 and7.4)� Hypercapnia (or hypercarbia) is a greater than normal PETCO2. Hypocapnia (or
hypocarbia) is lower than normal PETCO2

The relationship between expired carbon dioxide and ventilation is described by:

PETCO2 ∝ 1=Valv
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where PETCO2 is the partial pressure of exhaled CO2 at the end of expiration (“end
tidal”) and Valv is alveolar ventilation. As alveolar ventilation increases, measured
expired CO2 decreases proportionately, and vice versa. Accurate measurement of
CO2 therefore reflects ventilation.
PETCO2 is closely related to PaCO2 (partial pressure of arterial CO2, normal range

35–45mmHg; see Chapter 2). In principle, PETCO2 should closely approximate PaCO2

(difference less than 2 mmHg) as CO2 is highly soluble and rapidly crosses the alveolar
membrane. This is particularly true in healthy cats with normal cardiac output. However
two common factors disrupt the relationship between PETCO2 and PaCO2: the type of
anesthetic breathing system and alveolar dead space.

Breathing System
Nonrebreathing systems are commonly used in cats. They include the Bain (modified
MaplesonD), T-piece (MaplesonE/F) andLack (MaplesonA) systems and require relatively
high fresh gas flow (FGF) rates (comparedwith a circle system) (Chapter 6). This higher FGF
rate is necessary to flush away CO2 in expired gas from the patient to prevent rebreathing.
Thismay lead todilutionofCO2 in exhaledgas.This effect is further exacerbatedby the small
tidal volume of cats leading to artificially low values for PETCO2 (Figure 7.3).

Alveolar Dead Space
Alveolar dead space is a component of ventilation:perfusion mismatch and represents
alveoli that are ventilated but poorly perfused. As a result, gas exchange between the
pulmonary blood and alveolar gas is reduced so that gas leaving the alveoli contains little
or no CO2. The net effect of dead space is to dilute CO2 from areas of lung participating
in gas exchange. The diluted sample has a lower PETCO2 reported by the capnometer,
underestimating the PaCO2.
Anesthetic equipment and techniques frequently used in cats tend to underestimate

PaCO2 as measured by PETCO2. However, capnography is still useful to follow trends in
ventilation. For example, an increase or decrease in PETCO2 indicates hypoventilation
or hyperventilation, respectively. Another advantage of capnography is that it allows
titration of fresh gas flow rates to match individual respiratory patterns. Recommended
fresh gas flow rates for breathing systems are based on typical respiratory patterns
(Chapter 6). In practice, the fresh gas flow rate can be safely decreased until rebreathing
of CO2 is observed, indicated by an elevated baseline of the capnograph (> 2–3mmHg).

Figure 7.3 A typical capnogram observed during feline anesthesia when multiple factors (small tidal
volume, mechanical dead space from the sampling chamber, high sampling rate (sidestream)) combine
to cause an underestimation of PaCO2 by PETCO2 and an undulating waveform (loss of sharp upstroke
and downstroke of Phases II and 0, respectively.) with short Phase III (see Figure 7.4).
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Box 7.7 describes the differences between mainstream and sidestream capnometers
and Figure 7.4 shows classic capnograms.

Box 7.7: Mainstream and sidestream capnometers

� Mainstream and sidestream capnometers use infrared technology to measure carbon
dioxide. They differ in where the gas sample is analyzed: mainstream capnometers
perform the measurement directly at the sampling chamber whereas sidestream
capnometers draw a sample of gas from the sampling chamber and transport it to the
capnometer for measurement� Both types of capnometer are equally susceptible to loss of accuracy associated with
the increased mechanical dead space caused by the presence of the sampling
chamber between the endotracheal tube and the breathing circuit. This chamber
provides a space in which respiratory gases mix with fresh gas flow from the anesthetic
machine. This mixing, when combined with the combination of small tidal volumes
and high fresh gas flows typical of feline anesthesia, results in an undulating capno-
gram and underestimation of PETCO2 (Figure 7.3)� Increased mechanical dead space also raises the likelihood of the patient rebreathing
exhaled gases. This is identified on the capnogramas anelevatedbaseline, which does not
return to zero (Figure7.4c). Commoncauses of increasedmechanical dead space are overly
long ET tubes, right-angled (elbow) connectors, and capnometer sampling chambers� Use of a pediatric sampling chamber in cats improves shape and accuracy of the
capnogram trace for both systems. Larger (adult) chambers reduce accuracy as the
sample is diluted by fresh gas. This is a common problem when using nonrebreathing
systems and high fresh gas flow rates� In small animals such as cats there is an additional decrease in accuracy associated with
sidestream capnometers. Small tidal volumes, especially when combined with high
respiratory rates and a high sampling rate lead to low values for PETCO2. This can be
overcome by periodically ventilating the cat manually with a slow, deep breath
(approximate airway pressure of 15 cm H2O). This creates a more defined sample
of carbon dioxide in the sampling line and minimizes mixing of the sample� Some capnometers allow selection of a lower sampling rate (� 50mL/minute, versus �
150mL/minute). This limits the degree of inaccuracy by reducing the proportion of fresh
gas in the sample. Additionally, with sidestream capnometry, the time to transport
sampled gas from the sampling chamber at the endotracheal tube to the capnometer
results in a slight delay between sampling and displaying the capnograph� Mainstream capnometers are not affected by sampling rate. The delay in displaying the
measured CO2 is minimal as the measurement is carried out without any transport of
gas. However, sidestream capnometers have the advantage of a lightweight connec-
tor, which creates little drag on the endotracheal tube. As a consequence, in contrast to
a mainstream capnograph, there is a reduced risk of tracheal damage. This is of
particular relevance during any procedure where a cat’s head is likely to be moved
frequently, such as dentistry or orofacial surgery� As sidestream capnometers remove a sample of gas from the breathing system, the
sample should be appropriately scavenged to reduce workplace pollution. An exhaust
port is typically located on the back of the capnometer and connected to the waste gas
scavenging system
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Use and Interpretation of the Capnogram

� The normal range for PaCO2 is 35–45mmHg (Chapter 2). An increase in PaCO2 is
called hypercapnia (hypercarbia) and indicates hypoventilation. A decrease in PaCO2

is called hypocapnia (hypocarbia) and indicates hyperventilation� Hypoventilation and hypercapnia may result from neurological or respiratory disease,
and drug-induced respiratory depression (e.g. anesthetics, opioids). Hyperventilation
and hypocapnia may result from inadequate depth of anesthesia or a response to
noxious stimulation (pain), or both. Less commonly, this may reflect low pulmonary
perfusion (see below)� Sudden loss of the capnogram wave can be caused by apnea, a disconnection between
the capnometer sampling chamber and endotracheal tube, or occlusion of the
endotracheal tube� Sudden decrease in PETCO2 without changes in ventilation may indicate decreased
pulmonary blood flow secondary to reduced cardiac output or pulmonary thrombo-
embolism. The former is often an early indicator of impending cardiac arrest� The use of capnography is now recommended during cardiopulmonary resuscitation
(CPR, Chapter 10). PETCO2 is low (10–15mmHg) during effective CPR and an
increase in PETCO2 (> 20mmHg) may be an early indicator of return of spontaneous
circulation

Figure 7.4 (a) Classic capnograms1; (b) undulating capnogram typically observed during feline anesthesia
due to the combination of nonrebreathing system and sidestream capnometer with high sampling rate;
(c) capnogramwith an elevated baseline, which indicates rebreathing of CO2 most commonly as a result of
high respiratory rates and inadequate fresh gas flow; (d) Capnogram showing a decrease in the slope of
Phase II and short alveolar plateau (Phase III) associated with bronchoconstriction (e.g. asthma).

1)Early expired (exhaled, Phase 1) gas comes from anatomical dead space and does not contain CO2. As
expiration progresses (Phase II), CO2 concentration increases, reflecting amixture of anatomical and alveolar
dead space gas. Phase III (alveolar plateau) reflects CO2-rich gas from the alveoli, with the highest point
representing end-tidal gas, with a CO2 concentration approximating arterial blood. This is followed by
inspiration (inhalation, Phase 0) where CO2-free gas is inspired. Source: Courtesy of Vivian Leung.
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Box 7.8: Advantages and disadvantages, and the use of pulse oximetry

The most common type of pulse oximeter probe is the clip style, with each half of the clip
apposed across a tissue bed – transmission (transmittance) pulse oximetry.

Advantages

� Specific indicator of hemoglobin saturation� Continuous audible and visual indication of pulse rate� When used on cats breathing room air, a pulse oximeter will identify severe hypo-
ventilation or apnea as a decrease in SpO2

Disadvantages

� Mistakenly assumed to be a sensitive monitor of ventilation� Insensitive to changes in PaO2 above 100mmHg (as occurs when a high concentration
of oxygen is delivered)� High rate of false alarms (see below)

Locations for clip-style pulse oximeter probe placement:

� Tongue – most common site for measurements. Large probes designed for larger
animals or human fingers will compress tissue over time, leading to erroneous readings,
particularly in cats� Ear� Across toe pad (hind paw is often a useful site during dental and other oral procedures).
The hind paw has been shown to be the most reliable

Other probe types

� Reflection (reflectance) pulse oximetry: probes have the light source and sensor located
in-line and rely ondetectionof light reflected from tissue andbone. Reflectionprobes are
commonly placed rectally although they can also be placed in the esophagus� During states of poor peripheral perfusion (e.g. hypothermia, vasoconstriction),
reflection probes may provide a more accurate reading of SpO2

Factors interfering with pulse oximetry

� Probe too large – if the two halves of the probe clip are not parallel false low readings
can occur. Additionally, tissue compression from a large probe tends to decrease local
perfusion leading to inaccurate readings or failure to read� Pigmented skin –minimal decrease in accuracy, unless pigmentation is particularly deep� Carbon monoxide poisoning (carboxyhemaglominemia) – associated with house fires,
leads to the dangerous scenario of falsely elevated SpO2 readings. Co-oximetry is
required to provide an accurate value for oxygen saturation� Movement artifact, e.g. shivering, interferes with the pulse oximeter as sensing of
pulsations is used to identify hemoglobin saturation from an arterial source� Vasoconstriction (e.g. following administration of vasopressors or agonists of α2-
adrenergic receptors)� Bright light, particularly from a pulsating source such as fluorescent lights can
artificially elevate SpO2 readings
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Box 7.8: (Continued )

Steps to take when a low SpO2 is observed:

1) Assess the patient for changes in respiratory rate and quality, heart rate, and mucous
membrane color

2) Reposition the pulse oximeter probe
3) Differential list for hypoxemia: low cardiac output, inadequate concentration of

inspired oxygen, severe hypoventilation or apnea, impaired gas exchange (atelectasis,
fluid-filled alveoli)

Pulse Oximetry

Pulse oximeters are valuablemonitors because theyprovide a continuous visual and audible
indication of pulse rate and identify SpO2 which correlates to PaO2 (Box 7.8). However,
there is widespread misunderstanding that they are sensitive monitors of ventilation.
Pulse oximetry uses themeasurement of hemoglobin saturation with oxygen (SpO2) as

a reflection of the partial pressure of arterial oxygen (PaO2). The relationship between
these variables is described by the oxyhemoglobin dissociation curve (Figure 7.5).
During anesthesia, if high inspired concentrations (close to 100%) of oxygen are

provided, the SpO2 should usually be greater than 95%. A SpO2 reading of less than 90%
indicates hypoxemia, a physiological state that cannot be sustained for long before
brainstem hypoxia and cardiovascular collapse occur. Pulse oximetry is a relatively
insensitive monitor for changes in PaO2 because the high concentration of inspired
oxygen (close to 100%) often administered during general anesthesia results in a high

Figure 7.5 The oxyhemoglobin dissociation curve. The expected PaO2 and SaO2 (arterial saturation of
hemoglobin with oxygen) at sea level, breathing 21% oxygen (“room air”) are approximately 100mmHg
and> 95%, respectively. When breathing 100% oxygen, PaO2 will be close to 600mmHg in healthy cats
with a SaO2> 95%. This illustrates the relative insensitivity of the SaO2, asmeasured by a pulse oximeter,
to large changes in PaO2.
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PaO2 (approximately 600mmHg) (Figure 7.5). At this PaO2 the oxyhemoglobin disso-
ciation curve is relatively flat, so that the SpO2 will change little until the PaO2 has
decreased to a value closer to 100mmHg. In contrast, when breathing room air (inspired
oxygen of 21%), PaO2 will be approximately 100mmHg with decreases in PaO2 more
rapidly reflected by a decrease in SpO2. Regardless of inspired oxygen concentration, a
pulse oximeter should be considered a “fail safe” monitor as it is specific to the serious
problem of hypoxaemia. The use of pulse co-oximeters allows identification of other
types of hemoglobin (carboxyhemoglobin and methemoglobin) in addition to the
oxygenated and deoxygenated hemoglobin identified by pulse oximeters (Box 7.9).

Box 7.9: The use of co-oximeters

Co-oximeters allow identification of other species of hemoglobin (carboxyhemoglobin
and methemoglobin) in addition to the oxygenated and deoxygenated hemoglobin
identified by pulse oximeters. This is achieved through the use of more light wave-
lengths. This would be particularly useful in carbon monoxide intoxication (e.g. house
fires) in which SaO2 overestimation occurs with a pulse oximeter since carboxyhemo-
globin is measured as oxygenated-hemoglobin.
Methemoglobinemia in cats is usually acquired following drug or chemical exposure,

including acetaminophen, ibuprofen, skunkmusk and some local anesthetics (Chapter 5).
The light absorption spectrum of methemoglobin causes the pulse oximeter reading to
tend towards 85%, independent of the actual PaO2.

Apnea Alarm

Apnea alarms provide an audible indication of each breath, a visual display of time
elapsed between breaths and an adjustable apnea duration before an alarm sounds. A
thermistor identifies inhalation and exhalation from changes in gas temperature during
the respiratory cycle. These devices do not replace pulse oximetry as they do not reflect
SpO2 and the presence of hypoxemia. Nor do they replace capnography as they give no
indication of minute ventilation. However they are a simple, inexpensive method to
confirm that the cat is breathing and is connected to the breathing system.

Temperature

Reference intervals for rectal temperature in healthy adult cats are 36.7–38.9 °C (Chapter
2). The majority of cats (>95%) become hypothermic under general anesthesia (Chapter
10). General anesthesia causes depression of thermoregulatory control, decreased
metabolic heat production, vasodilation, and redistribution of heat from the core to
periphery. Decreases in body temperature may be observed after sedation and even
before general anesthesia.
Small decreases in body temperature (1–2 °C) are associated with a plethora of post-

operative adverse effects including slow anesthetic recovery, respiratory depression,
increased discomfort, reduced drugmetabolism, increased bleeding and incidence ofwound
infection, and decreased renal function. Supporting evidence for these side effects in human
medicine is strong, though limited research has been carried out in veterinary medicine.
Intraoperative hypothermia will reduce drug metabolism and elimination, potentially

118 Feline Anesthesia and Pain Management



leading to prolonged drug effect. Large decreases in body temperature (� 5 °C) will produce
bradycardia, dysrhythmias, and result in reduced CO2 production and cardiac output
(Chapter 10). Once body temperature has fallen it is much more difficult to correct as
the physiological changes associated with anesthesia impede efforts at patient warming.
Temperature monitoring can be performed using rectal and esophageal thermom-

eters. Temperature probes on a cable leading to a digital readout are widely available and
have considerable advantages over thermometers that need to be inserted into the
rectum and removed for each reading. Although alternative sites such as axillary and
tympanic membrane are less stressful and better tolerated than rectal measurements in
conscious cats, they are, unfortunately, inaccurate and variable.

� Studies of axillary temperature recordings have shown mixed results when compared
with rectal temperature recordings and are not recommended as an alternative� Axillary temperatures tend to underestimate rectal temperature recordings, though
this difference is highly variable (approximately �1 °C to 2.6 °C). Body condition
scores > 5/9 reduce accuracy further though coat length has a minimal effect on
axillary temperature� Axillary temperatures have low sensitivity (33%) to detect hyperthermia and moderate
sensitivity to detect hypothermia (80%) when compared with rectal temperature
recordings� Similarly, the temperature gradient between tympanic membrane and rectal temper-
ature recordings is highly variable (approximately �1.6 °C to 3.0 °C) making it
unsuitable as a replacement for rectal temperature recording

Gas Analyzers

Anesthetic gas monitoring is offered as an optional module when a multiparameter
monitor is purchased. Anesthetic gases are most commonly measured using infrared
absorption spectroscopy, which identifies different gas molecules through their charac-
teristic absorption of infrared light. A sample of gas is removed from the breathing
system for analysis and this is usually combined with sidestream capnography. The
display of expired anesthetic agent concentration confirms vaporizer function and
accuracy. It also gives a subjective indication of depth of anesthesia when the minimum
alveolar concentration of the anesthetic agent is taken into consideration (Chapter 6).
However, this can be highly variable and the numerous factors affecting theMAC should
be taken into consideration.
Monitoring of oxygen concentrations by paramagnetic or electrochemical analysis

confirms the presence of an acceptable concentration of oxygen in the breathing system
(usually close to 100%) ensuring integrity of the oxygen supply. More importantly,
oxygen sensing is a sensitive and rapid indicator of a hypoxic inspired gas mixture. It
provides an earlier warning of “impending”/“potential” hypoxemia than pulse oximetry.
There is no manufacturing standard in veterinary medicine to “measure system oxygen
levels or associate low” levels with an audible alarm.

Fluid Monitoring

Cats have an increased risk of fluid overload due to their relative small size, less body
water and increased susceptibility to pulmonary edema when compared with dogs
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(Chapter 8). Simple measures can be taken tominimize this risk including the use of fluid
pumps, syringe drivers, buretrols, and drip counters (Figure 7.6, Figure 8.1).
Accurate delivery of fluids is most easily achieved with fluid pumps or syringe drivers.

However, buretrols and drip counters provide a cheap, practical alternative. A buretrol
allows a limited reservoir of fluid, which limits the risk of volume overload (Chapter 8).
The buretrol is connected between the fluid bag and the IV drip set. Drip counters
provide a continuous monitor of delivered fluid by counting the drip (flow) rate that
enters the chamber of a drip set. Importantly, drip counters do not control the flow rate,
which must still be set by the user.
Fluid balance (total “ins and outs”) can be monitored, taking in to account insensible

losses, fluid administration and losses through any drainage tubes. Urine output can be
measured by collection from litter trays (using nonabsorbent litter substrate) or more
accurately by placing a urinary catheter. If urine output is measured (e.g. cats with
ureteral obstruction), it should be approximately 2mL/kg/hour in a healthy cat. These
values should be interpreted in the context of intravenous fluid administration, disease or
concurrent drug administration. For example, urine production of 2mL/kg/hour in a cat
receiving 10mL/kg/hour of intravenous fluids could be considered low; administration
of furosemide should increase urine output to greater than 2mL/kg/hour in a normo-
volemic cat; or urine output may be less than 2mL/kg/hour in a dehydrated or
hypovolemic cat until hydration status is corrected.
Urine specific gravity (USG), body weight, hematocrit, and serum albumin, mucous

membranes, and skin tenting are other noninvasive methods of monitoring fluid therapy
and changes in volume. Urine specific gravity can aid in the assessment of hydration
status. While a high USG indicates dehydration, a low value can be more difficult to
interpret; it may reflect a return to normal hydration but can also be influenced by other
factors. For example, dehydrated cats with diabetes mellitus and those with renal
insufficiency may produce dilute urine. Furosemide can result in a low USG due to
diuresis even in the presence of dehydration.

Figure 7.6 A drip counter facilitates monitoring of fluid rate and the total volume administered. Drips of
fluid enter the chamber and break a photobeam. This allows the device to count the drip rate and
calculate flow rate (mL/hour).
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Key Points

� Cats may bemore prone to fluid overload than dogs if their blood volume and latent heart
disease are not accounted for� Many types of fluids can be used but the standards are balanced electrolyte solutions,
colloids, and blood or blood components� Hydration or volume status should be normalized as much as possible before anesthesia� Intraoperative fluids are used to replace metabolic and procedural losses� Therapy should continue into the postoperative period until the cat can regulate its own
fluid intake and output

Introduction

Fluid therapy in cats has become controversial since a large anesthesia morbidity and
mortality study reported that cats receiving fluids intraoperatively had nearly a fourfold
increase in the risk of death. Although there are reasons why cats may be more prone to
fluid overload than similar-sized dogs, this “association” is more likely to be a result of
the cats receiving intraoperative fluids being more compromised than those that did not.
Every patient needs to be assessed with regard to its fluid status before anesthesia, and
treated judiciously in order to achieve the best outcome.

Feline Physiology and Pathology with regard to Fluid Therapy

Cats are often described as being more likely to suffer from fluid overload than a
comparable-sized dog. One of the contributing factors to this is that the blood volume of
the cat is less than that of the dog (Box 8.1). In most instances fluid dose rates have been
based on mL/kg so it is expected that if the same dose of fluid was administered to a cat
and a dog that there would be a greater relative increase in blood volume in the cat than
in the dog. For example, if 20mL/kg of a crystalloid solution was administered, which
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redistributed rapidly to leave about 30% of that volume in the circulation, the relative
increase in blood volume would be 7% in the dog and 11% in the cat. Such an increase
would probably not cause a problem in a normal animal, but continuing to administer
fluids on the same basis will overload a cat sooner than a dog. To complicate this further,
these data were generated in normal healthy animals whereas many veterinary patients do
not have normal body condition scores, with the prevalence of obesity estimated at about
30%of thepopulation.Obesepatients have an increased total bloodvolumecomparedwith
that at their normal bodyweight but it is decreasedwhen expressed as a percentage of their
actual bodyweight. In humans, blood volume decreased from70mL/kg to 42mL/kgwhen
body weight increased from normal to 200% of normal. This maymake such patients even
more prone to fluid overload.

Box 8.1: Cat versus dog blood volumes

Values of blood volume for the cat range from 4.1% to 6% of body weight (41–60mL/kg),
depending on the method used for measurement, whereas in dogs the reported blood
volumes are in the range of 8–9% of body weight (80–90mL/kg).

A second issue is the presence of latent cardiac disease in cats.

� In one study that examined 103 apparently healthy cats the prevalence of cardio-
myopathy was 16% and only a third of these had audible murmurs� In another study, where murmurs were ausculted in 57 apparently healthy cats, 44 of
the animals had left ventricular hypertrophy, six had congenital abnormalities, and
seven of the cats with a murmur had no detectable cardiac disease� Taken together these results suggest that occult cardiac disease is prevalent in this
species and that physical examination may not be an adequate screening test. A new
screening test using the N-terminal prohormone of brain natriuretic peptide (NT-
proBNP) shows great promise for differentiating cats with and without cardio-
myopathy. That occult cardiac disease may be a contributor to pulmonary edema
was demonstrated in a study examining the use of an oxygen carrying colloid in cats� Out of 44 treated animals, eight developed respiratory changes, and of these, five were
subsequently diagnosed as having hypertrophic cardiomyopathy (the other three
animals were not tested for this)� In these eight cats the mean volumes of administered crystalloid and colloid were less
than in the animals that did not suffer from respiratory complications, suggesting that
cardiomyopathy played a role in their pulmonary changes.

The glycocalyx is a thin layer (∼1μm) composed of endothelial bound glycoproteins such
as syndecan and glycipan with side chains like heparan, chondroitin, and dermatan sulfates,
which is present on the luminal side of the vasculature.Albumin is trapped in this layer at low
concentrations and acts to increase the oncotic pressures favoring reabsorption offluid. This
barrier also protects or delays the effects of decreasing plasma protein concentrations that
might occur during fluid resuscitation. However, damage to the glycocalyx occurs during
sepsis, reperfusion injury, and the release of natriuretic peptides. The latter can occur during
volume loading, suggesting that hypervolemia in and of itself may be detrimental to fluid
exchange and could lead to greater loss of fluid into the interstitium.
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Fluids

The fluids that may be used in the perioperative period include crystalloids and colloids.
Crystalloid solutions are a mixture of water and electrolytes and may be hypo-, iso-, or
hypertonic.

� Hypotonic fluids, such as 0.45% sodium chloride, are not commonly used unless the
patient has a deficit of water without loss of electrolytes or it is being used to provide
maintenance of ongoing losses. Because these fluids have the potential to cause
hemolysis they must be administered slowly� Isotonic fluids include 5% dextrose, 0.9% sodium chloride (normal saline), and
balanced electrolyte solutions such as lactated Ringer’s or Hartmann’s solution
(Table 8.1). A 5% dextrose solution is isotonic but once it is administered it provides
purely water as the dextrose is metabolized. The water is then free to distribute into
both the extracellular and intracellular compartments, and is a good solution to treat
pure water dehydration but is not a good solution to use if the deficit also involves
electrolytes� Normal saline has a similar sodium content to cat plasma but an excess of chloride.
The latter has to be excreted in exchange for bicarbonate, and so this is an acidifying
solution. The balanced electrolyte solutions (Lactated Ringer’s/Hartmann’s, acetated
solutions such as Normosol and Plasmalyte) are designed to have an electrolyte
content similar to plasma and contain an anion that can bemetabolized to remove acid
from the circulation. However, these solutions are hypotonic when administered to
cats and the sodium content is particularly low in comparison with normal values for
this species. Despite this relative hypotonicity the routine use of these fluids in cats
does not appear to have caused major clinical problems� Hypertonic fluids, such as 7.5% sodium chloride, have been used to increase the
circulating volume rapidly using a small volume of infusate. These fluids should ideally
be used when it is possible to monitor the changes in sodium concentration and
provide more dilute solutions to replace the fluid that the hypertonic solution draws
from other body compartments. The benefits of hypertonic solutions appear to extend
beyond the volume effect with improved microcirculatory flow, reduced intracranial
pressure and modulation of the immune response� Colloids are solutions that contain molecules large enough not to cross a semi-
permeable membrane, and so the solution will stay in the vascular space rather than
redistribute immediately to the interstitial volume (Table 8.2; Table 8.3). The synthetic
colloids, dextrans, hydroxyethyl starches (HESs), and polygelatins have the advantage
over blood products that they do not need to be kept refrigerated and have a long shelf
life. The major disadvantages are that they may decrease platelet activity, clotting
factors, and, in humans, the HESs have been associated with acute kidney injury. All of
these molecules are, to some extent, excreted through the kidneys so there is potential
for osmotic nephrosis� Blood and its component parts are colloids and it is important that the patient receives
the appropriate type of blood (Box 8.2)� Hemoglobin-based oxygen carrying solutions (HBOCS) have been used in cats. The
commercial solution that has been used (Oxyglobin) is an ultrapurified polymerized
bovine hemoglobin containing 13 g/dL of hemoglobin with a colloid osmotic pressure
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of 42mmHg. This particular product has had a troubled history and other similar
solutions or solutions based on synthetic oxygen-carrying molecules may become
available in the future. The main advantage of the HBOCS is that they are stable at
room temperature and can be stored on the shelf for years rather than the 4–5 weeks’
maximum storage for whole blood or PRBCs.

Box 8.2: Blood types and products in cats

Cats have threeblood types:A, B, andAB, and theprevalenceof these typesappears tohave
some geographic distribution. Another antibody present in A type cats, the Mik antibody
has recently been described as the source of a hemolytic reaction in a cat. Since blood
typing is now possible inmost laboratories it is feasible to ensure that the recipient and the
donor have the same blood type. However, when using red cells in either whole blood or
packed red blood cells (PRBCs), a cross match is still important as the resulting improve-
ment in hematocrit is greater when cross match compatible transfusions are administered
and this might prevent reactions associated with theMik antibody. Fresh and fresh-frozen
plasma have all the normal clotting factors so they can be used to supplement protein and
helpwith coagulation. Plasma removed fromblood after the first 24 hours and stored fresh
or frozen is only useful as a sourceof plasmaproteins as the clotting factors degrade rapidly.

Preoperative Preparation

It is beyond the scope of this chapter to describe all the pathophysiological changes that
may lead to disturbances in fluid volumes, content, or distribution but it is important for
the clinician to consider these changes and to correct them before proceeding to
anesthetize the cat. Some common issues are discussed further.

Dehydration versus Hypovolemia

Hypovolemia refers to the circulating volume whereas dehydration refers to the total
body water content of the animal. If a cat is dehydrated it is likely to be hypovolemic but a
hypovolemic patient may not be dehydrated. A good example of the latter is the cat that
is bleeding, where the circulating volume is reduced but there has not been enough time
to pull fluids from other compartments. From a therapeutic point of view, it may be
simple to restore euvolemia by rapidly administering a fluid into the circulation to
replace the volume lost. The dehydrated patient needs to be rehydrated but this cannot
be done rapidly because the fluids have to distribute throughout the body to restore fluid
deficits in each area (Box 8.3).

Anemia

The reference range for hematocrit is lower in cats (30–50%) than dogs (40–55%), and it
is common to see cats with hematocrits < 25% without clinical signs of disease. During
anesthesia it is expected that hematocrit will decrease due to the action of drugs and
changes in distribution of fluids in the body. In practice it is common to see a decrease of
at least 5% and this can be exacerbated by falsely elevated values obtained from stressed
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cats (splenic contraction) in the preoperative period. In a laboratory study, using drugs
that would not be expected to cause splenic sequestration (ketamine/diazepam without
volatile anesthetics), the hematocrit of healthy cats decreased from 43% (awake) to 32%
(∼15 minutes after induction). A transfusion should therefore be considered in any cat
presenting with a hematocrit < 25%. In the healthy dog, oxygen delivery to the tissues
may not be compromised until the hemoglobin concentration is <4 g/dL (hematocrit
∼12%) but this is with no decrease in cardiac output. Cats often have a significant
decrease in cardiac output associated with volatile anesthetics so it is likely that
hemoglobin concentrations need to be relatively higher in this species. The clinician
must also consider any condition that would further limit cardiac output during
anesthesia (e.g. cardiomyopathy) and adjust the target hemoglobin concentration
upwards to ensure adequate oxygen delivery. In humans there is now considerable
concern over the negative effects of blood transfusions on the immune system and so
there is a delicate balancing act between providing adequate oxygen to the tissues
without compromising the immune function of the cat. Volume overload is always a
concern in cats (see above), and so it is best to use PRBCs in normovolemic cats with
anemia and start the infusion slowly (< 5mL/kg/hour). Transfusion reactions (hyper-
thermia, angioedema, vomiting, salivation) have been reported in about 8% of cats
receiving typed (but not cross matched) transfusions. Cats that are hypovolemic and
anemic should receive their transfusion rapidly in order to restore adequate oxygen
delivery. Based on a retrospective study examining the expected increase in packed cell
volume with whole blood transfusion the most accurate formulae are shown in Box 8.4.

Box 8.4: How to calculate volume of blood to transfuse

Whole blood volume to transfuse �mL� � required change in PCV%� 2�weight �kg�
However, if PRBCs are used a more appropriate formula would be:

volume to transfuse �mL� �
�required change in PCV% � 100 � BW �kg�=�donor blood PCV%�

Box 8.3: Fluid requirements for rehydration

If a 5 kg cat was 10% dehydrated, it would need 500mL of fluid to reverse that deficit. If
such a volume was given as a bolus it could overwhelm the ability of the heart to pump
this forward and result in pulmonary edema. If it is essential to anesthetize a dehydrated
patient then enough fluid should be administered to restore the circulatory component
of the deficit with a plan to give the rest over the next 12–24 hours. In this example, if
the animal was 10% dehydrated it would have lost 10% of its circulating volume or
5–6mL/kg. As indicated above, since only about 30% of the balanced electrolyte solution
remains in the circulation a bolus of 15–18mL/kg would have to be administered to this
animal to restore circulating volume and then correction of the dehydration would be
allowed to proceed more slowly.
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Hemoglobin-based oxygen carrying solutions have been used to manage cats with
anemia and in two separate studies involving a total of 120 cats the overall survival to
discharge was 71%. Some of these cats also received whole blood with or without PRBCs.
The most serious complications occurred in cats with cardiac disease where rapid
infusion rates or large volumes of PRBCs promoted pulmonary edema.

Cardiac Disease

Cats that have hypertrophic cardiomyopathy due to hyperthyroidism should be treated
for their primary disease before being anesthetized if that is possible (Chapter 9). Cats
with idiopathic or congenital hypertrophic cardiomyopathy and heart failure are often
treated with diuretics and enalapril so these animals may be hypotensive and dehydrated.
This makes fluid therapy rather difficult to plan for these patients. In such cases a central
venous pressure line could be placed so that the response to fluid administration can be
measured. A low cardiac output may be due to dehydration or to cardiomyopathy. If a
fluid bolus (e.g. 5mL/kg) is administered the central venous pressure will change
minimally in the dehydrated patient but may increase rapidly if the heart is unable
to pump the fluid forwards. Unfortunately, clinical assessment of fluid overload, such as
presence of peripheral edema or pulmonary crackles due to pulmonary edema, are very
late signs but need to be addressed immediately if present. Distension of the jugular
veins, without holding them off, could be another indicator of increased central venous
pressure but one would actively need to look for this as the jugular veins in cats are
hidden by their fur.

Urethral or Ureteral Obstruction

It is important to assess the hydration status of these patients on presentation. If they are
presented early in the course of the disease they may have minimal changes in fluid
balance but as the duration of obstruction increases the cat may become dehydrated and
hyperkalemic (Chapter 9). It is also expected that there will be a diuresis following relief
of obstruction and this will need to be managed until the cat is able to drink and regulate
its own fluid balance. In the face of dehydration and hyperkalemia some have argued that
0.9% saline would be the best solution as it does not contain any potassium. However,
administration of lactated or acetated Ringer’s has been shown to improve the acid-base
status of the animal faster and still decrease potassium concentration. It is especially
important to decrease potassium concentrations before anesthetizing the animal
because of the increased risk of dysrhythmias. The volatile anesthetics affect L-type
calcium channels in the cardiac myocytes, which may result in a lowering of the
depolarization threshold towards the raised resting membrane potential caused by
hyperkalemia. For the management of hyperkalemia see Chapter 9.

Head Trauma

Cats presenting with head trauma are most likely to be victims of high-rise syndrome,
motor vehicle accidents, or attack by a larger animal. The high-rise cases usually present
with maxillofacial trauma andmay have minimal derangements or be quite dehydrated if
discovery of the injury has been delayed and they have been unable to eat or drink. The
motor vehicle and bite cases may present with a variety of injuries that include skull
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fractures with brain injury and lacerations with blood loss. Fluids that are relatively
hypotonic (e.g. lactated Ringer’s) should probably not be used for these animals as there
is a potential for the free water in these fluids to enhance brain edema (although there is
no concrete clinical evidence to support this statement). Initial resuscitation should
therefore be with normal or hypertonic saline. The latter may be especially beneficial as it
can not only increase cardiac output but also draws fluid from the edematous brain and
enhances cerebral oxygen delivery. As indicated above a bolus of hypertonic saline
should be followed by infusion of an isotonic crystalloid to prevent hypernatremia.
Mannitol may also be used as an osmotic diuretic to decrease brain swelling (Chapter 9).
Blood or packed red cells should be administered if the cat is anemic before or after
resuscitation with crystalloids.

Intraoperative Fluids

Maintenance

Fluid administration is not always necessary especially if the cat is healthy and surgical
times are short. However, an intravenous catheter allows for rapid drug administration if
needed. Because of the concerns expressed above about fluid overload, it is also good
practice to use an approach that will minimize the risk of inadvertent excesses. Two
common methods are to use a buretrol (burette) that is only filled to a volume
representing the maximum bolus allowable, or to use a fluid pump or syringe driver
that is set at the desired rate, thus ensuring accurate delivery of a specified amount of
fluid per unit time (Figure 8.1). Historically a balanced electrolyte solution at a rate of
about 10mL/kg/hour has been used routinely for anesthetized cats. This rate was based
on data from people and was regarded as being enough fluid to account for normal
ongoing losses, evaporative loss from the surgical site, and some hemorrhage associated
with surgery. More recently the use of such high fluid rates has been questioned based
again on data from humans. With liberal fluid administration rates, human patients
gained weight, had delayed recovery of gastrointestinal function, altered wound healing,
pulmonary complications, increased pain, and decreased muscular oxygen tension. This
has led to the idea of using restrictive fluid infusions (e.g. half the above rate) but there is
no strict definition of what this means, and so it is very hard to compare studies

Figure 8.1 Equipment used to limit the risk of fluid overload. (a) fluid pump that can beused on a regular
fluid line, (b) syringe driver, and (c) buretrol (burette).
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examining “restrictive” and “liberal” fluid administration. However, complication rates
have generally been lower with restrictive fluid rates. A further refinement of this is to
use goal directed therapy where a measurable variable is kept within specified limits by
administration of small boluses of crystalloids or colloids. A “response” to the bolus
indicates that the heart is on the slope, rather than the plateau, of the Frank–Starling
curve (preload versus stroke volume), and further boluses may be applied until the
plateau is reached (Figure 8.2, Box 8.5).

Box 8.5: Developments in monitoring the effect of fluid administration

Plethysmographic variability index (PVI) is based on the pulse volume variationmeasured
with a pulse oximeter during positive pressure ventilation. In a goal directed approach,
if PVI is � x% a fluid bolus is administered and the PVI checked again. If the PVI has
decreased it is an indication of fluid responsiveness, if it has decreased but not to less
than x% then the fluid bolus is repeated. The sensitivity of the method varies with the
study conditions and the value chosen for x,with values varying from 9.5–16%. Relatively
few cats are mechanically ventilated under anesthesia and there has been no validation
in this species, so the value of this approach has yet to be established.

Urine production has also been used as a measure of adequate fluid therapy but this
appears to be significantly affected by the drugs administered during anesthesia. Recent
data suggest that the opioids and isoflurane decrease urine production to < 0.5mL/kg/
hour. Conversely agonists of α2-adrenergic receptors increase urine production eightfold
to tenfold with urine production increasing to 3–6mL/kg/hour.

Figure 8.2 Frank–Starling curve showing the response of stroke volume to increases in preload. In
the middle of the curve there is a significant ↑ increase in stroke volume (ΔSV) with an increase in
preload (ΔP). At the top of the curve there is almost no increase in stroke volume with the same
increase in preload.
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In cats it is unlikely that these technologies can be applied on a routine basis so it
would be most appropriate to work out a fluid rate derived from basic principles. In the
past it has been found that an animal requires roughly 1mL of liquid per kcal of energy
consumed, although this value is somewhat dependent on the source of the calories. The
basal energy consumption of a dog has been given as 97×BW(kg)0.655 kcal/day but this is
probably an overestimate for the anesthetized patient. Another approach to estimating
this would be to use oxygen consumption, multiplied by the kcal consumed per unit of
oxygen consumption. Data from a number of experiments in cats suggests that oxygen
consumption is around 3mL/kg/minute during anesthesia and, assuming that 1 L of
oxygen produces around 5 kcal of energy, the average fluid requirement, to account for
normal losses, would be approximately 1mL/kg/hour. During surgery evaporative losses
increase with exposure of tissue and the use of dry gases in breathing circuits. If it is
assumed that the incoming gas is dry and that the cat has to humidify the gas to 100%,
this would amount to approximately 0.25mL/kg/hour water loss (assuming a minute
ventilation of 100mL/kg/minute and a water content of approximately 46mg/L at
38 °C). During surgery evaporative losses might be added to this if any of the viscera are
exposed, and this could range from 1–3mL/kg/hour depending on the exposure. Based
on the above calculations the minimum fluid rate should be 1–2mL/kg/hour with
additional volumes added during extensive tissue exposure. Hence the rate proposed in
the recent American Animal Hospital Association (AAHA) guidelines of 3mL/kg/hour
seems reasonable. However, 11mL/kg/minute has been administered for 60minutes to
cats without apparent harm, and even 90mL/kg/hour produced no measurable changes
except for a decrease in hematocrit, total protein, and colloid oncotic pressure. However,
as many cats have latent heart disease the results may be different in each patient.

Relative Hypovolemia

Cats frequently become hypotensive during anesthesia due to the negative inotropic and
vasodilatory effects of volatile anesthetics. These cats could be said to have a relative
hypovolemia because of the “loss” of volume into the systemic vasculature. If a reduction
of volatile agent concentration does not increase blood pressure the next step, assuming
that the cat is not bradycardic, is usually to administer a bolus of fluids with the
expectation that increasing preload will increase cardiac output (Chapters 9 and 10). In
humans under anesthesia, it has been established that the volumes of distribution of
fluids are not the same as in the awake state. However, a reasonable estimate to increase
the blood volume by 10% in a cat with a blood volume of 50mL/kg would be to
administer 15mL/kg, assuming that the crystalloid will redistribute to the interstitium in
a 2 : 1 ratio. The rate of redistribution in cats is not known, but in humans the half-life of
crystalloids in normal individuals under anesthesia is around 20 minutes, so the ongoing
infusion rate would need to be of the order of 10–15mL/kg/hour to maintain this degree
of expansion. In the studies carried out in humans it has been noted that the rates of
redistribution decrease if the patient is dehydrated before surgery, or hypotensive, to the
extent that if the animal is severely hypotensive (e.g. a mean arterial pressure of
� 50mmHg) then very little of the crystalloid will leave the vasculature.
Hypertonic saline may be used to treat hypovolemia with a dose of up to 4mL/kg of

7.5% solution over 10–15minutes. This dose was able to restore blood pressure and
cardiac output in cats that had lost more than 50% of their blood volume but the benefits
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lasted less than one hour, so the infusion should be followed by other methods to
maintain circulating volume (e.g. standard crystalloids). The serum sodium concentra-
tion can be expected to increase dramatically within the first 10 minutes after infusion
but it will soon start to decrease due to redistribution and the addition of fluid to the
circulation from the periphery.
Artificial colloids may also be used in hypovolemia. They will increase circulating

volume with an efficiency that usually exceeds the volume administered because most of
these solutions have osmolalities that are similar to, or exceed, plasma osmolality, and
many are also hyperoncotic (Box 8.6).

Box 8.6: Developments in hydroxyethyl starches (HES)

There are nowmany HES available worldwide, and the original highmolecular weight HES
(450/0.7) has been succeeded by molecules with lower molecular weights and different
substitution ratios that change the rate at which they are metabolized (e.g. HES 130/0.4).
Some of these newmolecules as well as the polygelatins have less effect on coagulation. It
has been recommended for dogs that the dose of HES 450/0.7 should not exceed 20mL/kg
in 24hours whereas with HES 130/0.4 the dose can be as high as 40mL/kg in 24hours with
minimal effect on coagulation. These doses probably need to be reduced in cats to around
15 and 30mL/24 hours, respectively, because of the smaller blood volume, but there are no
specific studies available in this species.

Absolute Hypovolemia

The cat that is hypovolemic because of blood loss may also be treated with a rapid bolus
of crystalloid at a ratio of three times the volume of blood lost. The limitation to the use
of crystalloid will be the dilution of hemoglobin, and, as discussed above, the transfusion
trigger point should be modified in the light of the pathophysiology of the condition and
the rate of hemorrhage. Packed red blood cells may be the most efficient way to increase
oxygen carrying capacity but fresh whole blood can be used, with the added advantage of
containing clotting factors and proteins to maintain plasma oncotic pressure. Most
blood that is collected for transfusion is prevented from clotting by the addition of
citrate, which ties up calcium. The amount of citrate present usually exceeds that needed
in the collected blood so it has the potential to cause hypocalcemia in the recipient. If
blood is administered slowly, and only 1 or 2 units are given, the animal will compensate
for this by shifting calcium from the vast stores in the body. However, if blood is given
rapidly and, especially if several units are administered, the cat will become hypocalce-
mic. To counteract this the cat can be given 2.5–5mg/kg of calcium chloride or
10–15mg/kg of calcium gluconate (NB. these are not precisely equivalent doses).
The use of citrate for anticoagulation is also the reason why blood should not be
administered through the same line as a calcium containing solution such as lactated
Ringer’s – the addition of calcium could counteract the citrate and coagulate the blood.
Some cats give the clinical impression that massive hypotension caused by the release of
vasoactive compounds from the gut or the liver responds poorly to crystalloid adminis-
tration, and appears to resolve only with the administration of blood. These animals
often have a hematocrit that would normally be acceptable but crystalloids, and even
artificial colloids, do not seem to improve their blood pressure.
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Hemoglobin-based oxygen carrying solutions have also been used to treat hypovo-
lemia especially where there are concerns about oxygen carrying capacity. This can be a
very useful method to restore circulating volume and increase oxygen delivery. Pigmen-
tation of the serum is an expected effect associated with the administration of these
solutions.

Chronic Kidney Disease (CKD)

Many older cats have CKD, and their fluid management is complex (Chapter 9). The
main aim is for the cat to emerge from anesthesia with no further damage to the kidneys.
Many cats with CKD are treated with angiotensin-converting enzyme inhibitors such as
benazepril or captopril and newer drugs including angiotensin II receptor antagonists
(blockers) such as telmisartan. These drugs are thought to decrease proteinuria and slow
the progression of the disease. In human medicine administration of these drugs on the
morning before anesthesia is associated with a higher incidence of hypotension during
anesthesia. This has also been seen in cats, and the drug may be withheld on the morning
of anesthesia to try to avoid the increased fluid volume that might be needed to treat
subsequent intraoperative hypotension. Some of these patients may also be dehydrated
prior to the procedure, and so it is necessary to assess hydration status carefully before
anesthesia and to monitor the effect of fluids intraoperatively using central venous
pressure (see above). In the past both dopamine and mannitol have been used intra-
operatively for “renal protection”, but the current evidence from human anesthesia is
that these therapies do not improve outcome. Dopamine is unlikely to benefit feline
patients because the dopamine-1 receptors in their kidneys seem to lack a vasodilating
effect. However, dopamine is very effective at increasing cardiac output, and thereby
renal perfusion, in the hypotensive patient.

Postoperative Care

The postoperative period should be a time for transitioning the patient back to the awake
state where the animal can function again on its own, regulating its own food and water
intake. Typically in the average healthy patient, fluids will be discontinued at the start of
recovery and the cat will be able to drink and eat within 2–3 hours. Sick or critically ill
patients may need fluid therapy continued in order to resolve pre-existing dehydration,
hypovolemia or chronic deficits or if their disease prevents them from eating or drinking.
For these patients it may be appropriate to use replacement fluids such as lactated
Ringer’s or Hartmann’s solution initially, but within a few hours the cat should be
changed to a true maintenance solution that has much less sodium (40mmol/L) and
more potassium (13–16mmol/L) (Table 8.1) (e.g. acetated solutions such as Normosol-
M or Plasmalyte M or 56). Higher potassium concentrations may be needed if the cat is
hypokalemic initially or is losing more potassium through the kidneys. Blood, plasma or
colloids may also be needed to repair pre-existing deficits and further losses. Infusion
solutions containing blood or plasma should be discarded after 4 hours at room
temperature to decrease the risk of bacterial contamination. The volume required
for 4 hours may be calculated and placed in a syringe for use, and the remainder
refrigerated until needed.
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Key Points

� Pathophysiological changes associated with common diseases� General considerations and anesthetic management of cats with common diseases and
conditions� Specific goals of anesthetic management for each set of conditions� Adjuvant therapies and their impact on anesthetic management� Potential complications and preventive measures to reduce morbidity and mortality

Introduction

Cats with specific disease states may require general anesthesia for diagnostic, medical,
or surgical procedures, which may or may not be related to the disease but will have a
profound impact on homeostasis with detrimental physiological effects. Knowledge and
appropriate management of disease-induced pathophysiological changes will prevent
complications and reduce perioperative morbidity and mortality. It is particularly
important to consider the impact of the cardiorespiratory depressant effects produced
by most anesthetics. This chapter discusses anesthetic techniques and drug protocols
used in the most common feline disease states. Except for emergency cases, the value of
the medical or surgical procedure should be always weighed against the anesthetic risks.
Anesthesia of specific populations of cats is discussed in other chapters. For example,

anesthesia of the fearful cat is discussed in Chapter 1, consideration of anemia and its
anesthetic implications is presented in Chapter 2, anesthesia for spay-neuter programs
including its relevance to kittens is described in Chapter 4, and pain management of cats
with chronic pain syndrome after feline onychectomy is covered in Chapter 15.

Urethral Obstruction and Uroabdomen

General Considerations

Urethral obstruction is usually caused by proteinaceous matrix plugs, and primarily affects
male catswhopresentwith a history of hematuria and straining to urinate. Catswith urethral
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obstruction and lower urinary tract disease commonly require anesthesia for urethral
catheterization, perineal urethrostomy or exploratory abdominal surgery because of bladder
rupture and uroabdomen. These patients are often critically ill, and preanesthetic stabiliza-
tion is usually required. A list of problems is presented in Box 9.1. Clinical presentation
includes anorexia, lethargy, dehydration, depression, anuria or oliguria, halitosis, abdominal
pain, vomiting, and diarrhea. Clinical signs will ultimately depend on the severity of
dehydration, uremia, and hyperkalemia; acute renal failure may result. Venous catheteriza-
tion is mandatory for fluid and electrolyte administration. Hematocrit, total protein, blood
urea nitrogen (BUN), sodium, potassium and ionized calcium concentrations will guide
appropriate treatment to reduce the risks associated with anesthesia. Reagents strips give
sufficient information for BUN and a full chemical panel is not always essential.

Box 9.1: Urethral obstruction: challenges in patient stabilization and management
of anesthesia

Reduced glomerular filtration rate, hypothermia, hyperkalemia, hypocalcemia, and acid-
emia are often present in these cats. Circulatory collapse with weak peripheral pulses
must be treated before general anesthesia. Fluid therapy and adequate hydration will
optimize cardiac output and renal blood flowwhile minimizing blood pressure variations
during general anesthesia. Correction of electrolyte and acid-base imbalances in addition
to severe dehydration are the most important goals of patient stabilization. Rapid fluid
resuscitation (in the absence of cardiac disease) is required, especially if poor perfusion
and severe dehydration are present. A bolus of balanced isotonic crystalloid fluid such as
saline 0.9% is administered at 45–60mL/kg/hour while the obstruction is relieved.
Lactated Ringer’s is acceptable even in hyperkalemia (Chapter 8) since saline 0.9%
may worsen pre-existing metabolic acidosis because it has high chloride concentration.
The rationale for aggressive fluid therapy is to promote diuresis and to treat cardiovas-
cular collapse. Warming will prevent and treat hypothermia.

Hyperkalemia causes unique changes in the electrocardiogram (ECG). The ECG
changes include bradycardia, increased T-wave amplitude, decreased R-wave amplitude,
ST segment depression, decreased P wave amplitude, prolonged PR, QRS and QT
intervals, and commonly, loss of P wave with possible ventricular dysrhythmias.
This bradycardia should not be treated with atropine or glycopyrrolate. Cats with a

serum potassium concentration greater than 6mEq/L should not be anesthetized until
hyperkalemia is treated (Box 9.2).
Acidemia results in potassium ions moving extracellularly in exchange for hydrogen

ions, which are buffered intracellularly.

� Metabolic acidosis decreases protein binding, increasing the availability of highly
protein bound drugs� In addition to hypovolemia, metabolic disturbances lead to electrical conductance
abnormalities because hyperkalemia, raises the resting cell membrane potential;
cardiac automaticity, conductivity and contractility are decreased

Azotemia may in part be produced by dehydration (prerenal). Uremia may change
protein binding and the blood-brain barrier permeability, resulting in profounddrug effects.
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Anesthetic Management

Anesthesia is normally required for manipulation and placement of a urinary catheter.
Sedation may not be required for catheterization in the very sick patient.
An overview of anesthetic management is provided below:

� Some cats may tolerate urinary catheterization under deep sedation using an IV
combination of an opioid (e.g. methadone 0.3mg/kg or buprenorphine 0.02mg/kg),
andmidazolam (0.3mg/kg), or low doses of propofol or alfaxalone (0.5–1mg/kg IV for
both drugs)� Oxygen therapy is highly recommended during sedation� Acepromazine and agonists of α2-adrenergic receptors (dexmedetomidine) are con-
traindicated due to their undesirable cardiovascular effects� Ketamine is actively excreted by the kidneys in the cat (Chapter 2), and is usually
contraindicated for induction of anesthesia, especially if there are signs of acute renal
failure. If ketamine is used, recovery from anesthesia may be prolonged. Anecdotally
ketamine infusions (10–20 μg/kg/minute) are acceptable for perioperative analgesia
after laparotomy. The doses are low (subanesthetic), and ketamine is valuable for
multimodal analgesia due to its ability both to prevent and treat hyperalgesia and
central sensitization� Volatile anesthesia with isoflurane or sevoflurane is a good option if prolonged
anesthesia (> 20 minutes) is required since intubation or use of a supraglottic airway
device offers the best means of oxygenation, ventilation, and airway protection.
However, volatile anesthetic cardiorespiratory depression is a concern

Box 9.2: Stepwise approach to treatment of hyperkalemia

� Calcium gluconate 10% (0.5–1mL/kg IV) is injected over 10–15 minutes while the ECG
is monitored. Administration of calcium increases cell membrane threshold potential,
thereby increasing myocardial conduction and contractility� Calcium restores the normal gradient between resting and threshold potentials of the
cardiac cells and is indicated for life-threatening bradycardia. However, its effects are
transient (15–20 minutes), and calcium therapy does not change potassium concen-
trations. Hypocalcemia potentiates the myocardial toxicity of hyperkalemia, and it
should be treated� A bolus of dextrose (0.25–0.5 g/kg IV) is diluted with two parts of saline 0.9% (by
volume), and administered in combination with a bolus of insulin (0.1–0.25 U/kg IV).
Insulin drives potassium into the intracellular compartment while dextrose induces
endogenous insulin release� Sodium bicarbonate (1mEq/kg IV) is given slowly (10–15 minutes), and will also move
potassium into the intracellular compartment. The effects of bicarbonate usually last a
few hours, and it is recommended for severe metabolic acidosis (pH< 7.1). Judicious
administration will avoid iatrogenic metabolic alkalosis, hypernatremia or paradoxic
CNS acidosis
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Cats undergoing perineal urethrostomy are often positioned on a tilted table
(Trendelenburg) with their pelvic limbs off the table (Figure 9.1). This may cause
respiratory impairment since abdominal viscera push on the diaphragm, limiting
thoracic expansion. Respiratory depression may lead to respiratory acidosis, and
worsen acidemia. Assisted ventilation may be required and a capnograph aids
monitoring of ventilation (Chapter 7). Soft padding should be placed between
the hind limbs and the surgical table to prevent nerve damage. Hematocrit, total
protein, and lactate concentrations provide information on the effectiveness of fluid
therapy and hemodilution (Chapter 8). In critically ill cats, a bolus of ephedrine
(0.1 mg/kg IV) or dopamine infusions (10–20 μg/kg/minute IV) can be administered
to improve cardiac contractility and promote α-adrenergic-induced peripheral
vasoconstriction.
Pain management is always an important component of anesthesia:

� Analgesia is essential but NSAIDs are contraindicated due to their deleterious renal
effects. NSAIDsmay, however, be administered once normal hydration, perfusion, and
renal function are established (Chapter 13)� IV administration of opioids (buprenorphine, methadone or hydromorphone) is
recommended since many cats present with severe abdominal pain due to a distended,
tense bladder� Opioid infusions (e.g. fentanyl or remifentanil; 5–20 μg/kg/hour) may be required
during and after exploratory abdominal surgery. In contrast with dogs, opioid
infusions do not substantially decrease volatile anesthetic requirements in cats

Figure 9.1 Positioning of a cat for perineal
urethrostomy.
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� A sacrococcygeal epidural block facilitates urethral catheterization in cats with
urethral obstruction (Figure 9.2)� Lumbosacral epidural with local anesthetics is contraindicated in hypovolemic states
due to the risk of sympathetic blockade, vasodilation, hypotension, and cardiovascular
collapse

Chronic Kidney Disease (CKD)

General Considerations

Chronic kidney disease affects more than 30–40% of cats older than 10 years of age, and
is a significant cause of mortality. These patients require anesthesia for a range of
procedures (e.g. dental prophylaxis, imaging). The etiology of CKD has not been
elucidated but it is well accepted that there is a significant inflammatory component
in most cases.
The International Society of Feline Medicine has published consensus guidelines on

diagnosis and management of CKD in cats (http://jfm.sagepub.com/content/18/3/219
.full.pdf+html, accessed June 25, 2017).
Common indicators of CKD vary from one patient to another and include:

� Weight loss and poor body condition� Polyuria and polydipsia� Azotemia (serum creatinine concentrations � 140 μmol/L or � 1.6mg/dL), although
this may be affected by lean tissue mass and hydration

Figure 9.2 Sacrococcygeal epidural anesthesia in cats before urinary catheter placement. The technique
isperformedunderaseptic conditions andproduces anesthesiaof theperineal area,penis, urethra, colon,
andanus. Preservative-free lidocaine2%(0.1–0.2mL/kg) is injectedusinga23or25-G25-30mm(1.2 inch)
needle. Relaxation of the tail and perineal region is usually observed.
Source: Courtesy of Dr. Edouard Martin.
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� Dehydration and hypovolemia� Low urine specific gravity (� 1.030)� Systemic hypertension (systolic blood pressure � 160mmHg)� Long-term evidence of kidney dysfunction and decreased kidney size� Proteinuria� Anemia� Hyperphosphatemia� Hypokalemia� Potential for “acute on chronic” CKD; metabolic and electrolyte changes will be
similar to urethral obstruction leading to hyperkalemia, uremia, oliguria and anuria

Cats with CKD should be stabilized before general anesthesia with appropriate
symptomatic therapy. Additional laboratory investigation and imaging may help to
identify the disease severity and guide therapy. Urinary tract infection should be treated
with antibiotics, ideally after bacterial culture. Fluid administration is required to correct
dehydration, electrolyte, and acid-base abnormalities (Box 9.3) especially in cats that are
uremic with anorexia, vomiting, and diarrhea. This is particularly important in order to
maintain adequate blood flow during anesthesia and to eliminate uremic toxins and
drugs.

Box 9.3: Patient stabilization before general anesthesia in cats with CKD: fluid therapy

� Subcutaneous fluid administration (20–30mL/kg) is an option but hospitalization and
IV treatment should be considered 24 hours before general anesthesia for IRIS stage III
or IV cases� Avoiding fluid overload is essential, and is of particular concern in geriatric cats and
those with cardiomyopathy� Cautious administration of crystalloids is also important with protein-losing nephrop-
athy as hypoproteinemia impairs colloid oncotic pressure andmay predispose patients
to edema. Colloid administration is preferred for treatment of intraoperative hypo-
tension and when large volumes are required� Hemodilution is also an issue since many cats with CKD are anemic. This can be further
aggravated by intraoperative blood loss. Severely anemic (hematocrit � 20%) cats
should be treated with erythrocyte-stimulating agents (e.g. erythropoietin) as part of
patient stabilization in an attempt to increase hematocrit and meet tissue oxygen
requirements. In an emergency, packed red blood cells may be indicated� Severe metabolic acidosis (pH � 7.1 and bicarbonate concentrations � 15mEq/L) may
be treated with bicarbonate (0.5mEq/kg IV over 20 minutes)

Anesthetic Management

The goal during anesthesia is to maintain renal blood flow (RBF) and minimize changes
in glomerular filtration rate (GFR). Intraoperative hypotension should be avoided as it
may lead to renal hypoperfusion. This is aggravated by drugs used to treat hypertension
that promote vasodilation and decrease cardiac contractility such as amiodipine (cal-
cium-channel blocker), telmisartan (angiotension receptor blocker), benazepril (angio-
tension-converting enzyme inhibitor) or propranolol (antagonist of β-adrenergic
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receptors or “β blocker”). Blood pressure should be closely monitored and hypotension
treated as necessary (Chapter 10).

� Premedication of older cats with CKD includes drugs that can be reversed such as
opioids and benzodiazepines� A combination of midazolam (0.3mg/kg) and hydromorphone (0.05–0.1mg/kg) or
methadone (0.3mg/kg) IM will suit most of these cats unless profound sedation is
required for intravenous catheterization� Acepromazine may produce hypotension but studies in dogs have shown that it may
provide renal protection by preserving RBF and GFR� Dexmedetomidine, particularly in combination with propofol and isoflurane,
decreases cardiac output leading to reduced RBF� Local anesthesia should be always used where appropriate, especially for cats under-
going dental procedures (i.e. dental blocks; Chapter 5)� Discussion around the use of NSAIDs in cats with CKD is beyond the scope of this
chapter. However, cats with degenerative joint disease and stable CKD (controlled
hypertension, lack of urinary tract infection and periodontal disease; International
Renal Interest Society (IRIS) I and II) have been successfully treated with meloxicam
or robenacoxib (Chapter 15). Most surgical procedures will cause inflammation, and
administration of a minimum effective dose of NSAID should be considered for
normovolemic cats with stable disease� Ketamine is excreted partly unchanged by the kidneys in cats (Chapter 2) and is not an
appropriate choice in most CKD cases. Based on data from humans, propofol is the
drug of choice because it has minimal effects on RBF and GFR in patients with
nephropathy. Alfaxalone is an alternative for induction of anesthesia� Volatile anesthetics are widely used for maintenance of anesthesia but decrease RBF
and GFR, and may produce vasodilation and hypotension. The potential for nephro-
toxicity from production of inorganic fluoride ions after sevoflurane administration is
not usually a clinical concern when using appropriate fresh-gas flows (Chapter 6)� Cats have putative renal dopamine (D1) receptors and infusions have been used for
inotropic support (10–20 μg/kg/minute). Low doses of dopamine (1–3 μg/kg/minute)
are no longer thought to be renal protective

Hyperthyroidism

General Considerations

Hyperthyroidism is the most common endocrinopathy in geriatric cats; it is caused by
adenomatous goiter or hyperplasia. Hyperthyroidism results from increased plasma
concentrations of thyroid hormones (T3 and T4). Anesthesia is required in hyperthyroid
cats either for thyroidectomy or for unrelated issues. Hyperthyroid cats are commonly
cachectic because of multiple systemic disorders and a high metabolic rate which
increases energy requirements and oxygen consumption. Hypothermia is likely to occur
during anesthesia if not vigorously prevented.
Hyperthyroid cats may have hypertrophic cardiomyopathy (HCM) and evaluation of

cardiovascular function is important, ideally with echocardiography. Cardiovascular
function is over stimulated by hyperthyroidism, leading to increased myocardial
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contractility and cardiac output. Hypertension is common in these patients. Administra-
tion of antagonists of β-adrenergic receptors (atenolol, propranolol or esmolol) may be
started 48 hours before anesthesia to minimize excessive sympathetic stimulation during
surgery. Hyperthyroid cats are often treated withmethimazole, which inhibits synthesis of
thyroid hormones (onset of effects requires approximately one week) and this should not
be stopped before anesthesia as its half-life is short. Elective procedures should be delayed
until thyroid hormone concentrations have been normalized. A complete blood count
(hematocrit is usually increased), serum chemistry profile (biochemical abnormalities are
common), andmeasurementof serumthyroidhormoneconcentrations are recommended
to guide treatment and monitor progress of the disease.

Anesthetic Management

Stimulation of thyroid function (a so-called “thyroid storm”) should be avoided during
anesthesia as this may produce potentially life-threatening sympathetic stimulation and
cardiac dysrhythmias. This is especially important in cats with HCM.

� Diagnosis of ventricular dysrhythmias before induction of anesthesia can be confirmed
with judicious auscultation and an ECG recording� Hyperthyroid cats may be difficult to handle due to increased sympathetic activity and
change in behavior. Adequate sedation and a stress-free approach to handling, and
induction is recommended� Opioids alone (e.g. hydromorphone, methadone, butorphanol, buprenorphine) are
commonly used for sedation. Low doses of dexmedetomidine (3–5 μg/kg IM) or
alfaxalone (1–2mg/kg IM) can be combined with opioids in the fractious cat.
Acepromazine is an option in euvolemic cats where severe bleeding is not a risk
during surgery (Chapter 3)� Application of local anesthetic creammay help with venous catheterization in cats that
are difficult to handle� Preoxygenation is performed before induction. Theoretically, etomidate is the best
induction agent (2mg/kg IV) given with or without midazolam (0.25mg/kg). These
drugs do not sensitize the myocardium to the dysrythmogenic effects of catechol-
amines. Low doses of propofol (1–2mg/kg IV) or alfaxalone (0.5–1mg/kg) are more
practical alternatives and suitable when given slowly to effect. Ketamine causes
indirect sympathetic activity and should be avoided. Anticholinergics are not
recommended� Gold-standard monitoring of anesthesia allows early detection and treatment of
potential perioperative complications. Fluid therapy must be given judiciously espe-
cially if clinical signs of HCM are present. Fluid administration should simply account
for any dehydration from vomiting and diarrhea resulting from malabsorption and
decreased ororectal transit time

Complications during thyroidectomy include vagal nerve stimulation (Chapter 10),
hemorrhage, and excessive bandage compression of the neck and airways during
recovery. Recurrent laryngeal nerve damage is also possible resulting in laryngeal
paralysis and stridor and respiratory distress after extubation. Hypocalcemia is a
common complication in the postoperative period if the parathyroid glands are removed
accidentally. Cats are commonly hospitalized for postoperative care for 48–72 hours.
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Hypertrophic Cardiomyopathy (HCM)

General Considerations

Hypertrophic cardiomyopathy is a primary idiopathic heart disease that causes structural
impairment with concentric thickening of the myocardium, ventricular hypertrophy,
and diastolic dysfunction (failure of relaxation). Maine Coon, Persian, and American
Short Hair cats may be genetically predisposed to the disease. Hypertrophic cardio-
myopathy is sometimes observed secondary to hyperthyroidism. HCM is reported to be
present in around 15% of apparently normal cats, and many of these do not have a
cardiac murmur. This may explain some cases of unexpected death during anesthesia
(Chapter 10). The pathophysiology of HCM includes significant hemodynamic changes.

� The ventricle is thick and noncompliant. This reduces myocardial relaxation and
limits end-diastolic volume, as well as affecting coronary circulation (Figure 9.3)� Left-atrial enlargement, mitral regurgitation, and venous congestion are common due
to high diastolic pressure. Pulmonary edema may result� Stroke volume, and therefore cardiac output, are compromised. The systolic anterior
movement of the mitral leaflets is responsible for dynamic obstruction of the left
ventricular outflow tract (DOLVOT) mitral valve regurgitation and heart murmur� If the patient is in chronic heart failure before anesthesia this should be treated.
Cardiogenic edema and pleural effusion leading to dyspnea should be resolved before
the anesthetic event� Clots can form in the left atrium which may fragment, leading to arterial thrombo-
embolism. Some cats are treated with clopidrogrel with or without aspirin as an attempt
to decrease this risk; these drugs will result in increased bleeding during surgery

Anesthetic Management

Cats with HCM may be sedated with an opioid alone (hydromorphone 0.1mg/kg,
butorphanol 0.4mg/kg, buprenorphine 0.02mg/kg or methadone 0.3mg/kg IM), or in
combination with midazolam (0.25mg/kg IM) or acepromazine (0.02mg/kg). Cats

Figure 9.3 Echocardiography with signs of left sided obstructive hypertrophic cardiomyopathy. The aortic
ejection fraction was turbulent and increased. (a) Right-parasternal short-axis view showing left ventricle
hypertrophywith thickened interventricular septumand left ventricularwall. (b)M-modeechocardiogramat
the level of the left ventricle showing the thickened myocardium and small left-ventricle cavity.
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should be preoxygenated. The electrocardiogram and blood pressure (Doppler ultra-
sound) are best monitored before induction of anesthesia as these will reveal any
dysrhythmia and hypertension.

� Ideally anesthesia can be induced with etomidate (1–2mg/kg IV). However, propofol
or alfaxalone titrated slowly and to effect are acceptable in the early stages of HCM.
Combinations of intravenous fentanyl-midazolam (Chapter 4) can be used in critically
ill cats to induce anesthesia or to minimize doses of propofol and alfaxalone� Isoflurane or sevoflurane are used for maintenance of anesthesia in combination with
an ultra-short opioid agonist (e.g. fentanyl or remifentanil; 5–20 μg/kg/hour). Bal-
anced anesthesia (Chapter 6) will allow small decreases in volatile anesthetic require-
ments, and better cardiovascular stability (Box 9.4)� Ketamine and anticholinergics are contraindicated because they increase heart rate and
diastolic filling time and increase sympathetic activity. Dexmedetomidine or medetomi-
dine may be used if necessary in cats that are difficult to handle and in cats with
documentedDOLVOT. Both drugs produce bradycardia and increase diastolicfilling time� Intravenous fluids should be administered judiciously (1–2mL/kg/hour); higher rates
may cause pulmonary edema� Cats in heart failure are commonly treated with an angiotensin-converting enzyme
inhibitor (e.g. enalapril) to decrease renal retention of salt and water, and diltiazem
(calcium channel antagonist) to reduce heart rate and induce myocardial relaxation. It
is common practice to continue their administration prior to the anesthetic procedure.
If hypotension develops, vasopressors such as phenylephrine (0.25–0.5 μg/kg/minute)
may be infused to effect� Use of inotropes (e.g. dobutamine) to increase myocardial contractility is controversial
as this may increase myocardial oxygen consumption and worsen DOLVET� An inhibitor of sarcomere contractility (MYK-461)has been tested in the laboratory setting
in cats with HCM and left-ventricular outflow obstruction. Reduction of contractility
eliminated systolic anteriormotionof themitral valve anddecreasedpressuregradients in a
concentration-dependent manner. This may be a therapeutic option in the future

Box 9.4: Anesthetic management of cats with HCM

The challenge of anesthesia in cats with HCM: The goal is to maximize diastolic function
and minimize myocardial oxygen consumption by inducing mild decreases in heart rate, and
to allow adequate coronary perfusion with appropriate cardiac output. Tachycardia must
be avoided by all possiblemeans because it reduces end-diastolic ventricular volume and
does not allow time for adequate diastolic filling. A low heart rate is much preferred over
tachycardia.

Neuroanesthesia

General Considerations

The blood-brain barrier is disrupted by inflammation, trauma and acute hypertension.
Central nervous system (CNS) injury may lead to hypoxia, hypercapnia, hypoglycemia,
hypotension, cerebral arterial spasm and transtentorial or cerebellar herniation. Blood
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flow and autoregulation can be severely affected and changes in flow-metabolism
coupling may occur. In addition, anesthetic and sedative drugs may contribute to
significant physiological changes. In normal conditions, autoregulation maintains
constant cerebral blood flow (CBF) over a range of cerebral perfusion pressure
(CPP) between 50–150mmHg (Chapter 2). This complex integration of perfusion
pressure, vascular resistance, and flow is described in Box 9.5. Cats with CNS injury
can easily decompensate during anesthesia (Figure 9.4).

Box 9.5: Integration of cerebral perfusion pressure, vascular resistance and flow

Cerebral blood flow (CBF) is dependent on cerebral perfusion pressure (CPP) and cerebral
vascular resistance (CVR) (CPP=CPP/CVR). CPP is dependent onmean blood pressure (MAP)
and intracranial pressure (ICP) (CPP=MAP � ICC). Under clinical conditions, the anesthetist
can only monitor MAP to predict changes in ICP and CPP, and ultimately CBF. CPP should be
maintained around 70mmHg in patients with a space-occupying lesion or head trauma; this
correlates with a MAP of 80mmHg. Increased ICC leads to hypertension and reflex
bradycardia (Cushing’s reflex), andchanges in respiratorypattern (Cheyne–Stokesbreathing).

Anesthetic Management

Anesthesia for patients with traumatic brain injury (TBI), space-occupying lesions, and
during neurosurgery, should optimize CBF and cerebral perfusion while minimizing
increases in intracranial pressure (ICP) (Box 9.6).

Figure 9.4 Magnetic resonance imaging in two cats. (a) A T1 flair dorsal sequence after administration of
gadolinium. Necropsy revealed ameningioma of the third ventricle (area of the hippocampus, thalamus,
and part of the cerebellum), and an adenocarcinoma in the frontal sinus. The image shows a 12× 7.5×
5mmmultilobed, well defined structure (white arrow) with areas of enhancement and meningitis after
administration of gadolinium. Such patients are at risk of brain herniation during anesthesia. This may
also occur after traumatic brain injury (e.g. intracranial bleeding). (b) Ischemic brain injury of the left
cerebral hemisphere in a cat. There is hyperintensity (white arrow) of the rostrolateral part of the left
temporal and frontal lobe, mainly in the cortical region.
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Cerebral blood flow is altered by changes in partial pressures of carbon dioxide and
oxygen in blood (PaCO2 and PaO2, respectively) (Chapter 2). Hypercapnia affects CBF via
pH-dependent changes in extracellular fluid in the brain resulting in cerebral vasodilation.
This vasodilation is induced by nitric oxide and prostaglandin release. Hypocapnia causes
cerebral vasoconstriction and reduces CBF. Severe vasoconstriction can lead to neuronal
death and deteriorating neurological function. Increases in PaCO2 produce linearly
increasing vasodilation. Both hyperventilation and hypoventilation can be detrimental
in patients with head trauma. For this reason, PaCO2 should be maintained between
30–33mmHg using intermittent positive pressure ventilation (IPPV). The response to
changes in PaO2 is less dramatic because cerebral vasodilation occurs onlywith hypoxemia
(PaO2< 60mmHg). After TBI, oxygen should be administered to prevent hypoxemia.
General anesthesia may be required for decompression of the cranium after head trauma,

for shunt placement in hydrocephalus, for diagnostic imaging such as MRI in intracranial
disease and idiopathic epilepsy, and for surgical interventions for tumor removal (Figure9.5).

Box 9.6: Goals of neuroanesthesia

The aim during neuroanesthesia is to maintain cerebral perfusion pressure and autor-
egulation. This dictates adequate ventilation, appropriate venous drainage, hemo-
dynamic stability, as well as reduction of intracranial pressure (ICP) and cerebral
metabolic rate while avoiding sudden increases in ICP (coughing during intubation,
jugular blood sampling, neck leashes). Mean arterial blood pressure monitoring is crucial
in these patients. Cerebral vasoconstriction leads to decreased oxygen demand and ICP;
vasodilation has the opposite effect.

� Intravenous opioids alone are normally administered for sedation. Vomiting should be
avoided to prevent any increases in ICP. Butorphanol, methadone, and buprenorphine
are drugs of choice, and the precise choice depends on the invasiveness of the

Figure 9.5 A cat recovering from surgery after removal of a meningioma.
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procedure. Maropitant (1.0mg/kg SC or IV) will prevent vomiting and can be included
in the anesthetic protocol� Short-acting agonists of μ-opioid receptors (e.g. fentanyl) are administered to prevent
increases in ICP in response to surgical stimulation. Opioid infusions can be stopped
or adjusted to effect to minimize impairment of neurological function and allow
assessment of function. Doses should be adjusted to avoid respiratory depression and
increased PaCO2� Drugs causing cerebral vasodilation such as acepromazine and calcium channel
blockers are best avoided. Volatile anesthetics cause vasodilation and should be
used cautiously� Anesthesia is best induced with alfaxalone, propofol or barbiturates, and maintained
using propofol or alfaxalone and mechanical ventilation for critical cases. Anesthetic
maintenance with propofol may lead to prolonged recoveries. An intravenous bolus of
lidocaine (1mg/kg) has been advocated to minimize coughing during endotracheal
intubation� Use of ketamine for neuroanesthesia is controversial (Box 9.7)� Hypothermia, by decreasing metabolic rate and release of glutamate, has been
employed for neuroprotection. Other therapies and maneuvers to decrease
ICP include appropriate head positioning, care to avoid jugular occlusion, admin-
istration of mannitol (0.5–1 g/kg) and hypertonic saline (2–3mL/kg), as well as
adequate fluid administration to improve rheology and optimize tissue oxygen
delivery

Box 9.7: The use of ketamine in neuroanesthesia

Ketamine has historically been contraindicated in dogs and cats with traumatic brain
injury due to the likelihood of increasing ICP and seizure activity. Recent studies show
that subanesthetic doses of ketamine may in fact have neuroprotective effects against
ischemic and glutamate-induced brain injury because NMDA receptors are stimulated
during brain injury. Other studies reported that low doses of ketamine (1mg/kg) did not
increase ICP. However, controversy remains, and anesthetic doses of ketamine are rarely
given to patients with increased ICP since sympathetic activation could increase MAP,
CBF, and CPP, potentially increasing ICP.

Diaphragmatic Rupture

General Considerations

Diaphragmatic rupture is caused by trauma, including high-rise syndrome or attacks
by dogs (Chapter 10). This can cause significant morbidity and mortality in cats;
trauma per se is associated with multiple fractures and organ rupture (i.e. spleen or
bladder). Organs that are commonly displaced into the thoracic cavity include liver,
stomach, and small intestines. Physical examination will detect areas of borborygmi or
silence on thoracic auscultation and the abdomen may feel empty when palpated.
Patient stabilization should address decompensation of the cardiorespiratory system.
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A list of problems is described below, and their significance will depend on the severity
of the clinical signs.

� Respiratory distress and tachypnea� Lung collapse and pleural effusion� Hypoxemia� Cardiovascular collapse� Decreased venous return, hypotension, and poor tissue delivery� Strangulated viscera with tissue necrosis and pain� Hypothermia� Release of endotoxins and re-expansion pulmonary edema

A stepwise approach for patient stabilization includes administration of 100% oxygen,
fluid therapy, administration of analgesics and further diagnosis with laboratory and
radiographic examination.

Anesthetic Management

Stress-free handling and induction is paramount in these cases. Cats should be allowed
to stay in sternal recumbency or to simply sit; in some cases, holding them in a standing
position relieves respiratory distress. Radiographs should not be performed with the cat
in dorsal recumbency. Reverse Trendelenburg position may help in cases of respiratory
distress.

� Drugs with minimal impact on cardiorespiratory function should be used (e.g.
midazolam, opioids). Preoxygenation can be provided gently without stress to the
cat (Figure 9.6)� Sedation and painmanagement are initially addressed by administration of opioids. The
IV route is preferred once a catheter has been placed. The choice of opioid drug will
depend on the degree of pain, andwhether there has beenmultiple trauma (Chapter 13)� In the perioperative period, balanced anesthesia should be employed, including
administration of opioids and ketamine infusions. Intercostal blocks are used if a
thoracic drain is placed and if there is thoracic trauma (e.g. fractured ribs)� Rapid intubation and initiation of IPPV is recommended. Ventilation should be gentle,
with low inflation pressure (12–15mmHg) and inspiratory flow rate, since re-
expansion pulmonary edema is a potential complication. Attempts to reinflate
atelectic lung tissue should be avoided as these will re-expand postoperatively
once the integrity of the thoracic cavity is restored� Airway obstruction (Chapter 10) can occur if the endotracheal tube becomes filled
with blood and debris; in this scenario, increased resistance to breathing and
hypercapnia will develop and the tube should be replaced� Mortality may be up to 20% after diaphragmatic hernia repair in cats. Postoperative
care is of major importance in these cases. Mortality usually correlates with other
complications and concurrent injuries� Interpleural anesthesia with bupivacaine (2mg/kg) can be administered via the
thoracic drain for up to 96 hours after surgery. The thoracic drain is flushed
with sterile saline 0.9% (same volume as bupivacaine) to deposit the local anesthetic
within the thoracic cavity. Postoperatively cats are ideally placed in an oxygen cage
where pulse oximetry can be used and inspired oxygen concentrations monitored
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Gastrointestinal Emergencies

General Considerations

Emergency abdominal surgery is required to treat a range of conditions including
intestinal obstruction (foreign body, intussusception, neoplasia, megacolon), gastro-
intestinal (GI) ulceration, uroabdomen (see urinary obstruction and uroabdomen).
Complications include fluid losses (vomiting and diarrhea, and changes in fluid
distribution), proliferation of intestinal bacteria and secondary intestinal inflammation,
GI perforation, peritonitis, systemic inflammatory response syndrome (SIRS), sepsis,
severe hypotension, hypovolemia, and shock.
Clinical findings are variable but tachycardia is observed in hypovolemic patients.

Bradycardia may be observed in cats with increased vagal tone. The list of problems
includes:

� Hyperthermia or hypothermia, electrolyte imbalance, and acid-base abnormalities� Hypochloremia, hypokalemia, hypoglycemia, and hyperlactatemia are common, but
fluid imbalance will vary with the condition (vomiting versus diarrhea, dehydration,
hypovolemia, septic versus nonseptic)� Cats presenting for this type of surgery are usually critically ill and should be stabilized
with appropriate fluid therapy (Chapter 8) using crystalloid and colloid solutions.
Electrolyte imbalance should be addressed accordingly, and antibiotics should be
administered when the intestinal wall is damaged and if bacteremia and septicemia
have developed� Hypotension should ideally be treated before general anesthesia but this is not always
possible. Colloid or hypertonic saline can be given IV immediately before induction to
restore the circulating blood volume at least briefly

Figure 9.6 Preoxygenation in a cat before induction of anesthesia.
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� Hypothermia is potentially harmful (Chapter 10) and every attempt should be made to
rewarm the cat during stabilization

Anesthetic Management

Drugs with minimal impact on cardiorespiratory function should be used (e.g. mid-
azolam, opioids, ketamine). Ketaminemay be beneficial because of its sympathomimetic,
NMDA antagonist, anti-inflammatory, and anti-endotoxic properties (Chapter 4). The
combination of ketamine and midazolam is sufficient for induction of anesthesia, and
will increase heart rate and blood pressure. If cats are normotensive, propofol and
alfaxalone are good alternatives. Regurgitation followed by aspiration pneumonia is a
common complication after induction of anesthesia (Chapter 10). The cat should remain
in sternal recumbency throughout induction and intubation until the airway is secured.
Suction should be available and a stomach tube can be used after intubation to empty GI
contents.
Severe abdominal pain is treated with opioid and ketamine infusions because NSAIDs

are generally contraindicated (Chapter 13). Intraperitoneal bupivacaine (2mg/kg)
(Chapter 5) is recommended at the end of the surgery as it provides postoperative
analgesia for up to 8 hours. Epidural anesthesia (morphine ± local anesthetic) for
abdominal analgesia is an option once hypovolemia and cardiovascular collapse have
been treated (Chapter 5). Administration of colloids is particularly important if protein-
losing enteropathy occurs and hypoproteinemia has developed. Early postoperative
management addresses oxygenation, analgesic requirements, urine output, nausea,
vomiting, appetite, laboratory monitoring, and nutrition. Measurement of lactate
concentration may guide prognosis.

Idiopathic Hepatic Lipidosis

General Considerations

Hepatic lipidosis is a hepatobiliary disease commonly associated with inappetence
and poor nutrition in cats. Successful treatment requires nutritional support, and
anesthesia is typically required for feeding tube placement (i.e. percutaneous endo-
scopic gastrostomy (PEG) or esophagostomy tube). Cats with lipidosis may develop a
range of effects (from behavioral changes to hepatic encephalopathy and coma). These
cats may be obese but some will present with severe weight loss, dehydration, vomiting
and diarrhea, predisposing them to hypothermia. Correction of dehydration and
electrolyte disorders is highly recommended prior to general anesthesia for tube-
placement surgery. Hypokalemia is common due to anorexia, and anemia, hypopro-
teinemia, hypoglycemia, and coagulation disorders are often a consequence of liver
failure.

Anesthetic Management

The goals of anesthetic management are described in Box 9.8.
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Box 9.8: Anesthesia for cats with hepatic lipidosis

Management of anesthesia in patients with idiopathic hepatic lipidosis should maintain
hepatic blood flow while drugs requiring hepatic metabolism are avoided (i.e. acepro-
mazine, agonists of α2-adrenergic receptors, benzodiazepines, and alfaxalone). Cats with
hepatopathy have altered pharmacokinetics, and general anesthetics should be given
slowly to effect. Preference is given to short-acting drugs, which can be antagonized.
Hypothermia is a particular concern in these cases.

Anesthetic management incorporates administration of low doses of short-acting
opioids (e.g. fentanyl) for premedication. Methadone, buprenorphine, hydromor-
phone, and butorphanol are all acceptable, and choice depends on the proposed
surgical or medical procedure. Cats generally have low glucuronidation potential, and
when coupled with hepatic disease, metabolism of phenolic compounds such as
propofol may be slow, increasing oxidative stress of feline red blood cells and
formation of Heinz bodies. However, this is probably of concern only with repeated
and daily injections of propofol at high doses. Propofol is a suitable anesthetic for cats
with primary hepatic lipidosis undergoing feeding tube placement. Administration of
NSAIDs is contraindicated since these drugs are metabolized in the liver. Anesthesia
is maintained with either isoflurane or sevoflurane, which undergo little or no
hepatic metabolism. Fluid therapy should be adjusted to avoid hemodilution in
anemic cats.

Diabetes Mellitus

General Considerations

Cats with diabetes mellitus may require anesthesia for procedures unrelated to the
disease. Type II diabetes is the most common in cats, with decreased insulin secretion
and sensitivity (insulin resistance). This results in increased serum glucose levels and
more than 50% of these cats require exogenous insulin administration. Geriatric male
cats are commonly affected. Clinical signs include polyuria, polydipsia, polyphagia, and
weight loss. Patient hydration and serum-glucose concentration should be stabilized
before general anesthesia except for emergency procedures. Laboratory findings include
hypercholesterolemia and hypertriglyceridemia. Urine specific gravity is reduced due to
hyperglycemia-induced osmotic diuresis.
Complications of diabetes mellitus can include diabetic neuropathy (Chapters 11, 14,

and 15), hypertension, infection, and diabetic ketoacidosis (DKA). Clinical presentation
of peripheral neuropathy includes pain on manipulation of the distal limbs with signs of
central sensitization and allodynia that are caused by ischemic episodes and demyeli-
nation. In most of these cases, anesthesia is uneventful, however DKA may occur in
poorly controlled diabetes leading to severe dehydration, metabolic acidosis, hypokale-
mia, and cardiovascular collapse, and it is one of the main concerns in the postoperative
period. These cats should be monitored for ketonuria.
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Anesthetic Management

Anesthetic protocols will generally be based on individual requirements, health status,
and the proposed procedure. Opioids and local anesthetic techniques blunt physiological
stress response to surgery and anesthesia, and should prevent intraoperative hyper-
glycemia. Use of dexmedetomidine or other agonists of α2-adrenergic receptors is
controversial since these drugs inhibit insulin release, and themselves induce hyper-
glycemia and osmotic diuresis. Ketamine may have an indirect effect on serum glucose
concentrations due to its sympathomimetic effects.
Fasting should be limited to 2–4 hours since it can influence insulin requirements.

Water is provided ad libitum. The anesthetic procedure should be scheduled in the
morning to facilitate convenient glucose monitoring and potential insulin therapy. The
protocol for insulin administration is also controversial in cats with diabetes mellitus.
The following is a suggestion:

� Half-dose of insulin is administered in the morning approximately 1–2 hours before
the procedure� The anesthetist can either administer a crystalloid solution with dextrose 2.5% if the
cat is hypoglycemic (� 150mg/dL), or administer another half-dose of insulin if the cat
is hyperglycemic (� 250mg/dL) during anesthesia� Glucose concentrations can be monitored throughout the procedure, or at least before
extubation at the end of the procedure. Blood sampling should be from a dedicated IV
catheter to avoid erroneous results when dextrose solutions are being administered IV� An infusion of KCl at 0.25–0.5mEq/kg/hour can be included for hypokalemic
patients. Serum glucose concentrations should be monitored continually until the
cat will eat

Other Conditions

Cesarean section is not as common a procedure in cats as it is in dogs. General
considerations and anesthetic management of these cases are largely extrapolated
from the canine literature. In brief, anesthetic drugs cross the placenta and will affect
fetal physiology and health of the newborn kittens. Pregnancy-induced changes in
maternal physiology such as slow gastric emptying, increased cardiac output and oxygen
demand are similar in cats to other species (Chapter 10). Premedication with opioids is
controversial due to the potential for respiratory depression in the kittens. However,
opioids can be reversed with naloxone, and are important in maternal pain management.
Given preoperatively they probably reduce requirements for volatile anesthetic, which
improves kitten vigor at birth. In general, preoxygenation is recommended followed by
induction with propofol or alfaxalone, and maintenance with volatile anesthetics. This
protocol has minimal effect on the new born kittens. Epidural anesthesia minimizes
isoflurane requirements, and is an excellent choice for perioperative pain relief because
it does not produce cardiorespiratory depression. A protocol for neonatal resuscitation
should be in place.
Anesthesia of cats with oral and maxillofacial disorders and ophthalmic disease is

performed on a routine basis. Anesthetic management depends primarily on patient
health status and concomitant diseases. Administration of neuromuscular blocking
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agents might be required to obtain a central eye position and ventilation is mandatory if
they are used. Potential hazards of vagal simulation during ophthalmic surgery and any
systemic effects of topical drugs such as catecholamines are described in Chapter 10.
Local anesthetic techniques are employed unless contraindicated (Chapter 5). A
multimodal approach with opioids and NSAIDs is strongly recommended (Chapter 13).
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Key Points

� Anesthesia always has the potential to cause death or morbidity, particularly in high-risk
cases. Good preparation reduces these to a minimum� Cats have unique characteristics, which may lead to complications: Small size; unique
metabolism and temperament; potential for airway trauma, fluid overload, and hypother-
mia; undiagnosed HCM� Mishaps with airway management are a common cause of anesthetic complications in cats� Inadequate respiration has many causes; if detected early this is usually straightforward to
treat� Failure of the circulation, whatever the cause, is always a serious and life-threatening
complication� Hypothermia is common in cats; it is easier to prevent than to treat� A protocol for cardiopulmonary resuscitation should be planned and described on a
simple wall chart anywhere that sedation or anesthesia is performed

Introduction

In 1990, a survey of anesthesia in small animal practice in the United Kingdom reported
that around one in 500 healthy cats and one in 30 sick cats died during or just after
anesthesia. Many of these deaths occurred when the animals were not being monitored,
particularly during recovery. Almost 20 years later a much larger study, the Confidential
Enquiry into Perioperative Small Animal Fatalities (CEPSAF) reported an overall
mortality rate associated with anesthesia and sedation of approximately one in 1000
healthy cats. This mortality rate remains similar in smaller but more recent studies
(Chapter 1). Although the risk of anesthetic mortality in cats has improved, it is higher
than in dogs and the complications arising from feline anesthesia are not trivial.
According to the CEPSAF study, increased risk of mortality in cats was associated with:

� Poor health status� Increasing age
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� Extremes of body weight� Emergency or complex surgery� Endotracheal intubation� Fluid therapy

Monitoring the pulse and using pulse oximetry decreased the risk. Of note, 60% of
feline deaths occurred in the postanesthetic period, the majority of these in the first three
hours.
Adverse events are more difficult to document because there are no universal

definitions nor mandatory reporting in veterinary medicine. According to a recent
report adverse events occur in approximately 35% of feline anesthetics. These include
but are not limited to arousal, hypoventilation, desaturation, hypotension, hypertension,
dysrhythmias, hyperthermia, hypothermia, airway complications, and excitation during
recovery.
There is no doubt that prevention is better than cure; many complications can be

prevented or at least made manageable if procedure-related problems are anticipated
and careful preparation made before induction of anesthesia (Box 10.1). It is now well
established that the preoperative check list prevents complications resulting from
human error and a simple system adapted for each clinic should be used as described
in Chapter 1. Thereafter constant observation throughout the course of anesthesia and
recovery has been shown to reduce the risk of mortality.

Box 10.1: Prevention is always better than intervention

� Assign anesthetic risk� Use check lists� Monitor during anesthesia� Monitor during recovery at least until the cat is sitting up and the temperature is
normal

Allocation of anesthetic risk (ASA status, Chapter 1) is not just an academic exercise. It
alerts the anesthetist to the likelihood of complications developing, and focuses the
preparation for a specific procedure onto the most appropriate anesthetic and analgesic
protocols, supportive equipment, and expertise required. Since the evidence shows that
high risk cats are more likely to die or to develop serious complications than healthy cats,
they warrant particularly careful preanesthetic preparation and perianesthetic monitor-
ing. This includes the very thin or fat, very young or old, cats with comorbidities (e.g.
hyperthyroidism or diabetes mellitus; Chapter 9), emergency or trauma cases as well as
the sick cat.
The cat has unique physiological characteristics that lead to their own particular

problems during anesthesia.

� Cats have a unique temperament and, as described in Chapter 1, stress, fear, and
anxiety coupled with inappropriate handling may lead to stormy induction of
anesthesia, and difficult maintenance and recovery� Use of feline-friendly handling techniques (Chapter 1) contributes positively to
reducing anesthetic complications
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� Among the domestic species most commonly treated the cat is surprisingly small; a
5 kg dog is a small dog, but a 5 kg cat is a large cat. This feature may be inadvertently
overlooked and lead to use of inappropriately large equipment, overvigorous manipu-
lation, and to drug overdose and fluid overload� Failure to make allowance for the feline deficiencies in metabolism of some drug
groups (Chapter 2) will also contribute to perioperative complications

Complications are less likely to occur if vital functions and equipment are frequently
and systematically checked (Box 10.2).

Box 10.2: Top priorities to prevent complications

Check:

� Airway� Breathing� Circulation� Temperature� Positioning� Equipment

Airway Management

The cat has a small and delicate airway, and the larynx and trachea are easily damaged by
overvigorous intubation. The small diameter of the trachea makes it vulnerable to
blockage by low surface tension fluids and relatively small objects such as pieces of food
or mucus. A small amount of swelling will have a significant effect on airway diameter.
The cat also has a well developed laryngeal reflex, which may lead to laryngeal spasm if
inappropriately stimulated (Box 10.3). Airway trauma and its consequences account for a
significant proportion of anesthetic-related mortality and morbidity in cats, and feature
high on the list of common claims against malpractice. The CEPSAF study identified
endotracheal intubation as a factor associated with an increased risk of anesthetic death
especially when procedures were short (< 30 minutes). Clearly the cat’s larynx and
trachea are easily damaged and should be treated gently.
Maintenance of a clear airway is essential. Complete obstruction rapidly causes death

through hypoxia. Partial obstruction is more common and causes insidious respiratory
insufficiency leading to hypercapnia and hypoxia. In a conscious cat this often leads to
panic, increased oxygen demand, more respiratory effort, and a vicious cycle of worsen-
ing obstruction. During anesthesia, a partially obstructed airway leads to labored
attempts to breathe so that it may appear as though anesthesia is too light. This may
progress to shallow breathing, and even apnea, particularly during deep anesthesia.
Careful frequent and regular monitoring (Chapter 7) should detect a change in
respiratory effort and pattern and prompt investigation of the cause and subsequent
appropriate action.
The unprotected airway may be obstructed by fluids such as saliva, blood, flushing

fluids or gastrointestinal contents. Low surface-tension fluids, such as saliva and mucus
may produce bubbles big enough to block the trachea of a small cat completely.
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Anticholinergics, although no longer routinely used in premedication may help to
prevent an excessive volume of saliva in the mouth, but may be detrimental by making it
more viscous. Anticholinergic premedicationmay be beneficial in some cases and should
be chosen on a case-by-case basis (Chapter 3). If a cat is not intubated or a supraglottic
airway device (SGAD) is not used, it is important to keep the cat’s head and neck
extended to prevent airway obstruction. Brachycephalic cats should always have a
protected airway.

Box 10.3: Laryngospasm

� The cat has a well developed protective laryngeal reflex (Chapter 2)� Spasm is easily provoked at intubation� Spasm is more likely if anesthesia is too light� Spasm is more likely if the larynx is already inflamed (pre-existing disease or injury)� May be triggered when the tube is removed (especially if the tube is not removed
before swallowing and coughing occur)� Good practice to remove the tube while the cat is still well anesthetized:
– Tube is more easily replaced if a problem occurs
– Less likely to trigger spasm
– The cat should be carefully observed until fully conscious

Treatment of laryngeal spasm

Immediate remedial action is essential for laryngeal spasm that does not relax within 10
to 20 seconds.

� The larynx must not be stimulated further - no further attempts to intubate should be
made (Some serious medical accidents at intubation have been associated with failure
to stop trying to intubate as this has made the situation worse)� Oxygen should be given by mask or “flow-by” (the patient end of the breathing circuit
is placed close to the cat’s nose) so that any gas able to enter the trachea is oxygen-
enriched� More local anesthetic may exacerbate the problem. It should be used if none has
already been tried� If the obstruction is incomplete, spasm may be resolved if:
– anesthesia is deepened
– extra time is allowed� If obstruction is complete or it does not resolve spontaneously:
– IV muscle relaxant (e.g. atracurium 0.2mg/kg) if immediately available
– NB: IPPV then required until spontaneous respiration is restored
– No guarantee that spasm will not reoccur when anesthesia lightens, and the tube is
removed

If all else fails, a temporary airway can be provided with a large (14-G) needle or
catheter placed percutaneously between two tracheal rings (a tracheotomy can be
performed but these are extremely difficult to manage in cats, and are best avoided if
possible)
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Vomiting and inhalation of stomach contents may occur both at induction and
intubation, as well as when the tube is removed at the end of the procedure. It is
probably more likely to occur if intubation and tube removal are attempted during very
light anesthesia. Pieces of food can cause complete obstruction and rapid death unless
the obstruction is removed very quickly. If there is any likelihood that the cat has a full
stomach extreme care is required to ensure that vomitus is not aspirated; all equipment
to deal with this event should be set up ready for use. Regurgitation and gastroesophageal
reflux are common complications in cats undergoing abdominal laparotomy for foreign
body removal or intestinal obstruction. They should be quickly intubated after anesthetic
induction. In addition, vomiting at induction or extubation may occur in queens
presenting for cesarean section, even if they have been fasted, as stomach emptying
is delayed close to parturition. This problem can also occur in greedy cats who had food
withheld for surgery but escaped and gorged on anything they could find (without the
owner’s knowledge) before presentation at the clinic.

� If vomiting does occur it is more easily managed if anesthesia is maintained, or even
deepened. This reduces the likelihood of more vomiting, and allows any obstruction to
be removed without causing gagging or struggling� It is helpful to hold the cat’s head lower than the body (i.e. off the edge of the table) to
let gravity empty the mouth and make aspiration less likely� Mechanical suction or a large syringe can be attached to a urinary catheter, esophageal
feeding tube or “whistle-tip” suction catheter to clear the airway. Q-tips and small
crocodile forceps that fit into the oropharynx and trachea are all valuable aids to rapid
clearance of the obstruction� If agonists of α2-adrenergic receptors are used as part of the anesthetic protocol,
ondansetron has been shown to decrease vomiting associated with dexmedetomidine,
but they must be given together; the effect is not seen if ondansetron is given first� In high-risk cases, maropitant can be given 45–60 minutes before induction

Acute effects of vomiting at induction relate primarily to airway obstruction, but
inhalation of stomach contents and bile into the lungs causes serious aspiration
pneumonitis due to direct chemical damage. Subsequent bacterial growth and
inflammatory response result in aspiration pneumonia. Aspiration may also occur
as a result of gastroesophageal reflux occurring during anaesthesia without active
vomiting. In a review of cats with aspiration pneumonia admitted to a referral center
11 of 28 had a history of recent anesthesia. Gastroesophageal reflux can result in
esophagitis and esophageal stricture. Suctioning (Figure 10.1) and flushing of the
esophagus with saline after a regurgitation or vomiting event may be performed but
the benefits are uncertain.

Complications from Intubation

Although a tracheal tube should always be placed if there is any doubt about mainte-
nance of the airway, endotracheal intubation is associated with an increased risk of
mortality in cats (Box 10.4). Hence it may be better to use discretion and choose not to
intubate for short, non-head-and-neck procedures in otherwise healthy animals under-
going injectable anesthesia. The cat has no excess pharyngeal tissue and generally
maintains a good airway without an endotracheal tube; a mask can be used to administer
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oxygen and any inhaled anesthetic. Masks should be of appropriate size to prevent
rebreathing and should be close fitting and well secured to prevent leakage of waste
anesthetic gases (Figure 10.2).
Endotracheal intubation is the best way to ensure a clear airway as it less likely than an

unprotected airway to be blocked with unwanted fluid or other debris. However,
intubation does not guarantee a clear airway, as problems with the tube itself may
occur (Box 10.4).

Figure 10.1 If regurgitation occurs the esophagus can be suctioned using a soft catheter (in this image
a red rubber urethral catheter is being used) attached to a catheter tipped syringe. The esophagus can
also be flushed with saline and suctioned with the same equipment. The endotracheal tube should be
tested to verify an adequate seal prior to this procedure (Chapter 1).

Figure 10.2 Face masks should be an
appropriate size to prevent rebreathing and
leakage of waste anesthetic gases.
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Box 10.4: Complications from endotracheal tubes

Blocked endotracheal tube

� Kinked tube� Obstructed by malfunctioning cuffs� Blocked with fluid (mucus, saliva, blood, lubricant gel)
– The tube itself may be blocked by sticky secretions from airway infection
(Figure 10.3a), which enter the tube during intubation and accumulate during
anesthesia

– Endotracheal tubes should always have a Murphy eye (Figure 10.3b) to provide an
alternative gas route should the tip become blocked� Inadvertent esophageal intubation

– Oxygen and inhaled anesthetics are not directed into the lungs
– Leads to hypoxemia because the cat is breathing air
– Hypoxemia exacerbated by the gas-inflated stomach, pressing on the diaphragm
and reducing lung volume

– No uptake of inhaled anesthetics; the cat will not remain anesthetized� Proper intubation should be verified immediately after intubation (Chapter 4). Cap-
nography is very useful and considered the “gold standard” (Chapter 7)

Endotracheal tube lost in the trachea

� Endotracheal tube bitten off and the tip lost into the trachea
– Occurs if anesthesia becomes too light or the tube is left in too long during recovery
– No cat should be left unattended during recovery with an ETT in place� Connector detached and the whole tube is lost in the trachea
– Tight connector fit should be part of the preanesthetic equipment check� The cat must be kept anesthetized or reanesthetized with an intravenous agent while
the tube is retrieved. This may be possible with a laryngoscope and crocodile forceps,
but if lost deep into the trachea will require a cat-sized endoscope and appropriate
forceps

Figure 10.3 (a) The tip of an endotracheal tube can become partially or fully occluded by mucus and
blood. (b) All endotracheal tubes should have a Murphy eye to allow an alternative route for passage of
gases if the tip becomes occluded.
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Box 10.4: (Continued )

Damage to pharynx, larynx, and trachea

� Caused by over vigorous intubation technique� May lead to serious, often ultimately fatal complications� Pharyngeal damagemay be unnoticed at intubation, andmanifest several days later as
a necrotic retro-pharyngeal abscess. These are notoriously difficult to resolve, and are
best prevented by using gentle intubation techniques (Chapter 1)� Trauma-induced hemorrhage and disruption of normal anatomy may obstruct the
airway� Obstruction may develop over several hours or even days; delayed crisis may not be
recognized as associated with anesthesia and intubation� The “crackle cat” presents a few days (or even longer) after anesthesia
– Usually associated with difficult intubation
– Damage to the airway in the pharyngeal region or cervical trachea leads to escape
of gas into the subcutaneous tissues. The gas accumulates subcutaneously and
spreads progressively over most of the body so the cat “crackles” when it is
handled

– If the lesion resolves or is located and repaired, the gas will slowly be absorbed and
the cat will return to normal

– If the damage is associated with a pharyngeal abscess or a large tracheal tear the
prognosis is guarded

– Intrathoracic tracheal tears leading to a pneumothorax carry a worse prognosis and
are more difficult to treat� The trachea may be torn by over inflating the cuff

– Large volume low pressure cuffs are less likely to tear the trachea than the low
volume high pressure type

– The cat is small, the volume within a so-called large-volume low- pressure cuff is still
relatively small, and it is surprisingly easy to produce a high pressure. In this case the
ensuing tear will be bigger (tears occur along the length of the cuff), and the
prognosis more guarded� Measuring the cuff pressure (Chapter 1) is the only reliable preventive measure

Tube too long (Chapter 1, Figure 1.4a, b, c)

� Tracheal tears� Endobronchial intubation
– Effectively removes the remaining lung tissue from gas exchange. Low SpO2

detected immediately after intubation in a cat breathing oxygen enriched gas
should always prompt a check on the ETT placement (using a laryngoscope).
Breath sounds are heard equally on both sides of the thorax if the ETT is correctly
placed.� Increases airway dead space (excessive length of tube between teeth and breathing

circuit)
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Respiratory Insufficiency

Inadequate respiration, whatever the cause, leads to hypoxemia and hypercapnia (Chap-
ter 7) (Box 10.5). Although a limited degree of either may be tolerated, both may lead to
postoperative complications or death if prolonged or more severe. Inadequate ventilation
should be detected by monitoring, and respiration supported as necessary.

Box 10.5: Causes of inadequate ventilation

� Anesthetic-induced respiratory depression� Increased abdominal pressure restricting diaphragmatic movement:
– Obesity, late pregnancy, ascites, abdominal mass; worse in dorsal recumbency� Reduced lung volume:
– Ruptured diaphragm (Chapter 9). Catsmay presentwithout history of traumaor signs of
respiratory distress. Marked hypoxemia develops at induction when the cat’s position is
changed and abdominal viscera in the thorax compress the lungs and thoracic blood
vessels. Labored respiration and desaturation should prompt re-evaluation of the cat’s
lung function, further investigation and a quick decision about the surgical plan

– Pleural fluid or pneumothorax. Occasionally occurs in association with oesophageal
or tracheal damage. Hypoxemia detected by pulse oximetry is often the first warning

– Inadvertent pressure on the thorax from surgical assistants, instruments, heavy cloth
drapes. Lightweight, transparent plastic drapes are better for cats� Inadequate oxygen supply:

– Air, 21% oxygen (inspired fraction of oxygen, FiO2 = 0.21), is often inadequate with
anesthetic-induced respiratory depression

– Bronchial intubation
– Inadvertent repositioning of the oxygen flow control or complete failure of the
oxygen supply; rapidly fatal unless immediately detected. Increased risk of fatality if
nitrous oxide is in use, as more difficult to detect immediately (still has gas to
breathe, remains anesthetized, no immediate change in the respiratory pattern).
Equipment without low oxygen alarms should not be used without other means of
detecting oxygen supply failure (Chapter 6, 7)

– Leak in the breathing system; entrains air, and delivers a lower FiO2 than anticipated.
Pulse oximetry detects hypoxemia but measurement of inspired oxygen concen-
tration is needed to identify the cause (Chapter 6)� Inadequate fresh gas flow rate:

– Nonrebreathing circuits (Chapter 6) depend on sufficient flow rate to prevent
rebreathing of CO2 and consequent hypercapnia; most easily detected with cap-
nography (Chapter 7)� Breathing circuits inappropriate for cats (Chapter 6)

Hypoxemia

Severe hypoxemia will cause immediate death, and a hypoxic incident during anesthesia,
whatever the etiology, is awell recognized cause of anesthetic death. Lessmarkedhypoxemia
may be insidious, and its effects only apparent during recoverywhen consciousness does not
return as expected, or the cat exhibits neurological abnormalities once awake.
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Hypoxemia is readily detected by pulse oximetry as described in Chapter 7; its use in
conjunction with pulse monitoring reduces the risks of anesthetic-related mortality. Use of
agonists ofα2-adrenergic receptorsmay lead to lowor unobtainable pulse oximeter readings
because of peripheral vasoconstrictionwithout hypoxemia being present; however this is the
only instance where low readings may not indicate a problem. Low pulse oximeter readings
should always prompt immediate investigation (Box 10.6). It is of note that an anemic catwill
not have lowperipheral capillary oxygen saturation (SpO2) if all the hemoglobin it has is fully
saturated. However, oxygen delivery may still be inadequate because of low blood oxygen
content. Management of these cases is described in Chapter 2 and 9.

Box 10.6: Troubleshooting a low pulse oximeter reading

When a low SpO2 reading is noted it is vital to troubleshoot quickly. Check:

� Positioning and patency of the endotracheal tube or SGAD� Hypoventilation, apnea� Gas supply/breathing system disconnection� Compression of the thorax/inappropriate thoracic expansion (e.g. external compres-
sion by surgery/surgeon)� Fluid in the lungs? (e.g. aspiration pneumonia, inflammatory exudate)� Pneumothorax or pleural fluid� Device error; consider repositioning

Hypercapnia

Hypercapnia is less likely to be fatal than hypoxemia, and a limited increase in carbon
dioxide (CO2) tension from anesthetic-induced respiratory depression is very common
during otherwise uneventful anesthesia. However prolonged or severe hypercapnia
causes respiratory acidosis, which may lead to life-threatening sympathetic stimulation,
organ malfunction, and hyperkalemia. Hypercapnia is almost impossible to detect under
clinical conditions without measuring end-tidal CO2 or blood gases (Box 10.7). Hyper-
capnia may be severe in a well oxygenated cat, making sudden deterioration because of
acidosis appear unexpected. CO2 at high concentrations (> 80mmHg) produces narco-
sis and is additive to the inhalant agent, resulting in overdose. A very high inspired
oxygen fraction leading to high arterial oxygen tension depresses respiration and
increases hypercapnia; 100% oxygen is better replaced with oxygen-air mixtures, which
are more physiological, but not yet commonly used in veterinary anesthesia.

Box 10.7: Troubleshooting high end-tidal concentrations of CO2

When a high end-tidal CO2 develops check:

� Positioning and patency of the endotracheal tube� Any obstruction to expiration� Dead space� Depth of anesthesia� Inspired oxygen fraction
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Inadequate respirationmay be caused by inappropriate use of anesthetic equipment,
particularly when designed for larger animals. For instance, excessive suction on the
waste gas scavenging system increases the work of breathing and prevents the cat from
inhaling a sufficient tidal volume. The negative pressure in the thorax during
inspiration increases as the cat tries to breathe against the suction system. Depending
on the system design, air may be entrained, which might lead to inadequate inspired
oxygen tension. However, the usual scenario from this system misuse is hypercapnia
rather than hypoxemia.
Increased dead space leads to hypercapnia, and is present when unsuitably large

circuits with large connectors are used as well as with an overlong endotracheal tube.
Endotracheal tubes that are too long should not simply be advanced further as this may
risk endobronchial intubation or tracheal damage. The tube should be premeasured and
cut if needed (Chapter 1, Figure 1.4c).
In addition to dead space, rebreathing circuits designed for larger animals may

have a heavy expiratory valve, which the cat’s respiratory effort cannot operate. This
exacerbates hypercapnia as the cat rebreathes from the expiratory side of the circuit
and CO2 is retained. Although rebreathing circuits are less commonly used in cats
(Chapter 6), suitable smaller models are available (Figure 6.5b). The hazards of
such systems recognized in other species may occur in cats, including exhausted
absorbent and sticking valves, which will lead to hypercapnia. If 100% oxygen is the
carrier gas, hypoxemia is unlikely to occur unless there is a leak in the system and the
oxygen is diluted with air. Inhalation of absorbent crystals is another potential
hazard of a rebreathing system. Although inhalation is rare, the crystals are irritants
and may cause tracheal irritation or even erosion. Nonrebreathing systems are more
commonly used in cats but if the oxygen flow rates are inadequate rebreathing will
occur.

Circulation

Complications leading to failure of the circulation make a significant contribution to
anesthetic mortality and morbidity (Box 10.8). Adequate delivery of oxygen to tissues
depends on blood oxygen content and circulation. Circulatory failure, regardless of
cause, leads to complications, which may be fatal, because the tissues do not receive
sufficient oxygen and nutrients, nor are waste products removed.

Box 10.8: Diagnosing the cause of hypotension, pale mucous membranes, and
decreased end-tidal carbon dioxide without hyperventilation

Check for:

� Hypovolemia� Anesthetic overdose� Hemorrhage� Bradycardia� Circulatory collapse
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Hypovolemia

Low circulating volume affects tissue perfusion. Normal homeostatic compensation
such as vasoconstriction is likely to be depressed by anesthetic agents, and hypotension
results. Driving pressure for perfusion is lost and the microcirculation becomes
inadequate to sustain normal organ function.
During anesthesia hypovolemia may develop insidiously through undetected and

unmeasured hemorrhage. Slow venous and capillary ooze is deceptive and can lead to
significant blood loss particularly during prolonged surgery. Crisis may occur apparently
suddenly when tissue perfusion reaches a critical low point. Hemorrhage should always be
monitored by counting swabs, measuring the volume collected in the suction bottle and by
educated estimation of unknown volumes. Volume should be replaced as it is lost. Replace-
ment fluids (crystalloids or colloids) may be sufficient for losses up to 10% (6mL/kg) of the
normal circulating volume (around 60mL/kg) but blood or red blood cells should be used
before 25% (15mL/kg) has been lost (Chapter 8).
Pre-existing hypovolemia which was not detected from the history and preanesthetic

examination may lead to a crisis at induction, as most anesthetics cause peripheral
vasodilation; hypotension develops when compensatory vasoconstriction is suddenly
lost at induction. Treatment is performed with rapid infusion of crystalloid or colloid
fluids. Careful preoperative evaluation of the cat’s fluid status and preoperative restoration
of at least some of the circulating volume is the only way to prevent this complication of
anesthesia.

Hypotension

Hypotension is very common in anesthetized cats and is usually defined in this species as
a mean arterial pressure below 60mmHg (Chapter 7). Blood pressure is relatively easy to
measure by indirect methods in cats. Taking action when blood pressure is low or when
it starts to decrease will prevent the deterioration in tissue perfusion that leads to
perioperative complications. Noting the development of hypotension should prompt
investigation of the cause, such as anesthetic overdose or hypovolemia, to guide
treatment. Reduction in the inspired volatile agent concentration at this stage will often
prevent a major crisis. Similarly, appropriate IV therapy is most effective if started before
hypotension becomes severe; pre-existing dehydration, and hypovolemia should ideally
be corrected before anesthesia.

Hypertension

Hypertension (systolic arterial pressure >160mmHg) may be detected during anesthe-
sia, and is most likely to be associated with renal disease, hyperthyroidism (Chapter 9) or
administration of agonists of α2-adrenergic receptors (Chapter 3). Detection of hyper-
tension should prompt evaluation of these potential problems to allow appropriate
treatment (Chapter 9).
Phenylephrine and epinephrine used topically during some ophthalmic procedures are

absorbed systemically and may cause hypertension and dysrhythmias; this emphasizes
the importance of communication between surgeon and anesthetist.
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Cardiac Disease

Recent studies indicate that around 15–18% of cats have hypertrophic cardiomyopathy
(HCM), and a significant proportion of these do not show any clinical signs and do not
have a heart murmur. Hence some will go undetected at a preoperative examination and
a crisis will occur when the symptom-free case is anesthetized. Echocardiography is
currently the “gold standard” for diagnosis, however biomarkers such as NT-proBNP
may prove to be valuable screening tools. Calm induction and immediate oxygenation is
desirable for all cats, and should reduce the severity of any crisis in cats with undetected
HCM. Careful and accurate administration of fluids is essential (Chapter 8, 9). Man-
agement of cats that have been diagnosed with HCM is described in Chapter 9.

Dysrhythmias

Bradydysrhythmias induced by agonists of α2-adrenergic receptors are probably the
most commonly encountered. The effect is critical when cardiac output and therefore
tissue perfusion becomes inadequate. Treatment of bradycardia caused by these drugs
with anticholinergics does not improve cardiac output but may be lifesaving if the rate
approaches cardiac arrest (Chapter 3). Reversal with atipamezole is most appropriate for
bradycardia induced by these drugs.
Bradycardia may develop for several reasons and should prompt investigation of all

causes of circulatory and respiratory failure. Bradycardia often provides evidence of
anesthetic overdose (or hypothermia), and should prompt reduction in inspired volatile
agent concentration before circulatory failure occurs.
A vagal reflex from pressure on the eye, abdominal, especially intestinal and bladder

surgery and direct vagal stimulation during neck surgery is serious and should prompt
removal of the stimulus and administration of an anticholinergic agent.
Rising intrathoracic pressure induces a marked vagal response due to pulmonary

stretching, and the brief period of bradycardia before cardiac arrest is a warning sign
that immediate action to relieve the intrathoracic pressure is required. This is most
commonly caused by complete closure of the expiratory arm of the breathing circuit,
usually a closed pop-off (adjustable pressure limiting) valve. If the expiratory gas route is
completely closed and the relatively high fresh gasflows required by a nonrebreathing circuit
(multiples of the minute volume) are running, pressure in the breathing circuit and thorax
builds up very quickly and causes cardiac arrest. Positive end expiratory pressure (PEEP)
valves canbeused to ensure this doesnot occur;whenplaced as shown inFigure10.4 they act
as anti-PEEP valves. Older T-piece circuits have only a waste gas tube attached on the
expiratory port of the reservoir bag, which is easily twisted (Figure 10.5), particularly when
the cat’s position is changed or it ismoved onto the operating table.ModernT-piece circuits
(Figure10.6) incorporate a relief valve,which, even if fully closed, opens at a pressureunlikely
to cause lung damage.

Fluid Overload

The CEPSAF reported a fourfold increase in the odds of anesthetic death in cats given
fluid therapy during anesthesia. This is presumably a result of fluid overload in an
animal whose circulating blood volume is usually under 300mL and appropriately low
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Figure 10.5 The reservoir bag can easily
twist at the expiratory port in older T-piece
circuits causing occlusion and a rapid
increase in pressure.
Source: Courtesy of Patrick Burns.

Figure 10.4 A 20 cm H2O PEEP valve has
been placed in the circuit to prevent
development of excessive thoracic pres-
sure when the expiratory port is closed or
obstructed. When placed at this location it
acts as an anti-PEEP valve. High intra-
thoracic pressures are often fatal, and may
otherwise develop rapidly when flows
appropriate for non rebreathing systems
are in use.

Figure 10.6 A relief valve is a built-in safety
feature of newer T-piece circuits.
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infusion rates are difficult to deliver accurately. The cat’s circulating blood volume,
even on a mL/kg basis, is considerably lower than the dog’s, so the required lower
infusion rates are in considerable contrast. In addition, cats with HCM (known or
unknown) will not cope with excessive fluids (Chapter 9). The current American
Animal Hospital Association (AAHA) fluid guidelines recommend 2–5mL/kg/hour as
maintenance rate during anesthesia. For accurate administration in the cat this
requires a syringe pump or controlled infusion device (Figure 8.1a and Figure 8.1b).
A buretrol (burette) where enough fluid for a predetermined time (e.g. one hour) can be
used (Figure 8.1c).

Trauma

The anesthetized animal loses all protective reflexes and numerous forms of physical
damage may occur during anesthesia. The cat is no exception, and being small may
be particularly vulnerable. Burning from heating devices is probably the most
frequently reported. Uncontrolled heat sources such as hot water bottles, wheat
bags and electric blankets have all been reported to produce serious burns during
anesthesia and should not be used (Figure 10.7). High-flow, low-pressure warm air
heaters produce effective heating without causing skin damage, and can be used
during and after anesthesia (Figure 10.8). It is imperative to use the correct blankets
(which dissipate the heated air) recommended for these units and to ensure the
nozzle of the hose and blanket are securely in place. Using just the end of the hose
tucked under blankets or towels blows hot air directly on a small area of the patient
and can cause severe focal burns.

Figure 10.7 Electric blankets can cause
serious burns.
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The eyes are easily damaged when the palpebral reflex is absent, particularly by
contact with the operating table, drapes and surgical scrub solution. Prevention of eye
damage simply needs care in positioning and constant awareness of the potential hazard.
Eye lubricant or corn oil (an inexpensive alternative) helps to protect the cornea from
drying but does not protect against direct physical trauma. It is important not to touch
the eye with the tip of lubricant tubes or bottles during application as this itself can cause
damage but can also transmit infection between patients.
Rough handling as well as clumsy positioning and restraint for surgery can cause

damage. Nerve damage is rare in cats as they do not have significant weight to compress
dependent body parts; however, vigorous tying down of limbs may lead to neurological
damage or swelling and loss of adequate blood flow distal to the tie. Common sense and
gentle handling is all that is required to prevent physical damage. This is especially
important in animals with degenerative joint disease who may suffer serious post-
operative pain if positioned badly or placed on hard surfaces during anesthesia.
Venous access sites are easily damaged when the cat is unconscious. Inadvertent

perivascular injection will occur if the catheter is dislodged during repositioning.
Infusion sites should be examined regularly to ensure that infusions are genuinely
being administered IV. At the very least the infusion should be stopped if administration
has become perivascular, because this may cause local damage and will not give the
intended benefit of IV administration. In critical cases a second IV catheter should be
placed; this can be used if the first catheter fails or if blood products, which cannot be
mixed with lactated Ringers solution are required.

Recovery

Airway Obstruction and Hypoxemia

All the potential hazards of anesthesia remain during recovery until the cat has regained
consciousness. Airway obstruction is probably the greatest hazard; death during
unobserved recovery was reported as a significant cause of mortality in the 1990 and
CEPSAF reports of anesthetic death in small animals. Airway obstruction is likely to have

Figure 10.8 Forced warm air blankets provide a safe and effective source of heat.
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been responsible for at least some of these. Close observation until the cat has reached a
sternal position should ensure that any airway obstruction occurring during recovery
will be spotted immediately and resolved appropriately. Hypoxemia may occur, particu-
larly in the early stages when the cat is still quite deeply anesthetized but is now breathing
room air. Oxygen by mask, oxygen cage, or nasal tube will resolve this. Cats that are
shivering have increased oxygen requirements due to muscle activity and should receive
supplemental oxygen until normothermic.

Postanesthetic Blindness

Postanesthetic blindness is an uncommon but well recognized complication, which is
seen soon after the cat regains consciousness and may be temporary or permanent
(Chapter 2). It is thought to be associated with a hypoxic or critical cardiovascular
(ischemic) event during anesthesia and other neurological effects resulting from this may
include altered mentation, head tilt, and ataxia. Post anesthetic blindness is a common
sequel to successful cardiopulmonary resuscitation (CPR).
A more specific cause of post anesthetic blindness (unilateral or bilateral) is now

recognized as a result of maxillary artery occlusion when a cat’s mouth is open (Chapter
2) (Figure 10.9a). Spring loaded mouth gags and needle caps (42mm) placed between the
upper and lower canine teeth can alter blood flow in some cats (Figure 10.9b). Smaller
(20 and 30mm) plastic mouth gags have minimal effects; these can be made from needle
caps or syringe barrels (Figure 10.9c). The cat’s mouth should be opened only as far as
needed for a procedure and only intermittently (less than 3–5minutes at a time). Spring-
loaded mouth gags should never be used.

Excitement

Emergence delirium, dysphoria, and excitement may be seen during the recovery period
and it is often difficult to ascertain the reason. Sudden arousal, for example when no
preanesthetic sedation was used or a reversal drug has been given can lead to explosive
recoveries where cats thrash around, can injure themselves and be difficult to restrain.
Dysphoria may be linked to the use of opioids, for example prolonged fentanyl
infusions. Sedation with low dose dexmedetomidine, medetomidine, acepromazine,
propofol (0.5mg/kg) or alfaxalone calms the cat, reduces oxygen demand, and usually

Figure 10.9 (a) Spring-loadedmouthgags can result in postanesthetic blindness and other neurological
deficits. (b) Inappropriate useof a spring-loadedmouthgag. (c)Homemademouthgags (20–30mm)can
easily be substituted for spring-loaded gags.
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resolves the condition. Excitement, restlessness and dysphoria may be a manifestation of
pain in the recovery period, and this should be evaluated and treated as described in
Chapters 12 and 13.

Prolonged Recovery

Although hypothermia is a common cause of prolonged recovery it may also be drug
induced. Anesthetic overdose, heavy premedication, phenotypic failure to metabolize a
drug and use of barbiturates (especially if “topped up”) or propofol infusions may all
prolong recovery. Reversal of dexmedetomidine and medetomidine with atipamezole
reduce recovery time considerablywithout apparently affecting pain. If a benzodiazepine is
thought to be the reason for the delayed recovery, administration of flumazenil will verify
this. Where there is no means of antagonism of the anesthetic the cat must be provided
with supportive care and monitored as during anesthesia until consciousness returns.

Body Temperature

Hypothermia

Small decreases in body temperature (1–2 °C) are associated with a multitude of
intraoperative and postoperative adverse effects (Box 10.9). Supporting evidence for
these side effects in human medicine is strong, although there is limited research in
veterinary medicine. Large decreases in body temperature (� 5 °C) cause bradycardia,
dysrhythmias, reduced metabolism and CO2 production, decreased cardiac output, and
eventually cardiac arrest.
Cats often seek heat and it must be assumed that being cold is unpleasant for them;

in addition, as they warm up and begin to shiver after anesthesia this adds to the
discomfort of surgery due to movement around the surgical site with increased muscle
activity and rigidity. Shivering also increases oxygen demand, induces hypoglycemia
and exacerbates hypoxemia; supplemental oxygen should be provided until cats are
normothermic.

Box 10.9: Hypothermia has far reaching negative effects

� Reduced anesthetic requirements� Reduced drug metabolism� Delayed recovery� Respiratory depression� Increased bleeding� Impaired immune function� Increased postoperative wound infection� Bradycardia� Decreased cardiac output� Dysrhythmias� Postoperative shivering and discomfort
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Once body temperature has fallen it is much more difficult to correct so the focus must
be on prevention of hypothermia. When used with care, circulating warm water blankets,
forced warm-air devices (Figure 10.8) and blankets made from semiconductive polymer
fabric are all effective. Simple interventions such as keeping the preoperative and recovery
areaswarm,providingprotection fromdrafts, using low freshgasflows (only in rebreathing
systems), boxes with blankets (creating a warm individual microclimate), heated cages,
avoiding placing cats on cold surfaces, and keeping them dry, will all help maintain body
temperature.

Hyperthermia

Opioid-induced hyperthermia has been reported in cats recovering from anesthesia.
This appears to be primarily associated with hydromorphone where temperatures as
high as 42.2 °C have been reported, but other opioids have been implicated (Chapter
13). This condition appears to be a North American phenomenon, and is rarely
seen in the United Kingdom and other parts of Europe. This is consistent with it
being primarily associated with hydromorphone, which is not available in Europe.
Hyperthermia may also result from overzealous use of warming devices during
anesthesia or in heavily sedated cats who cannot move from the source of heat;
therefore monitoring temperature on a regular basis is important. Malfunctioning
equipment, for example a heated water blanket with a faulty thermostat, can result in
overheating.

Postanesthetic Renal Failure

Renal failure can be a consequence of hypotension and hypovolemia during anesthesia
but may not become apparent for several days. The link between anesthesia and renal
failure may not be made because of the time delay. In dogs, preoperative NSAID
administration has been associated with postoperative renal failure when hypotension
and hypovolemia have occurred during anesthesia. The association has not been proven
in cats, but ensuring that they do not become hypotensive or hypovolemic during
anesthesia is a wise precaution.

Cardiopulmonary Resuscitation (CPR)

Survival after cardiopulmonary arrest (CPA) requires rapid recognition that it has occurred,
and immediate initiation of cardiopulmonary resuscitation (CPR) (Box 10.10). The
Reassessment Campaign on Veterinary Resuscitation (RECOVER) was developed
following in the footsteps of human medicine where success rates after CPA were
improved with evidence-based guidelines and training. The guidelines, including user
friendly algorithms and emergency drug charts were published in 2012, and are
available for download (http://onlinelibrary.wiley.com/doi/10.1111/vec.2012.22.issue-
s1/issuetoc, accessed June 25, 2017). Basic life-support and drug therapy is discussed
here. The RECOVER guidelines provide detail for advanced life support and post-
resuscitation care.
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Box 10.10: Cardiopulmonary arrest

� Survival rate for patients that arrest under anesthesia is much higher than under other
circumstances:
– prompt recognition
– most cases are receiving oxygen� Use of pulse oximeters and monitoring the pulse (e.g. Doppler) decreases feline
mortality� Emergency drugs should be calculated before anesthesia and recorded on the
patient’s chart� Chart should remain with the cat at all times� Charts of emergency drug doses should be attached to each anesthetic machine, and
walls of operating rooms and clinical areas� Emergency “crash” carts, or portable “pick-up-and-go” boxes should be in the
anesthesia and surgical areas
– restock after use
– inventory at least once a week

Recognition of Cardiopulmonary Arrest

Apnea may precede cardiac arrest therefore all cats that are or become apneic should
be checked for the presence of a pulse or heart beat by palpation or auscultation. If a
pulse oximeter or Doppler is in place, loss of the auditory signal should alert the
anesthetist to check the patient immediately. End-tidal concentrations of CO2

(ETCO2) can indicate apnea or cardiac arrest; if the patient is apneic and a breath
is given but ETCO2 is low or zero, it is most likely that circulatory collapse has
occurred. Although an ECG may be in place this is not a reliable indicator of
circulation (Chapter 7). Even if CPA is not confirmed it is recommended to proceed
with CPR if there is a strong suspicion.

Treatment – Basic Life Support (Box 10.11)

� The first CPR step is cardiac compressions, even if the cat is not intubated. Ideally this
is performed with the cat in right lateral recumbency. Many cats will be in dorsal
recumbency during surgery with the abdomen open therefore start chest compres-
sions in that position;
– The anesthetist can use one hand to stabilize the chest wall on one side, and the

other to compress over the heart. An alternative method is to use the thumb on one
side and the other four fingers on the other and compress from both sides over the
heart (circumferential compression)� The cat’s chest is compliant so the recommended depth of compression (50% of the

width of the chest) should be achievable. It is important to allow full chest recoil to
maximize intrathoracic blood flow� The surgeon may be able to close the abdomen quickly with a laparotomy sponge and
towel clamps so the cat can be moved to a lateral position, or the surgeon may access
the heart via the diaphragm and begin direct cardiac compressions
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� If the cat is not already intubated, a cuffed endotracheal tube should be placed using a
laryngoscope and without stopping cardiac compressions unless necessary� If available a capnograph is connected between the ETT and circuit� Ventilation at ten breaths per minute and short inspiratory time (1 second) allows for
adequate cardiac filling time� The person performing ventilation should focus on their rate and timing; it does not
need to be synchronized with cardiac compressions� The size of the reservoir bag is controlled by manipulating the adjustable pressure
limiting (APL) valve (“pop-off” valve); on some machines this requires rotating the
valve to close it and then turning it back to the open position repeatedly; this takes time
but leaving it closed by mistake is disastrous� An easier and safer approach is to use a pop-off occlusion valve, which only requires
the operator to press down on it while administering a breath, then releasing it
(Figure 10.10)� If a heartbeat and pulse do not return spontaneously and quickly after starting basic
life support, drug therapy is indicated

Box 10.11: Cardiopulmonary resuscitation

� Step 1: Note the time. Turn off the vaporizer and stop anesthetic drug infusions. Empty
the circuit of inhalant agent� Step 2: Cardiac compression; 100–120 times/minute. Compress 50% of the depth of
the chest and allow full recoil� Step 3: If not already in place, intubate with a cuffed endotracheal tube. Ventilate 10
times/minute with an inspiratory phase of 1 second (� 10 cmH2O)� Step 4: Consider antagonism of sedative and analgesic drugs

Figure 10.10 A pop-off occlusion valve allows easy and rapid ventilation without the risk of the pop-off
valve being left closed.
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Drug Therapy (Box 10.12)

The goal of drug therapy is to increase systemic vascular resistance and improve
cerebral and coronary artery perfusion. Low dose epinephrine (adrenaline) (0.01mg/
kg) is given every 3–5 minutes. Epinephrine has both α and β adrenergic receptor
activity, resulting in peripheral vasoconstriction, increased cardiac contractility and
rate and is the most commonly used vasopressor in CPR. Vasopressin (0.8 U/kg) is a
pressor that does not increase heart rate or contractility, and therefore myocardial
oxygen demand, which is a side effect of epinephrine. However, there are no clear
reported benefits to its use, and it is significantly more expensive. If increased vagal
tone is thought to be a cause of CPA or if bradycardia preceded the arrest, atropine
(0.02–0.04mg/kg) should be administered.

Box 10.12: Drugs for cardiopulmonary resuscitation

IV:

� Epinephrine 0.01mg/kg� Vasopressin 0.8 U/kg� Atropine 0.02–0.04mg/kg

If no IV access – through endotracheal tube:

� Epinephrine 0.1mg/kg� Dilute all drugs in saline or normal saline (to 2mL)� Use a catheter or tube (e.g. urinary catheter) narrow enough to fit into the endo-
tracheal tube, and long enough to reach the carina – this should be in the emergency
kit

If no IV access – intraosseous route (IO):

� Tibia or humerus� Needs IO needle or IO placement device (hypodermic needle sufficient for kittens)

Monitoring During CPR

Creating sufficient circulation for cerebral and cardiac perfusion and ultimately return of
spontaneous circulation is the goal of CPR. ETCO2 correlates well with cardiac output,
and should be used if possible. A pulse oximeter will detect flow and indicate oxygen-
ation. A Doppler will indicate flow in peripheral arteries. An ECG will aid in diagnosing
the type of arrest but is not the first monitor to apply or to rely on.
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Mechanisms of Pain
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Key Points

� Pain is a multifactorial modality comprising perceptive and emotive components� Pain ranges from physiological to neuropathic� The experience of pain requires consciousness� Nociception occurs without consciousness and causes numerous autonomic responses� Numerous mechanisms contribute to the experience and physiological consequences of
pain

Introduction

Pain is a multifactorial modality comprising perceptive and emotive components
(Figure 11.1) (Boxes 11.1 and 11.2). This complexity leads to a spectrum of pain ranging
from the wholly physiological, such as A-fiber or fast pain through to phenomena such as
neuropathic and cancer pain that are deeply pathological. Although pain itself is
considered to exist only at cognitive levels within the central nervous system, there
are a multitude of peripheral mechanisms that lead to its perception.
It is the nature of clinical medicine that treatment of pain focuses on the pathological

end of the pain spectrum, and that many analgesic therapies target peripheral mecha-
nisms. For this reason, most of this chapter will deal with pain from these perspectives.
The mechanisms of pain are intimately linked with those of inflammation, and it should
be noted that many of the neuromodulators discussed in this chapter are also integral
components of the inflammatory response to tissue damage.

Mechanisms of Modulation in Tissues

The somatic parts of the body are innervated with two distinct populations of nociceptors,
known as A-fiber and C-fiber mechano-heat-sensitive nociceptors (AMHs and CMHs
respectively). There are numerous nerve endings of these neurons in the superficial layers
of the skin, and other structures such as synovial joints and the dura mater. They are also
distributed throughout other somatic tissues although more sparsely.
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Box 11.1: Definitions of acronyms and glossary

� Allodynia – pain due to a stimulus that does not normally provoke pain� AMH – A fiber mechano-heat-sensitive nociceptor� AMP, ADP, ATP – adenosine mono-, di-, and triphosphate. Involved in cellular energy
systems and also used as signaling molecules� Analgesia – absence of pain in response to stimulation that would normally be painful� ASIC – acid-sensing ion channel� CB1 – cannabinoid 1 receptor� CCK – cholecystokinin� CMH – C fiber mechano-heat-sensitive nociceptor� COX-1 COX-2 – cyclooxygenase 1 and 2� Eicosanoids – a family of signaling molecules made by oxidation of 20-carbon fatty
acids and usually derived from the cell membrane of damaged cells� GABA – γ amino-butyric acid� 5-HT – 5-hydroxytryptamine (synonym for serotonin)� Hyperalgesia – increased pain from a stimulus that normally provokes pain� Hypoalgesia – diminished pain in response to a normally painful stimulus� NGF – nerve growth factor� NMDA – N-methyl-D-aspartate� nNOS – neuronal nitric oxide synthase� Nociceptor – a high-threshold sensory receptor of the peripheral somatosensory
nervous system that is capable of transducing and encoding noxious stimuli� Noxious stimulus – a stimulus that is damaging or threatens damage to normal tissues� NTR – neurotensin receptor� PAG – periaqueductal grey matter� Pain – pain is a distressing experience associated with actual or potential tissue
damage with sensory, emotional, cognitive, and social components� Pruriceptor – a sensory receptor of the peripheral somatosensory nervous system that is
capable of transducing and encoding pruritic stimuli� Pruritic stimulus – a sensation that causes the desire or reflex to scratch� RVM – rostral ventromedial medulla� TLR4 – toll-like receptor 4� TNF – tumor necrosis factor� TRPV 1 – transient receptor potential vanilloid 1� Wind-up – perceived increase in pain intensity over time when a given stimulus is
delivered repeatedly above a critical rate or intensity

Box 11.2: The phenomenon of pain

Pain cannot be perceived by animals while they are unconscious, but the nociceptive
mechanisms that lead to its perception are still active unless they are specifically blocked;
noxious stimuli during anesthesia can dramatically increase the pain perceived when an
animal regains consciousness.
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Figure 11.1 Nociceptive pathways. (a) Neuromodulators acting in the brain – red text acting on higher
centers, blue text actingonperiaqueductal greymatter and rostro-ventralmedulla. (b) Neuromodulators
acting at the spinal cord – red text acting at spinal ganglion, black text acting in dorsal horn. Pathways
indicated by color – yellow: C-fiber acute pain, purple: A-fiber touch, pink: A-fiber fast pain, red:
representative interneuron, green: descending modulatory fiber of reticulospinal system.
(c) Neuromodulators acting in peripheral tissues. Rectangular receptors are ionotropic – red: purinergic
receptors, orange: voltage-activated sodiumchannels, purple: acid-sensing ionchannels, blue:N-methyl-
D-aspartate receptors. Ovoid receptors are metabotropic – red: serotonin, orange: bradykinin, yellow:
cytokine, green: nerve growth factor.
Key to abbreviations – AMP, ADP and AMP: adenosine mono, di and tri phosphate, AA: arachidonic acid,
Eic: eicosanoids, SubP: substance P, PAF: platelet-activating factor, H: histamine, H+: protons, B: bradyki-
nin, Cyt: cytokines, Glut: glutamate, NGF: nerve growth factor, 5-HT: serotonin (5-hydroxy-tryptamine),
Ach: acetyl choline, NMDA: N-methyl-D-aspartate, TRPV-1: 1 transient receptor potential vanilloid 1.

11 Mechanisms of Pain 185



Nociception also occurs in the viscera, where it is thought to be modulated largely by
mechanoreceptors operating at the high end of their sensory range rather than by
primary nociceptors. For this reason visceral pain is largely due to bowel distension.
In both somatic and visceral tissues, pain modulation occurs by alteration of the

threshold and sensitivity of these nerve endings as well as by expansion of their receptive
fields. Modulation of nociception at the tissue level is in large part due to the presence of
a vast number of molecules that affect nerve endings in different ways, and is intimately
linked with inflammation. Some of the more important classes of inflammatory
mediators are described in Table 11.1.
The interaction between inflammation and nociception is extremely complicated

and becomes more so as additional mediators are discovered. The presence of an
inflammatory process in a tissue can result in many short- and long-term changes in
the cellular functions of that tissue and these changes can themselves cause
dramatic alterations in the activity of local nociceptors and may lead to the
recruitment of other sensory nerves as nociceptors. Local increases in nociceptor
sensitivity that are caused directly by inflammatory mediators are termed primary
hyperalgesia.
Degenerative joint disease (DJD) is an under-recognized cause of deep tissue pain in

cats. Sensory input from normal joints is related to joint position and the forces acting on
the joint, and does not usually contribute to conscious perception. Overstimulation of
these pathways can result in nociception, and in the long term cause allodynia, hyper-
algesia and pain without stimulation in the same way as is seen in cutaneous sensory
pathways. The nature of the resulting pain (in humans at least) is reported as being dull,
aching, and poorly localized. Many of the same inflammatory mechanisms that con-
tribute to pain perception from the cutaneous tissues are active in DJD and lead to
increased perception of pain in the same way.

Mechanisms of Modulation in Peripheral Nerves

Following stimulation of the receptive field of a nociceptor, information travels along the
nerve in the form of action potentials. These are propagated by voltage-regulated sodium
channels along the axon and by voltage-regulated calcium channels at synaptic termi-
nals. Different subpopulations of sodium and calcium channels are expressed by
nociceptors under different circumstances. When there is nerve damage or persistent
stimulation, then abnormal populations of ion channels are expressed. These can lead to
alterations in the propagation of action potentials and even the presence of ectopic
action potentials. When abnormal ion channel populations are present, ectopic action
potentials occur randomly and without the need for any stimulus. They are amajor cause
of neuropathic pain.
In addition to the propagation of sensory information to the central nervous system,

nociceptor stimulation has a number of local effects that are thought to be due to
peripheral axon reflexes. These include arteriolar vasodilatation, mast cell degranulation,
and the activation of other immune cells, keratinocyte stimulation, and smooth-muscle
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Table 11.1 Examples of the more important classes of inflammatory mediators.

Eicosanoid These are metabolites of arachidonic acid, a component of the plasma
membrane, which are released into the extracellular fluid following cell lysis.
They include molecules such as prostaglandins, thromboxanes, and leukotrienes.
Prostaglandins are produced by both constitutive and induced forms of the
enzyme cyclooxygenase (COX-1 and COX-2, respectively) (Chapter 13). They
reduce the threshold of nociceptors and increase their sensitivity via activation of
nociceptor-specific voltage-activated sodium channels.

Bradykinins These are present in inflammatory exudates and have an important role in the
inflammatory process. They reduce the threshold and increase the sensitivity of
nociceptors to natural stimuli and stimulate nociceptive activity in their own
right acting at the β1 and β2 receptors via intracellular second messenger systems
involving phospholipase C and protein kinase C.

Protons A reduction in extracellular pH is a consequence of inflammatory processes and
results in pain and hyperalgesia. A group of ASICs appear to be responsible for
this effect when the reduction in pH is moderate. During severe acidosis TRPV1
is also involved. Both are sodium channels whose expression is increased by
inflammation and nerve injury.

Serotonin Degranulating mast cells release platelet-activating factor and this in turn causes
serotonin (also known as 5-HT) to be released from platelets. Serotonin can
activate nociceptors directly, and can also potentiate the effects of bradykinin.

Histamine Release of substance P from nociceptor terminals causes local mast cells to
secrete histamine. This has a role in the local inflammatory response, where it is
responsible for vasodilatation and edema, and potentiates responses to
bradykinin and heat. Injection of histamine into normal tissue causes the
sensation of itch rather than pain.

Purines Cellular degeneration causes the release of purines such as AMP, ADP and ATP
into the extracellular space. The presence of these molecules stimulates
nociception and application of purines is painful even when there is no additional
stimulation. Purinergic receptors have been found on nociceptors in the
periphery and in spinal ganglia, but the role of purines in the modulation of
nociception appears to be closely linked to capsaicin receptor activity.

Cytokines These are released by a variety of cells and are involved in regulation of the
inflammatory process. They may excite nociceptors by rapid alterations in the
sensitivity of ion channels, by stimulating the release of other inflammatory
mediators or by intracellular effects that alter the gene expression of the
nociceptor.

Excitatory amino
acids

The most studied excitatory amino acid is glutamate. Glutamate receptors can
activate ligand-gated ion channels (NMDA receptors) or act via G-protein
coupled metabotropic receptors, both of which have been identified on CMH
neurons in the skin. Glutamate is released by macrophages, endothelial cells and
Schwann cells among others and can also be released from the nerve terminals of
the nociceptors themselves.

Nerve growth
factor

Pro-inflammatory cytokines induce the release of nerve growth factor (NGF)
from many cells including fibroblasts and keratinocytes. In turn, NGF stimulates
the release of histamine and serotonin from mast cells, and can also induce
hyperalgesia to heat by a direct effect on nociceptive nerve terminals.
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contraction. Stimulation of one branch of a nociceptor causes antidromic propagation of
action potentials into adjacent branches, and this in turn contributes to these local
inflammatory effects.
There is increasing evidence that neuronal cell bodies in the spinal ganglia have an

important role to play in the modulation of nociception. The spinal ganglia are not
themselves innervated with nerve endings, but functional peptide receptors have been
found on the cell body membrane for neurotransmitters such as substance P,
neuropeptide Y, and galanin. These have all been shown to modulate excitability
in the somatic membrane, and so are implicated in the development of hyperalgesia
and neuropathic pain. Neuropeptides can only cross the blood-brain barrier to a very
limited extent, and so it is possible that the spinal ganglion is their main site of action.
Upregulation of these receptors in states of neuropathic pain has recently been
demonstrated.

Mechanisms of Modulation in The Spinal Cord

The dorsal horn of the spinal cord is a major site of modulation of nociception. The
neuronal circuits of the dorsal horn are very complex and not fully understood, but in
general there are several kinds of neurons that are involved in the perception and
modulation of pain.
Primary afferent neurons convey sensory information from the periphery and project

into the dorsal layers of the spinal cord (laminae I–V). They include myelinated low-
threshold mechanoreceptors conveying sensory information that can become nocicep-
tive when stimulation is intense, myelinated nociceptive fibers responsible for pin-prick
pain and unmyelinated nociceptive fibers, which are sensitive to a wide range of stimuli
such as mechanical, thermal and chemical modalities.
Spinal interneurons comprise the vast majority of the cell population of the dorsal horn

and account for the complexity of the spinal neuronal circuits both in terms of their
anatomical complexity and the large number of molecules for which they can express
receptors (e.g. neuropeptides, nNOS etc.). Most of the connections made by interneur-
ons are to other neurons in the same dermatome, but a smaller number of connections,
particularly in laminae I–III, interact with neurons at a distance of one or two segments.
Interneurons can be either inhibitory (GABA-minergic or glycinergic) or excitatory
(glutaminergic).
Projection neurons project cranially to target regions of the brain including the

thalamus, midbrain periaqueductal grey matter, pons, andmedulla oblongata. Individual
projection neurons often have multiple axons, and project to more than one of the above
regions.
Descending neurons – descending pathways project from many areas of the brain

including the medulla and locus coeruleus. They can be either facilitatory or inhibitory.
This descending inhibitory system involves modulation in the brain and is discussed in
more detail below.
Non-neuronal cells – glial cells such as astrocytes and microglia can profoundly

influence nociceptive pathways. Their role is discussed in a later section of this
chapter.
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The complexity of the architecture of the dorsal horn makes it difficult to provide a
brief description that is informative in terms of the nociceptive function of this region of
the central nervous system. It is more useful to consider the effects of neurotransmitters
and other mediators in terms of their ability to induce plasticity by mechanisms in the
dorsal horn, and so induce or inhibit hyperalgesia and allodynia. Examples of the more
important mediators are given in Table 11.2.
Some of these substances are capable of inducing hyperalgesia when applied to the

spinal cord as single agents, others do not cause hyperalgesia alone, but facilitate the
actions of other agents. In the whole animal the balance of these mediators is constantly
changing and the relative concentrations of different mediators is distinct for different
types of pain. Some of these mediators have even been shown to promote hyperalgesia or
hypoalgesia depending on the experimental context in which they are studied. Plasticity
in the dorsal horn of the spinal cord can be induced in a number of ways that are
modulated by altered concentrations of these neuromodulators. Sustained activation of
C-fiber inputs seen in chronic painful conditions can induce hyperalgesia and allodynia,
but the absence or long-term reduction of these inputs as seen following damage to
peripheral nerves may also cause this. Neuronal mechanisms of long-lasting plasticity
include processes such as long-term potentiation and long-term depression of particular
pathways as well as remodeling of networks by synaptic growth and trimming or even
apoptosis of particular neurons. All of these mechanisms are initiated and maintained by
the balance of neuronal modulators in the dorsal horn.

Mechanisms of Modulation in the Brain

The experience of pain is complex and involves the participation of many regions of the
brain. Functional imaging (e.g. functional magnetic resonance imaging (fMRI)) studies in

Table 11.2 Examples of the more important mediators that act in the dorsal horn to induce or
inhibit hyperalgesia and allodynia.

Peptides and amino acids Examples include: substance P, neurokinins A and B, calcitonin gene-
related peptide, dynorphin, endorphin, galanin, nociception/orphanin,
bradykinin, adrenomedullin, glutamate, endogenous opioids, purines, and
serotonin.

Proteins Examples include: glycoprotein GP120, thrombin; fibronectin and
secretory protein Bv8.

Cytokines Examples include: TNF-α, interleukin-1β, interleukin-6, and interseron-γ.

Chemokines Examples include: fractalkine, and monocyte chemoattractant protein-1.

Prostanoids Examples include: prostaglandins E1, E2, D2 F2α

Neurotrophic factors Examples include: brain-derived neurotrophic factor and nerve growth
factor

Miscellaneous molecules Examples include: nitric oxide, lipopolysaccharides, and platelet-
activating factor.
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humans give an overall picture of pain perception that involves an extensive cortical
and subcortical network including sensory, limbic, associative, and motor areas of the
forebrain. Different aspects of pain perception are dealt with by different areas of the
forebrain; the somatosensory cortex processes sensory-discriminative components
and the rostral cingulate cortex processes affective-motivational components. The
insula cortex appears to have an important role in both aspects of pain perception.
The relationship between a stimulus and its perception depends on the interaction of

these different centers and is both complex and context-specific. Experimental stimula-
tion of brain regions such as the PAG and the RVM produce subjective analgesia and it
has been demonstrated that these sites are primary CNS targets of opioid analgesics (Box
11.3). In addition to their ability to reduce the cognitive perception of pain, the PAG and
RVM stimulate descending pathways that inhibit the response of nociceptive systems in
the dorsal horn. Agonists of the α-2 adrenergic receptor are active in this area (Box 11.3).
These cyclical mechanisms play a large role in context-specific hypoalgesia as well as in
the hyperalgesia and allodynia seen in persistent pain states.

Box 11.3: Sites and mechanisms of action of analgesic agents

Site of action Agent

Peripheral tissue NSAIDs, cannabinoids, opioids

Peripheral nerves

Tissue nerve endings Local anesthetics, SSRIs, piprants

Axons Local anesthetics, carbamazepine, capsaicin

Spinal ganglion

Presynaptic modulation Opioids, nitrous oxide, gabapentinoids

Spinal cord Opioids, nitrous oxide, local anesthetics, agonists of the α-2
adrenergic receptor, gabapentinoids, ziconotide, cannabinoids,
dopamine antagonists, tramadol

Brain Opioids, nitrous oxide, SSRIs, NSAIDs, local anesthetics,
ketamine (additional sites of action and mechanisms probable),
gabapentinoids, cannabinoids, dopamine antagonists, tramadol,
amantadine, amitriptyline, piprants

Non-neuronal mechanisms Bisphosphonates, astrocyte inhibitors, immune modulators

Similar to the dorsal horn of the spinal cord, many neuromodulators act in the higher
centers to provide analgesia. Important examples are given in Table 11.3.
The link between anxiety and hyperalgesia may be mediated by cholecystokinin. It is

important to reduce fear and anxiety for many reasons in a clinical setting (Chapter 1),
not least for their negative impact on pain.
There are many other neurotransmitters and neuromodulators that interact with the

nociceptive system elsewhere within the higher centers of the central nervous system.
These include the catecholamines (especially dopamine and norepinephrine (nor-
adrenaline)), NMDA and vanilloids (via the TRPV1 receptor).
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The Role of Glial Cells (Glia, Neuroglia) and the Immune System

In addition to the neuronal components of nociceptive pathways, the role of glia has been
increasingly identified as an important modulator of pain perception.

� Astrocytes constitute approximately half of all glial cells and are intimately associated
with the neurons that they support� Astrocytes play vital roles in the regulation of the extracellular environment of the
neurons and modulate availability of extracellular ions, neurotransmitter release,
release of inflammatory mediators, synapse formation, and ultimately neuronal
survival� Microglia originate from macrophage precursors and are found throughout the
central nervous system. Under normal circumstances they are inactive and

Table 11.3 Examples of the more important mediators that act in the brain to induce or inhibit
hyperalgesia and allodynia

Opioids The PAG/RVM system has a high density of opioid receptors and
endogenous opioids are potent analgesics at this site. It is interesting to
note that the other major site of these receptors, the dorsal horn, is the
other main component of the cyclical nociceptive system that is largely
responsible for the amplification and reduction of pain sensations seen
in hyperalgesia and allodynia. The clinical application of opioids is
discussed in Chapter 13.

Cannabinoids The distribution of CB1 receptors in the PAG/RVM and the dorsal horn
of the spinal cord is similar to that of the opioid receptors. Endo-
cannabinoids are involved in the central modulation of nociception in a
separate, but parallel manner to endogenous opioids.

Acetylcholine The RVM contains nicotinic acetylcholine receptors that contribute to
antinociception in conjunction with serotonergic neurons.

Cholecystokinin This peptide has both anti-opioid and pronociceptive actions at many
levels of the central nervous system via the CCK2 receptor. Its cellular
actions appear to be the converse of those of the opioids, and it has
been demonstrated that CCK2 antagonists can potentiate the analgesic
actions of opioids. CCK contributes to anxiety and its effects on the
perception of noxious stimuli may form the link between anxiety and
hyperalgesia.

Neurotensin Similarly to CCK, neurotensin co-locates with opioid receptors. Low
doses of neurotensin activate pain-facilitating neurons, but higher doses
also activate pain-inhibiting neurons leading to an overall biphasic
effect. This may be mediated by differential receptor affinities of the
NTR 1 and 2 receptors. Neurotensin appears to be a necessary mediator
of hyperalgesia caused by inflammation since this effect can be blocked
by microinjection of an NTR1 antagonist into the RVM.

Substance P Substance P receptors are found in the RVM where its direct
application produces hypoalgesia, but other studies have demonstrated
pro-nociceptive activity. The details of the role of substance P at this
level in the nociceptive pathways are not yet clear, but it is likely that it
has a complex modulating role similar to that of neurotensin.
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unobtrusive cells, but on activation they perform very similar roles in the inflamma-
tory process to those played by the macrophage outside the central nervous system,
and are part of the reticuloendothelial system� Noxious stimulation of C-fibers is sufficient to stimulate some microglial activation
and all models of neuropathic pain currently envisage a degree of microglial response
(Box 11.4)

Box 11.4: The contribution to pain from microglial activity

It is uncertain whether microglial activation contributes directly to the perception of pain,
but there is evidence that microglial responses amplify the output of neural networks in
the spinal cord that are active in pain perception. It is likely that reducing microglial
activation will have some analgesic effect. This critical role of microglia in pain perception
further illustrates the intimate associations between pain and inflammation apparent at
every level of the nociceptive system.

Activation of an innate immune receptor expressed by microglia and astrocytes,
TLR4, can dramatically amplify pain, and it is associated with the development and
maintenance of neuropathic pain. Antagonists of TLR4 could be stand-alone
treatments for various pathological pain states, and enhance the magnitude and
duration of opioid analgesia while minimizing their adverse effects. However, these
experimental drugs have not been tested in cats and it is not yet clear what the
clinical applications may be. The persistent hyperalgesia and pain-related behavior
seen following tissue and particularly nerve injury is associated with activation of
both microglia and astrocytes. These actions have been demonstrated in the dorsal
horn of the spinal cord and also more recently in higher centers of the central
nervous system.

Mechanisms of Cancer Pain

Cats are affected by a wide variety of cancers, which can be painful for a number of
reasons. Pain may also be associated with secretion of eicosanoids either directly by the
tumor or via an immune response to its presence, direct effects on central nociceptive
pathways and invasion of or pressure from the tumor into muscle, bone or neurological
tissues (Figure 11.2 and Figure 11.3). Therapeutic protocols for cancer such as chemo-
therapy and radiotherapy may themselves cause pain. Moreover, many of the mecha-
nisms causing cancer pain lead to allodynia, which exacerbates the existing pain from
concurrent diseases.

Pain caused by Cancers in Bone

Although tumors in bone are less common in cats than dogs, when they occur, pain may
be particularly severe as a result of the unique mechanism of pain in this tissue. The pain
of both primary neoplasms of bone and metastatic tumors within bone appears to be due
to an increase in bone resorption without corresponding formation of new bone. This
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relative excess of osteoclast activity results in reduced bone density and can lead to the
formation of microfractures and eventually macrofractures.
Sarcomas and mammary tumors are common in cats and cause pain through

expansion, stretching, invasion, ulceration, and inflammation. Although it ultimately
removes the source of the pain, surgical excision adds acute pain to the ongoing cancer
pain (Figure 11.4).

Figure 11.2 A common mechanism of cancer pain is the increasing size of the mass stretching
surrounding normal tissues. Distention of the globe as caused by this intraocular neoplasm is often
associated with severe pain.
Source: Courtesy of Professor Jane Dobson.

Figure 11.3 Inflammatory processes in the adjacent tissues to superficial tumors such as this mammary
carcinoma can result in chronic pain and discomfort.
Source: Courtesy of Dr. Malcolm Brearley.
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Secretion of Eicosanoids and Inflammatory Responses

Tumors and their associated inflammatory responses secrete a large number of neuro-
chemical mediators many of which are associated with allodynia. Examples include
endothelin-1, bradykinin, nerve growth factor, cytokines such as tumor necrosis factor
and protons. These factors sensitize nociceptors in the tissues local to the tumor and can
also contribute to central mechanisms of wind up.
Endothelin-1 is a vasoactive peptide acting via receptors found on spinal ganglion

neurons and Schwann calls and possibly directly on nociceptive fibers via TRPV1
receptors. Endothelin-1 has been associated with oral squamous cell carcinomas and
renal, ovarian, and mammary carcinomas.
Bradykinin is a vasoactive peptide produced by melanomas with receptors on primary

afferent neurons. Experimental studies have demonstrated that administration of both
endothelin and bradykinin receptor antagonists reduce pain-related behaviors in animal
models of cancer.
Nerve growth factor (NGF) is involved in the long-term management of neuronal

function, acting by regulation of synaptic plasticity and apoptosis of neurons and the
proliferation of their processes. Chronic exposure of sensory neurons to NGF results
in allodynia and the formation of neuroma-like structures that are seen in some
tumors.
Cytokines are released directly by tumor cells as well as by the inflammatory cells that

generate local tissue responses to them. This increase in cytokine concentrations in the
local tissue causes allodynia by the mechanisms described earlier. The local inflamma-
tion leads to a relatively acidic environment in the tumor, and surrounding tissues and
this itself contributes to allodynia acting via ASICs and TRPV1 receptors.

Figure 11.4 Acute surgical pain is usually easier to manage than pain of neoplastic origin and surgical
removal of painful neoplasms should be considered as a component of analgesic therapy.
Source: Courtesy of Dr. Bryden Stanley.
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Central Nociceptive Mechanisms

The mechanisms of central wind-up have been described earlier in this chapter. Cancers
associated with allodynia through peripheral mechanisms result in a prolonged barrage of
increased nociceptive input to the spinal cord and higher centers of the brain. This can
cause very profound changes in the central nociceptive pathways and result in widespread
sensitization with many effects including upregulation of receptors in the spinal cord, an
increase in the size of sensory fields of nociceptors, and facilitation of both ascending
nociceptive pathways and descending excitatory pathways. In severe cases, these mecha-
nisms can lead to spontaneous activity in the nociceptive pathways resulting in “sponta-
neous pain” that is no longer temporally limited to response to noxious stimulation.
Many neoplasms have been associated with hypertrophy of astrocytes in the ipsilateral

spinal cord that is rarely seen with other painful lesions. There is evidence that this
hypertrophy results in activation of the astrocytes and contributes to central sensitization.

Pain from Cancer Treatment

Chemotherapeutic agents such as vincristine, paclitaxel, and cisplatin can induce
peripheral neuropathies that cause changes in sensation, may be painful, and can be
dose limiting in humans. It can be assumed that the same happens to cats, however this
has not been well documented. The mechanisms of these neuropathies are not well
understood, but they are distinct from each other and so it is likely that each drug is
acting by a unique mechanism. Radiotherapy can also have painful consequences due to
such side effects as tissue burns, bone necrosis, and nerve damage.

Diabetic Neuropathy

Pain due to neuropathy may be present in cats with diabetes. (Figure 11.5) (Chapter 9,
Chapter 14). The mechanisms of this pain are poorly understood and a detailed

Figure 11.5 Neuropathic pain in theextremities of a diabetic cat has led to intense licking and stainingof
the paws
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discussion is beyond the scope of this chapter. Schreiber et al. reviewed the possible
mechanisms in 2015.

Pruritus (Itch)

Pruritus is distinct from pain, but the two sensations have mechanisms that are
remarkably similar to each other. A noxious stimulus elicits a very strong withdrawal
reflex with the obvious aim of removing the stimulated area from a potentially damaging
situation. An itch stimulus elicits a similarly strong scratch reflex and it has been
postulated that this has the function of removing a noxious agent such as a thorn that has
already attached to the skin.
The sensation of itch is mediated via a particular population of C-fibers (pruriceptors)

that are poorly sensitive to mechanical stimulation, but very sensitive to pruritic
chemicals such as histamine. The mechanisms of pruriception parallel the nociceptive
pathways in the central nervous system and there is very close correlation between
the central sensitization pathways of chronic pain and chronic pruritus. The role of the
anterior cingulate gyrus in changing the perception of a pruriceptive stimulus from
pleasant to unpleasant seems to parallel its role in the attribution of pain during
stimulation of nociceptive pathways.
Pruritus has been classified into four categories based on the underlying mechanism:

Pruriceptive itch – pruriceptive mediators such as histamine activate peripheral pru-
riceptors. Examples in cats include ectopic parasites and allergic dermatitis, and some
skin infections.

Neurogenic itch – generated by central stimulation of nondiseased pruritic pathways.
The itch mediated by opioids is an example of this. Opioid-induced pruritus has been
described after epidural administration of morphine in the cat; however this is not
common.

Neuropathic itch – due to diseases of the nervous system such as postherpetic itch in
humans.

Psychogenic itch – in humans this is related to illusional conditions such as para-
sitophobia. Whether this is related to the rare cases of intractable pruiritis in cats is
unknown.

Feline ulcerative dermatosis is associated with self-trauma resulting in nonhealing
deep ulcers most often seen on the neck and between the scapulae. The underlying cause
is currently unknown. Glucocorticoids and surgical resection may be successful in some
cases but protective bandages are often required to prevent self-mutilation. Topiramate,
a drug used to treat refractory epilepsy, was successful in one cat after all other
treatments failed.
Sensations of pruritus and pain can interact with each other in the central nervous

system. Applying an itch stimulus such as scratching or rubbing can reduce the
perception of pain and similarly the application of a painful stimulus can reduce the
perception of itch.
Progress has been made in elucidating the mechanisms of pruritus in recent years, but

there are still large gaps in our understanding of its neurochemical and electrophysio-
logical aspects as well as its association with nociception.
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Assessment and Recognition of Acute Pain
Sheilah Robertson

Lap of Love Veterinary Hospice, Lutz, FL, United States

Key Points

� Pain is an emotion and always unpleasant� Behavioral indicators of acute pain in cats� Pain scoring tools for use in clinical practice� Differentiating pain, fear, and stress

Introduction

One of the first challenges in treating pain in cats is recognizing and quantifying it.
The International Association for the Study of Pain (IASP) has proposed the
following definition of pain: Pain is a distressing experience associated with actual
or potential tissue damage with sensory, emotional, cognitive, and social components.
The sensory component includes the type of pain, its source, location, and intensity.
The affective or emotional components can be thought of as “how it makes the
patient feel.”
Because cats cannot directly tell us how they feel, proxy decisions are made for them

and their pain is what the assessor says it is. The veterinary care team must understand
behaviors resulting from pain because failure to treat has a negative effect on a cat’s
welfare.

Pain-assessment Tools

“If you cannot measure it, you cannot improve it” – Lord Kelvin

There is currently no gold standard for assessing acute pain in cats. Several scoring
methods that include physiological and behavioral variables have been and continue to
be developed and validated.

Feline Anesthesia and Pain Management, First Edition. Edited by Paulo Steagall,
Sheilah Robertson and Polly Taylor.
 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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Physiological Indicators of Pain

No single physiological measurement is a sensitive or reliable correlate of pain in a
clinical setting. There is a weak correlation between pain scores and systolic blood
pressure, heart rate or respiratory rate in cats after ovariohysterectomy. Physiological
variables can be affected by many factors other than pain. The stress of a journey to a
veterinary hospital will alter heart rate, blood pressure, and respiratory rate in most cats
(Chapter 1). Stress, anxiety, and fear are well documented in clinical settings and these
are accompanied by cardiovascular changes.

Mechanical Threshold Testing

Following surgery or acute injury, changes occur locally, resulting in peripheral or
primary sensitization. Changes in the central nervous system may also occur (central or
secondary sensitization), leading to a decrease in the mechanical threshold required to
elicit a response in areas remote from the primary injury (Chapter 11). Sensitivity of a
wound can be measured by quantifying the stimulus required to produce a response in
the patient (e.g. turning to look at the site, turning to bite, or vocalizing). Application of
mechanical pressure is termed algometry. Mechanical threshold testing with devices
such as algometers, von Frey filaments and palpometers are used to measure both
primary (wound), and secondary (remote areas) hyperalgesia. Using a finger-mounted
pressure device, researchers could demonstrate a reduction in scrotal hyperalgesia
following castration when cats were treated with meperidine (pethidine) compared
with no analgesics. Mechanical devices that accurately measure applied force can be
valuable research tools (Figure 12.1). In clinical practice, physical palpation often
provides important information (Figures 12.2a and 12.2b).

Figure 12.1 Various devices can be used to measure mechanical thresholds; in this example an
algometer is being used on the ventral abdomen tomeasure the force on a 2mmprobe required to elicit
a response.
Source: Courtesy of Dr. David Yates.
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Attributes of Pain-Assessment Tools

A scoring system, often termed a tool, scale, or instrument, should have the following
attributes:

� Be based on a recognizable response to pain by the cat� Have a human goal in mind; for example, if specific behaviors are seen, these prompt
treatment� Data collected are as objective and specific as possible� Any tool used must be tested for validity, reliability, repeatability, and sensitivity (Box
12.1). Without strictly defined criteria of what to look for, and observations by trained
observers, scoring systems are highly variable, with observers disagreeing about what
they see

Figure 12.2 In a clinical setting the cat’s response to palpation can provide valuable information:
(a) abdominal palpation; (b) palpation around a wound following surgery.
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Box 12.1: Essential attributes of a pain-assessment tool

Reliability – is there close agreement between different observers?
Repeatability – also described as “test retest” variability. This is the variation in
measurement by an observer of the same item under the same conditions between
different time periods and it should be small

Sensitivity – can the tool detect changes, for example over time or after administration of
an analgesic?

Utility – easy to use, quick to perform, and suitable for a range of different observers
Construct validity – does the test measure the concept or construct it was intended to

measure?
Content validity – does the tool measure all the aspects of pain?

Several scales are described in the veterinary literature. Basic unidimensional pain scales
include simpledescriptive scales (SDS) andnumerical rating scales that usewords (nopain,
mild pain, severe pain) or assign numbers to levels of pain, for example, “no pain”= 0.
Visual analog scales (VAS) have beenwidely used in cats. This tool consists of a continuous
line, anchored with “no pain” at one end and “worst imaginable for this condition” at the
opposite end, with the observer placing a mark vertically through the horizontal line at a
point they consider correlates to pain in the animal under observation. All these scales are
associated with significant observer variability. These scales are unidimensional, and do
not account for themany aspects of pain. Purely observational studies without interaction
with the animal may lead to erroneous assessments: inactivity may be a protective
mechanism or because moving hurts therefore unless there is interaction with the patient
their pain may go undetected. It is now accepted that quantitative measurement of
behavior is the most reliable method for assessing pain in animals. The key questions are
“what does pain look like in cats, and what do cats do when they are in pain?”
Scales can be developed using detailed behavior ethograms. With this technique,

animals are observed before and after a surgical procedure, and a control group (no
surgery) can also be included. Good knowledge of normal cat behavior and that of the
individual are important for assessment. Three simple things to consider when assessing
a cat after surgery are: is the cat showing normal behaviors, have normal behaviors been
lost or have new behaviors developed (Box 12.2)?

Box 12.2: Three key points when assessing pain in cats

� Is the cat demonstrating normal behaviors?� Are any of the cat’s normal behaviors lost after surgery or injury?� Does the cat develop new behaviors after surgery or injury?

Some pain tools have been developed based on cats undergoing ovariohysterectomy;
however, different types and sources of pain, such as abdominal versus musculoskeletal
or oral pain, may result in different behaviors and must be considered when using these
tools. For clinical use, the tool must have utility, meaning that it should be easy to use,
quick to perform, and suitable for a range of different observers (veterinarians, nurses,
technicians) (Box 12.1).
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Based on current knowledge, the major domains that should be assessed are shown in
Box 12.3

Box 12.3: The major behavior-based domains for assessing acute pain in cats

� Posture and comfort� Activity� Attitude and demeanor� Interaction with people� Response to touch, pressure, and palpation� Attention to the wound� Vocalization� Facial expression

Data should be recorded preoperatively (baseline) for later comparison whenever
possible. However, there are specific behaviors that occur almost exclusively in painful
cats. The UNESP-Botucatu Multidimensional Composite Pain Scale (UNESP-Botu-
catu MCPS) is available along with examples (videos) and explanations of behaviors
via a dedicated website (www.animalpain.com.br/en-us/, accessed June 25, 2017). The
scale was developed in Brazilian Portuguese, and it has been validated in English,
French, Spanish, and Italian. The UNESP-Botucatu MCPS is a valid, reliable, and
responsive instrument that involves different domains such as “pain expression” and
“psychomotor change.” On the other hand, this scale has only been validated for
evaluating cats after ovariohysterectomy and is time consuming. It is not known
whether this tool is suitable or would have the same “performance” in cats undergoing
other types of surgical procedure, trauma, or with medical or neuropathic pain.
Currently, a short-form of the scale is under investigation and may circumvent some
of the above issues.
The Glasgow Composite Measures Pain Scale-Feline (CMPS-Feline) includes many of

the same assessment domains but was developed independently using cats with surgical,
traumatic, andmedical conditions to test validity. Since it was first published in 2014, it has
been revised (rCMPS-F), and now contains assessment of facial expressions (see later) and
guidance for use (Figure12.3). This tool is available for download inEnglish andSpanish at:
www.newmetrica.com/acute-pain-measurement/ (accessed June 25, 2017).
Construct validity (i.e. does the test measure the concept or construct it was intended to

measure, in this case pain?), and content validity (i.e. does the tool measure all the aspects
of pain?) were reported (Box 12.1). The instrument is practical and easy to use in the
clinical setting.
A clinical trial involving cats undergoing ovariohysterectomy found that the Glasgow

rCMPS and UNESP-Botucatu MCPS had a strong association when used by the same
observer. However, in that study, the use of rescue analgesia would have been signifi-
cantly different depending on the scale used. Therefore, the results of a study, or
treatment of a patient might change depending on the instrument used even when using
validated tools. This emphasizes that these pain scales should be used to guide treatment
decisions and that clinical judgement remains important.
Other pain scales are available for use such as the Colorado State University Feline

Acute Pain Scale but these have not been validated.
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Figure 12.3 The refinedGlasgowCompositeMeasures Pain Scale (rCMPS) –Feline, and guidance for use.
Source: University of Glasgow & Edinburgh Napier. Reproduced with permission of NewMetrica Ltd.
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Behavior-based Indicators of Pain (Box 12.3)

Posture and Comfort

Specific postures are indicators of acute pain in many species. A hunched or tense
posture is included as a behavioral item in the Glasgow rCMPS-Feline. Recognizing
normal postures and looking for these in a clinical setting is helpful.

� Figure 12.4 shows a cat in a normal sleeping posture (curled up and relaxed) in its
home surroundings� Figure 12.5 shows a cat in a hospital environment adopting a similar position despite
multiple injuries� The Glasgow rCMPS-Feline lists four postures (Question 2); a relaxed cat is
assigned a score of 0 (Figure 12.5) whereas a tense/crouched cat receives a score
of 3 (Figure 12.6)

Figure 12.4 A normal resting or
sleeping posture in the home envi-
ronment; the cat is relaxed and
curled up.

Figure 12.5 The cat in this image
has adopted a normal relaxed
posture following surgery; this is a
positive sign during the initial
observational stage of pain
assessment.
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Activity

Activity or movement should be assessed. The cat is observed to see if it moves normally,
especially when it gets up or lies down.

� When cats first wake up, they perform a deep stretch (head down, front limbs
extended, and hind end held in the air) (Figure 12.7); if they are in pain, this behavior
is often absent or restricted� Cats often stretch in this way when stroked from head to tail. It is usually necessary to
open the cage door and allow the cat to leave the cage to assess mobility fully. If there is
a step down from the cage to the floor, the cat is watched to see if it jumps down freely,
hesitates or uses a strategy that decreases pain

Attitude and Demeanor

Attitude and demeanor encompass psychological elements of pain. Veterinarians and
nurses often use words such as depressed, uninterested, indifferent, content, and happy in

Figure 12.7 When cats wake up
theyusually performadeep stretch;
when in pain this behavior is often
absent or altered.

Figure 12.6 Using the Glasgow
rCMPS-Feline scale this cat would
score 3 (tense/crouched) for ques-
tion 2.
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reference to animals and how they might feel. The words satisfied, uninterested,
indifferent, anxious, and aggressive are used in the UNESP-Botucatu MCPS. However,
as everyone who works with cats knows each one has a unique personality which makes
scoring demeanor difficult. A recent study showed that a cat’s demeanor had a significant
effect on the overall score of the Glasgow rCMPS-F and the psychomotor but not pain
expression section of the UNESP-Botucatu MCPS. Behavior including demeanor is
altered by hospitalization (see below).

� Position in the cage may not be a useful detail to note if considered in isolation or at a
single time point. Fearful cats, whether in pain or not, may stay at the back of the cage� However, if a cat is noted to be at the front of the cage, inquisitive, and engaged with
activity outside the cage before surgery, but is at the back of the cage after surgery, this
is significant

Unfamiliar surroundings such as a veterinary clinic can cause negative emotional
states including anxiety and fear, resulting in freezing, hiding, and hypervigilance. These
behaviors may also be noted in a cat that is in pain, so should be evaluated even though
they are not specific indicators of pain. However, when taken in context (the cat has had
surgery), these behaviors are valuable indicators of the cat’s overall psychological state.
Differentiating between fear, anxiety, stress, and pain is not straightforward, and is
discussed again later.

Interaction with People

In cats that are not feral, willingness to interact with a caregiver should be assessed.
Again, this is more meaningful if the responses before and after a painful event are
known. Asking the owner about the cat’s normal interactions with people can be
helpful, and changes from what is normal for that cat can be documented. The
Glasgow rCMPS-Feline includes response to being stroked along the back from head
to tail. Positive responses to this maneuver include arching of the back, raising the
tail, and standing on tiptoes, whereas a negative response is no response or
aggression. The response to toys can also be included in the evaluation; what
does the cat do when offered a toy or how does it respond to an interactive game with a
person?

Response to Touch, Pressure, and Palpation

Testing wound sensitivity is a validated and objective assessment method. With
appropriate analgesic use, it should be possible to palpate wounds and the surrounding
area gently. This is an important component of assessment because many animals may
be very reluctant to move because of pain; without interaction, it could easily be assumed
that they are comfortable.

� This part of the pain assessment should take place after all observational components
and after assessing interaction with the assessor� If the cat has undergone an abdominal procedure (midline incision), first touch the
flank using two fingers and then the area around the wound, approximately 5 cm (2
inches) from the incision, then move closer to the wound, noting the cat’s response
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� If there is no response, repeat this procedure, but this time apply gentle pressure.
Palpation of the abdomen, the wound, and the area around the wound will elicit a
range of responses� The Glasgow rCMPS-Feline tool uses the following responses and scores:
– Do nothing= 0
– Swish tail/flatten ears= 1
– Cry/hiss= 2
– Growl= 3
– Bite/lash out= 4

There are clearly times when palpation cannot be included in an assessment, such as
when working with unsocialized or extremely fearful cats. In this case, the rest of the
assessment is performed and the maximum possible score altered to compensate.

Attention to the Wound or Painful Site

The attention an animal pays to a wound can provide information about spontaneous
pain and should be noted carefully. Both licking excessively and biting at a wound are
“red flags” and should be investigated. These may be a response to sutures that are
pulling on the skin or a wound that is itchy. Testing wound sensitivity (see above) will
provide further information. Cats are fastidious groomers; it is therefore important to
observe them carefully to differentiate between normal “whole body” grooming behavior
and paying too much attention to one area.

Vocalization

Cats have a large and varied vocal repertoire. They may be silent, or they may purr, meow,
cry, howl, groan, hiss, or spit. Purring occurs when a female cat nurses her kittens and
during social contact (petting, stroking, or feeding) with humans. Purring is often
associated with what we assume are pleasurable events and may be a means of communi-
cation between adult cats and kittens. However, purring also occurs duringmore stressful
events, such as a physical examination or after an injury. Changes in vocalization such as
distress meowing, growling, hissing, and spitting may suggest that the cat is anxious or
fearful. Silence does not necessarily mean the cat is not anxious or that it is not in pain.
Despite the ambiguity of feline vocalization, it is still widely accepted as a meaningful
component of pain assessment. Spontaneous vocalizations (is the cat meowing when
observed?) and evoked vocalizations (does the cat cry or groanwhenpalpated?) are useful in
an overall assessment.

Facial Expression

As early as 1872, Darwin wrote about the expression of emotions in humans and animals,
noting that pain was recognizable through facial expression. Since then, significant effort
has been made to validate facial indicators of pain in many species including humans.
Cats subjected to a brief noxious stimulus often narrow their palpebral fissure, alter their

ear position and bunch and flatten their whiskers against their face. The UNESP-Botucatu
MCPS includes “partially closed/half closed eyes” or “squinty eyes” as indicators of pain
(Figure 12.8, 12.9a). The updated Glasgow rCMPS-Feline includes cartoons of ear and
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muzzle positions (Figure 12.3); flattened ears and a tense muzzle are indicators of pain.
Adding the facial assessment to the scale made it more discriminatory and fewer cats were
misclassified, which was a problemwith the version published in 2014. Figure 12.9a shows
the ear position and tensemuzzlewithwhiskers pulled back in a cat prior to administration

Figure 12.8 The UNESP-Botucatu Multidimensional Composite Pain Scale (UNESP-Botucatu MCPS)
includes “partially closed/half-closed eyes”or “squinty eyes” as indicators of pain. This cat also has its ears
in an abnormal position and a slightly tense muzzle; scoring of facial expressions are included in the
Glasgow rCMPS-Feline scale; see Figure 12.3 for details.

Figure 12.9 Facial expressions of pain: (a) demonstrates “partially closed/half closed eyes” and tension
around the muzzle, the ears are also lower than normal. The presence of saliva falling from the mouth
suggests the cat may be nauseous. (b) Shows the same cat after intervention; note the change in eye
position and that relaxationof themuzzle alters thepositionof thewhiskers. Thedilatedpupils are due to
treatment with an opioid.
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of a rescue analgesic. Compare this to the facial expression after intervention with an
opioid (Figure 12.9b). A Feline Grimace Scale is undergoing development and validation
and could be a novel and simple tool for pain assessment in cats.

The Overall Picture

With practice, it becomes easy to recognize several indicators of pain on the initial
observation. The cat in Figure 12.10 has several facial features suggesting pain (ear
position, eyes half closed, tense muzzle), it also looks hunched, tense and uninterested in
its surroundings. The next step in assessing this cat is interacting with it to gather more
information.

Appetite and Elimination Behaviors

Eating in a clinic environment is a positive sign of wellbeing. It is often assumed that if
a cat is eating, it is unlikely to be in pain. However, taken in isolation, appetite or lack
of appetite is not a sensitive indicator of pain. Cats in pain will eat, and there are many
causes of inappetence or anorexia other than pain. Healthy cats have a decreased
appetite and urinate and defecate less frequently than normal when first hospitalized;
with time (2–3 days) these habits normalize. Demeanor also influences time to eating
after surgery; twice as many cats with low demeanour scores ate by one hour after
castration than those with high scores. Once again this shows the importance of
factors other than pain that can influence behavior. A cat with a full stomach may not
eat and this is not associated with pain. Failure to urinate or defecate may cause
agitation and restlessness and confuse assessment. It may be that the litter box that has
been provided is inappropriate (too small or difficult to access), they may have an
aversion to the litter provided, or in the case of outdoor cats do not adjust quickly to
using a litter box.

Figure 12.10 This cat shows several indicators of pain: its ears are down, the eyes are half closed, and the
muzzle shows tension. The cat also appears tense and hunched and uninterested in its surroundings.
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Other Factors to Consider in an Overall Assessment

Cats tend to spend a considerable amount of each day sleeping; however, when assessing
sleep, the observer must differentiate normal restful sleep from so-called “feigned” sleep.
Cats that are feigning sleep tend to be immobile and appear to be asleep for most of the
time, with little or no time spent exploring their surroundings. In addition, they do not
look relaxed and if disturbed, they may show an exaggerated startle response. Feigned
sleep is thought to be a passive defense mechanism in stressful environments.
Cats are notorious for disliking bandages, restrictive dressings and Elizabethan collars,

and these in themselves can alter behavior. Reluctance to move, abnormal postures,
rolling around, and unwillingness to use a limb that has had an IV catheter placed in it,
can all confuse the ability to assess pain.

Intervention Scores

The suggested score for intervention is > 7 out of a possible total of 30 for the UNESP-
Botucatu MCPS and �5 out of 20 for the Glasgow rCMPS-F. Although using a validated
scoring system is important, no cat should be denied analgesic therapy only on the
results of a pain score; the final decision must be made based on an overall assessment
and clinical judgment.

Using Response to Treatment as a Diagnostic Tool

Despite the advances in ability to recognize and assess pain in cats, there are many times
when a clinician is not sure. In these cases, the benefit of the doubt should be given to the
patient. In these situations, one approach is to use the response to analgesic intervention
as a diagnostic tool.

� The patient’s record is reevaluated, noting what caused the pain, when the cat was last
given an analgesic, and whether it was an appropriate choice� It may be that the cat requires another dose of an opioid sooner than expected or that it
needs a higher dose or a different analgesic; this could be a different opioid, a different
class of analgesic, or a combinationof drugs or a nondrug therapy (e.g. icing) (Chapter 13)� Following further intervention, the cat should be fully reassessed, and the pain score
ought to be reduced. If it is not, then further investigation is warranted

Confounding Factors

Confounding factors that must be considered when assessing feline pain include:

� Demeanor or personality of the cat� Fear and stress� Disease� Anesthetic drugs� The observer� Dysphoria, euphoria, and emergence delirium
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Personality, Fear and Stress

Cats have different personalities, for example how a shy versus an outgoing confident cat
interacts with its surroundings or people may influence assessment; this again empha-
sizes the importance of before and after evaluations. The influence of demeanor on pain
scores has been discussed above. Fear, stress, and anxiety are negative emotions;
therefore, in addition to pain each must be addressed and minimized in cats under
our care. The psychological and physiological effects of these emotions can confuse
clinical assessments. Distinguishing pain from fear, stress, anxiety, and dysphoria is
challenging, but if the cause of changes in behavior can be determined, treatment plans
can be optimized. Some of the postures adopted by cats that are fearful are similar to
those adopted by cats in pain (Figure 12.11a, b). Determining if the cat is in pain will

Figure 12.11 (a, b) Postures, ear position, and facial expressions (tension in the muzzle and whisker
position) in fearful cats can be similar to painful cats. These images show two fearful cats, note the tense
and crouched posture, flattened ears, eye position, and tension in the muzzle. For this reason, overall
assessment must be made in context and using a composite scale.
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require putting it in context (has it had surgery or been injured?), and further assessment
such as palpation.

Disease

It is not clear how disease affects pain assessment especially given the variety of medical
conditions. Pregnant cats, and those with upper respiratory tract disease (URTD)
undergoing ovariohysterectomy required more rescue analgesia and had higher pain
scores when compared with nonpregnant, healthy cats that underwent the same
procedure. Pregnant cats require a larger abdominal incision to perform an ovariohys-
terectomy resulting in more trauma and inflammation and subsequent pain. Physical
conditionmay affect pain assessment, for example, cats with URTDmay exhibit postures
and facial expressions similar to painful cats even after administration of opioids and
NSAIDs.

Anesthetic Drugs

The effects of anesthetic drugs on behavior should be considered, especially in the early
postoperative period.

� The influence of ketamine and alfaxalone on components of the UNESP-Botucatu
MCPS have been reported. Cats were given dexmedetomidine, hydromorphone, and
either alfaxalone or ketamine (randomized cross over study), intubated, and
anesthesia maintained with isoflurane for 30 minutes. No surgery was performed
and sedation and pain scores were recorded before and for up to 8 hours after
anesthesia� In the ketamine group, activity, attitude and comfort (observational items listed in the
psychomotor section of this scale) were often above 0. Total scores reached or
exceeded the suggested intervention level for up to 3 hours in some cats following
anesthesia. Cats that received ketamine had higher sedation scores 1 hour after
extubation� Items listed in the pain subscale of the UNESP-Botucatu MCPS, including palpation,
vocalization and miscellaneous behaviors, did not differ between treatment groups.
One cat in each treatment group exceeded the subscale intervention value; this was a
result of behaviour and vocalization. There was no response to palpation in either
group emphasizing the value of this interaction whenever it is possible

This emphasizes the importance of interactive items and that pain tools are always
evolving and may not work in a context other than the one in which they were
developed.

The Observer

Female veterinarians and recent graduates are reported to use analgesics in dogs
and cats more than males and graduates from previous decades. This may be linked
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to gender differences in discerning pain in animals as well as empathy for patients.
A greater awareness of pain in animals through education and continuing educa-
tion may explain the differences between older and newer graduates. Despite
attempts to make pain scoring tools objective there may still be bias by observers
using them.

Dysphoria and Euphoria

Cats can be described as dysphoric when they resent being handled, are restless or
agitated, pace, and vocalize in a plaintive manner. This is distinct from euphoria,
which is a positive emotional state defined as a cat that is calm and easy to handle and
shows some or all of the following: purring, kneading with its forepaws, rolling, and
rubbing its head and body against objects. Dysphoria and euphoria have both been
described in cats following treatment with opioid drugs. If, after assessment, a cat is
deemed comfortable but dysphoric, and an opioid has been used for analgesia, then
administration of a sedative or tranquillizer is an appropriate intervention. If there is
no improvement in behavior, partial reversal of the opioid or “waiting it out” are
options. Reversal of μ opioid agonists can be achieved using butorphanol or diluted
naloxone; both should be given very slowly (IV) until the desired effect is seen (e.g.
cessation of agitation) (Chapter 13) .

Emergence Delirium

Emergence delirium is reported in preschool aged children in the early postanesthetic
period. Due to variations in how this has been defined the reported incidence ranges
from 10–80%. It has been described as a complex of perceptual disturbances and
psychomotor agitation. Although short lived there is an increased risk of self-injury
during this time. Emergence delirium may occur in conjunction with or independent
from pain. “No eye contact”, “no purposeful movement” and “no awareness of surround-
ings” are highly suggestive of emergence delirium in children. Rapid recovery from
anesthesia, for example following the use of sevoflurane, and preoperative anxiety are
predisposing factors.
Although there are no comprehensive reports describing emergence delirium in cats

it undoubtedly occurs and can confound pain assessment. Anecdotally it seems to
occur more often with fast recoveries, supporting the use of sedatives, tranquillizers
and analgesics in balanced anesthetic protocols to allow for a slower and smoother
recovery. In one study in children, each minute taken to recover from general
anesthesia decreased the odds of emergence delirium by 7%. If it does occur, the
cat should be wrapped in a towel and held if possible to protect it from self-harm; the
episode may be short lived and self-limiting. If sedatives or analgesics have not been
given they should be considered. Recovering cats in a quiet, warm, and dimly lit
recovery area, and emptying the bladder before return of consciousness may decrease
the incidence of suboptimal recoveries.
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Using Pain-assessment Tools

� In general, evaluations should be made hourly for the first 4 to 6 hours after surgery or
injury, provided the cat has recovered from anesthesia, has stable vital signs, and is
resting comfortably. Many cats will show signs of pain as early as 30 minutes after
extubation. Response to treatment and expected duration of action of the chosen
intervention will help in determining the frequency of evaluations. Pain scores should
be recorded in the cat’s record� If a cat is resting comfortably following the postoperative administration of bupre-
norphine, it may not need to be reassessed for 2 to 4 hours. Cats should be allowed to
sleep following analgesic therapy; vital signs can often be checked without unduly
disturbing them� Animals are not awakened to check their pain status; however, this does not mean
their scheduled analgesics should be withheld. Continuous, undisturbed observa-
tions, coupled with periodic interactive assessments are likely to provide more
information than a cursory and occasional observation of the patient through the
cage door� In general, the more frequent the observations, the more likely subtle signs of pain or
changes in the cat’s behavior will be detected

Veterinary nurses and technicians play a vital role in pain assessment (Box 12.4)

Box 12.4: The importance of the entire animal care team in assessing pain

All veterinarians and animal care staff should be trained to assess pain in cats. The
recognition, assessment, and treatment of pain are fundamental components of
compassionate veterinary care. Several studies have highlighted the role of veteri-
nary technicians and nurses as patient advocates. In a survey conducted in the
United Kingdom, only 8.1% of veterinary practices used a pain scoring tool, yet
80.3% of nurses agreed these are clinically useful. Animal care staff are ideally suited
to spearhead pain-assessment initiatives. They often admit the cat, interact with the
cat and owner, carry out the initial preoperative assessment, and oversee the
recovery phase of anesthesia so are most likely to observe changes in the cat’s
behavior.

Continued Assessment at Home

Despite advances in pain management, a better understanding of cats’ needs, and
identification of stressors in a hospital environment, most clinicians and cat owners
agree that the home environment is, in many cases, the best place for cats to complete
their recovery.
Although there is little information on changes in behavior in cats recovering at

home, owners report decreases in activity and playfulness, an increase in time spent
sleeping and changes in how the cat moves or its ability to jump. Owners also
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comment on changes in facial expression, interrupted stretching, crouched postures,
interest in the wound, and aggression towards other cats in the household. These
changes are more apparent after ovariohysterectomy than castration and can last for
1 to 3 days.
Owners have an important role to play and can help improve the postoperative care of

cats. They know their cat best and are likely to pick up even subtle changes in behavior
that are overlooked in a clinic setting. Educating owners on pain behaviors, and
supplying them with pain assessment tools, is recommended.

Further Reading

Brondani, J. T., Luna, S. P., Minto, B. W., et al. (2013) Reliability and cut-off point
related to the analgesic intervention of a multidimensional composite scale to assess
postoperative pain in cats. Arquivo Brasileiro de Medicina Veterinária e Zootecnia
65, 153–162.

Brondani, J. T., Luna, S. P., and Padovani, C. R. (2011) Refinement and initial validation of a
multidimensional composite scale for use in assessing acute postoperative pain in cats.
American Journal of Veterinary Research 72, 174–183.

Brondani, J. T., Mama, K. R., Luna, S. P., et al. (2013) Validation of the English version of
the UNESP-Botucatu multidimensional composite pain scale for assessing postoperative
pain in cats. BMC Veterinary Research 9, 143.

Buisman, M., Hasiuk, M. M., Gunn, M., et al. (2017) The influence of demeanor on scores
from two validated feline pain assessment scales during the postoperative period.
Veterinary Anaesthesia and Analgesia 44, 646–655.

Buisman, M., Wagner, M. C., Hasiuk, M. M., et al. (2016) Effects of ketamine and
alfaxalone on application of a feline pain assessment scale. Journal of Small Animal
Practice 18, 643–651.

Calvo, G., Holden, E., Reid, J., et al. (2014) Development of a behaviour-based
measurement tool with defined intervention level for assessing acute pain in cats. Journal
of Small Animal Practice 55, 622–629.

Cambridge, A. J., Tobias, K. M., Newberry, R. C., et al. (2000) Subjective and objective
measurements of postoperative pain in cats. Journal of the American Veterinary Medical
Association 217, 685–690.

Coleman, D. L., and Slingsby, L. S. (2007) Attitudes of veterinary nurses to the assessment
of pain and the use of pain scales. Veterinary Record 160, 541–544.

Darwin, C., Cummings, M. M., Duchenne, G., et al. (1872) The Expression of the Emotions
in Man and Animals. John Murray, London.

Dobbins, S., Brown, N. O., and Shofer, F. S. (2002) Comparison of the effects of
buprenorphine, oxymorphone hydrochloride, and ketoprofen for postoperative analgesia
after onychectomy or onychectomy and sterilization in cats. Journal of the American
Animal Hospital Association 38, 507–514.

Dohoo, S. E., and Dohoo, I. R. (1996) Factors influencing the postoperative use of
analgesics in dogs and cats by Canadian veterinarians. Canadian Veterinary Journal 37,
552–556.

12 Assessment and Recognition of Acute Pain 217



Hewson, C. J., Dohoo, I. R., Lemke, K. A. (2001) Factors affecting the use of postincisional
analgesics in dogs and cats by Canadian veterinarians in 2001. Canadian Veterinary
Journal 7, 453–459.

Holden, E., Calvo, G., Collins, M., et al. (2014) Evaluation of facial expression in acute pain
in cats. Journal of Small Animal Practice 55, 615–621.

McCobb, E. C., Patronek, G. J., Marder, A., et al. (2005) Assessment of stress levels among
cats in four animal shelters. Journal of the American Animal Hospital Association 226,
548–555.

Mellor, D., Patterson-Kane, E., and Stafford, K. (2009) Standardized behavioural testing
in non-verbal humans and other animals. In The Sciences of Animal Welfare (eds.
D. J. Mellor, E. Patterson-Kane, and K. J. Stafford). Wiley-Blackwell, Chichester,
pp. 95–109.

Merola, I., and Mills, D. S. (2016a) Behavioural signs of pain in cats: an expert consensus.
PLoS One 11 (2) e0150040.

Merola, I., and Mills, D. S. (2016b) Systematic review of the behavioural assessment of pain
in cats. Journal of Feline Medicine and Surgery 18, 60–76.

Polson, S., Taylor, P. M., and Yates, D. (2012) Analgesia after feline ovariohysterectomy
under midazolam-medetomidine-ketamine anaesthesia with buprenorphine or
butorphanol, and carprofen or meloxicam: A prospective, randomised clinical trial.
Journal of Feline Medicine and Surgery 14, 553–559.

Quimby, J. M., Smith, M. L., and Lunn, K. F. (2011) Evaluation of the effects of hospital
visit stress on physiologic parameters in the cat. Journal of Feline Medicine and Surgery
13, 733–737.

Reid, J., Scott, E. M., Calvo, G., et al. (2017) Definitive Glasgow acute pain scale for cats:
Validation and intervention level. Veterinary Record doi: 10.1136/vr.104208.

Robertson, S. A. (2016) Acute pain and behavior. In Feline Behavioral Health and Welfare
(eds I. Rodan and S. Heath) Elsevier, St Louis, MO, pp. 162–183.

Slingsby, L. S., Jones, A., and Waterman-Pearson, A. E. (2001) Use of a new finger-
mounted device to compare mechanical nociceptive thresholds in cats given
pethidine or no medication after castration. Research in Veterinary Science 70,
243–246.

Smith, J. D., Allen, S. W., and Quandt, J. E. (1999) Changes in cortisol concentration
in response to stress and postoperative pain in client-owned cats and correlation
with objective clinical variables. American Journal of Veterinary Research 60,
432–436.

Steagall, P. V., Monteiro, B. P., Lavoie, A. M., et al. (2017a) Validation de la
version francophone d’une échelle composite multidimensionnelle pour l’évaluation
de la douleur postopératoire chez les chats. Canadian Veterinary Journal 58,
56–64.

Steagall, P. V., Monteiro, B. P., Ruel, H., et al. (2017b) Perceptions and opinions of
Canadian pet owners about anesthesia, pain and surgery in small animals. Journal of
Small Animal Practice 58, 380–388.

Väisänen, A. M., Tuomikoski, S. V., and Vainio, O. M. (2007) Behavioral alterations
and severity of pain in cats recovering at home following elective ovariohysterectomy
and castration. Journal of the American Veterinary Medical Association 231,
236–242.

218 Feline Anesthesia and Pain Management



Waran, N., Best, L., Williams, V., et al. (2007) A preliminary study of behaviour-based
indicators of pain in cats. Animal Welfare 16(S), 105–108.

Williams, A. C., and Craig, K. D. (2016) Updating the definition of pain. Pain 157,
2420–2423.

Zeiler, G. E., Fosgate, G. T., van Vollenhoven, E., et al. (2014) Assessment of behavioural
changes in domestic cats during short-term hospitalization. Journal of Feline Medicine
and Surgery 16, 499–503.

12 Assessment and Recognition of Acute Pain 219



13

Treatment of Acute (Adaptive) Pain
Paulo Steagall1 and Polly Taylor2

1Université de Montréal, Saint-Hyacinthe, Canada
2Taylor Monroe, Little Downham, Ely, United Kingdom

Key Points

� Challenges and concerns in feline pain management. Epidemiological data on veterinary
attitudes and perceptions about analgesic use in cats� Pain is best treated using both analgesic drug administration and nonpharmacological
(wound care, immobilization of fractures, environmental changes, physical support, fluid
therapy) approaches together� Principles of treatment in pain management range from prevention to multimodal
analgesia� Analgesics produce pain relief; however they may also cause adverse effects especially
when specific contraindications are ignored� Drug pharmacology, clinical effects, and potential adverse effects impact on the choice of
appropriate drug and dosage

Introduction

Effective treatment is only achieved with proper assessment and recognition of acute
pain in cats (Chapter 12). Lack of pain assessment lessens analgesic administration and
contributes to inadequate treatment. This is a particular issue when pain is not included
as the fourth vital sign, part of “Temperature, Pulse and Respiration” (TPR). The
guidelines of the World Small Animal Veterinary Association (WSAVA) Global Pain
Council (http://www.wsava.org/guidelines/global-pain-council-guidelines, accessed
June 25, 2017), and the American Animal Hospital Association (AAHA) (https://
www.aaha.org/public_documents/professional/guidelines/2015_aaha_aafp_pain_
management_guidelines_for_dogs_and_cats.pdf, accessed June 25, 2017) provide open-
access, comprehensive insights on pain management in small animals. Treatment of
acute pain is one of the highlights of these two publications, which reveal the importance
of the subject in feline medicine and surgery. Indeed, approximately 54% of cats
presented as emergencies in a veterinary teaching hospital had signs of pain. Failure
to address acute perioperative pain may lead to peripheral and central sensitization, and

Feline Anesthesia and Pain Management, First Edition. Edited by Paulo Steagall,
Sheilah Robertson and Polly Taylor.
 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
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then maladaptive, persistent postsurgical pain (Chapters 11 and 14); this chapter
includes therapies for treating acute pain but also highlights how these prevent long-
term changes. Surgery produces nociceptive stimuli and inflammation that are perceived
as pain by the conscious cat. It is therefore highly appropriate to administer analgesics to
all cats undergoing a surgical procedure.

Challenges in Feline Pain Management

Historically, cats have received less pain relief when compared with dogs for the same
surgical procedure. For example, castration was considered to be less painful in cats than
in dogs. Prevalence of analgesic administration to “outpatients”was much higher in dogs
than in cats. The cause of this difference was multifactorial and included fear of
analgesic-induced adverse effects, lack of training in pain assessment and recognition,
and the absence of validated instruments (tools) for feline pain assessment. There were
several misconceptions (i.e. “morphine-mania”, nonsteroidal anti-inflammatory drug
(NSAID)-induced adverse effects) that prevented analgesic administration to cats.
Nowadays, more cats receive analgesic treatment and there is a better understanding
of feline pain management. Some reasons are listed below:

� Cat-specific clinical and experimental trials including a number of pharmacokinetic
(PK)-pharmacodynamic (PD) studies have been published� The subject is now of great importance in the veterinary curriculum and a crucial part
of client services and communication� Availability of approved analgesic drugs for the cat has increased� Continuing education is nowmandatory for most veterinarians. Pain management is a
“hot topic” for inclusion in meetings across the world� Studies on the attitudes and perceptions of veterinarians towards pain management
show that postoperative analgesics are nowmore commonly administered to cats than
in the past� For example, most veterinarians in the United Kingdom now administer some sort of
perioperative analgesia for routine canine and feline procedures. Most cats undergoing
ovariohysterectomy inCanada receive analgesia before, after, or before and after surgery

These data are promising and reflect recent advances in feline pain management.
However, there are still problems and challenges to be addressed. Many cats undergoing
ovariohysterectomy still do not receive postincisional analgesia or pain medication once
discharged from the hospital. Opioids and NSAIDs are administered less frequently for
feline castration compared with the same type of surgery in dogs. In many countries
analgesic administration is suboptimal. Veterinarians do not always have access to drugs
such as opioids. Restricted financial resources are still a problem in many cases.
Analgesics are often administered but are not necessarily the most appropriate choice
for that particular condition. Prevalence of analgesic administration to “outpatients” is
still higher in dogs than in cats. Finally, lack of staff compliance in administering
analgesics in the hospital setting has been recognized as one of the causes of “oligoa-
nalgesia”: failure to recognize and provide analgesia to patients with acute pain.
These issues listed above prevent appropriate feline painmanagement. They should be

identified and addressed on a case-by-case basis.
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Principles of Pain Management

Pain management must be considered as a therapeutic strategy to re-establish organ
function, mitigate debilitated body condition, accelerate hospital discharge, and mini-
mize financial costs in addition to its benefits on patient welfare. Box 13.1 describes some
of the most important principles in pain management for the treatment of acute pain in
cats. Table 13.1 shows analgesic drugs and dosage regimens used for pain relief in cats.

Box 13.1: Principles of pain management

� Pain is considered to be the fourth vital sign. Assessment and treatment should be part
of every patient’s physical examination (Chapter 12)� Nonpharmacological therapies are employed in all cases� An analgesic plan (Box 13.3) should be developed for every medical condition and
during the perioperative period. This includes administration of analgesics after
hospital discharge� Analgesic protocols should be prescribed on a case-by-case basis. Dosage regimens
are adjusted based on assessment and any adverse effects. Duration of therapy should
also be individualized� Pain management is always best addressed using a preventive and multimodal
analgesic approach (Box 13.2)� The advantages and disadvantages of each class of analgesic including their adverse
effects should be taken into consideration� Hospitalization is recommended for invasive surgical procedures where the patient
requires frequent assessment and treatment with, for example, opioid and ketamine
infusions

In addition, there are some important concepts in the treatment of acute pain that
constitute the basis for most therapies (Box 13.2).

Box 13.2: Concepts for the treatment of acute pain

� Preemptive analgesia is the administration of analgesics before the tissue insult (i.e.
analgesic intervention before surgical incision), which should prevent the develop-
ment of altered processing of afferent input, and amplification of postoperative pain� This definition has now evolved to a broader concept since surgery alone is not the
only trigger for central sensitization. Postoperative pain, inflammation, and additional
nociceptive input can also induce long-term changes associated with peripheral and
central sensitization. These changes cannot be controlled solely with preemptive
administration of analgesics� Preventive analgesia has nowbeen used to describe all types of perioperativemaneuvers
and efforts to decrease postoperative pain. Analgesic treatment is administered at any
timeand for varyingdurations in theperioperativeperiod toprevent central sensitization� Multimodal analgesia is the administration of two or more analgesic drugs with
different mechanisms of action. Such drug combinations may lead to synergism,
allowing the use of lower doses of each and consequent prevention of adverse effects
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The use of multimodal analgesia has been endorsed by several professional organiza-
tions involved with anesthesiology and analgesia in humans, including the American
Society of Anesthesiologists (ASA), and the International Association for the Study of
Pain (IASP). Publications include the ASA acute pain management guidelines (http://
anesthesiology.pubs.asahq.org/article.aspx?articleid=1933589, accessed June 25, 2017).
Some of this information can be extrapolated to cats. For example, multimodal analgesic
protocols involving local anesthetics can substantially decrease opioid requirements and
their associated adverse effects. Gabapentin has now been administered to cats to
minimize the development of persistent postsurgical pain (Chapter 14) especially when
NSAIDs are contraindicated.
Pain management may be challenging in cats because assessment and recognition

is difficult (Chapter 12). There is a plethora of painful conditions that may be
encountered, and devising a good, individualized analgesic plan is not a simple
undertaking. A good start is to ask three basic questions, taking into account that all
surgery and many medical conditions and procedures induce pain and inflammation
(Box 13.3).

Box 13.3: Three basic questions in the treatment of pain

� What is the most appropriate opioid for this case?� Are there any contraindications to the administration of NSAIDs? (Since surgery will
induce some degree of inflammation, NSAIDs are important in providing pain relief;
the likely duration of treatment should be considered)� Are there any local anesthetic techniques that could be applied to this case?

Figure13.1 Drugs used for the treatment of acutepain.Opioids, local anesthetics, andnonsteroidal anti-
inflammatorydrugs are administeredas thefirst lineof treatmentof acutepain. Adjuvant analgesicdrugs
(ketamine, gabapentin and dexmedetomidine) are administered for severe acute pain and prevention
of persistent postsurgical pain.
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A fourth question could be “Is there a need to administer adjuvant analgesics?” (e.g.
ketamine, agonists of α2-adrenoreceptors, tramadol). In summary, the first line of acute
pain treatment involves nonpharmacological therapies, then administration of opioids,
local anesthetics and NSAIDs, once contraindications have been excluded. The second
line of treatment involves the addition of other analgesic therapies (Figure 13.1).
Prescription of oral medication including NSAIDs, gabapentin, tramadol, and amanta-
dine is crucial in severe acute pain control where it is particularly important to prevent
persistent postsurgical pain after hospital discharge. Proposed dosing intervals and
routes of administration must be thought out carefully to maximize the owner’s
compliance with the treatment they have to administer.
The main goals of acute pain therapy are to maximize analgesia and comfort, minimize

adverse effects, and prevent a deleterious endocrine stress response. Treatment should
also incorporate anxyolisis and muscle relaxation when needed to encourage a calm,
quiet recovery.

Nonpharmacological Therapies in Acute Pain Management

Nonpharmacological therapies are used as adjuvants to complement the treatment of
pain. In hospitalized human patients, nonpharmacological therapy in pain manage-
ment can help to treat the affective and cognitive dimensions of pain. Some of these
techniques used for treating chronic pain are presented in Chapter 15. In the acute
setting, they include bandaging (wound care), cold therapy (Figure 13.2), nursing (i.e.
positioning, fluid therapy, and nutrition), environment (i.e. dry, calm, quiet, and
comfortable), and an area for cats that is separated from dogs (cat-friendly practice,
Chapter 1). Such therapy is as important as drug administration and includes the
concept of “tender, loving, care” (TLC) (Figure 13.3). Nonpharmacological techniques
are cost effective and widely available. They can reduce stress, anxiety, inflammation,
edema, tissue damage, muscle spasm and pain behaviors, and potentially accelerate

Figure 13.2 Nonpharmacological analgesia: cold therapy using an ice pack in a cat immediately after
total ear canal ablation to reduce inflammation and edema.
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hospital discharge while improving comfort. Physical treatments have the potential to
inhibit afferent nociceptive input and modulate the descending inhibitory system with
the release of endogenous opioids.
In humans, nonpharmacological therapy improves activity and functional ability as

well as reducing analgesic requirements and their consequent adverse effects. A similar
benefit could be extrapolated to the cat even before controlled studies are published on
the subject. A recent study showed that cats undergoing general anesthesia with classical
music playing to them through headphones had lower respiratory rate and smaller

Figure 13.3 A cat sleeps comfortably after femoral fracture repair with an external fixator. “Tender,
loving, care” (TLC) isprovidedbyaquiet, cleanenvironmentwith appropriate lighting, soft bedding, head
support, bandaging, and human contact. Fluid therapy is administered in combination with analgesics
for pain relief.

Figure 13.4 A cat recovers from general anesthesia with headphones. Cats undergoing general
anesthesia with classical music provided via headphones had a low respiratory rate and small pupil
diameter. Auditory sensory stimuli occur during anesthesia and influence autonomic nervous system
responses.
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pupillary diameter when compared with those hearing pop and heavy-metal music
(Figure 13.4). This shows that auditory sensory stimuli processing is present even during
general anesthesia, and the autonomic nervous system activity can be influenced by it. In
humans, music reduces heart rate, blood pressure, respiration rate and distracts the
patient by endorphin release, reducing pain perception.
Bandaging is an important part of wound care (Figure 13.3). It should be comfortable,

clean, and changed according to need. Bandage material should be soft padded and
appropriate to the wound. In cats, bandaging under anesthesia (without surgery) can
induce an endocrine stress response as intense as that from anesthesia with surgery and
greater than from anesthesia alone. Cats dislike bandages, and their appropriate
management is important for the patient’s welfare.
Cold treatment can easily be incorporated into postoperative care to reduce inflam-

mation and edema (Figure 13.2). Cooling material (e.g. cold gel packages or ice packs) is
applied for approximately 15–20 minutes around the wound. This can be carried out
during recovery from anesthesia. Gauze should be placed between the skin and the cold
source for hygiene and to prevent discomfort and skin damage. Nociceptive input
around the wound will be diminished. Cold and ice applications have been shown to
reduce pain in humans.
Positioning can be optimized by support from pillows, towels, and the use of pads to

elevate a limb to lift it for instance to ameliorate blood flow, provide comfort, and prevent
muscle spasm, which consequently reduces pain. This is particularly important in
depressed cats. Unless they are sleeping, hospitalized cats should be gently stimulated
tomove and stretchwhen a caregiver is offering food or cleaning the litterbox, for example.

Pharmacological Therapy in Acute Pain Management

Opioids

Mechanism of Action
Opioid drugs bind to opioid receptors in the peripheral and central nervous system,
which reduces the release of excitatory neurotransmitters and hyperpolarizes neuronal
membranes. These effects decrease and inhibit nociceptive input without changes in
proprioception. Opioids have a range of effects based on their receptor affinity, efficacy,
potency and individual characteristics, and their use in feline practice has been reviewed
in detail elsewhere (see list of further reading).

Clinical Use
Opioids are part of the first line of treatment in acute pain management. Full agonists of
opioid receptors (e.g. morphine, hydromorphone, oxymorphone, meperidine (pethidine),
methadone, fentanyl, remifentanil) provide dose-dependent analgesia (Table 13.1). They
increase vagal tone, inducing bradycardia, without changes in systemic vascular resistance
or myocardial contractility, offering hemodynamic stability. Sedation after opioid admin-
istration is particularly obvious in ill cats. These side effects aremild and easily treated, and
the benefits of pain relief with opioids outweigh their side effects. Opioids can be
administered using several different routes of administration (e.g. buccal, IV, IM, SC,
epidural, intra-articular or transdermal), and by bolus injection or infusion.
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Opioid administration decreasesmorbidity andmortality in dogs, andprobably the same
phenomenon occurs in cats. Opioids produce variable degrees of pain relief and decrease
volatile anesthetic requirements; however this sparing effect is limited in cats compared
with dogs. The use of opioids for balanced anesthesia is discussed in Chapter 6.
Agonists of κ-opioid receptors and antagonists of μ-opioid receptors (e.g. nalbuphine

and butorphanol) provide limited analgesia, and are more commonly used for sedation
when administered in combination with agonists of α2-adrenergic receptors or acepro-
mazine (i.e. neuroleptanalgesia, Chapter 3). Buprenorphine is a partial agonist of
μ-opioid receptors and its use in feline practice has been reviewed in depth elsewhere
(see further reading).
Changes in behavior (i.e. euphoria: purring, kneading with forepaws, rubbing on objects,

“love bites”) and mydriasis are commonly observed after opioid administration to cats.
Dysphoria and excitement are rarely observed when recommended doses and intervals of
administration are respected. The term “morphine mania” is a myth since adverse effects
are not observed when clinical doses of opioids are given. Hyperthermia may be observed
after administration of opioids especially hydromorphone in cats and is usually self-
limiting. However, it can result in agitation, discomfort, and thrashing. Supportive care
should be given and body temperature closely monitored in the postoperative period.
Doses and recommendations for opioid analgesics are presented in Table 13.1.

Information on routes of administration and the various formulations of opioids suitable
for feline practice is presented below:

� Except for morphine and meperidine (pethidine), the IV route of administration is
usually preferred for opioids when an IV catheter is in place. Doses can be titrated to
effect with rapid onset of action and immediate pain relief� Opioid infusions are normally administered for dose-dependent analgesia and ease of
titration. They are usually given to critically ill, hospitalized cats or patients under-
going invasive procedures with, for instance, multiple trauma, where pain is severe and
difficult to control� With the exception of a FDA-approved high-concentration formulation of bupre-
norphine hydrochloride (SimbadolTM; 1.8mg/mL) in the United States (Table 13.1),
SC administration of opioids does not provide reliable analgesic effect in cats at clinical
doses; the IV and IM routes are preferred� SC administration of hydromorphone resulted in a higher prevalence of nausea and
vomiting and inferior analgesia when compared with IV or IM administration� Epidural administration of preservative-free morphine alone (0.1mg/kg) or in com-
bination with local anesthetics is an excellent technique for providing sustained
perioperative analgesia for around 16–24 hours as part of multimodal analgesia� Urinary retention is a common side effect when morphine is administered by the
epidural route. Bladder expression is recommended at the end of surgery before
patient extubation to avoid atony of the detrusor muscle� Epidural analgesia is highly recommended for severe pain involving the thorax,
abdomen and pelvic limbs� Both buprenorphine and methadone can be administered by the buccal route (or oral
transmucosal; OTM) to provide analgesia in cats. This method is an option for “hands-
off” analgesia especially when administered as part of a multimodal protocol. Minimal
restraint is required (Figure 3.3). However, clinical studies using buprenorphine showed
that the IV and IM routes provide superior analgesia when compared with the OTM
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� Cats have an alkaline buccal pH (8–9) which is similar to the pKa of opioids. This
increases the nonionized portion of the drug and enhances absorption through the
mucous membranes� Sustained-release formulations of buprenorphine have been used in clinical practice,
but there is only limited data on safety and efficacy� Human fentanyl patches (12.5 or 25 μg/hour) have been used for postoperative pain
control; however absorption variability, lower bioavailability when compared with
dogs, and questionable analgesic efficacy have been reported in cats� In theory, fentanyl patches should provide long-term analgesia (i.e. up to 72 hours);
with a prolonged onset of action (7 hours), alternative analgesia should be provided in
the interim. Accidental ingestion by children or animals, or human exposure to the
patch is a source of liability, and patch use should be limited to hospitalized patients� A transdermal patch of buprenorphine has been tested in cats; however, data are
limited and insufficient for any recommendations for clinical use� Intra-articular morphine is used for postoperative analgesia after joint surgery in
humans, with the intention of preventing upregulation of μ-opioid receptors in the
articular and periarticular tissues while the joint is inflamed. The technique is never
used alone, only as part of a multimodal protocol� Oral administration of opioids is not recommended in cats because of their low
bioavailability, large individual variability, erratic gastrointestinal absorption, and
limited analgesic effect� Cats have marked variation in analgesic response to opioids as a result of different
phenotype, age, PK, and physical conditions. In particular, some cats appear to be
“opioid nonresponders”: if an administered opioid does not produce any effect, a
second, with activity at a different receptor should be given

Nonsteroidal Anti-inflammatory Drug (NSAID)

Mechanism of Action
Cyclooxygenase (COX) enzyme expression in cell membranes is inhibited by NSAIDs.
The COX-1 isoform is a constitutive form of the enzyme found in many tissues. It
regulates normal homeostasis by facilitating production of prostaglandins in the
gastrointestinal mucosa, and by playing a role in platelet aggregation and renal blood
flow. The COX-2 isoform is also constitutively expressed in a range of tissues and organs,
including ovarian, CNS, and renal tissues; but it is primarily induced in larger quantities
by damage or tissue injury as a proinflammatory enzyme. It is responsible for production
of various eicosanoids, inflammatory mediators, which amplify nociceptive input and
transmission to the spinal cord. NSAIDs also produce central analgesic effects as they
penetrate the blood-brain barrier. Both forms of COX express physiological functions;
this explains why any NSAID can produce adverse effects whether they are nonprefer-
ential COX inhibitors, preferential COX-2 inhibitors or COX-2 sparing drugs.

Clinical Use
Nonsteroidal anti-inflammatory drugs are the most widely used analgesics in veterinary
medicine due to their anti-inflammatory, analgesic, and antipyretic effects. They are
noncontrolled substances that are key players in the treatment of acute pain in cats, used
alone and in combination with opioids and local anesthetics. Nonsteroidal anti-inflam-
matory drugs exert a range of inhibition of both COX-isoforms and therefore can induce
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adverse effects such as gastric irritation, protein-losing enteropathy, renal damage, and
prolonged bleeding time by prevention of platelet aggregation. At least in dogs, liver-
associated adverse effects are thought to be an idiosyncratic reaction to specific drugs
rather than intrinsic hepatotoxicity. Adverse effects induced by NSAIDs occur when
contraindications are not respected. Anorexia, diarrhea, vomiting and depression are
usually the first signs of toxicity, and NSAID administration should be stopped
immediately if any of these occur. Acute NSAID-induced renal injury in healthy cats
after a single injection is a myth that should not be propagated. Notwithstanding their
potential detrimental effects on bone healing, clinical use of NSAIDs in orthopedic
surgery is unquestionably required for acute pain management. It is of note that in
research studies, prevalence of NSAID-induced adverse effects is commonly no greater
than in healthy cats receiving placebo. Key components of NSAIDs are described below.

� In many countries, NSAIDs are approved only for one or a few days of administration
for treatment of acute pain. Labels vary among countries and veterinarians should be
aware of the data sheet recommendations that apply locally� For example, flunixin meglumine, carprofen, ketoprofen, meloxicam, robenacoxib and
tolfenamic acid have been labeled for at least a single administration. The choice will vary
according to the country. SomeNSAIDsare labeled for treatmentof upper respiratory tract
disease but are more commonly used for postoperative pain control� Oral administration and SC injection are the most common routes of administration,
and both are effective. IV administration is recommended with some NSAIDs in some
countries. Administration via different routes can result in a range of PK variation but
the PD effect (i.e. control of inflammation and analgesia) is usually equivalent� NSAID treatment of acute pain is convenient and practical because some have
excellent palatability for oral administration; client compliance is also good because
of easy administration intervals (every 24 hours). The corresponding injectable
formulations allow intraoperative administration (IV and SC injection), and oral
medication can be prescribed to continue treatment after hospital discharge� The various NSAIDS are equally effective for postoperative analgesia after a single
dosing. On the other hand, safety is an issue with continuous administration of some
of these agents. Meloxicam and robenacoxib are safe for administration over several
days in healthy patients undergoing soft tissue and orthopedic surgery� Meloxicam is generally injected as a bolus (0.2mg/kg SC) in the intraoperative period and
continuedfora further3–5days(0.05mg/kgPO),dependingontheprocedureandcountry.
Five-day therapy was superior to three-day therapy in cats undergoing onychectomy� Robenacoxib is generally injected as a bolus (2mg/kg SC) in the intraoperative period,
and some studies have continued for up to 9 days (1mg/kg PO) in the treatment of
orthopedic pain. Oral administration should be after fasting or with a small amount of
food to maximize bioavailability and peak plasma concentration. Duration of treat-
ment will vary with the condition. The minimum effective dose is recommended� For example, NSAIDsmay be needed for only 48 hours (i.e. one dose in the intraoperative
period anda secondat 24hours, givenorally) after anovariohysterectomyperformedbyan
experienced surgeon, if administered in combination with opioids and intraperitoneal
analgesia using bupivacaine. On the other hand, full-mouth dental extractions for
treatment of feline chronic gingivostomatitis may require five to seven days of treatment� Aspirin is used for feline arterial thromboembolism but no longer as an analgesic in
cats because much better options are now available
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� Client communication is important to avoid adverse effects� Timing of NSAID administration is controversial (Box 13.4)

Box 13.4: Timing of NSAID administration

The timing of NSAID administration is controversial but it is reasonable to suggest that
they can be administered when

� Blood pressure is monitored and under control� Fluid administration has been initiated� Contraindications have been excluded (gastrointestinal disease, NSAID intolerance,
uncontrolled renal disease, hepatic disease, coagulopathies, hypovolemia and hypo-
tension, concurrent NSAID or corticosteroid administration)

NSAIDs can generally be given preoperatively for routine neutering in young healthy
cats without necessitating fluid therapy during anesthesia.

Healthy cats will benefit from therapy before surgery begins, and certainly before
extubation and recovery from anesthesia. NSAIDs are often administered towards the
end of the procedure so that patients will at least benefit from the analgesic and anti-
inflammatory effects once they are conscious and can perceive pain.
Long-term administration of NSAIDs in cats may be required for severe acute pain and

to prevent persistent postsurgical pain. Chapter 15 (Box 15.3) gives guidelines for the safe
use of NSAIDs in cats. Chapter 15 also considers the advantages and disadvantages of
NSAID therapy in cats with chronic kidney disease and degenerative joint disease.

Local Anesthetics

Mechanism of Action
The mechanism of action, psychochemical and PK-PD properties, toxicity, clinical use,
and contraindications of local anesthetics are presented in Chapter 5.

Clinical Use
The value of local anesthetic techniques cannot be overemphasized.

� Local anesthetics are part of the first line of treatment in acute pain management, and
there is rarely any contraindication for their administration (with the exception of
epidural anesthesia) (Chapter 5)� Maximum doses should always be calculated; negative aspiration of blood to avoid
hematoma and accidental intravenous injections, and lack of resistance to prevent
nerve damage must be confirmed before administration of a local anesthetic block� A number of local anesthetic techniques for the head, thoracic and pelvic limbs, and
trunk can be used to prevent and treat acute pain� Local block provides muscle relaxation and analgesia, decreases opioid requirement,
and produces a marked volatile anesthetic-sparing effect� In feline practice, head blocks are commonly used in dentistry (Chapter 5)
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� Intraperitoneal analgesia and intratesticular anesthesia are particularly important in
spay-neuter programs where opioids are not always available (Chapter 5)� Contemporary loco-regional techniques (i.e. brachial plexus, sciatic, and femoral
nerve blocks) can be performed using electrical nerve stimulators (Figure 5.4 and
5.7) or ultrasonography� Anesthetic recovery is usually smooth when a local anesthetic block is effective,
averting the need for large doses of opioids or sedatives in the perioperative period

Local anesthetics can be administered for treatment of acute pain using a range of
routes of administration (e.g. transdermal and IV). Lidocaine patches (700mg; 50mg/g
of adhesive) can be applied over a wound to provide local analgesia with minimum
systemic absorption (Figure 13.5). The patch can be cut and adapted to the size of the
patient and area of interest. A bandage can be applied to secure the patch in place. IV
infusions of lidocaine produce perioperative analgesia in a number of species (Chapter
6). Although this decreases volatile anesthetic requirements in a plasma concentration-
dependent manner, it causes significant cardiovascular depression and the technique is
not recommended for pain management in cats.

Agonists of α2-Adrenergic Receptors

Mechanism of Action
The mechanism of action, key pharmacological features, clinical use for sedation and
chemical restraint, and contraindications of agonists of α2-adrenergic receptors are
presented in Chapter 3. The use of these drugs as part of anesthesia for spay-neuter
programs is described in Chapter 4.

Clinical Use
Agonists of α2-adrenergic receptors are used for sedation, muscle relaxation, and
analgesia, and are commonly given in the premedication with an opioid analgesic.

Figure 13.5 Lidocaine patches can be applied over wounds to provide local analgesia as part of a
multimodal approach. A bandage is applied to secure the patch in place.
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They are potent adjuvant analgesics that can be administered to healthy cats in
combination with local anesthetics, NSAIDs, and opioids. Agonists of α2-adrenergic
receptors play an important role in pain management for spay-neuter programs
(Chapter 4). Administration of dexmedetomidine with buprenorphine enhanced
antinociceptive activity when compared with either drug alone. These drugs can
be given by a number of routes (e.g. epidural, buccal, IV), and will significantly reduce
volatile anesthetic requirements. However, they may also delay anesthetic recovery,
and reversal with an antagonist of α2–adrenergic receptors (e.g. atipamezole, yohim-
bine) is recommended if recovery is prolonged, particularly in pediatric patients.
Infusions of dexmedetomidine have not been thoroughly investigated in cats (Chapter
6), and their use is rarely required for pain management, particularly in the light of
their cardiovascular depressant effects. Administration of agonists of α2-adrenergic
receptors is not recommended for balanced anesthesia if the goal is to improve
hemodynamics.

Ketamine and Amantadine

Mechanism of Action
The mechanism of action, key pharmacological features, commercial preparations,
clinical use for induction of anesthesia, and contraindications for ketamine are presented
in Chapter 4.

Clinical Use
Low doses of ketamine given by infusion are used in acute feline pain management.
Balanced anesthesia and analgesia with ketamine infusions (Chapter 6) are summarized
in Box 13.5.

Box 13.5: Perianesthetic use of ketamine infusions for analgesia

� Constant rate infusions of remifentanil plus ketamine decreased isoflurane require-
ments by approximately 50% (expired concentrations of isoflurane approximately
0.7%) in healthy cats undergoing ovariohysterectomy when compared with saline. The
combination should improve the quality of anesthesia� Ketamine is administered as a bolus (0.5mg/kg IV) followed by a constant rate infusion
(10–30 μg/kg/minute IV). The reduction in isoflurane concentration may be critical in ill,
painful cats, and is used as part of multimodal analgesia� Remifentanil administered at 30 μg/kg/hour produced only a mild sparing effect on
isoflurane concentration (15%, expired concentrations approximately 1%) when
administered alone� Based on human literature, lower doses of ketamine by infusion are administered to
provide NMDA antagonism and an anti-inflammatory effect (2–10 μg/kg/minute)
(Chapter 4, Box 4.3)� Ketamine can be added to a crystalloid solution (60mg of ketamine into a 500 mL bag,
10 μg/kg/minute) and administered at 5mL/kg/hour, IV, throughout surgery using a
fluid infusion device
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Ketamine is commonly administered in combination with opioids and local anes-
thetics to prevent or treat central sensitization, hyperalgesia, and allodynia. It is used in
critically ill patients, especially when NSAIDs are contraindicated and when cats are
“opioid nonresponders” (see above). Ketamine is opioid sparing and does not produce
behavioral changes at antihyperalgesic doses (2–10 μg/kg/minute); however, sedation
and mood changes may be observed after bolus administration. The use of ketamine
alone is not indicated since it does not produce clinically relevant analgesia.
Amantadine is another NMDA antagonist used for treatment of chronic pain (Chapter

15) and pain that is refractory to NSAID therapy; however, information is scarce,
particularly in cats. The drug has been prescribed for pain control after hospital
discharge, in combination with tramadol or NSAIDs, in acute feline pain management
with a view to preventing the development of chronic pain.

Tramadol

Mechanism of Action
Tramadol hydrochloride is a phenylpiperidine analogue of codeine, with weak binding
affinity to opioid receptors. It is a racemic mixture and is metabolized to both (+) and (�)
enantiomer metabolites. The (+) enantiomer, O-desmethyltramadol (M1), has the
greater affinity for the μ-opioid receptor and some serotonergic effects. Cats produce
the (+) enantiomer faster than dogs (3.9-fold). Plasma concentrations of tramadol and
the (+) enantiomer are dose dependent after oral administration. The (�) enantiomer
inhibits noradrenalin reuptake. Cats produce the (�) enantiomer more slowly than dogs
(4.8-fold). α2-adrenergic receptor activation plays a significant role in spinal monoam-
inergic modulation of pain, and this probably contributes to tramadol’s effects.

Clinical Use
In North America and some countries in Europe tramadol is primarily used for
treatment of chronic pain (Chapter 15) but it has also a role in acute pain management.
For example, it is commonly prescribed for continuous pain relief after hospital
discharge, and is widely used in its injectable form in South America and parts of
Europe. In this case, tramadol is commonly administered IV or IM with a sedative or
tranquilizer (neuroleptanalgesia). In many countries, tramadol is the only opioid-like
analgesic drug available in veterinary medicine.
Other than experience from use in clinical practice, there is limited information on

the analgesic effects of tramadol in cats. Oral formulations of tramadol have poor
palatability and this can limit its use even for short-term administration. Oral
administration of 4mg/kg induced thermal antinociception for 6 hours, and required
frequent administration for a sustained effect. At doses of 1mg/kg, subcutaneous
tramadol had limited antinociceptive effects in cats. On the other hand, higher doses
(2mg/kg) every 8 hours resulted in postoperative analgesia in cats undergoing
ovariohysterectomy. However, combinations of tramadol with an NSAID result in
a superior analgesic effect over each drug alone. Clinical experience suggests that
tramadol is an adjuvant analgesic and should be used in combination with other first
line analgesics such as NSAIDs. Serotonin syndrome following tramadol overdose is
described in Chapter 15.
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Tapentadol

Mechanism of Action
Tapentadol is a novel atypical opioid drug with a dual mechanism of action. It is an
agonist of μ opioid receptors and inhibits norepinephrine reuptake. Unlike tramadol,
tapentadol is administered in the active form and does not require hepatic metabolism
for an analgesic effect.

Clinical use
The efficacy of tapentadol is similar to morphine in the treatment of acute and chronic
pain in humans. In cats, adverse effects after intravenous administration of tapentadol
are similar to other species and include agitation, panting and salivation. These effects
were not observed after oral administration of 25 and 50mg of tapentadol in research
cats. The higher dose of tapentadol (approximately 12mg/kg) produced similar anti-
nociception to IM buprenorphine (0.02mg/kg). However, palatability was poor due to its
bitter taste, and caused profuse salivation, which could limited its clinical use. Further
studies using different formulations are needed before clinical use of tapentadol can be
recommended.

Gabapentin

Mechanism of Action
Gabapentin is a lipophilic structural analogue of the inhibitory neurotransmitter γ
-aminobutyric acid (GABA) which has been used for the treatment of chronic and
neuropathic pain (Chapter 15). Its exact mechanism of action is unknown but it involves
interaction with voltage-gated calcium channels binding to the α2δ subunit.

Clinical Use
A number of studies show that perioperative administration of gabapentin reduces acute
postoperative pain in humans undergoing surgery. Current knowledge on the use of
gabapentin for acute pain management in cats is scarce and based only on expert opinion
and case reports. However, oral administration of gabapentin (two doses of 50mg, 12
hours apart) in combination with IM buprenorphine (0.02mg/kg) provided similar
postoperative analgesia to SC meloxicam (0.2mg/kg) and buprenorphine in a clinical
trial involving 52 cats. Gabapentin is easy to administer, and a promising adjuvant
analgesic for treatment of acute pain in cats because of its antihyperalgesic effects.
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Key Points

� Behavioral changes related to chronic pain� Causes of chronic pain� Owner’s role in assessment of chronic pain� Degenerative joint disease and osteoarthritis� Persistent postsurgical pain

Introduction

Chronic pain reduces wellbeing, impacts on quality of life and induces behavioral
changes that affect the owner–pet bond. The description of pain for an individual is
personal and subjective in nature. Indeed, pain assessment in cats is a particular
challenge that veterinarians face in patients with chronic disease. Cats do not always
show clinical signs of pain in the same way as dogs. In addition, due to their small body
size and ability to compensate for chronic painful musculoskeletal conditions, owners
may not notice subtle changes in behavior, and thus will not seek help. Cats of any age
can be affected by maladaptive pain, although middle aged to older cats are over-
represented. Pain is now considered as the fourth vital sign in veterinary medicine, and
its assessment should always be incorporated into clinical evaluation of all patients.
Chapter 11 describes mechanisms of pain. Nevertheless, an overview of commonly used
terms in this chapter is presented here.

� Acute pain is usually self-limiting, characterized by inflammation and nociception,
and associated with potential or actual tissue damage. In contrast, chronic pain is not
associated with normal healing and it persists beyond the expected course of an acute
disease process with no clear endpoint. Persistent postsurgical pain is a condition
where acute pain persists (abnormal healing) and has become maladaptive� Chronic pain should not be considered a symptom, but rather a disease in its own right
since it may be present in the absence of a primary cause. This occurs due to the
plasticity of the central nervous system (CNS) in which nociceptive signal processing
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within the spinal cord and higher centers is altered. This results in amplification of the
signals, facilitated throughput, and even the generation of “pain signals” (nociceptive
input) from the CNS itself� The end result of these CNS changes is spontaneous pain, hyperalgesia (increased
response to painful stimuli), and allodynia (pain from normally nonpainful stimuli)
(Chapter 11). In chronic painful conditions, there is often an imbalance between the
excitatory and inhibitory control of nociceptive input with consequent facilitation of
excitatory transmission and reduced inhibitory transmission of pain. For example,
there is decreased activation of the endogenous analgesic system and its ability to
control painful stimuli

Clinical chronic pain is generally a mixture of different “types” of pain – inflammatory,
neuropathic, and functional pain (Box 14.1). In many of these cases, the degree of pain
does not necessarily correlate with the pathology due to neurobiological changes; these
include altered:

� Transduction in the periphery� Processing at the level of the spinal cord� Descending inhibitory control

For these reasons, treatment of maladaptive pain can be difficult. For example, cancer
patients may be affected by inflammatory and neuropathic pain, whereas cats with feline
interstitial cystitis may present with a combination of inflammatory and functional pain.
In both situations there may be varying contributions to the pain state from peripheral,
spinal cord and higher center changes.

Box 14.1: Contributors to chronic (maladaptive) pain

� Inflammatory pain is associated with tissue injury, and direct stimulation and sensi-
tization of nociceptors following activation of the inflammatory cascade. These
changes result in the cardinal signs of inflammation (heat, pain, redness, swelling,
and loss of function)� Neuropathic pain is caused by a lesion or disease of the somatosensory system
peripherally or centrally. The somatosensory system includes all structures allow-
ing the perception of sensory information coming from the skin and the muscu-
loskeletal system. Diagnosis of neuropathic pain includes assessment of nerve
fibers involved in nociception and proprioception (Aβ, Aδ, C) using techniques
such as quantitative sensory testing (QST), advanced imaging, and somatosensory
evoked potentials� Functional pain is not associated with any detectable inflammatory or neuropathic
etiology. It is characterized by neurophysiological dysfunction with no detectable
structural, metabolic or immunological cause

Inflammatory pain results from the release of nociceptive sensitizers (e.g. PGE2, nerve
growth factor), and nociceptive activators. It is commonly associated with surgery-
induced acute (adaptive) pain; however, several chronic painful conditions have a
component of inflammatory pain. Degenerative joint disease (DJD), cancer, stomatitis,
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periodontal disease, pancreatitis, gastritis, inflammatory bowel disease and interstitial
cystitis are some examples (Figure 14.1). A “new” category of inflammatory pain is
referred to as “neuroimmune inflammation” in which glial and immune (toll-like
receptors) cells can dramatically amplify pain leading to the development and mainte-
nance of neuropathic pain (Chapter 11). Therefore, it is believed that some cases of
neuropathic pain might be, at least in part, produced by an inflammatory component.
The development of neuropathic pain involves complex mechanisms including

sensory aberrant ectopic activity, neuroplasticity, impaired endogenous inhibitory
modulation and activation of the microglia (Chapter 11). Neuropathic pain may be
caused by, for example, nerve compression or infiltration by cancers, or it may follow
amputation involving nerve resection, or be associated with intervertebral disk impinge-
ment on the spinal cord or nerve roots. Growing evidence indicates that neuropathic
pain is also present in many other conditions such as DJD. In humans, neuropathic pain
is generally considered to cause severe and long-lasting pain which is less responsive to
treatment with analgesics, and to cause greater impairment of mobility than other
types of maladaptive pain. In cats, the hallmarks of a neuropathic component of chronic
pain are:

� Malfunctioning and deterioration of the somatosensory system (i.e. abnormal proc-
essing of sensory information)� Hyperalgesia� Allodynia� Spontaneous pain

However, these signs are not limited to neuropathic pain and may be observed in
functional pain in which the etiology cannot be identified, and where neurobiological
changes are not clearly related to disease or a lesion of the somatosensory system. In

Figure 14.1 A tumor affecting the plantar aspect of the
leftpelvic limbofacat. The tissuenecrosis causedby the
tumor results in inflammatory pain. This cat presented
with the classical signs of inflammation including heat,
redness and swelling of the area, pain on gentle pal-
pation, and decreased function due to lameness of this
limb.Neuropathic painmay alsobepresent if a lesion of
the somatosensory system occurs (e.g. compression of
a nerve).
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veterinary medicine, this terminology is new; however, functional pain can be seen in
cats with interstitial cystitis, inflammatory bowel disease, and possibly orofacial pain
syndrome.
The terms “chronic” and “maladaptive” pain are used interchangeably in this chapter,

and the reader should understand that they both refer to a mixture of inflammatory,
neuropathic and functional pain. Understanding the origin or cause of pain, which is not
always known but underlies a particular condition, aims to help the veterinarian in
directing what treatments should be used (Chapter 15).

Common Causes of Chronic Pain

Some chronic painful conditions have already been mentioned and the following list is
not exhaustive. The clinician should consider that any pathology has the potential to
cause maladaptive pain.

� Degenerative joint disease (DJD) and osteoarthritis (OA)� Persistent postsurgical pain (e.g. limb or tail amputation, thoracotomy, chronic pain
syndrome after onychectomy)� Dental and oral disease (e.g. gingivitis, periodontitis, stomatitis)� Feline orofacial pain syndrome� Feline hyperesthesia syndrome� Ocular conditions (e.g. corneal disease, uveitis, ulcers)� Gastrointestinal conditions (e.g. megacolon, constipation, ileus, inflammatory bowel
disease)� Urogenital conditions (e.g. interstitial cystitis)� Dermatological conditions (e.g. otitis, severe pruritus, burns, chronic wounds)� Trauma� Neoplasia (e.g. feline injection-associated sarcoma, oral squamous cell carcinoma)� Chemotherapy-induced neuropathy, radiation-induced skin burns� Diabetes-induced neuropathy� Chronic kidney disease

Osteoarthritis refers to pathological changes in synovial joints that may be primary and
idiopathic, secondary to trauma or abnormal developmental features. DJD is a general
definition that encompasses OA and inflammatory arthropathies of synovial joints
(including immune-mediated arthropathies), degenerative changes to fibrocartilaginous
joints, and spondylosis deformans of the vertebral column. The term DJD is used in this
chapter.

Clinical Signs

Table 14.1 shows common clinical signs and behavioral changes associated with chronic
pain in cats.
Age-associated behavioral changes may overlap with chronic pain, and it is important

to differentiate between the two with a rigorous and thorough clinical history and
examination. Chronic pain must be ruled out before assuming that behavioral changes
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are age-related only. Geriatric cats are likely to have DJD with or without chronic kidney
disease. This population of cats should be closely examined for signs of pain.
The clinical signs depend on the primary cause of chronic pain, if there is one. In most

cats, the signs are nonspecific and behavioral changes are subtler in nature when
compared with dogs. For example, lameness is easily observed in canine patients
with DJD. In cats, this is not commonly detected, and these individuals will normally
show altered mobility and activity patterns that may only be noted in the home

Table 14.1 The most common clinical signs and changes in behavior associated with chronic pain
in cats. These changes are generally subtle and may be inconsistent as signs can improve or
deteriorate over time (“waxing-and-waning” effect). These clinical signs can be used together to
assess quality of life.

Clinical signs Behavior descriptors

Decreased mobility Decreased ease and fluidity of movement compared with the past
Difficulty when getting up or moving around after resting

Decreased ability to perform
activities

Difficulty in performing routine activities such as playing with
toys, hunting, or jumping up and down
Instead of jumping directly onto a high vertical surface, the cat
prefers to do this in stages using intermediate surfaces
Instead of jumping directly down, the cat reaches down to shorten
the jump or finds an intermediate surface to decrease the height of
the jump

Isolation Decreased interaction with owners and other pets
Prefers to be alone

Depression Lack of interest towards things that would normally interest the
cat (toys, birds out side of the window, scratching posts, etc.)

Irritation Complains/vocalizes/growls when picked up or handled
Appears “grumpy” or short-tempered

Mood alteration Change in temperament/demeanor (sadness, irritation,
aggressiveness)

Decreased or increased
grooming

Hair coat is not well groomed and can be greasy. Nails are dirty
Increased grooming with possible alopecia at specific areas of the
body indicating abnormal sensitivity (e.g. pain, numbness or
tingling; hyperesthesia syndrome)a)

May resent being groomed

Inappropriate use of litter box Difficulty in getting into or out of the litter box
Inappropriate urination/defecation around the house

Appetite alteration Decreased or increased appetite and/or water ingestion

Sensitivity to toucha), b) Resents simply being touched or petted

Acute and intermittent intense
pain behaviorsa)

Suddenly screams, looks at a region of the body and starts licking
it without a known cause
Returns to normal behavior shortly after these episodes

Notes:
a) Observed in cats with neuropathic pain.
b) Observed in cats with allodynia.
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environment. Therefore, owners are crucial in the assessment and recognition of chronic
pain and quality of life (QoL) in cats (Box 14.2).

Box 14.2: The role of the owner in assessment and recognition of chronic pain and
quality of life in cats

There are currently no fully validated pain scoring systems for veterinarians to assess
chronic pain in cats. Thus, most of the assessment is based on owner-reported signs.
Client communication is important in diagnosis, and the first clinical consultation is
usually time consuming when interviewing owners about the cat’s behavior at
home. Owners can normally detect deterioration of pain relief rather than efficacy
per se, and the clinician must therefore plan carefully how to ask specific questions.
The cat will be unlikely to display chronic pain-induced behavioral changes in the
examination room. In many cases, the primary reason for the consultation is not
actually related to pain. Nevertheless, the potential of a chronic pain component in
the primary complaint must always be considered. Interestingly, owners will often
notice changes in behavior in other cats following treatment of chronic pain in the
first cat.

Implications for Quality of Life

In humans, the association between chronic pain and deleterious psychological effects is
well recognized. These patients generally self-report suffering, anxiety, impaired mobil-
ity, depression, and isolation. It may be reasonable to assume that cats are similarly
affected. Indeed, comparable behaviors are often perceived by their owners, which
impact on the cat’s health and welfare. A general QoL assessment can be made during a
consultation and physical examination, and should include detailed history and investi-
gation of specific clinical signs (Table 14.1).

Stepwise Approach for Assessment and Recognition of Chronic Pain in Cats in the
Clinical Setting

� Discussion with the owner regarding behavioral indicators of chronic pain (Table 14.1)� Low-stress physical examination (Chapter 1). A quiet room without “hiding places” in
which the cat can become lodged is recommended. A surface that is soft and nonslip
such as a yoga or baby’s changing mat should be used. Restraint should be minimized,
unless absolutely necessary� A thorough evaluation focusing on body condition, the oral cavity, eyes, ears, skin, fur,
paws and claws should be performed. Changes in grooming should be recorded
(Figure 14.2). Thoracic auscultation and gentle abdominal palpation may reveal
abnormalities and pain. Close monitoring of the cat’s body language and facial
expressions are important during assessment. The cat’s temperament and resistance
to manipulation should also be noted� A cat’s responses to painful stimuli will be affected by where they are (home versus
clinic), and with whom (owner versus veterinarian). The presence of the owner in the
examination room may or may not be helpful.
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� If a body part is known to be painful, it should be the last to be examined. However, this
must be balanced with the cat’s tolerance to examination and manipulation. It may be
necessary to divide the examination into several short periods� Painful stimulation may elicit one or more of the following behaviors
– Body tension, resisting manipulation
– Vocalization (hiss, growl, howl)
– Attempt to escape (avoidance)
– Aggression (lash out, bite, scratch)
– Hypersensitivity reactions (muscle and skin fasciculation, twitching)� An orthopedic examination should follow, especially in geriatric cats that may be
affected by DJD. Few cats will be willing to walk around the examination room and
even if they do, lameness is unlikely to be seen. They may be encouraged to jump up
and down, and over objects. Owners can be invited to submit “home videos” to the
veterinarian to help with diagnosis� Palpation of all joints and long bones is performed. Passivemovement of joints (flexion
and extension) may be performed under sedation if needed, however, this is likely to
affect behavioral responses to pain. It is important to note that passive movement of
joints does not accurately mimic their loading and movement during ambulation, just
as in humans and dogs� Neurological examination may help to identify cases of neoplasia and neuropathic
pain, by revealing spinal conditions that can be a source of chronic pain� Laboratory hematology is of limited value in diagnosing pain, but may point to
underlying disease processes� Radiographs may confirm the presence of DJD, neoplasia or megacolon, for example,
but radiographic findings rarely correlate with pain in cats� Other advanced imaging or laboratory evaluation may be useful on a case-by-case
basis, but as with radiography, imaging findings do not correlate with pain

Figure 14.2 A 12-year-old male (neutered) cat with chronic
lumbar pain. This cat resents being groomed and performs
excessive grooming and self-plucking resulting in alopecia in the
lumbar region. These behaviors are described to have had a
“sudden onset”, possibly indicating a neuropathic pain compo-
nent. On physical examination, the cat reacts adversely to light
touchandstroking thearea, confirming thepresenceofallodynia.

14 Assessment and Recognition of Chronic (Maladaptive) Pain 247



The Concept of Analgesic Challenge

An “analgesic challenge” can be useful when chronic pain is suspected but not clear. In
these cases, analgesics may be administered or prescribed; a decrease or resolution of
clinical signs often confirms the diagnosis of chronic pain. In general, chronic pain is
difficult to treat (compared with acute pain), and a lack of improvement with a single
analgesic (e.g. a nonsteroidal anti-inflammatory drug (NSAID)) may not completely rule
out the presence of chronic pain. An adjuvant analgesic may be added to the treatment
(Chapter 15).

Assessing Chronic Pain in Specific Conditions

Degenerative Joint Disease and Osteoarthritis

Degenerative joint disease results from a combination of inflammatory, neuropathic,
and functional components, albeit in unknown relative amounts. Plasticity of the
nociceptive transmission system results in increased sensitivity, hyperalgesia, and
allodynia. It is likely, as in humans, that the drivers of pain are a combination of
peripheral sensitization, central sensitization, and decreased function of the endog-
enous analgesic system. In geriatric cats, the prevalence of DJD may be as high as
60–90%, and DJD is recognized as one of the main sources of chronic pain. In the axial
skeleton, the lumbar and lumbosacral regions are most affected, whereas in the
appendicular skeleton DJD is more prevalent in the hip, followed by stifle, tarsus, and
elbow (Figure 14.3).

Clinical Signs
Impaired mobility is reported by owners and can include:

� Decreased mobility (decreased daily distance moved, less jumping, decreased height of
obstacles, stiffness, and problems walking up and down stairs)� Altered movement such as a decreased fluidity of movement� Less grooming� Hiding and decreased or altered socialization with other pets and household members� Changes in litter box use

These changes are too subtle to be detected by the clinician or only relate to the home
environment. Cats often “freeze” in the hospital environment due to stress. The impact of
stress-induced analgesia is well described in prey species, and although not formally
investigated in cats, it may be a component of their normal physiology. Hence, owners
provide a more reliable perspective of the cat’s everyday behavior. Although there are no
pain scales for cats with DJD-related pain that have undergone complete validation, some
owner-based and one veterinarian-based clinical instruments have been developed
specifically for cats. The FelineMusculoskeletal Pain Index (FMPI) and the Client Specific
Outcome Measures (CSOM) are the tools that have been studied most and investigate
abnormalities related to mobility and self-maintenance, as well as social and exploratory
behaviors. Questions are addressed towards the following specific behaviors: walking and
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running; playing and chasing objects; ability to jump up or down; height of jump; climbing
and descending stairs; interaction with other pets; eating, grooming, and sleeping habits.

� The FMPI consists of a series of 17 questions. Its ability to detect cats with
musculoskeletal pain and consequent effects of treatment has been demonstrated.
It is available for use in clinical practice and is constantly being updated (https://cvm
.ncsu.edu/research/labs/clinical-sciences/comparative-pain-research/clinical-
metrology-instruments, accessed June 25, 2017)� The CSOM consists of three to five activities that are unique to an individual cat
and chosen by the owner following discussion with the veterinarian. These specific
activities, including time and place (e.g. ability to jump onto the bed last thing at
night), are graded according to the degree of impairment, and are followed over
time� The Montreal Instrument for Cat Arthritis Testing (MI-CAT(V)) has been devel-
oped for use by veterinarians. It focuses on mobility impairments that can be
evaluated at a distance. It has undergone preliminary validation and reliability
testing where gait and body posture allowed for distinction between cats with and
without DJD

Figure 14.3 Radiographs of a cat with degenerative joint disease. Cranio-caudal (A) and lateral (B)
radiographs of the elbow of a 10-year-old female (spayed) cat with osteoarthritis. Characteristic features
are joint-associated mineralization (∗), which on the medial aspect may be indicative of medial
epicondylitis (where theulnar nerve canbe completely enclosed andflattenedbetween the epitrochleo-
anconeus muscle and new bone formation within the humeral head of the flexor carpi ulnaris muscle).
The unevenly increased humero-ulna joint space (solid arrow) is probably associated with osteo-
chondromatosis (osteochondral bodies within the joint, which have resulted in erosion of the joint
surfaces). Although thepresenceof a sesamoid in the supinatormuscle (dottedarrow) is anormal feature,
its enlargement and uneven appearance is associated with osteoarthritis of the elbow joint.
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Orthopedic Examination and Goniometric Measurements
Orthopedic examination in feline patients should consist of careful palpation of
every appendicular joint as well as the axial skeleton while watching for pain
responses (Table 14.2). Minimal restraint is applied. Additionally, each appendicular
joint should be evaluated for crepitus, effusion, and thickening as these are other
indicators of joint disease, although they do not necessarily relate to pain. Goniom-
etry can be performed, but may prove to be difficult in awake cats. The temperament
should also be assessed because a “grumpy” cat may be behaving that way due to
chronic pain. Body condition score should be assessed and recorded for further
monitoring.

Table 14.2 Suggested numerical rating scale for changes in behavior during joint palpation in cats
with suspected degenerative joint disease. Note: the change from baseline response (response
without manipulation) is the most important aspect to assess.

Pain score Behavior

0 No resentment (no change)

1 Mild withdrawal; mildly resists (slight change from baseline)

2 Moderate withdrawal; body tenses; may orient to site; may vocalize – increase in
vocalization (moderate change from baseline)

3 Orients to site; forcible withdrawal from manipulation; may vocalize or hiss or bite
(obvious change from baseline)

4 Tries to escape and prevent manipulation; bites, hisses; marked guarding of area (severe
change from baseline)

Source: From Lascelles, B. D. X., Dong, Y., Marcellin-Little, D. J., et al. (2012) Relationship of orthopedic
examination, goniometric measurements, and radiographic signs of degenerative joint disease in cats. BMC
Veterinary Research 8, 10–17.

Figure 14.4 The progression of
degenerative joint disease.
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Clinical Signs versus Radiographic Signs
Radiographic signs of DJD do not necessarily correlate with clinical signs of pain. In
cats, the best agreement between radiographic DJD and pain was found for the elbow
and the lumbar and lumbo-sacral areas. In contrast, cats may have clinical evidence
of DJD-induced pain without radiographic signs. This may be explained by lack
of detail in radiographs that would enable detection of early changes in the joint.
In humans, it has recently been suggested that pain may be more closely related
to structures not assessed by radiographs, and magnetic resonance imaging is
considered a more sensitive indicator of disease-induced pain. However, it is clear
that as DJD progresses with ageing, radiographic severity becomes greater. Box 14.3
describes the progression of DJD and the importance of treating pain and increasing
mobility while minimizing pathological changes associated with the disease
(Chapter 15).

Box 14.3: The progression of degenerative joint disease

DJD-associated pain starts at the peripheral joint, and results in decreased ability to
perform daily activities and decreased mobility. This initiates musculoskeletal deteriora-
tion due to decreased use and altered body carriage. Additionally, as explained in the
text, this nociceptive input (pain input) into the system can result in sensitization and
pain (somatosensory system deterioration). Heightened pain results in further negative
effects on the musculoskeletal system (muscle deterioration, trigger point development,
muscle pain) which in turn can result in a greater burden of pain as a result of decreased
joint support. Thus, there is concurrent deterioration of the musculoskeletal system and
the somatosensory system. Pain also has negative effects on cognitive function, and on
affective systems, resulting in heightened fear, anxiety and poor sleep. These changes in
turn feed back and heighten pain (e.g. anxiety amplifies pain, and pain in turn heightens
anxiety). The inability to perform daily activities, resulting from pain and deterioration of
the musculoskeletal system, also drives negative affective changes through decreased
and altered interactions with the cat’s environment. These two-way relationships
between pain, central sensitization, musculoskeletal deterioration and cognitive/affec-
tive deterioration are illustrated in Figure 14.4.
With so many complex changes occurring, and multiple joints often involved, staging

of the DJD patient may seem daunting. However, ‘staging’ is probably best performed by
assessing the overall impact on the whole cat. A simple staging of the impact of DJD
based on activity and mobility is proposed below.

� Stage 1: Early signs of activity impairment� Stage 2: Intermittent signs of activity impairment� Stage 3: Obvious activity impairment and some decrease in mobility� Stage 4: Loss of mobility

In the future, treatment recommendations will take into account the ‘stage’ of DJD, and
the stages will be sub-defined once central sensitization, cognitive decline and affective
deterioration can be measured.
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Other Conditions causing Chronic Pain

Some disease processes have the potential to cause chronic pain and are described below.
For all these conditions, little is known about pain-induced behavioral changes and how
to assess and recognize pain during physical examination. However, in most instances,
the response to palpation of affected areas can be a useful indicator. Abnormally sensitive
areas or areas with hyperesthesia may be identified with gentle to moderate stroking and
palpation. The reaction evokedmay be subtle, such as skin twitch, swallowing, turning to
look at the area or trying to avoid or escape from the manipulation.

Neoplasia

Cancer is one of the main causes of mortality in veterinary patients, and pain is
commonly a major component of the disease. Cancer-related pain may be caused by
various mechanisms, with the location of the cancer as well as the type dramatically
influencing the clinical signs. Inflammatory pain can be caused by tumor growth and
destruction of adjacent tissues and structures (Figure 14.1). Visceral pain can be caused
by visceral distension, and neuropathic pain can be caused by nerve compression or a
primary tumor involving the nervous system with consequent lesions in the somato-
sensory system. Recent studies reveal that the tumor itself can contribute to the
generation of pain via neuroimmune mechanisms. Even if the chronic pain is controlled,
acute exacerbation of pain may occur if the tumor grows rapidly or becomes necrotic.
Clinicians should also consider that patients with cancer are commonly affected by other
painful comorbidities such as DJD or chronic kidney disease. Additionally, the cancer
treatment itself may cause chronic pain such as persistent postsurgical pain, chemo-
therapy-induced neuropathy and radiotherapy-induced pain (Figure 14.5).

Figure 14.5 Multidimensional nature of pain in patients with cancer.
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Persistent Postsurgical Pain

In humans, persistent postsurgical pain is the second largest cause of chronic pain after
OA. Sensitization of the nervous system due to nerve injury induced by insufficient
perioperative analgesia and extensive tissue injury are thought to be the main causes of
persistent postsurgical maladaptive pain. Although this process can occur following any
surgery, amputation and thoracotomy are classic examples of surgical procedures where
extensive nerve damage is unavoidable. Spontaneous ectopic discharges from injured
nerves result in significantly increased nociceptive input inducing neuroplasticity,
central sensitization, and spontaneous pain. Inflammation resulting from the surgical
trauma results in additional nociceptive input.

Amputation

The incidence of chronic pain following amputation in feline practice is unknown,
whereas in humans, the condition often referred to as “phantom pain” may affect up to
80% of amputees. Clinical signs may develop within the immediate postoperative period
or years after the procedure, and they are similar to those described for neuropathic pain
(Table 14.1). Aggressive perioperative pain management is required for this procedure
(Chapters 13 and 15).

Chronic Pain Syndrome after Feline Onychectomy

Feline onychectomy (i.e. the amputation of the third phalanx of each digit) is performed
only in North America. Chronic pain syndrome can develop as a result of this procedure.
A discussion of the ethical issues associated with this procedure is beyond the scope of
this chapter. Diagnosis of the syndrome is based primarily on clinical signs and
behavioral changes after ruling out DJD or other complications that could be corrected
surgically. Behavioral changes associated with the syndrome include:

� Chronic lameness� Licking and chewing at the feet� “Walking as if on hot coals”� Shaking and “flicking” of the paws� Aversion to the feet being touched� Reluctance to use the feet to play with toys or to cover urine and feces with litter� Periods of suddenly sitting still� Spontaneous vocalization “for no apparent reason”

Periodontal Disease

Periodontal disease characterized by inflammation of the gingiva or periodontal tissues is
common in feline practice and is a source of chronic pain. Assessment of pain is difficult
in these cases, but it may be assumed that if inflammation is present, pain is present.
Dysphagia is the most common clinical sign, and some cats will frequently “paw against
their mouth” during and after eating. Spontaneous vocalization with escape behavior and
salivation may be observed. These behaviors normally disappear once the dental disease
is treated (Figure 14.6).

14 Assessment and Recognition of Chronic (Maladaptive) Pain 253



Feline Orofacial Pain Syndrome

Feline Orofacial Pain syndrome is a chronic condition with acute episodes (acute on
chronic pain). The etiology is not fully understood but it is suspected to be a neuropathic
pain disorder analogous to trigeminal neuralgia in humans. Nevertheless, discomfort
appears to be limited to the oral cavity and lips and no other areas of trigeminal nerve
innervation. The presentation is usually unilateral and the diagnosis is made by exclusion.
Burmese cats appear predisposed. Affected cats should be assessed for concomitant oral
lesions and possible environmental stressors, for example social incompatibility in a
multicat household. Clinical signs may be triggered by mouth movement and include:

� Exaggerated licking and chewing movements� Pawing at the mouth� Anorexia or decreased appetite� Mutilation of the tongue, lips, and buccal mucosa (severe cases)

Gastrointestinal Conditions

Any chronic disease affecting the gastrointestinal system and causing visceral distension,
such as megacolon or constipation, should be considered painful. Inflammatory bowel
disease is characterized by chronic intestinal inflammation and may occur concomi-
tantly with pancreatitis or cholangiohepatitis. These inflammatory diseases have the
potential to cause chronic abdominal pain. Assessment of these patients is based on the
clinical history and response to abdominal palpation.

Interstitial Cystitis

Feline interstitial cystitis (FIC) is recognized as a chronic pain syndrome. Cats and
humans are affected by this condition, which has many shared features between the
species. The process by which chronic pain develops is not fully understood. Clinically, it
has been noted that interstitial cystitis impacts on theQoL. In cats, several factors such as
obesity, confinement, sedentary lifestyle, intercat aggression, and decreased water

Figure 14.6 Cat with severe gingivostomatitis. This cat showed classical clinical signs of oral pain
including pawing at the mouth while eating. These signs resolved completely following full-mouth
tooth extractions. The cat is reported to have become more friendly after the procedure indicating an
affective and emotional component of oral pain.
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consumption have been proposed as potential contributors to development of the
disease. Assessment of patients with FIC should comprise detailed history, consideration
of possible environmental stressors, physical examination, urinalysis, and urine culture,
as well as assessment of QoL. Although nonspecific for FIC, the most commonly
observed clinical signs include:

� Dysuria� Pollakiuria (excessive frequent urination)� Hematuria (presence of blood in the urine)� Periuria (urination in inappropriate locations)� Overgrooming around the perineum� Behavioral changes

Diabetes-induced Neuropathy

Prevalence of feline diabetes mellitus is increasing because of obesity and sedentary
lifestyles; older neutered male cats are most frequently affected. Diabetes-induced
neuropathy is a type of neuropathic pain characterized by demyelination of motor
and sensory nerve fibers (Chapter 11). It affects approximately 10% of cats with this
disease. Humans report numbness, tingling or allodynia, and emotional consequences
include depression and decreases in QoL. It is now well recognized that diabetes mellitus
in cats closely resembles human type-2 diabetes. It is reasonable to conclude that similar
pain-induced behavioral changes occur in cats. Clinical signs are related to neuropathic
pain (Table 14.1) and functional disability. These may include:

� Aversion to touching of the extremities� Licking of the feet leading to discoloration of the fur (light-colored cats) (Figure 11.5)� Pelvic limb weakness and difficulty in ambulating� Impaired ability to jump
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Key Points

� Analgesic drugs used in the treatment of chronic pain� Nonpharmacological techniques in the treatment of chronic pain� General recommendations in degenerative joint disease-related pain� The role of the owner in chronic pain� The importance of environmental enrichment

Introduction

Chronic (maladaptive) pain causes suffering and reduces quality of life (QoL) in cats.
Treatment often involves a multimodal approach including both administration of
analgesic drugs and application of nonpharmacological therapies. The environment in
which the cat lives is also important. It should be predictable, provide comfort and
mental and physical stimulation, and interactions with family members. Continuous
tender loving care will play a role in the cat’s welfare and reinforce the human-animal
bond.
Appropriate assessment of chronic pain is paramount for adequate treatment (Chap-

ter 14). Normally, identification of a primary cause (e.g. gingivitis, otitis) will facilitate
diagnosis and treatment. In some cases, a primary, single cause or condition cannot be
identified (e.g. interstitial cystitis) and in others there is no cure (e.g. degenerative joint
disease (DJD), some cancers). Pain and discomfort may eventually become severe and
refractory to standard analgesic treatment.
The following principles should be considered when treating chronic pain in cats, and

may explain why response to treatment varies greatly among individuals:

� Clinical reasoning is the thought process involved in identifying the etiology and
structural anatomical sources of pain. It requires an understanding of the patho-
physiology of the painful condition (Chapter 11) to allow for a mechanism-based
therapeutic approach. The mechanism and type of pain (e.g. nociceptive, neuropathic,
inflammatory, mixed) is potentially identified and an analgesic drug chosen based on
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its mechanism of action. However, this is not always easy and it is often necessary to
choose a therapy and assess the response before deciding on a longer term treatment
(an “analgesic challenge,” Chapter 14)� Psychosocial reasoning is related to the owners’ emotions, behaviors, attitudes, and
coping skills regarding their pets’ pain. The owner’s perceptions can sometimes be
extrapolated as the cat’s perceptions, by proxy

Client Communication: A Crucial Component of Treatment for
Chronic Painful Conditions

Owners play an important role in the diagnosis and treatment of chronic pain
(Chapter 14) because “trial and error” is often required in terms of finding a strategy
that works best for managing the cat’s pain (Box 15.1). The emotional burden of
chronic pain for both the cat and the owner must not be underestimated. The
owner-cat bond can be challenged, especially when grooming and elimination habits
have changed. Euthanasia is a treatment option and should be considered in cases of
poor prognosis, scheduling and financial constraints, and lack of response to
therapy.

Box 15.1: Planning the treatment protocol with the owner

The owner must understand that complete resolution of clinical signs is rarely achieved
and that the main goal of treatment is to improve comfort and QoL. A long-term
treatment protocol should be based on reasonable expectations in consultation with the
owners during the first visit. Treatment should take into account ease of drug adminis-
tration, palatability, scheduling, and the cat’s tolerance. Owners are integral to the
treatment process and are responsible for:

� Enriching the environment� Frequent administration of analgesic drugs� Monitoring efficacy and adverse effects

Challenges in the Treatment of Chronic Pain in Cats

The following list includes some of the major challenges faced when treating chronic
pain in cats:

� Difficulties in recognizing and assessing chronic pain in cats, resulting in
inappropriate and ineffective treatment� Fear of adverse effects with long-term administration of analgesic drugs� Lack of pharmacokinetic (PK) and pharmacodynamic (PD) cat-specific data� Individual variability in response to treatment� Ineffective response to solely drug therapy� Treatment cost� Owners’ compliance, time commitment, and expectations
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Table 15.1 The most common pharmacological options used in the multimodal treatment of
chronic pain in cats. Drug regulations, labeling, and scheduling vary among different countries.

Drug name Treatment protocol Observations

Amantadine 3–5mg/kg PO every 12 to
24 hours

Information on safety and efficacy is not available

Amitriptyline 1–4mg/kg PO every 12 to
24 hours

AE: Sedation
GR: Doses may be started at the low end and slowly increased. Variable
efficacy

Buprenorphine
(1.8mg/mL)

0.24mg/kg SC every
24 hours up to 3 days

SE: Few studies indicate efficacy (antinociception) and safety
AE: Euphoria has been observed (rolling, kneading with thoracic paws
and purring)
GR: This high-concentration formulation can be used “off-label” in cats
with severe chronic pain or when pain flares up

Fluoxetine 0.5–1.5mg/kg PO every
24 hours

Information on safety and efficacy is not available

Gabapentin 5–10mg/kg PO every 8 to
12 hours

SE: Efficacy in feline DJD following 3 weeks of treatment (10mg/kg PO
every 8 hours)
AE: Sedation and ataxia
GR: Doses should be gradually increased to avoid profound sedation,
especially in cats with renal disease. Higher doses have been reported
and are generally limited by the severity of adverse effects. Important:
treatment should not be stopped abruptly. It must be tapered down
gradually to avoid breakthrough pain

Grapiprant 2mg/kg PO every 24 hours SE: Efficacy data are not available. A few reports indicate a good
tolerance following 28 days of administration
AE: Unknown

Meloxicam 0.1mg/kg PO once, followed
by 0.05mg/kg PO every
24 hours

SE: Dose-dependent efficacy and good tolerance in cats with feline DJD
AE: See Box 15.2
GR: Administration of the minimum effective dose should be attempted
in long-term treatment

Pamidronate 1–2mg/kg IV every 21 to
28 days

SE: Efficacy studies are not available. A few reports in cats with bone-
invasive squamous cell carcinoma or metastatic bone tumor indicate
good tolerability
AE: Gastrointestinal upset and neutropenia have been observed only in
cats undergoing concomitant chemotherapy

Piroxicam 1mg/cat (∼0.3mg/kg) PO
every 24 hours

SE: Some reports describe its administration in cats with various
carcinomas and sarcomas with unclear efficacy and acceptable tolerance
AE: See Box 15.2. Vomiting, melena, and anemia have been reported in
long term treatment
GR: Administration every 2–3 days should be attempted in long term
treatment. Piroxicam can be chosen over other NSAIDs for its
anticancer activity; however, it should not be used in other chronic
painful conditions

Robenacoxib 1–2.4mg/kg PO every
24 hours

SE: Good tolerance in cats with feline DJD
AE: See Box 15.2
GR: Administration of the minimum effective dose should be attempted
in long-term treatment

Selegiline 0.5–1mg/kg PO every
24 hours

Information on safety and efficacy is not available

Tramadol 2–5mg/kg PO every 8 to
12 hours

SE: Efficacy in feline DJD following 2 weeks of treatment (3mg/kg PO
every 12 hours)
AE: Sedation, vomiting, euphoria, and constipation may occur

Notes: PO – oral administration; AE – adverse-effects; SE – scientific evidence in chronic pain; GR – general
recommendations.
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Table 15.2 Suggested treatment for some chronic painful conditions in cats including “off-label”
regimens. Nonpharmacological options should be considered for all cases.

Condition Suggested pharmacological
treatment

Suggested
nonpharmacological treatment

Comments

DJD-related
pain

NSAID
Tramadol
Gabapentin
Antidepressants

Physical activity and weight
control
Implement environmental
enrichment
Chondroprotective agents
Physical therapy and
rehabilitation, Acupuncture,
TENS

In mild cases, analgesics are
avoided
As severity increases, more
adjuvants are added

Cancer-
related pain

NSAID as needed
Gabapentin if neuropathic pain
Antidepressants
Amantadine
Buprenorphine in the case of
breakthrough pain

Any nonpharmacological
treatment may be applicable
depending on the case

Treat primary cause if
possible

Periodontal
disease

NSAID as needed
Gabapentin if there is nerve
involvement

Provide soft food; add water to
the kibble

Treat the primary cause if
possible

Interstitial
cystitis

NSAIDs
None in acute cases
Amitriptyline in chronic cases

Reduce environmental stressors
and implement environmental
enrichment

Concomitant urinary-tract
infection should be
investigated and addressed

Chronic
pancreatitis

Low-dose NSAIDs (contra-indicated
if concomitant inflammatory
intestinal disease)
Gabapentin
Tramadol

Nutritional management: highly
digestible diet with high fiber
and limited fat
Administration of pancreatic
enzyme supplement

Treat primary cause if
possible
Consider the use of proton
pump inhibitors

Chronic
wounds

NSAIDs
Adjuvants if needed: tramadol,
amitriptyline

Bandages and wound care Treat primary cause if
possible (i.e. surgery,
antibiotics, etc.)

Chronic
otitis

NSAIDs
Gabapentin if there is nerve
involvement

Ear cleaning Treat primary cause

Feline
orofacial
pain
syndrome

Gabapentin until resolution of
clinical signs; consider adding
amitriptyline if not successful
NSAID
Antidepressants
Amantadine

Reduce environmental stressors
and implement environmental
enrichment

Oral lesions (e.g. fractured
tooth or tongue mutilation)
may be present and should be
addressed

Diabetes-
induced
neuropathy

Gabapentin until resolution of
clinical signs; consider adding
amitriptyline if not successful

Weight control Diabetes must be carefully
monitored

Chronic pain
syndrome
after feline
onychectomy

Amantadine for 3–4 weeks
NSAID: doses should be gradually
decreased every 4 days for a total of
15–20 days
Gabapentin until resolution of
clinical signs; consider to add
amitriptyline if not successful
Buprenorphine for 2–4 days

Provide soft surfaces in areas
where the cat likes to walk
around
Check for the preferred type of
litter box
Reduce environmental stressors
and implement environmental
enrichment

Radiographs should be
performed to check if there
are bone fragments and
surgery is required
Similar recommendations in
cases of persistent post-
surgical pain after procedures
such as amputation and
thoracotomy

Notes: NSAID: nonsteroidal anti-inflammatory drug; TENS: transcutaneous electrical nerve stimulation.
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Pharmacological Therapy

Recommended doses for the most commonly used analgesics for treatment of chronic
pain in cats are given in Table 15.1 and Table 15.2. Some of these recommendations are
based on personal experience and anecdotal reports due to the lack of large, robust,
prospective clinical studies.

Drug Administration

� The oral route (PO) is most convenient for long-term treatment� Most medications are well tolerated if given with canned food. However, the
unpalatability of some analgesic medications (e.g. tramadol and amitriptyline) may
limit their clinical use (Figure 15.1 and Box 15.2)� NSAIDs such as meloxicam and robenacoxib are highly palatable and well tolerated� Medication administered by the oral route may be available as pills, tablets, and liquid
or spray formulations� The SC route is a potential route of administration although few injectable options
exist for long-term treatment� Sustained release formulations of some drugs are now available and may be
convenient for long-term treatment; however, data on safety and efficacy are lacking
in cats

Opioids

� Opioids are the cornerstone of acute pain management (Chapter 13); however,
their efficacy has not been demonstrated in chronic pain. Orally administered
opioids have low bioavailability, and most are controlled drugs with potential for
abuse� A high concentration of buprenorphine (1.8mg/mL, Simbadol®) is available in the
United States. It may provide up to 24 hours of postoperative analgesia in cats
(0.24mg/kg) and is labeled for three consecutive days of use. This formulation is not
licensed for long-term administration but could be an “off-label” option for cats with
severe chronic pain as part of a multimodal approach, or when pain flares up (“acute
on chronic” pain)

Local Anesthetics

� The pharmacology of local anesthetics is discussed in Chapter 5. Transdermal
lidocaine patches may be an option for some types of pain (e.g. subcutaneous
mass, chronic wound). The PK of a 700mg lidocaine patch have been described in
healthy cats with intact skin, and systemic uptake is minimal� Local anesthetic techniques may be applied in cases of severe, postsurgical or
breakthrough pain in the hospital setting
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Box 15.2: The issue of medicating cats

Common methods of oral delivery of medication

Medicating cats for chronic conditions can be quite challenging. The most common
methods used by owners include force-pilling or hiding the medication within highly
palatable food (Figure 15.1). Force-pilling is made by placing the medication deep in the
oral cavity with either the fingers or with a pet-piller device. However, cats generally
resent being restrained for force-pilling and have a natural discriminatory ability when it
comes to eating, resulting in difficulties in administering the medication.

Possible consequences of force-pilling

Although some owners and cats can be trained to allow stress-free administration of
medication using force-pilling, this method can be an additional environmental stressor
for others. It can disturb the human-animal bond and therefore it should be avoided. This
is important in conditions in which stress plays a role in the pathophysiology of pain (e.g.
idiopathic cystitis). In addition, force-pilling may result in the medication becoming
trapped in the esophagus causing esophagitis or esophageal stricture.

What do owners think?

A recent e-survey involving owners of cats showed that medication labeled for use in the
species and formulations such as solutions and suspensions are more likely to be
accepted by the cat when compared with non-labeled medication (odds ratio: 4.9)
and formulations such as tablets or capsules (odds ratio: 4.8), respectively. Adverse effects
and the “individual behavior of the cat” (e.g. resisting medication, salivation) were the
most common reasons for lack of compliance to treatment.

Cat-friendly medications

As medications that are developed for cats are made available, acceptability and
compliance is expected to increase. An award called “Easy to Give” is offered annually
by the International Cat Care to pharmaceutical companies who produce medications in
a format that is easy for owners to administer.

General recommendations

� Pilling should always be followed by positive reinforcement (e.g. treats, petting)� If force-pilling is absolutely necessary, it should be followed by oral administration of a
small amount of soft food� Unpalatable medications (e.g. tramadol, amitriptyline) may be inserted into small
capsules or compounded in palatable flavors� The website of the International Cat Care (www.icatcare.org, accessed June 26, 2017)
has detailed recommendations and step-by-step videos teaching how to administer
oral medication to cats� Veterinary technicians are valuable for discussing these issues with owners and
emphasizing the importance of stress-free administration of medication
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Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

� These act by inhibiting expression of cyclooxygenase (COX) enzymes in cell mem-
branes (Chapter 13), and have both peripheral and central actions� Meloxicam has high bioavailability following PO and SC administration� Robenacoxib has moderate and high bioavailability following PO and SC administra-
tion, respectively� Piroxicam has high bioavailability and a long terminal half life following PO
administration� NSAIDs accumulate in inflammatory exudate, so analgesic effects may last for up to
24 hours after a single dose despite relatively short half lives� Many NSAIDs are metabolized in the liver via glucuronidation making them poten-
tially toxic to cats. Meloxicam utilizes oxidative pathways and has been successfully
used long term in cats

Figure 15.1 Different methods for administering medication to cats (Box 15.2). The top pictures
show the preferred method, without any physical contact. The bottom pictures show the “force
pilling” method with the use of a pet-piller device. In some cats this latter approach can be quite
stressful. Note how the white cat depicted in these pictures tries to escape the administration by
walking backwards. Top pictures: Gabapentin compounded in a palatable liquid formulation is
withdrawn (a). A pill of amitriptyline is hidden within tasty soft food and liquid gabapentin is
added to the mixture (b). A cat eats his meal with hidden medication (c). Bottom pictures: Pet-pillar
device prepared with a capsule of tramadol (d) (corner). The medication is administered by placing
one hand in the cat’s neck while the other hand gently inserts the device through the side of the
cheek pouch (d). The device is advanced as the cat opens the mouth and the medication is
administered by pushing onto the plunger (e). The cat is petted immediately afterwards for
positive reinforcement (f).
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� Meloxicam and robenacoxib are excreted predominantly via the biliary route (fecal),
with a minor contribution from the kidneys (urine)� Excretion of piroxicam in humans is primarily through hydroxylation with some
glucuronidation. There is little equivalent information for cats

Clinical Use

� Indications: treatment of inflammatory pain (e.g. DJD-related pain, cancer pain,
gingivostomatitis, otitis, interstitial cystitis, chronic wound)� NSAIDs are the first line of treatment for cats with DJD. These drugs decrease pain
and improve activity, mobility, and QoL in this population� Labeled recommendations for meloxicam and robenacoxib vary among countries. In
the United States meloxicam is labeled for treatment of acute pain (single injectable
dose), whereas in other areas, including Europe and Australia, it is labeled for treatment
of acute pain and chronic musculoskeletal disorders (0.1mg/kg on the first day,
followed by 0.05mg/kg PO every 24 hours; continued dosing). Robenacoxib is labeled
for treatment of acute pain only, with a maximum duration of treatment in the United
States of 3 days and 6 days in other countries (including Europe and Australia)� Despite labeling variations, both meloxicam and robenacoxib have undergone several
investigations in the research and clinical settings.Meloxicamhas been shown to be safe
and effective for treatment of chronic inflammatory pain in cats (e.g. DJD). Robenacoxib
has been shown to be safe in cats with DJD, although efficacy studies are lacking� NSAID-induced adverse effects should not be underestimated. Guidelines for safe
administration are provided in Box 15.3. The Association of American Feline Practi-
tioners (AAFP) and the International Society of FelineMedicine (ISFM) have published
an extensive review on the subject as well as client brochures for owner education
(http://www.catvets.com/guidelines/practice-guidelines/nsaids-in-cats, accessed June
25, 2017)� In general, the lowest effective dose should be administered while monitoring for
adverse effects. For example, meloxicam was safe, palatable, and effective when
administered to cats with DJD at 0.01–0.03mg/kg for up to 9 months. Adverse
effects included vomiting and diarrhea in a small number of individuals. No significant
changes in serum creatinine were detected� Long-term safety of meloxicam and robenacoxib have been reported in cats with
concomitant DJD and chronic kidney disease (Box 15.4)

Clinical Use in Cancer Pain

� Nonsteroidal anti-inflammatory drugs also have anticancer properties, especially in
tumors overexpressing COX-2. Their administration in cats with cancer should always
be considered, unless otherwise indicated. These drugs are commonly used in
oncology, including for squamous cell carcinoma, adenocarcinomas (e.g. nasal,
mammary, anal gland, vulvar), transitional cell carcinoma, pulmonary carcinoma,
soft-tissue sarcoma, fibrosarcoma, and osteochondrosarcoma� Piroxicam is a nonselective NSAID with chemopreventative and antitumor effects.
This drug is commonly administered with other cancer therapies. Piroxicam can be
used for both its analgesic and anticancer effects in oncology patients; however, their
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use might result in increased incidence of adverse effects when compared with
meloxicam and robenacoxib. Piroxicam is not labeled for use in cats� Chronic administration of piroxicam (0.3mg/kg PO every 24 hours) for at least 1
month was generally well tolerated in cats with cancer. Gastrointestinal clinical signs
were more prevalent in cats receiving concomitant chemotherapy

Box 15.3: Guidelines for the safe use of NSAIDs in cats

Adverse effects induced by NSAIDs are thought to be related to their COX-1 inhibition. In
general, COX-1 activity has cytoprotective effects in the gastrointestinal tract (secretion
of gastric mucus and production of bicarbonate), kidneys (maintenance of renal blood
flow under hypotensive conditions), and platelet aggregation (production of thrombox-
ane). The most common clinically detectable adverse effects include anorexia, vomiting,
diarrhea, and lethargy. Hepatic adverse effects are thought to be an idiosyncratic reaction
to specific drugs rather than intrinsic hepatotoxicity. The following should be considered
when NSAIDs are administered on a long-term basis:

� Patient selection
– Complete history
– Check for pre-existing diseases
– Check for current medication and possible interactions� Client communication
– Handouts for owner education and monitoring of clinical signs
– What to expect: possible clinical signs such as anorexia, depression, vomiting, and
diarrhea

– How to proceed: stopmedication if clinical signs develop and contact the veterinarian� Monitoring
– Via telephone interview or physical examination during re-evaluation
– Hematology: although not specific, liver and renal enzymes may be monitored for
trends� Dosagemay be tailored to the individual, and theminimum effective dosage should be

given for long-term therapy� Aminimumwashout of 5–7 days is recommended when switching between NSAIDs to
prevent inadvertent NSAID cross-toxicity. Analgesia can be provided using a different
class of drug during this period.

Contraindications

� History of gastrointestinal disease� History of NSAID intolerance� Uncontrolled renal or hepatic disease (Box 15.4)� Anemia� Coagulopathies� Hypovolemia or hypotension� Concurrent corticosteroid administration including topical treatments� Administration in close temporal relationship with other NSAIDs

NSAID-induced adverse effects are observed when dosage regimens are not respected.
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Box 15.4: Cats with chronic pain and concomitant chronic kidney disease (CKD):
administration of NSAIDs

Rationale

NSAIDs are generally contraindicated in cats with renal disease due to inhibition of both
COX enzymes and consequent negative effects on the maintenance of renal perfusion
(vasodilation of renal artery) during hypovolemia or hypotension. However, it is common
that cats with chronic painful conditions are also affected by CKD (approximately 70% of
cats with DJD have CKD).

Controversy

Growing evidence indicates that meloxicam and robenacoxib can safely be administered
to cats with chronic painful conditions and stable CKD. It has been hypothesized that
improved mobility and overall QoL subsequent to pain relief result in better appetite and
increased water consumption. Another possibility is that NSAIDs may have a direct anti-
inflammatory effect on the kidneys, leading to less deterioration of renal function.

Evidence in cats with chronic pain

Retrospective case-control study: cats with CKD receiving meloxicam (0.02mg/kg/day)
for a median duration of 467 days, and cats with CKD not receiving a NSAID. The cats in
the first group (NSAID) showed smaller increases in blood creatinine concentration over
time when compared with the cats in the second group (no NSAID). There was no
difference between groups in urine specific gravity. Retrospective study: cats without
CKD and with stable CKD (IRIS stage II and III) that had been under continuous treatment
with meloxicam (0.02mg/kg/day) for at least 6 months. There was no difference between
groups in longevity. Prospective clinical study: cats with CKD and cats without CKD
receiving robenacoxib (1–2.4mg/kg/day) or placebo treatment for 28 days. There was no
difference between groups in the frequency of reported adverse events, body weight
changes, serum and urine chemistry, or hematological variables.

Evidence in healthy normovolemic cats

Prospective study: cats with surgically-induced decreased renalmass and consequent CKD
(IRIS stage II and III) receiving meloxicam, acetylsalicylic acid, or placebo treatment for 7
days. There was no decrease in glomerular filtration rate following any of the treatments.

Evidence in humans

Systematic review: population of 12 418 study subjects and 23 877 controls. The study
aimed to evaluate the role of NSAIDs in the development of nephropathy. Eight out of
nine reports failed to identify an increased risk of chronic renal impairment with heavy
NSAID consumption.

Conclusions

Nonsteroidal anti-inflammatories can be administered to cats with concomitant chronic
painful conditions and CKD provided their overall clinical status is stable. Moreover, if
these cats undergo anesthesia, maintenance of normal hydration, circulating blood
volume and blood pressure are important.
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Tramadol

� Tramadol has a dual mechanism of action. It has weak affinity for μ-opioid receptors
and acts as a serotonin and noradrenergic reuptake inhibitor. The latter effects are
related to activation of the endogenous descending inhibitory pain pathways, which
modulate central sensitization� In humans, the analgesic effects are primarily due to the active metabolite
O-desmethyl-tramadol, which has an opioid effect� In cats, tramadol has high bioavailability (93± 7%) after oral administration;
O-desmethyl-tramadol follows tramadol’s disposition profile and both are dose
dependent� The analgesic profile of tramadol in cats is thought to be superior to that in dogs, due
to a longer elimination half life and higher concentrations of the active metabolite. The
rate of formation of O-desmethyl-tramadol from tramadol in the cat liver is faster than
that in dogs (3.9 fold)� The terminal half life of O-desmethyl-tramadol after IV (2mg/kg) and oral (5mg/kg)
administration in cats is 261± 28 and 289± 19 minutes, respectively� An injectable formulation of tramadol is available in some countries; however, the oral
route is preferred for long-term administration� Tramadol is bitter, often results in profound salivation, and is resented by most cats

Clinical Use

� Indications: conditions characterized by central sensitization (e.g. DJD-related pain,
cancer-related pain). Tramadol has a synergistic effect when administered with
NSAIDs and is normally administered as part of a multimodal protocol� Antinociceptive studies suggest that a dosage regimen of 4mg/kg, PO, every 6 hours
would be ideal. However, such regimens may decrease owner compliance. The magni-
tude and duration of antinociception appear to be dose dependent in cats; higher doses
produce prolonged and sustained antinociception� Sedation may be observed and dose adjustments can be made accordingly. However,
clinical experience suggests that sedation normally subsides following the first days of
administration� In cats with DJD-related pain, tramadol (3mg/kg, PO, every 12 hours) increased
activity andmobility, and decreased central sensitization when compared with placebo� Further studies may clarify the ideal dose and dosing interval for treatment of chronic
pain. Based on currently available PK and PD data, 2–5mg/kg, PO, every 8 to 12 hours
is recommended� Tramadol may be partially antagonized by naloxone in cases of intoxication (admin-
istered IV to effect)� In many countries, tramadol is now a controlled substance (usually schedule IV)

Contraindications

� Tramadol must not be administered in combination with serotonin reuptake inhibi-
tors including monoamine oxidase inhibitors and tricyclic antidepressants due to the
risk of serotonin toxicity
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� Serotonin toxicity is a clinical syndrome characterized by autonomic dysfunction,
neuromuscular abnormalities and changes in mentation that may occur when
multiple serotonergic agents are administered, or in cases of overdose� The diagnosis of serotonin toxicity is based on the exposure to serotonergic agents
associated with clinical signs. Possible clinical signs in cats include: change in mental
status, ataxia, agitation, tremor, myoclonus, seizures, hyperreflexia, tachycardia,
hypertension, hyperthermia, nausea, vomiting, diarrhea, and abdominal pain� Treatment of serotonin syndrome involves ceasing administration of serotonergic
medications and giving supportive treatment including fluid therapy, analgesics and
antagonists of 5-hydroxytryptamine (HT)2 receptors (e.g. cyproheptadine, chlor-
promazine). The long-term prognosis after serotonin toxicity is good to excellent� Toxicity has been reported in a cat following tramadol overdose (80mg/kg) due to a
prescription error resulting in serotonin syndrome. This cat developed neurological
signs (agitation followed by severe depression), hypersalivation, hypertension,
tachycardia, tachypnea, constipation, and abdominal pain. Treatment comprised
fluid therapy, buprenorphine, cyproheptadine and microenema, and the cat recov-
ered fully within 7 days

Gabapentin

� Gabapentin was developed as an anticonvulsant and produces analgesia by reduc-
ing neuronal excitability and blocking calcium channels. It decreases excitatory
neurotransmitter release and increases concentrations of GABA, an inhibitory
neurotransmitter� Gabapentin has high oral bioavailability in cats with a mean half life of 2.8 hours. In
humans, gabapentin is eliminated unchanged by renal clearance

Clinical Use

� Indications: neuropathic pain, for instance persistent postsurgical pain (e.g. after
amputation, chronic pain syndrome after feline onychectomy), feline orofacial pain
syndrome, diabetes-induced neuropathy, DJD-related pain, cancer-related pain� Administration of gabapentin (10mg/kg PO every 12 hours) for 2 weeks in a clinical
trial in cats with clinical and radiographic signs of DJD improved owner-assessed
mobility scores. However, decreased activity, measured with accelerometers, was
observed when compared with placebo, probably resulting from sedation, a known
potential side effect of gabapentin� In research cats with DJD-related pain, gabapentin (10mg/kg PO every 8 hours)
decreased central sensitization and improved levels of activity when compared with
placebo treatment� Recommended dosage regimens have not been determined. Doses up to 50mg/kg PO
every 12 hours have been reported anecdotally. This emphasizes the need for
individualized therapy based on the degree of pain, response to therapy and develop-
ment of adverse effects� Although adverse effects such as sedation generally subside within a few days of
starting gabapentin administration, it may be reasonable to initiate treatment at low
doses and increase it slowly (e.g. weekly) until an analgesic response is observed. This
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approach may avoid profound sedation and ataxia, which could be discouraging for
the owner. Moreover, this approach should be used in cats with renal disease who may
have impaired clearance and increased incidence of adverse effects� Treatment for chronic conditions should be discontinued gradually to avoid break-
through pain. This may be achieved by slowly decreasing the dose or dosing intervals
over the course of a few weeks� An analgesic trial of 3–6 weeks is recommended and may be required before any effect
is apparent

Contraindications

No serious contraindications have as yet been reported for cats. See paragraph above on
the use of gabapentin in cats with chronic kidney disease.

Amitriptyline

� Amitriptyline is a tricyclic antidepressant. It produces analgesia via serotonin and
norepinephrine reuptake inhibition, N-methyl D-aspartate (NMDA) antagonism, and
blockade of calcium channels� A PK study in cats (5mg/cat PO or transdermal) revealed poor transdermal absorption
when compared with oral administration

Clinical Use

� Indications: neuropathic pain; it may “boost” the endogenous descending inhibitory
pathways and reverse central sensitization� In cats with chronic interstitial cystitis that had failed other treatments, amitriptyline
(10mg/day PO every 24 hours) for 12 months completely resolved the clinical signs in
9/15 patients during treatment. Response to treatment was usually observed after
7 days. Reported adverse effects included sedation, weight gain, and decreased
grooming. However, another study reported conflicting results. Cats with acute
interstitial cystitis treated with amitriptyline (5mg/day PO every 24 hours) for
7 days did not show any benefit when compared with placebo� Since interstitial cystitis is a syndrome resulting from several different mechanisms
rather than a disease with a single cause, some cats may still benefit from treatment
with amitriptyline (in association with environmental enrichment)� The emotional component of depression in chronic pain may be targeted by
amitriptyline, although efficacy data are not available for cats� Other examples of tricyclic antidepressant drugs include imipramine and
clomipramine� There are anecdotal reports describing the use, in cats, of other antidepressants such
as serotonin-specific reuptake inhibitors (fluoxetine), serotonin and norepinephrine
reuptake inhibitors (venlafaxine and duloxetine), and monoamine oxidase inhibitors
(selegiline), but information about these medications is very limited� An analgesic trial of 3–6 weeks is recommended and may be required before any effect
is apparent
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Contraindications

Amitriptyline should be administered with caution in combination with drugs that affect
serotonin uptake or metabolism due to the risk of serotonin toxicity; this includes
monoamine oxidase inhibitors and tramadol.

Amantadine

� Amantadine was originally used as an antiviral agent. The drug is a NMDA receptor
antagonist and increases dopamine concentration in the CNS� Amantadine (5mg/kg PO and IV) has high oral bioavailability in cats. Its efficacy has
not been documented in this species but it shows potential for pain therapy

Clinical Use

� Indications: conditions characterized by central sensitization (e.g. DJD-related pain,
cancer-related pain)� Amantadine should be administered in combination with other analgesics (i.e.
multimodal analgesia) including opioids, NSAIDs, tramadol, and amitriptyline. It is
not used as a “stand-alone” treatment for chronic pain� Amantadine significantly improved physical activity when compared with placebo in
dogs with OA that were treated concurrently with meloxicam. This might be an option
when pain is refractory to NSAID therapy� An analgesic trial of 3–6 weeks is recommended and may be required before any effect
is apparent

Contraindications

Currently unknown.

Emerging Analgesic Modalities

� Anti-nerve-growth factor monoclonal antibodies: nerve-growth factor is pronocicep-
tive and may contribute to peripheral and central sensitization. Species-specific
antibodies that target nerve growth factor are currently under investigation for
treatment of DJD in cats. Early reports indicated adequate safety and efficacy for
up to 6 weeks after a single SC injection in cats with naturally occurring disease� Stem-cell therapy: stem cell therapy has well-documented anti-inflammatory and
immunomodulatory effects. Mesenchymal stem cells can differentiate into a variety of
cell types. They are collected from the bone marrow or adipose tissue, for example,
isolated and transplanted to tissues in need of regeneration. This therapy has been
under investigation in humans with DJD, and there are several other potential
applications such as gingivostomatitis, a severe oral inflammatory disease. A recent
study involving a small number of cats with severe refractory gingivostomatitis
reported the IV administration (two injections, one month apart) of autologous
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mesenchymal stem cell therapy. Oral biopsies and clinical evaluation before and after
treatment showed complete remission or substantial clinical improvement in five out
of seven cats. The impact of pain in these cats was not systematically evaluated,
although it may be presumed that pain and discomfort were reduced with reduced
inflammation. Further research may confirm the applicability of this treatment in the
management of pain in cats with chronic inflammatory conditions such as DJD or
gingivostomatitis� Piprants: piprants are prostaglandin receptor antagonists, a new class of selective
compounds. They are differentiated from NSAIDs in that they act further down the
inflammatory cascade by selectively antagonizing the prostaglandin E2 EP4 receptor;
thus maintaining normal activity of COX enzymes. The EP4 receptor has been
identified as the primary receptor involved with pain and inflammation in DJD.
Grapiprant is a new analgesic and anti-inflammatory drug in the piprant class that is
labeled for the control of pain and inflammation associated with DJD in dogs. This
drug was safe and effective when administered long term in the target population
(2mg/kg PO every 24 hours, for 28 days). Moreover, the daily administration of
grapiprant of doses up to 15mg/kg for 28 days was well tolerated in research cats.
Efficacy and safety data in cats with DJD may be available in the near future

Other Analgesics

� Pregabalin: an anticonvulsant with a mechanism of action similar to gabapentin. Data
from cats are not available but it has potential benefit for treatment of maladaptive
pain. Cost could be a limitation� Tapentadol: a centrally acting analgesic with a dual mechanism of action (μ opioid
receptor agonist and noradrenaline reuptake inhibitor). In humans, it is often used for
treatment of chronic pain as it has fewer adverse effects than opioids. In cats,
tapentadol produced short term (approximately 2 hours) thermal antinociception
(50mg/cat); however, it was reported to be highly unpalatable, which could be a
limitation in the clinical setting� Codeine: its analgesic effects appear to depend on metabolites such as codeine-6-
glucuronide, norcodeine, and morphine. Codeine did not produce thermal antino-
ciception in cats. Its role in treatment of chronic pain remains unknown. Some
codeine formulations are combined with acetaminophen (paracetamol) which is
contraindicated in cats due to the risk of toxicity� Maropitant: a central inhibitor of emesis and a neurokinin (NK)-1 receptor antagonist
that blocks the effects of substance P, a major pain neurotransmitter. In sevoflurane-
anesthetized cats, administration of maropitant decreased the minimum alveolar
concentrations of sevoflurane during ovarian ligament stimulation. Similar findings
are reported in dogs. Although maropitant is effective in treating or preventing
vomiting, and has anesthetic-sparing effects to visceral stimulation, its analgesic
effects per se remain controversial� Bisphosphonates (e.g. pamidronate, zoledronate, tiludronate): these inhibit bone
resorption due to osteoclast activity and produce analgesia for bone-cancer pain.
Some studies reveal a good therapeutic profile in dogs with osteosarcoma, especially
when combined with NSAIDs. Tiludronate has shown some efficacy in experimental OA
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in dogs. Although there are no studies investigating the analgesic effects of bisphosph-
onates in cats, its administration is justifiable in terms of similar cancer biology across
mammalian species. In a retrospective pilot study involving catswith invasive bone cancer,
administrationofpamidronate (1–2mg/kg IVevery21 to28days)was feasible and safe; no
discomfort was observed during or after IV administration and no adverse effects were
observed, except in cats undergoing concomitant chemotherapy

Nonpharmacological Treatment

The benefits of nonpharmacological treatment should not be underestimated. Although
there is less scientific evidence on the efficacy of these techniques in veterinary patients,
their importance in treatment of chronic pain in humans has been increasingly
recognized. These techniques should be used in combination with pharmacological
treatment (integrative medicine) with the ultimate goal of improving QoL.

Physical Activity and Weight Control

Physical deconditioning results from a sedentary lifestyle leading, among other changes,
to a decrease in lean body mass. Physical deconditioning makes a major contribution to
chronic pain and is therefore an important therapeutic target. It may also be a
consequence of chronic pain and the whole process becomes a vicious cycle (Chapter
14). Sedentary lifestyle and obesity are now common in animals, and treatment should
include changing the attitude towards physical activity. Regular exercise is beneficial for
both physical and mental health of the patient and for treatment of chronic pain.

Environmental Enrichment

� A critical component in treatment of chronic pain as it increases activity and decreases
pain� Environmental enrichment is low cost and easy to implement. Owners should be encour-
aged to be creative and allow cats to choose their preferred environmental enrichment� Detaileddescriptionof all environmental needs of cats is published elsewhere (http://www.
catvets.com/guidelines/practice-guidelines/environmental-needs-guidelines,
accessed June 25, 2017). Owners should provide multiple environmental resources that
stimulate interest and physical activity such as scratching, playing, hunting, and chasing
(Figure 15.2)� Scratch posts (vertical, horizontal, diagonal) should be available in different parts of
the house. These must provide good stability, have a wide base, and allow the cat to
stretch fully. Owners must be educated that scratching behavior is part of the nature of
the cat, and scratch posts may increase the level of activity and at the same time
decrease destruction of household items� Toys (e.g. wrapping tapes, artificial prey, feathers) should be offered. These should
stimulate hunting behaviors such as stalking, chasing, pouncing, and biting. They
should be rotated around the house to maintain interest� Food can be hidden within different toys to encourage foraging and hunting behavior� Elevated surfaces, ramps, and stairs offer opportunities for playing and jumping
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Weight Control

� Obesity negatively affects musculoskeletal health due to increased loading forces on
joints, but also due to increased circulating proinflammatory cytokines (i.e. chronic
low-grade inflammation). The latter is a metabolic consequence of obesity since
adipose tissue is capable of secreting cytokines and proinflammatory proteins, and
plays a role in the development of DJD� Weight control can be achieved with restricted-calorie diets and increased physical
activity� Research in dogs shows that decreased food intake is associated with decreased
progression of OA. A weight control program in dogs with OA decreased lameness,
and improved objective variables measured using kinetic gait analysis. Similarly,
decreased kinetic measures have been observed with weight gain� Cats may be at increased risk of hepatic lipidosis if weight loss occurs too quickly.
Therefore, a nutritional dietary program should be set up and carefully monitored

Physical Therapy, Massage, Acupuncture, and Transcutaneous
Electrical Nerve Stimulation (TENS)

These modalities are said to increase blood flow to the areas of attention as well as
increasing the activity of descending inhibitory pain pathways.

Figure 15.2 Commercially available and homemade options for environmental enrichment. It can be
seen how they provide excellent opportunities for playing and exercising, resulting in increased physical
activity, weight control, and mental stimulation. Food is hidden within some toys to stimulate hunting
behavior. Scratch posts are important for scratching and stretching. Other toys or condos (jumping/
scratching playground) stimulate running or jumping.
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Physical Therapy and Massage

� Cats with chronic pain may have muscle wasting, joint stiffness, and body tension.
Physical therapy aims to prevent and treat these conditions in a controlled fashion.� Stretching and exercises to enhance joint range of motion (ROM) andmuscle strength
are performed� Several techniques are available, including passive ROM, treadmill activities, water
exercise (Figure 15.3) and stair exercise. These should be performed or supervised by
individuals with appropriate training in physical therapy and rehabilitation� Research in pediatric patients indicates that massage significantly reduces the degree
of stress, pain, and discomfort� Massage techniques as well as passive ROM exercises can be taught to owners andmay
be used to alleviate muscle pain. A rubber brush (also known as “zoom groom”) can be
used both for massage and as an aid with grooming in cats that are unable to do this

Acupuncture

� Acupuncture needles are inserted into anatomically predefined points (acupoints),
which may be also stimulated by digital pressure (acupressure) or electric current
(electro-acupuncture)� The mechanism of action is not fully understood, but may be related to the effects of
neuromodulation due to neuronal gating and release of endogenous opioids. Acu-
puncture can indeed be antagonized by naloxone� Acupuncture has been recognized by the US National Institutes of Health as a
modality for treatment of chronic pain. It inhibits nociceptive transmission and
inflammation, produces muscle relaxation, and decreases joint compression. It also
restores blood flow, improving oxygen and nutrient distribution to the affected site.
The efficacy of acupuncture has been demonstrated in human and canine patients
with chronic pain

Figure 15.3 An obese and geriatric female cat undergoing physical therapy (water treadmill) for
management of DJD. Exercise helps with weight loss and muscle strength, contributing to the
multimodal management of chronic pain.
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� Acupuncture treatment is minimally invasive and generally well tolerated by
most patients (Figure 15.4); some cats become relaxed andmay sleep during treatment� In chronic pain states, 3–5 sessions are required before clinical improvement can
be detected, and as seen with pharmacological treatment, not all cats will
respond. Acupuncture should be performed cautiously in cats with neuropathic
pain since needle insertion can induce pain if allodynia and central sensitization
are present� Acupuncture can be recommended in a range of maladaptive conditions such as DJD-
related pain, intervertebral disc disease and secondary muscle stiffness, radiation-
induced neuropathic pain, bone-cancer pain and visceral pain secondary to intestinal
bowel disease� Treatment should be performed by certified, trained acupuncturists

Transcutaneous Electrical Nerve Stimulation

� Electrodes (patches) are placed over the shaved skin of a painful area and electrical
impulses are used to stimulate the area, resulting in analgesia, increased blood flow,
and decreased muscle stiffness� Protocols include sensory-level TENS (high frequency, low intensity) and motor-level
TENS (low frequency, high intensity). A combination of both protocols (i.e. mixed
frequency) is usually applied to prevent adaptation and accommodation to a set
protocol� The mechanism of action of TENS is not fully understood, but conditioned pain
modulation (i.e. the CNS modulates or “filters” its response to incoming electrical
activity) may be involved. In this case, stimulation of cutaneous structures may reduce
transmission of nociceptive input from the spinal cord to the brain based on the “gate
control theory”

Figure 15.4 A cat undergoing electro-acupuncture therapy session for management of chronic pain.
Needles are inserted in acupoints and connected to an electric current. The cat is relaxed (body position
and facial expression) and accepts the treatment willingly.
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� May be used in cats with maladaptive pain such as chronic musculoskeletal pain and
neuropathic pain� Contraindicated in patients with a pacemaker and over open wounds or healing skin

Monitoring for Treatment Efficacy

Monitoring is based on routine assessment of owner-observed behavior and lifestyle
changes. Treatment of chronic pain should restore, at least in part, the natural behavior
of the cat; for example improving activity, sociability, and wellbeing. Analgesic drug-
induced adverse effects should also be monitored and evaluated; they form the basis of
decisions whether the treatment protocol should be maintained or altered.

Degenerative Joint Disease (DJD)

Treatment of DJD-related pain should employ a multimodal approach and is dependent
on the severity of the disease and feasibility of the treatment (Figure 15.5).

Figure 15.5 Multimodal approach for the management of DJD in cats based on the severity of clinical
signs. Treatment options areaddedaccording to theprogressionof thedisease. Ideally, catswithmildDJD
should be managed without the administration of analgesics. As the disease progresses, NSAIDs are
added to the treatment. Finally, in cats with severe DJD, adjuvant analgesics are added to the protocol.
Several options (pharmacologic and nonpharmacologic) can be used in a “trial-and-error” manner.
Notes: DMOAAs = disease-modifying osteoarthritic agents; TENS = transcutaneous electrical nerve
stimulation.
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Analgesics

Degenerative joint disease produces pain secondary to joint inflammation, amplified
nociceptive input and central sensitization. Clinically, cats with DJD are less active and
have poor QoL.

� Long-term therapy with NSAIDs increases activity and mobility without adverse
effects (see above; Table 15.1)� Some cats with DJD may have central sensitization and allodynia. Pain becomes
refractory to treatment with NSAIDs and nonpharmaceutical therapies. Drugs such as
gabapentin, amantadine, tramadol or amitriptyline may be considered. With the
exception of tramadol and gabapentin, most adjuvant analgesics have not been
systemically investigated in cats with DJD-related pain. Nevertheless, they have
been widely used with apparent good therapeutic and safety profiles

Physical Activity and Weight Control

The role of increased activity and weight control in the treatment of DJD-related pain
cannot be overemphasized. Increased mobility is beneficial for bone and joint health,
muscle tone, and consequent joint stability. In humans, an intensive lifestyle intervention
characterized by weight loss and exercise may prevent development of joint pain in
patients at risk.

Nutraceuticals

Nutraceuticals are products derived from food sources that are purported to provide
extra health benefits other than nutrition. They are administered orally and are
increasingly being used in animals.

� Cats with DJD that were fed a supplemented joint diet were more active than cats fed a
standard diet. The supplemented diet was high in fish oil-derived eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), and was supplemented with green-
lipped mussel extract and glucosamine with chondroitin sulfate� Recent reviews on the use of nutraceuticals in dogs and humans recommend their use
in management of DJD-related pain despite the lack of high-quality studies� Cats with mild DJD may benefit from these diets in combination with weight control
and environmental enrichment. Cats with moderate to severe DJD may also require
treatment with analgesics

Chondroprotective Agents

Chondroprotective agents, or disease-modifying osteoarthritic agents, are precursors of
cartilage matrix. They favor matrix synthesis and repair articular cartilage. They are
generally considered most effective in the earlier stages of OA.

� Glucosamine and chondroitin sulfate: these are popular chondroprotective agents.
However, there is limited information on their efficacy in both humans and animals.
Administration of oral chondroprotective agents for 30 days was safe in cats based on
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clinical pathology. In cats with DJD-related pain, treatment with glucosamine and
chondroitin sulfate was not superior to meloxicam. Although, there are no known
contraindications to their administration, chondroprotective agents can become
expensive for long-term administration, and this must be taken into consideration
in the treatment protocol since their efficacy is questionable� Polysulfated glycosaminoglycan (PSGAG): inhibits certain catabolic enzymes that are
overexpressed in DJD-joints due to chronic inflammation. Known by the commercial
name of Adequan®, this drug is FDA approved for use in dogs and horses with strong
evidence of efficacy. Little is known about its use in cats, but general recommendations
include SC administration (1–5mg/kg every 4 days for 6 doses)� Pentosan polysulfate: a semisynthetic glycosaminoglycan that inhibits and modu-
lates proinflammatory mediators. Known by the commercial name of Cartrophen
Vet®, and available in many countries, this drug is labeled for management of DJD
in dogs with unclear evidence of efficacy. A few reports describe its use in cats with
interstitial cystitis, with no clinical success. In cats with DJD, its use is anecdotal
(3 mg/kg SC every 5–7 for 4 doses), and its analgesic effects remain to be
investigated

In summary, there is no “one-size-fits-all” treatment for every maladaptive condition.
Treatment should be tailored to each individual and may be changed and adapted
according to acceptance by the patient, response to therapy, development of adverse
effects, and patient-owner compliance. There is little scientific evidence for most of the
treatment options presented in this chapter. A treatment plan will be decided in
conjunction with the owner, considering all available pharmacological and nonphar-
macological options, as well as financial and time constraints. The treatment of any
maladaptive painful condition will be constantly changed and adapted to the patient (i.e.
personalized medicine).
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c
cancer pain 57, 183, 192–194, 252, 264,

270, 275
capnogram 112
capnography 105
capnometer 112
capnometry 112
carbon dioxide 105
cardiac disease 124
cardiac index 90
cardiac output 21, 89
cardiopulmonary resuscitation

159
cat-friendly practice 1
central nervous system 241
central sensitization 195, 200, 221,

248, 267
central venous pressure 131
cerebral blood flow 27, 149, 174
cerebral perfusion pressure 27, 149,

170, 180
cerebrospinal fluid 25
cesarean section 156, 163
check-list 10
chemoreceptors 18
trigger zone 33

chondroitin sulfate 277
chondroprotective agents 277
chronic kidney disease (CKD) 136, 143,

244, 264

codeine 271
cold therapy 227
colloids 123
complete blood count 11
confidential enquiry into perioperative

small animal fatalities
(CEPSAF) 13, 159

co-oximeter 118
critically ill patients 50, 96, 136, 140
crystalloids 125
cushing reflex 27
cyanosis 22
cyclooxygenase (COX) 231
cytokines 194

d
degenerative joint disease (DJD) 186, 241,

257
dehydration 120, 125
desflurane 89
dexmedetomidine 53, 89
dextrose 125
diabetes-induced neuropathy 244
diabetes mellitus 155, 160
diabetic ketoacidosis (DKA) 155
diabetic neuropathy 155, 195
diaphragmatic hernia 152
diaphragmatic rupture. see diaphragmatic

hernia
diazepam 40, 52
dissociative anesthetics 55
dopamine 27, 136
Doppler ultrasound 106
dorsal pedal artery 18
dynamic obstruction of the left ventricular

outflow tract (DOLVOT) 147
dysphoria 213, 230
dysrhythmia 23, 41, 72, 76, 90, 92, 98, 110,

111, 119, 131, 140, 146, 148, 160,
170, 171, 176, 225

e
echocardiography 38
edema 124
electrical nerve locators 67, 77
electrocardiogram 19
electrocardiograph 111
electrolyte abnormalities 21, 144, 153, 154
electrolytes 125
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emergency therapy 62, 178
endothelin-1 194
endotracheal intubation. see intubation
endotracheal tube 8, 49
end-tidal 115
environmental enrichment 257
epidural 70, 92
lumbosacral 82, 143
sacrococcygeal 82, 143

epinephrine 21
equipment 105
esophageal stethoscope 111
etomidate 59
euphoria 212, 230
eutectic mixture of lidocaine and

prilocaine 73
euthanasia 258
excitement 35, 40, 43, 44, 176, 230
eye position 106

f
facial expression 203, 210, 214, 215,

246, 275
fasting 11
fearful cat 3–5, 208, 209, 213
feline ulcerative dermatosis 196
femoral nerve block 70
fentanyl 60, 93, 229
FLK (fentanyl-lidocaine-ketamine), 96
fluid administration 144
fluid overload 123, 159
fluid pump 132
fluid rate 120
fluid resuscitation 124
fluid therapy 120, 123
fluoxetine 269
Frank-Starling curve 133
free-roaming cats 64
functional pain 242

g
GABA, 51, 92, 184
gabapentin 45, 92, 98, 99, 225, 226, 237,

259, 260, 263, 268–269
gallop rhythm 18
gas analyzer 119
gas flows 100
gas spaces 97
gastroesophageal reflux 33, 43, 52, 55, 59, 163

gastroesophageal sphincter pressure 52,
54, 56, 59

gastrointestinal emergencies 153, 154
general anesthesia 49, 93, 129, 133, 136
gingivostomatitis 264
Glasgow Composite Measures Pain Scale-

Feline (CMPS-F or rCMPS-F)
203

glial cells 188
glomerular filtration rate (GFR) 28, 140,

144, 266
glucosamine sulfate 277, 278
glycocalyx 124
grapiprant 271

h
halothane 89
handling equipment 3
handling techniques 2
head trauma 43, 53, 55, 57, 58, 60, 61,

131, 132, 149, 150
heart failure 147, 169
hematoma 76
hemoglobin 22
hemoglobin-based oxygen carrying

solutions (HBOCS) 125
hepatic lipidosis. see idiopatic hepatic

lipidosis
hepatic portal system 30
human-animal bond 257, 262
hydroxyethyl starches 125
hyperalgesia 242
primary 184, 200, 236
secondary 200

hypercapnia 148, 161
hyperesthesia syndrome 244
hyperkalemia 131, 140, 168
hypertension 21, 22, 27, 41, 89, 92, 93,

110, 144–146, 148, 149, 155, 160,
170, 233, 268

hyperthermia 119
hyperthyroidism 145, 160
hypertonic fluids 125
hypertrophic cardiomyopathy 42, 53, 93,

124, 145, 170
hyperventilation 22, 113
hypervolemia 124
hypotension 36, 50, 89, 105, 135,

143, 160
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hypothermia 36, 62, 100, 116, 159
hypotonic fluids 125
hypoventilation 22, 105
hypovolemia 28, 29, 38, 53, 57, 60, 82,

120, 129, 134–136, 140, 144, 153,
154, 169, 170, 177, 233, 265

hypoxemia 22, 28, 35, 50, 52, 62, 105, 118,
119, 150, 152, 165–169, 174, 175

hypoxia 22, 117

i
idiopathic hepatic lipidosis 154, 155
incisional anesthesia 84
inferior alveolar block 79
inflammation 183, 222
inflammatory pain 242, 264
infraorbital nerve block 78
infusion 52, 61, 93, 94, 130, 131, 134,

141, 234
inhalant anesthetics 89
injectable-only protocols 49, 62
Intercostal nerve block 152
intermittent positive pressure 102
intermittent positive pressure ventilation

(IPPV) 150
International Association for the Study of

Pain (IASP) 199, 226
International Society of Feline Medicine 3,

143, 264
interpleural anesthesia 152
interstitial cystitis 242, 257
intracranial pressure 27, 41, 43, 45, 52–56,

58, 59, 125, 149, 150
intraoperative fluids 123
intraperitoneal anesthesia/analgesia 84,

232
intratesticular anesthesia 84, 234
intravenous catheterization 6
intubation 7, 49, 141, 151, 160
isoflurane 89
isotonic fluids 125

j
jaw tone 106
joint pain 248

k
ketamine 50, 89, 214, 223
kittens 62

l
laryngospasm 22
left ventricular hypertrophy 124
levobupivacaine 71
lidocaine 69, 89
patch 73

lipid emulsion 76
lipid solubility 68
loading dose 94, 124
local anesthetics 67, 97, 261
loco-regional techniques 67
lumbosacral epidural 82, 143

m
Minimum alveolar concentration (MAC) 90
mandibular nerve block. see inferior

alveolar block
maropitant 151, 271
massage 274
maxillary nerve block 76
mechanical threshold 200
mechanical ventilation 92
medetomidine 53
medicating cats 262
meloxicam 263
mental nerve block 79
mepivacaine 71
metabolism 17
metacarpal/metatarsal nerve block 82
microglia 188
midazolam 40, 52
minute ventilation 107
misconceptions 222
monitoring 105
morbidity 1, 159
and mortality 1, 123, 139, 159

morphine 93
mouth-gags 78
muscle relaxation 98
MYK-461 148

n
neoplasia 244
nerve growth factor (NGF) 194, 270
neuroanesthesia 148
neuroleptanalgesia 36
neuropathic pain 186, 203, 237, 242, 268
neuroplasticity 243
neurotoxicity 74
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nitrous oxide 89
N-methyl D-aspartate (NMDA)

receptors 187, 224
nociception 26, 57, 72, 183, 186, 188, 189,

191, 196, 241, 242
non-rebreathing circuit 102
non-steroidal anti-inflammatory drugs

(NSAIDs) 57, 142, 222, 263
norepinephrine 27
nutraceuticals 277

o
obesity 272
ophthalmic disease 156
opioid 35, 55, 89, 261
receptors 222

oral and maxillofacial disorders 156
oral pain 254
orofacial pain syndrome 244
orthopedic examination 247
oscillometric blood pressure 121
osmolality 135
osteoarthritis 244, 277
oxygen delivery 130

p
packed red cells 132
pain 174, 183, 184, 194, 199, 203, 204,

221, 223–237, 241, 246, 255,
262, 264

acute pain 199, 221
assessment of 199, 221
assessment tools 199, 221
chronic 221
maladaptive pain 242, 271
management
challenges in 221
principles of 221

physiological indicators 199, 221
scores 199, 221
treatment of 199, 221
non-pharmacological therapies 221
pharmacological therapies 221

palpebral reflex 106
pentosan polysulfate 278
peribulbar nerve block 80
perioperative risk factors 13
persistent postsurgical pain 241
pharmacokinetics 70

physical activity 270
physical deconditioning 272
physical examination 1
physical therapy 274
piprants 271
piroxicam 263
polysulfated glycosaminoglycan 278
population control 62
positive reinforcement techniques 2
post-anesthetic blindness 175
post-anesthetic renal failure 177
posture 203
pre-anesthetic evaluation 1, 10–12, 36, 46,

50, 63
pregabalin 271
pregnancy or pregnant 214
premedication 35, 52
prilocaine 71
primary afferent neurons 188
procaine 71
project neurons 188
prolonged recovery. see anesthetic recovery
propofol 28, 38, 51, 52
protein binding 68
pruritus (itch)
neurogenic 196
pruriceptive 196
psychogenic 196

pulse oximetry 105

q
quality of life 241

r
reassessment campaign on veterinary

resuscitation (RECOVER) 177
recovery. see anesthetic recovery
rehabilitation 274
remifentanil 93
renal blood flow (RBF) 28, 30, 140, 144,

231, 265
respiratory
depression 24, 36, 41, 44,

52–54, 56, 58, 59, 61, 91, 94, 118,
142, 151, 156, 167, 168, 176, 224

distress 146, 167
insufficiency 161

retrobulbar nerve block 76, 80
robenacoxib 263
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ropivacaine 68
routes of administration 6, 36, 40, 46, 50,

94, 95, 227

s
sacrococcygeal epidural 82, 83, 143
saturation 106
scavenging 97
sciatic nerve block 73
sedation 35, 61, 98, 141, 214
seizures 25, 37, 40, 75, 76, 80, 151, 268
selegiline 269
serotonin toxicity 267–268
sevoflurane 89
simple descriptive scale (SDS) 202
sodium chloride 125
somatosensory system 242
spay-neuter programs 45, 51, 57, 62, 63,

65, 139, 234, 235
sphygmomanometer 108
spinal cord 25
spinal interneurons 188
Starling’s forces 28, 29
stem cell therapy 270
stress 1, 35
stroke volume 21
supraglottic airway device 9, 53, 89, 162

t
tapentadol 237, 271
tetracaine 71
thiopental 58
thymol 90
thyroid storm 146
tidal volume 107
tiletamine 55
toll-like receptors (TLR4) 184
total intravenous anesthesia (TIVA) 49, 61
toxicity 67
tramadol 227, 261
transcutaneous electrical nerve stimulation

(TENS) 273

transdermal 92
transfusion reactions 130
trauma 159, 203
traumatic brain injury (TBI) 149, 151
trazodone 45

u
UNESP-Botucatu Multidimensional

Composite Pain Scale
(UNESP-Botucatu MCPS) 203

uremia 33, 140, 144
ureteral obstruction 131, 139
urethral obstruction 28, 38, 82, 137, 139,

143, 144
urinalysis 11
urinary tract obstruction or disease 10, 21,

57, 59, 140
urine production 120, 133
uroabdomen 139, 140, 153

v
vanilloid receptors (TPRV receptors) 190
vapor pressure 90
ventilation 105
ventilatory response 52, 56, 59, 105
visual analog scales (VAS) 202
volatile anesthetics 89

w
weight control 272
wind-up 184, 195
withdrawal reflex 106
World Small Animal Veterinary Association

(WSAVA) Global Pain
Council 221

wound “soaker” catheters 84

x
xylazine 40, 65

z
zolazepam 40, 56
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