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Canine Separation Anxiety: A common behavior problem and welfare concern
Barbara L. Sherman, MS, PhD, DVM, DACVB, DACAW
College of Veterinary Medicine, North Carolina State University
Learning Objectives: At the conclusion of this lecture, attendees will be able to:
1. Recognize the clinical signs of canine separation anxiety
2. Design a multifocal treatment plan for management of canine separation anxiety.
Introduction:
Canine separation anxiety is a common behavioral disorder, with signs reported in up to 17% of dogs that
obtain regular veterinary care. Separation anxiety is thought to be an extreme consequence of the social
nature of dogs and their normal attachment to specific individuals. Lack of early socialized may
predispose animals to separation anxiety as dogs from shelters are over-represented. Signs of canine
separation anxiety occur when an affected dog is left alone or separated from its “significant person.”
Separation anxiety is expressed by distress vocalization, pacing and orienting toward the door of owner
egress, destructiveness, housesoiling (in an otherwise well housetrained dog), hypersalivating, and other
signs. Dogs may exhibit one or more of these signs, and may live with other dogs who are not affected.
The dog’s behavior when left alone is usually in marked contrast to its behavior in the presence of the
owner, when it may never exhibit these misbehaviors. The owner may be unaware that the dog’s
behavior is due to an anxiety disorder, and may attribute the behavior to spite. Diagnosis is made on the
basis of the behavioral history and the exclusion of differential diagnoses, which may be medical or
behavioral. To make a definitive diagnosis, the behavioral signs must be restricted to times when the dog
is left alone or separated from its “person.” A web cam may confirm the diagnosis, especially in a multidog household, and may be useful in assessing the effectiveness of treatment. A video recording of the
dog is useful in helping the client appreciate the severe distress that the affected dog is experiencing.
--Clinical signs: Destructiveness
Destructiveness is a common presenting sign that may be very costly to repair. Often the dog’s
destructiveness is focused around the door that the owner has exited, but may include other sites of
egress, including windows and other doors. The moulding around doors or windows may be chewed and
clawed, and the door itself may be extensively damaged. Digging may occur at the base of doors, so that
carpeting, or other floor covering, is damaged. Articles of clothing, including shoes worn by the owner
may be moved to a new location and chewed. Furniture may be chewed and trash cans overturned. The
owner may return home to find the appearance of chaos and destruction inside the house where the dog
has been left. Dogs left outside may direct their destructiveness toward the outside of doors and windows
as they attempt to get inside the house, which is the route of departure of the owner. Dogs left in crates
when the owner leaves may exhibit destructiveness by tearing up bedding or newspapers left in the crate
or chewing on the bars of the crate or attempting to dig out of the crate, causing self trauma.
Differential diagnoses include general destructiveness, thunderstorm phobia, and territorial behavior.
General destructiveness is especially common in young dogs, who may be particularly destructive when
unsupervised by the owner. Dogs fearful of noises such a thunderstorms may exhibit destructive behavior
when frightened and the owner is gone. Territorial behavior may be manifest as chewing around the front
door and adjacent windows, in an attempt to deter postal workers or delivery persons.
--Clinical signs: Housesoiling
Fecal or urinary elimination in the house is a common presenting sign of canine separation anxiety,
related to autonomic arousal. If the dog is crated, the dog may have soiled itself with elimination products.
Differential diagnoses include inadequate housetraining, male urine marking, noise phobia,
gastrointestinal or urinary tract disorders, or seizures. The behavioral history should be investigated to
verify that the dog never eliminates in the house unless the owner is absent.
--Clinical signs: Vocalization
Dogs may vocalize within 10 minutes of the owners’ departure and may continue intermittently or
unabated, resulting in complaints from neighbors. The vocalizations include plaintive “distress” whining,
howling, or barking.
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--Clinical signs: Hypersalivation
Profuse hypersalivation may occur as a clinical sign of separation anxiety. In these cases, the owner may
return to find the dog’s face, chest, and forelimbs soaked with saliva. Dogs left in crates may be standing
in a puddle of saliva at the end of the day. The owner often reports excessive water consumption when
he or she returns, as the dogs compensates for transient dehydration. When hypersalivation occurs only
in the owner’s absence, it may be considered pathognomonic for canine separation anxiety.
--Clinical signs: Other behaviors
Dogs with separation anxiety may show altered patterns of motor activity for several hours after the
owners’ departure, in contrast to normal dogs, including ritualized pacing or circling. Some dogs may
exhibit decreased motor activity, often described by the owners from cam recordings as “depressed” or
“catatonic”. Such dogs may seek a special location, such as a closet or under a bed, and remain
immobile until the owner’s return. Some dogs tremble when left alone; others lick the floor or object
continuously or may self traumatize themselves.
In many cases, dogs with separation anxiety have highly affiliative relationships with their owners. The
following traits are frequently observed: The dog remains close to the owner, following him or her about
the house, the dog becomes distressed with increasing distance of the owner, such as when retrieving
the mail from the mailbox or taking out the trash. The dog may show signs of agitation or depression as
the owner prepares to leave. The dog may be anorexic when the owner is absent and may eat only in the
presence of the owner
Environmental and Behavioral Treatment:
--Treatment consists of environmental control, behavior modification, and pharmacotherapy. Best longterm treatment success is obtained when all of these modalities are used.
--Do not punish the dog retrospectively. Punishment will increase the dog’s anxiety and will worsen
separation anxiety.
--If possible, do not leave the dog alone until medical therapy has been initiated. It may be possible that
the dog can be taken with the owner, boarded for the day, or left with a neighbor.
--About 30 minutes before departure, make any household changes, such as turning off lights, turning on
the radio, at least 30 minutes prior to departure to avoid these becoming signals. On departure, be low
key.
--Leave the dog in a safe place when it cannot harm itself, with a special food filled toy, such as a rubber
“Kong” filled with favored food items, such as cheese, crackers, p-nut butter, etc. When the owner returns,
--Practice independence training when the owner is at home, rewarding the dog for lying on a comfortable
dog bed on the floor while the owner sits in a chair, without physical contact. With success, over weeks,
the dog should be taught to lie down while the owner goes to another room for gradually longer periods of
time, then returns to reward the dog. These exercises should not be linked to departures.
Behavioral Medication
--Appropriate antianxiety medication is critical to successful treatment. A daily “baseline” drug (Table 1),
such as fluoxetine or clomipramine should he started immediately at a starting dose, then increased
within a week.In addition, a situational agent (Table 1) should be given 1-2 hours prior to departure,
regardless of the length of departure.
--Recent studies suggest that the GIT plays a role in anxiety. The addition of a “calming probiotic
supplement” (Calming Care, Purina) shows efficacy in treatment of canine anxiety and may be helpful in
cases of separation anxiety. It may be given with any medication.
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Table 1; Drugs commonly used to treat separation anxiety
Baseline,
Generic Name of Drug
Proprietary Name
Given Daily
Fluoxetine
Reconcile, Prozac
Clomipramine
Clomicalm
Sertraline
Zoloft
Bifidobacterium BL999**
Calming Care
Trazodone
Desyrel
BZ Alprazolam
Xanax
BZ Lorazepam
Ativan
BZ Clonazepam
Klonopin
Clonidine
Vasopres
Dexmedetomidine gel
Sileo
** GIT supplement, not a drug.

x
x
x
x

Situational,
Given Prior to
Departure

x
x
x
x
x
x

Other Resources: (access via https://scholar.google.com/)
--Flannigan G, Dodman NH. Risk factors and behaviors associated with separation anxiety in dogs. J Am
Vet Med Assoc 2001;219(4):460-466.
--Gaultier E, Bonnafous L, Bougrat L, et al. Comparison of the efficacy of a synthetic dog-appeasing
pheromone with clomipramine for the treatment of separation-related disorders in dogs. Vet Rec
2005;156:533-538
--Gruen ME, Sherman BL. Use of trazodone as adjunctive agent in the treatment of canine anxiety
disorders: 56 cases (1995-1997). J Am Vet Med Assoc 2008;233(12):1902-1907.
--Hewson CJ. Clomipramine and behavioural therapy in the treatment of separation-related problems in
dogs. Vet Rec. 2000;146:111-112.--King JN, Simpson BS, Overall KL et al. Treatment of separation
anxiety in dogs with clomipramine: results from a prospective, randomized, double-blind, placebocontrolled, parallel-group, multicenter clinical trial. Appl Anim Behav Sci 2000;67:255-275.
--Korpivaara M, Laapas K, Huhtinen M, Schoning B, Overall K. Dexmedetomidine oromucosal gel for
noise-associated acute anxiety and fear in dogs—a randomised, double-blind, placebo-controlled clinical
study. Vet Record. 2017:180.
--Landsberg GM, Melese P, Sherman BL et al. Effectiveness of fluoxetine chewable tablets in the
treatment of canine separation anxiety. Journal of Veterinary Behavior: Clinical Applications and
Research 2008:3(1):12-19.
--Lund JD, Jorgensen MC. Behaviour patterns and time course of activity in dogs with separation
problems. Appl Anim Behav Sci 1999;63:219-236.
--McGowan RTS. Impact of diet on anxious behavior in dogs. Proceedings of the Companion Animal
Nutrition Summit, Florida, 2016.
--Merck Veterinary Manual Behavior Drug Formulary:
http://www.merckvetmanual.com/behavior/behavioral-medicine-introduction/principles-of-pharmacologicand-natural-treatment-for-behavioral-problems
--Ogata N. Separation Anxiety in dogs: What progress has been made in our understanding of the most
common behavioral problems in dogs in dogs? Journal of Veterinary Behavior: Clinical Applications and
Research 2016:16:28-35.
--Palestrini C, Minero M, Cannas S, Rossi E, Friank D. Video analysis of dogs with separation-related
Behaviors. Appl Anim Behav Sci 2010;124:61-67.
--Sherman BL, Mills DS. Canine anxieties and phobias: an update on separation anxiety and noise
aversions. Veterinary Clinics of North America: Small Animal Practice 2008;38(5):1081-1106.
--Sherman BL. Separation Anxiety in Dogs. The Compendium on Continuing Education for the Practicing
Veterinarian 2008;30(1):27-42.
--Simpson B, Landsberg GM, Reisner IR, et al. Effects of Reconcile (Fluoxetine) chewable tablets plus
behavior management for canine separation anxiety, Veterinary Therapeutics 2007;8(1):18-31.
--Storengen LM, Boge SCK, Strom SJ, et al. A descriptive study of 215 dogs diagnosed with separation
anxiety. Appl Anim Behav Sci 2014;159:82-89.
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Oh, no a behavior problem! What do I do now?
Barbara L. Sherman, PhD, DVM, DACVB, DACAW
North Carolina State University College of Veterinary Medicine
Learning Objectives: At the conclusion of this lesson, attendees will be able to:
--Explain steps in approaching behavior problems in general SA practice
--Outline the components of a SA practice model that incorporates prevention and treatment of common
behavior problems
--Consult with veterinary behavior specialists to solve common behavior problems
Introduction
Behavior problems are the most common cause of death of pets in the United States. This is because a
pet with an unresolved behavior problem is likely to be relinquished to an animal shelter where it may be
euthanized. In one study, behavior problems were cited as the cause for relinquishment in 47% of dogs
and 32% of cats (Salmon et al, 1998). According to the National Council on Pet Population Study and
Policy, approximately 56% of dogs entering member shelters were euthanized. By this unfortunate
process, it is estimated that approximately 6 million dogs and cats are euthanized each year, many on the
basis of their misbehavior. Preventing and resolving behavior problems before they become lifethreatening is a way for small animal practices to help animals’ live long healthy lives.
Studies show that 45-90% of owners report behavior problems with their pets Although in an American
Animal Hospital Association (AAHA) study, 78% of pet owners consider their veterinarian to be the first
person to contact when seeking help for behavior problem, many veterinarians feel unprepared. Some
may even deliberately avoid asking routine questions about a pet’s behavior to circumvent such a
discussion. One reason is that veterinarians are often untrained in the field of behavior and lack the
expertise to treat problems in this area. Another reason is that, in the past, there have been few
standardized treatments for common behavior problems, making the practice time consuming and the fee
structure challenging. Further, some veterinarians have felt that treating behavior problems is outside
their domain as practitioners. These findings have been ameliorated by the increased availability of
research, continuing education, veterinary information web sites (such as VIN), and books on clinical
behavior written by board-certified veterinary behaviorists.
Clinical approach
The standard protocol for addressing behavior problems is to first rule out medical etiologies. This is
accomplished with a behavioral and medical history, physical examination, neurological examination, and
appropriate laboratory tests and procedures. The next goal is to conduct a behavioral evaluation in order
to establish a behavioral diagnosis (see Table 1). Finally, a treatment program is initiated. Treatment
modalities include environmental management, behavior modification techniques, and pharmacotherapy.
In some cases, surgical procedures such as castration can be part of the management plan.
Case Scenario:
On a busy clinic day, you conclude a routine uneventful annual appointment with a healthy 5 yo terrier
mix named “Jack.” As the client, Ms. Jones, turns toward the door, she asks: “Doctor, I am concerned that
Jack has recently started to bark at children who come to play after school with my 8 year old daughter,
Heather. What should I do?” Your first thought: “Oh no! A behavior problem! What do I do now?
Your approach:
--Medical evaluation: “Ms. Jones, I’m so glad you mentioned this problem so we can address it. Although
Jack looks good today, I’d like to be certain there are no underlying problems that might explain his
behavior. Can you leave him with us until later this afternoon so we might run some diagnostic blood
tests?” Plan: Drop off CBC, Chem, UA to more fully evaluate the dog’s health.
--Immediate safety. “Ms. Jones, until we review the situation, please keep Jack on a leash when children
visit and tell the kits that Jack is in training and can’t be petted and cannot play with them. Give Jack
treats for sitting and staying next to you on leash.
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--Plan: “Our technician, Sue, will give you a handout on this approach, and a behavior history form (or
she can e-mail it to you) and she’ll help you set up a behavior consultation (extended appointment).” Be
sure Sue will follow up and get history form in advance so you can review and develop a plan.
History form:
Download a canine and feline history form (www.ncsubehavior.com) and customize them for your practice
and use.
--Prepare your hospital for behavior cases:
--Take the Fear Free course (https://fearfreepets.com/) or the Low Stress Handling Course
(https://lowstresshandling.com/).
--Identify the RVT in your practice most interested in behavior (maybe all technicians!) and enroll her/him
in the Society of Veterinary Behavior Technicians (http://svbt.org/).
--Identify trainers in your area who are members of at least one of the following organizations and ask
her/him to come in and meet with you to work with you on behavior cases.
--Pet Professional Guild https://www.petprofessionalguild.com/
--CCPDT: http://www.ccpdt.org/certification/dog-trainer-certification/
--Karen Pryor Academy Trainer: https://karenpryoracademy.com/ctp/choose-kpa-ctp/
DO NOT simply refer difficult cases to a trainer.
-- Purchase resources on Behavior for your library:
BOOK 1: Landsberg G, Horwitz D. Behavior advice for clients—practical advice on the prevention,
management, and treatment of behavior problems, Lifelearn, 2012. This book has a CD with MANY
useful handouts that you can customize with your practice letterhead.
BOOK 2: Horwitz D. Blackwell's Five-Minute Veterinary Consult Clinical Companion: Canine and Feline
Behavior, Wiley Blackwell, 2017. Veterinary diagnosis and treatment of many behavior problems.
BOOK 3: Horwitz D, Ciribassi J, Dale, S (editors). Decoding Your dog. Mariner books, 2015. Written by
the diplomats of the ACVB. Become familiar with this book and recommend it to clients. You might wish to
sell it in your practice!
--Find an ACVB board-certified veterinary behaviorist who will consult with you (for a fee). Find the closest
person to you: https://www.dacvb.org/ or call NC State Behavioral Medicine Service
(www.ncsubehavior.com).
--When Ms. Jones and Jack some in for their extended appointment: Be prepared by reading the history
form and determining what handouts will be helpful. We will discuss how to address this case during the
lecture.
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Overview of common behavioral drugs: A guide to usage, class, contraindications, and side effects
Barbara L. Sherman, MS, PhD, DVM, DACVB, DACAW
North Carolina State University College of Veterinary Medicine
Learning Objectives: At the end of this lesson, participants will be able to:
--Identify major indications for the use of behavioral drugs
--Recognize 3 classes of behavioral drugs and their usages
--Recognize common contraindications for behavioral drugs
--Recognize common side effects of behavioral drugs and how to manage them
Introduction:
In veterinary medicine, behavioral drugs are used to manage the behavior of conscious animals to reduce
fear and anxiety, to manage pathologic states, and to improve welfare. Their use is now an important
aspect of clinical veterinary medicine, particularly for pets, companion animals in confinement, such as
shelter animals, and zoo animals. Not discussed here are the behavioral effects of drugs, such as
analgesics, antihistamines, or anticonvulsants, primarily used in conscious animals for medical
indications. Discussed here are behavioral drugs that are particularly useful to reduce fear and anxiety
without excessive sedation, and for which clinical data have been published. This introductory discussion
will focus on 3 drug classes (SSRIs, SNRIs, α2-adrenergic agonists) and a representative drug within
each classes. For reference, 6 drug classes are shown in Table 1. The greatest efficacy of behavioral
drugs is achieved when used in combination with environmental improvements and positive behavior
modification.
Usage:
Behavior modifying drugs have important application to the treatment of behavior problems encountered
by the veterinary practitioner. A number of studies confirm that behavioral drugs can increase the number
of animals that response to behavioral therapy and can increase the latency to response. Behavioral
drugs are most effective when used in combination with a positive behavior modification program. In
clinical trials, use of behavior modifying drugs in combination with behavior modification instructions
achieved greater success than behavior modifying drugs alone. Behavior modification instructions may be
given to clients in the form of a standard handout or customized program. Refer to the list of useful
veterinary behavior reference books at the end of these notes for examples of behavior modification
handouts and instructions.
Behavioral drugs may have general or specific effects. General effects include a decrease in affective
behaviors such as arousal, reactivity, or impulsiveness that can drive unacceptable behavior. Such
nonspecific effects can sufficiently alter the problematic interactions between the pet and owner to allow
behavior modification programs to be more effective. Behavioral drugs may also be used to treat specific
diagnoses. For example, anxiolytic drugs are used to treat anxieties and fears, such as separation
anxiety, and noise aversion, including fear of thunderstorms or fireworks. Other drugs may also be used
to improve the functionality of pets suffering from organic states that affect behavior, such as compulsive
behaviors or cognitive dysfunction.
Drug Classes:
Commonly used drug classes of behavioral drugs are shown in Table 1. Emphasized during the lecture,
with examples, will be selective serotonin reuptake inhibitors (SSRIs), Serotonin norepinephrine reuptake
inhibitors (SNRIs), and alpha-2 agonists. Further details will be provided in behavior lectures that follow
this introduction.
Contraindications:
In general, behavioral drugs are well tolerated when used in combination with other routine medications,
such as heartworm and flea prophylaxis, antibiotics and anesthetics. In all cases, the health of the animal
should be assessed before prescribed behavioral drugs. Most behavioral drugs are metabolized through
the liver and excreted by the kidneys, so optimal function of these organs are critical. Some drugs, such
as alpha-2 agonists, have cardiovascular effects, which are generally well tolerated in cardiovascularlyhealthy animals. Often, behavioral drugs, such as fluoxetine and trazodone will be combined for optimal
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effectiveness. However, combining some behavioral drugs may be contraindicated, primarily due to the
risk of “serotonin syndrome.” This risk will be discussed in the lecture. To minimize side effects, often
drugs are started at relatively low doses initially, then increased as drug tolerance is achieved.
Side Effects:
Muted affect and mild ataxia may occur with behavioral drugs. Sleepiness and decreased appetite with
initial doses is a common transient side effect. These usually usually resolve within 7-10 days. Side
effects may be avoided by starting at a low dose for 1 week, then increasing.
Medication Management:
Successful treatment of behavioral problems requires a schedule of follow-ups with the client, in person
or by telephone. If problematic side effects or inefficacy occur, the dose can be adjusted. If a medication
is not effective after dose adjustment, selection of an agent from another drug class is recommended. If a
drug in one class is not sufficiently effective, and appropriate dose adjustments have been made, that
drug should be discontinued and a drug from another drug class should be prescribed, according to the
“wash-out” instructions for the specific agents. In some cases, more than one drug is used concurrently,
although this practice requires knowledge of the available drugs, their general behavioral actions, sideeffects (including potential drug interactions), and previously reported therapeutic effects. Understanding
the neurochemistry of each drug helps to distinguish between agents likely to differ in their effects, so that
if one drug is ineffective or poorly tolerated an alternative can be selected with different mechanisms of
actions, side effect profile or behavioral action.
Conclusions:
Behavioral pharmacotherapy is an important component of veterinary behavior therapy.
Psychoactive drugs are most effective when used as part of a comprehensive program involving behavior
modification and environmental management. In general, behavioral drugs are well tolerated, although
knowledge of the action and potential side effects of these agents is necessary to guide the practitioner in
their use.
Table 1 Commonly used behavioral drugs
Drug Class
Drug Name
SSRI
Fluoxetine
Selective
(Reconcile®)
serotonin reuptake
inhibitor
SARI
Trazodone**
Serotonin
(Deprenyl®)
antagonist &
reuptake inhibitor
TCA
Clomipramine
Tricyclic
(Clomicalm®)
antidepressant
BZ
Alprazolam**
Benzodiazepine
(Xanax®)
BZ
α2-adrenergic
receptor agonist
MAOI
Monoamine
oxidase inhibitor
** Situational use

Clonazapam
(Klonopin©)
Dexmedetomidine**
(Sileo®)
Selegiline
(Anipryl®)

Usage
Fear &
anxiety, feline
urine marking

Contraindications
Use of MAOI

Side Effects
Sleepiness,
↓appetite

Arousal,
Excitation

Use of MAOI

Sleepiness,
agitation

Fear &
anxiety, feline
urine marking
Fear & anxiety

Use of MAOI

Anticholinergic
signs

Human abuse
potential

Fear & anxiety

Human abuse
potential
Oral gel
administration

Hyperactivity,
Hepatic necrosis
(cats only)
Hyperactivity

Fear &
anxiety; noise
phobia
Cognitive
Dysfunction

Concurrent use
of SSRI, SNRI,
TCA

Cardiac, respir,
kidney, liver dz
Agitation

For drug doses: https://www.merckvetmanual.com/behavior/
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Additional Resources (access via https://scholar.google.com/)
--Gruen ME, Sherman BL, Drugs Affecting Animal Behavior, In Veterinary Pharmacology and
Therapeutics, 10th edition (Papich MG, Rivier JE, editors), Ames IA: Wiley-Blackwell, 2018.
--Horwitz DF, Blackwell’s Five Minute Veterinary Consult, Clinical Companion: Canine and Feline
Behavior, 2nd edition, 2018.
--King JN, Steffan J, Heath SE, et al. Determination of the dosage of clomipramine for the treatment of
urine spraying in cats. J Am Vet Med Assoc 2004;225:881-887.
--King JN, Simpson BS, Overall KL, et al. Treatment of separation anxiety in dogs with clomipramine:
results from a prospective, randomized, double-blind, placebo-controlled, parallel-group, multicenter
clinical trial. Appl Anim Behav Sci 2000;67:255-275.
--Landsberg G, Hunthausen W, Ackerman L, Handbook of Behavior Problems of the Dog and Cat, 3rd
Edition, 2013.
--Landsberg GM, Melese P, Sherman BL et al. Effectiveness of fluoxetine chewable tablets in the
treatment of canine separation anxiety; Journal of Veterinary Behavior: Clinical Applications and
Research 2008;3(1):12-19.
--Merck Veterinary Manual Behavior Drug Formulary:
http://www.merckvetmanual.com/behavior/behavioral-medicine-introduction/principles-of-pharmacologicand-natural-treatment-for-behavioral-problems
--Pryor PA, Hart BL, Cliff KD, Bain MJ. Effects of a selective serotonin reuptake inhibitor on urine spraying
behavior in cats. J Am Vet Med Assoc 2001;219:1557-1561.
--Simpson BS, Landsberg GM, Reisner IR, et al. Effects of Reconcile (fluoxetine) chewable tablets plus
behavior management for canine separation anxiety, Veterinary Therapeutics 2007;8(1):18-31.
--Korpivaara M, Laapas K, Huhtinen M, Schoning B, Overall K. Dexmedetomidine oromucosal gel for
noise-associated acute anxiety and fear in dogs—a randomised, double-blind, placebo-controlled clinical
study. Vet Record. 2017:180.
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Pharmacologic treatment of situational fear and anxiety in cats: Travel, vet visits, and visitors to the home
Barbara L. Sherman, MS, PhD, DVM, DACVB, DACAW
College of Veterinary Medicine, North Carolina State University
Learning Objectives: At the end of this lecture, participants should be able to:
--Describe how cats manifest signs of fear and anxiety.
--Name 4 situational drugs used to attenuate fear and anxiety in cats.
--When presented with case of fear/anxiety in a cat, describe a pharmacologic treatment plan.
Introduction
As both predators and prey, cats are extremely sensitive to changes in their environment, in the form of
novel visual, auditory, or olfactory signals. Common behavioral expressions of anxiety and fear are flight
(escape, hide), fight (aggression), or freeze, which may indicate fear and/or anxiety. For caged or indoor
cats experiencing fear, an inability to escape may lead to a worsening of their welfare. This lecture will
address pharmacologic treatment of fear and anxiety in cats. In all cases, behavioral and environmental
management should also be implemented, including crate and car ravel conditioning and low stress
handling in the veterinary hospital. At home, a safe confinement area should be established where the cat
may be comfortably confined away from visitors and workers. This safe place, perhaps the master bed
room, should be provisioned with key environmental resources, and use of feline pheromone and familiar
odors. Cats should not be punished when they exhibit anxiety or fear.
Pharmacologic treatment
A number of recent clinical studies have established safe, well-tolerated single dose oral behavioral
medications to attenuate situational fear and anxiety in cats (Table 1). Benzodiazepines are not included
on this list, due to the rare but sometimes fatal condition, hepatic necrosis, has been reported in response
to oral use of this medication in cats. The medications are most affected when administered to a calm cat.
Thus, the medications should be administered at least one hour prior to the sequence of events that
triggers fear and anxiety. For example, the cat should be medicated before the crate is taken out.

Table 1
Drug Classes, Drug Dosages, and Side Effects of Commonly Used Drugs in Cats
Drug Class
Drug Name
PO Dose & Freq.
Side Effects, Comments
Tricyclic
Amitripyline (Elavil©) 10 mg tablet 2
Decreased fear/anxiety, mild sedation; bitter
Antidepressant
hours prior
taste. Coat pill in butter before
administration.
*Anti-convulsant,
Gabapentin
50 mg/cat single
Mild sedation. Drug must be compounded
anxiolytic
(Neurontin©)
dose before
as a flavored suspension
veterinary visits
*Serotonin Agonist Trazodone
50 mg/cat single
Mild sedation. Pill may be given per os, or
and Reuptake
(Desyrel®)
dose before
tablet may be broken into pieces and
Inhibitor (SARI)
veterinary visits
hidden in wet cat food.
For drug doses: https://www.merckvetmanual.com/behavior/
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Additional Resources (access via https://scholar.google.com/)
--Ellis et al. AAFP and ISFM Feline Environmental Needs Guidelines. J. Feline Medicine and Surgery
2013;15:219-230.
--Niblitt BM, Ketzis JK, Grigg EK. Comparison of stress exhibited by cats examined in a clinic versus a
home setting. Appl Anim Beh Sci 2015;173:68-75.
--Orlando J, Case B, Thomson A, Griffith E, Sherman B.* Use of oral trazodone for sedation in cats: a
pilot study, J Feline Med Surg 2016;18(6):476-482.
--Quimby JM, Smith Ml, Lunn KF. Evaluation of the effects of hospital visit stress on physiological
parameters in the cat. J Feline Med Surg 2011;13:733-737.
--Rodan I, Heath S. Feline Behavioral Health and Welfare. Sanders, 2017.
---Pankratz K, Ferris K, Griffith E, Sherman B. Use of single dose oral gabapentin to attenuate fear
responses in cage-trap confined community cats: a double-blind, placebo-controlled field trial, J Feline -Med and Surg 2017:DOI: https://doi.org/10.1177/1098612X17719399
--Stevens BJ, Frantz E, Orlando JM, Griffith E, Harden L, Gruen ML, Sherman BL Efficacy of a single
dose of trazodone hydrochloride for reducing signs of transport-associated anxiety in cats and facilitating
handling during veterinary examinations. J Am Vet Med Assoc, 2016;249:202-207.
--Van Haaften KA, et al. Effects of a single preappointment dose of gabapentin on signs of stress in cats
during transportation and veterinary examination. J Am Vet Med Assoc 2017;1175-1181.
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Pharmacologic treatment of situational fear and anxiety in dogs: Travel, vet visits, thunderstorms, and
fireworks
Barbara L. Sherman, MS, PhD, DVM, DACVB, DACAW
College of Veterinary Medicine, North Carolina State University
Learning Objectives: At the conclusion of this lesson, participants will be able to:
--Recognize behavioral signs in dogs associated with fears and anxieties
--When given a case scenario of an anxious or fearful dog, develop a pharmacologic treatment plan
Introduction:
Dogs suffer from a number of behavioral disorders, including fear, anxiety, phobia, and stress. Since
there is some confusion about the meaning and use of these words, to avoid confusion, they are defined,
below.
--Fear is an emotion of alarm and agitation caused by a real or threatened danger. Among animals, fear
is manifest by physiological responses such as tachycardia, hypersalivation, or elimination, and
behavioral responses associated with escape, avoidance or defensiveness. Fear responses occur in
response to the presence or proximity of an object, individual, or social situation.
--Anxiety is a reaction to an unreal or imagined danger or uncertainty. Anxiety includes both physiological
signs (increased respiratory and heart rates, vasomotor changes, trembling or paralysis, increased
salivation or sweating, gastrointestinal disturbances, etc.) as well as behavioral signs. The behavioral
signs may include changes in activity (immobility, pacing, circling, restlessness), changes in nearest
neighbor distances, reluctance to eat, etc.
--A phobia is a marked, persistent and excessive fear of clearly discernible, circumscribed objects or
situations. Exposure to a phobic stimulus almost invariably provokes an immediate anxiety or fear
response. The response may take the form of a situationally-bound or situationally-predisposed “panic
attack”. Phobias often lead to avoidance behavior.
--“Stress” is a term used to describe a state of chronic anxiety and distress that impairs normal functioning
and competence, and may be associated with frustration, fatigue, agitation, and inability to relax.
Scientifically, stress refers to permutations in the hypothalamic-pituitary-adrenal axis, causing an increase
in endogenous steroids and is characterized by increased heart rate and respiratory rate. In dogs, these
negative welfare states may be difficult to differentiate.
Animals in these states show physical signs, including: ↑ resp. rate, ↑ heart rate, trembling,
hypersalivation, dilated pupils, loss of bladder/bowel control, and anal gland expression. Behavioral signs
include: aggression, anorexia, attention-seeking, barking, catatonia, destructiveness, hiding,
hyperattachment, immobility, pacing, restlessness, self-injurious, and whining as well as postural signs.
The cause of fears, phobias or anxiety states varies from individual to individual. Often a specific cause
cannot be identified. In certain cases, a specific frightening event triggers futures responses. Some
potential etiologies include: inadequate socialization and impoverished early experience, innate
(heritable) response, breed or individual temperament predispositions, learned responses through
traumatic experiences, or a combination of one or more of these potential etiologies.
In this talk, pharmacologic management of dogs’ specific responses to travel, veterinary visits,
thunderstorms, and fireworks will be discussed. Since these events are transient and episodic, situational
medication is indicated (Table 1). Management is most successful when events are predictable, allowing
affected dogs to be medicated in advance. Common situational medications include benzodiazepines,
trazodone, and transmucosal dexmeditomidine, and clonidine.
Treatment Strategy (Table 1):
--Client should “test drive” the situational drug and dose before the inciting event.
--If possible, administer the situational drug BEFORE starting travel preparations, i.e. getting in car to go
to vet, before thunderstorms, and before fireworks.
--If this is not possible, give the situational drug as soon as possible when the event begins.
--Positive behavioral management (not punishment) should be utilized in combination with the drug(s)

11

--The first dose of the situational drug may be given the day prior to the event to increase the
effectiveness of the situational drug. . May increase event of situational drug to give first dose the day
before the event.
--All situational drugs may be used in combination with daily SSRIs, such as fluoxetine.
Table 1
Drug Class

alprazolam
diazepam

Approximate Onset
of Action
60-90
30-60

Approximate
Duration of Action
medium
long

lorazepam
clonazepam

60-90*
60-90

medium
long

SARI Serotonin
Antagonist &
Reuptake Inhibitor

trazodone

1-2 hr

4 hr

Alpha-2 agonist

dexmedetomidine
Sileo©
clonidine

20-40

Benzodiazepine

Drug

min

2 hr (may redose)

1 hr

4+ hr

*No active metabolites
Additional Resources (access via https://scholar.google.com/)
--Gruen ME, Sherman BL, Drugs Affecting Animal Behavior, In Veterinary Pharmacology and
Therapeutics, 10th edition (Papich MG, Rivier JE, editors), Ames IA: Wiley-Blackwell, 2018.
-- Gruen ME, Roe S, Griffith E, Hamilton A, Sherman BL*. The use of trazodone to facilitate post-surgical
confinement in dogs. J Am Vet Med Assoc 2014; 245:296-301.
-- Gruen ME, Sherman BL. Use of trazodone as an adjunctive agent in the treatment of canine anxiety
disorders: 56 Cases (1995-2007) J Am Vet Med Assoc 2008;233(12):1902-1907.
--Horwitz DF, Blackwell’s Five Minute Veterinary Consult, Clinical Companion: Canine and Feline
Behavior, 2nd edition, 2018.
--Landsberg G, Hunthausen W, Ackerman L, Handbook of Behavior Problems of the Dog and Cat, 3rd
Edition, 2013.
--Merck Veterinary Manual Behavior Drug Formulary:
http://www.merckvetmanual.com/behavior/behavioral-medicine-introduction/principles-of-pharmacologicand-natural-treatment-for-behavioral-problems
--Ogata N, Dodman N. 2011. The use of clonidine in the treatment of fear-based behavior problems in
dogs: an open trial. J Vet Beh 2011;6:130-137.
--Korpivaara M, Laapas K, Huhtinen M, Schoning B, Overall K. Dexmedetomidine oromucosal gel for
noise-associated acute anxiety and fear in dogs—a randomised, double-blind, placebo-controlled clinical
study. Vet Record. 2017:180.
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Puppy socialization to reduce the risk of behavior problems in adulthood
Barbara L. Sherman, MS, PhD, DVM, DACVB, DACAW
College of Veterinary Medicine, North Carolina State University
Learning Objectives. At the conclusion of this lecture, attendees should be able to:
--Explain to clients the importance of puppy socialization and what it means.
--Train a staff member to apply positive behavior methods to handle a puppy for a vaccine and to teach a
client how to housetrain a puppy.
--Provide a written resource to all puppy owners to explain how to crate train, confinement train,
housetrain, greet people, and how to provide for puppy’s behavioral needs.
Introduction
Many studies have documented the existence of a special learning period in dogs, called the socialization
period. This stage, from approximately 3-14 weeks of age, is a time of brain maturation and plasticity.
Positive experiences acquired during this time have effects during the dog’s entire lifetime. As adults,
dogs well socialized as puppies, unlike inadequately socialized dogs, exhibit increased exploratory
behavior, increased learning ability, increased sociability toward people, and decreased relinquishment
and behavior problems. Higher retention in the home was reported for dogs that participated in humane
society puppy socialization classes (Duxbury et al 2003). This is especially important for households with
young children If isolated from people during the critical socialization period, pups will be fearful and
retreat from people. In extreme cases, this fearfulness cannot be overcome and dog is handicapped its
entire life.
Clients should be educated to understand the importance of the socialization period so that they adopt
their new puppy at 7-8 weeks and use the next 8 weeks for socialization. Concepts critical to the
socialization process are listed on Table 1. The puppy should be exposed in a positive way to many
people of different sexes, races, and ages, including children, and other dogs. The veterinary hospital
should be part of this socialization experience. Dogs should be handled in positive ways and given small
treats when they exhibit calm, friendly behavior. Gentle handling should characterize all experiences so
that the puppy does not become fearful or defensive.
During puppy vaccination visits, basic instruction in puppy care and handling should be given and
questions related to behavior answered. In educating owners, the need for appropriate exercise and play
should be emphasized. Many behavior problems can be avoided if a puppy is properly housetrained,
taught to be alone, and taught acceptable chew toys. Behavior problems that develop in puppies and can
cause young dogs to be relegated outside or turned in to an animal shelter include: chewing, house
soiling, excessive vocalizing, and aggression.
Veterinary clinics should either offer ‘in house” puppy classes or refer puppies to such classes elsewhere.
“Puppy parties” can be held in the reception area of a veterinary hospital, where puppies of about the
same age can be handled, exposed to different people, and allowed to play. During these sessions,
clients can learn how to teach their puppy acceptable behavior. Each owner should reward calm,
obedient behavior with praise and treats and not reward jumping up or whining (turn away and withdraw
attention).
Table 1
Age
0-3 weeks
3-7 weeks
3-14 weeks***
7-8 weeks
7-14 weeks

7-14+ weeks

Activity
Primary period
Period with dam, siblings & caretaker: species-specific and social behavior
Socialization period of puppies
Best time to be placed in home
Provide: Behavioral needs (play, exercise, social interactions), positive
manners training (including walk on lease, sit/stay, recall), “house rules,”
confinement (crate or pen) conditioning, housetraining, meeting kind strangers
without eliciting fear, car travel; avoid punishment
Puppy socialization classes, Puppy “parties”
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3-14 weeks
14 weeks –social
or sexual maturity

If isolated from people, pups are fearful and behave like wild dogs
Juvenile period
Adult

The role of the veterinary hospital:
--Model to clients positive handling of puppies for lifting, exam, vaccines
--Explain the importance of socialization and what it means
--Offer “puppy parties” or recommend “socialization classes” for healthy puppies
--Be a resource for puppy questions (designate 1-2 interested staff members)
--Provide puppy socialization materials to clients (Table 2)
Table 2
1
2
3
4
5
6
7
8

Reward obedient, calm behavior (“pay” with praise/treats for what you want!)
Do not reward (with attention) pushy or demanding behavior
Do not punish: walk away or remove puppy from situation
Teach the puppy to be alone (use crate or confined space)
Teach manners (sit, stay, come, walk on a leash, no jumping up)
Provide and encourage use of appropriate chew toys
Prepare for vet visits: practice picking up puppy, placing it on a table and giving small treats
for immobility and gentle examination.
Housetraining and confinement (crate or pen) conditioning

Benefits of socialization:
--Dogs that are appropriately socialized as puppies are less likely to exhibit behavioral problems as
adults, including aggression and fearfulness.
--If socialized well as puppies, dogs are more likely to engage in positive social behaviors with humans
--If socialized well as puppies, dogs can learn to play games with humans better than dogs without proper
socialization.
Additional Resources (access via https://scholar.google.com/)
--AVMA. https://www.avma.org/KB/Resources/Reference/AnimalWelfare/Pages/Socialization.aspx
--Blackwell EJ, Bradshaw JWS, Casey RA. Fear responses to noises in domestic dogs: prevalence, risk
factors and co-occurrence with other fear related behaviour. Appl Anim Behav Sci. 2013;145:15–25.
--Denenberg S, Landsberg GM. Effects of dog-appeasing pheromones on anxiety and fear in puppies
during training and on long-term socialization. J Am Vet Med Assoc. 2008;233:1874–1882.
--Duxbury MM, Jackson JA, Line SW, Anderson RK. Evaluation of association between retention in the
home and attendance at puppy socialization classes. J Am Vet Med Assoc. 2003;223:61–66.
--Freedman DG, King JA, Elliott O. Critical period in the social development of
dogs. Science. 1961;133:1016–1017.
--Howell TJ, King T, Bennett P. Puppy parties and beyond: the role of early age socialization practices on
adult dog behavior. Vet Med (Auckl) 2015;6:143-153. doi: 10.2147/VMRR.S62081
--Hubrecht RC. Enrichment in puppyhood and its effects on later behavior of dogs. Lab Anim
Sci. 1995;45:70–75.
--Martin KM, Martin D. Puppy Start Right, Sunshine Books, 2011. FOR CLIENTS
--McConnell P, Skidmore B. The Puppy Primer, 2nd edition, Dogwise, 2010. FOR CLIENTS
--Seksel K. Preventing behavior problems in puppies and kittens. Vet Clin North Am Small Anim
Pract. 2008;38:971–982.
--Seksel K, Mazurski EJ, Taylor A. 1999. Puppy socialization programs: short and long term behavioral
effects. Applied Animal Behavior Science 62:335-249.
--Serpell J, Jagoe JA. Early experience and the development of behaviour. In: Serpell J, editor. The
Domestic Dog: Its Evolution, Behaviour, and Interactions with People. Cambridge, UK: Cambridge
University Press; 1995.
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Stereotypic behaviors in dogs: Spinning, light-seeking, air snapping, and more
Barbara L. Sherman, MS, PhD, DVM, DACVB. DACAW
College of Veterinary Medicine, North Carolina State University
Learning Objectives: At the conclusion of this lesson, attendees will be able to:
--Explain what a stereotypic behavior is and provide examples
--Identify factors that might be associated with stereotypic behaviors
--Determine a management/treatment plan for a dog with a specific stereotypic behavior
Introduction
Stereotypic behaviors are repetitive, socially inappropriate or out-of-context body movements that have
no obvious function. The expressions of the stereotypic behavior may be similar, such as always circling
toward the right, or may vary somewhat depending on environmental conditions. The behavior may be
“odd,” such as snapping at imaginary flies. The expression of stereotypic disorders may be associated
with space restriction, excessive isolation, an impoverished environment, or with anxiety, frustration,
conflict, or unpredictable or harsh treatment. Over time, the behavior may become fixed and independent
of the environment. The stereotypic behavior may be self-reinforcing, possibly due to endorphin release.
There is some breed specificity for stereoptypic behaviors, suggesting a heritable cause in some cases
(Table 1).
Dog Breed
Doberman
Bull Terrier
Rottweiler
German Shepherd Dog
Miniature Schnauzer

Table 1
Associated Stereotypy
Flank sucking
Spinning
Light seeking
Spinning, tail biting
Hind end checking

Examples of stereotypic behaviors include tail-chasing, excessive self-licking (i.e. acral lick granulomas),
or object licking, staring at light patterns on the floor, or spinning. In all cases, medical differentials, such
as psychomotor seizures or chronic pain should be ruled out. A recent prospective study (Frank et al
2012) showed dogs that exhibit air snapping (imaginary fly biting) stereotypy suffer from some form of GI
disease, such as delayed gastric emptying. In addition, the dog’s environment and social interactions
should be evaluated. Often stereotypic behaviors occur to the exclusion of normal behaviors such as
play, grooming, or exploratory behavior, in which case the behavior should be treated. If the behavior
occurs infrequently, is not sustained, and does not interfere with normal behaviors, treatment may not be
necessary. The treatment goal is improvement of the stereotypy, resolution may not be possible.
Diagnosis
--Signalment, comprehensive medical history, physical & neuro exams
--Tests: lab work (CBC, Chemistry profile, UA, Thyroid), special tests, such as lead or GI evaluation, if
indicated. Imaging (MRI) if brain tumor suspected, GI workup if indicated
--Behavioral History: accurate description of problem: what, when, where, how often, how long, why (what
triggers?), environment, confinement, exercise, training methods, interactions with people and other
animals (including aggression)
--Video: may be helpful for analysis and consultation, and to track progress
--Breed, family history (if known)
Treatment
--Medical treatment: resolve any underlying medical abnormalities (i.e acral lick granuloma, chronic pain)
--Client engagement: client to track severity on a daily or weekly basis, improve or remove any conflicts or
associated environmental factors, such as excessive crate time. Increase environmental enrichment,
social play, exercise.
--Behavior modification: and predictable social interactions (command-response-reward);
counterconditioning or response substitution, punishment is contraindicated
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--Pharmacotherapy: anticompulsive drugs are the mainstay of treatment. Treatment requires relatively
high doses, long latency to response, long duration of treatment
a. Fluoxetine
b. Clomipramine
c. Sertraline

d. Other drugs as indicated to manage anxiety or pain: gabapentin, trazodone, others

--Good communication is imperative to set expectations and gain compliance for frequent office visits to
assess the patient’s condition. Videos are helpful. If neurological or dermatological signs persist, seek
consultation with appropriate veterinary specialist.
Additional Resources (access journal articles via https://scholar.google.com/)
--Horwitz DF, Blackwell’s Five Minute Veterinary Consult, Clinical Companion: Canine and Feline
Behavior, 2nd edition, 2018.
--Landsberg G, Hunthausen W, Ackerman L, Handbook of Behavior Problems of the Dog and Cat, 3rd
Edition, 2013.
--Frank D, Bélanger MC, Bécuwe-Bonnet V, Parent J. Prospective medical evaluation of 7 dogs
presented with fly biting. Can. Vet J. 2012;53:1279-84.
--Hewson CJ, Luescher UA, Parent JM, et al. Efficacy of clomipramine in the treatment of canine
compulsive disorder, J Am Vet Med Assoc. 1998;213:1760-1766.
--Overall KL, Dunham AE. Clinical features and outcome in dogs and cats with obsessive-compulsive
disorder, 126 cases (1989-2000). J. Am Vet Med Assoc. 2002;221:1445-1452
--Irimajiri M, Luescher AU, Douglass G, et al. Randomized, controlled clinical trial of the efficacy of
fluoxetine for treatment of compulsive disorders in dogs. J Am Vet Med Assoc. 2009;235:705-709.
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Hematology 101: Complete Blood Count, Blood Smear Evaluation, & Bone Marrow
Evaluation
Natalie Hoepp, DVM, MS, DACVP
University of Pennsylvania
Radnor, PA
Complete blood count is an integral component of the minimum laboratory data base
and in veterinary species, requires blood smear review for best diagnostic accuracy due to
species specific changes, morphology alterations, cell populations not recognized by automated
hematology instruments, and necessity of confirming that instrument data results correlate
with the microscopic appearance. Artifact changes, such as platelet clumping, can lead to
inappropriate treatment and relying on the instrument can mean missing leukemia, band
neutrophils, hemoparasites, morula, Heinz bodies, etc. The blood smear review is also quality
assurance for the instrument, as erroneous results may be of limited magnitude or not flagged,
but be apparent when comparison is made to microscopic appearance, particularly if trends are
present. Errors can be pre-analytical (eg. clots, catheter samples, temperature artifact,
hemolysis, lipemia), analytical (instrument-based), and post-analytical (eg. entry error) in origin.
Protocols should be in place to avoid error whether samples are evaluated in the clinic or sent
to a reference laboratory. Pre-analytical error is most common and is often associated with
sampling technique and storage/transport.
Real case example: an adult dog presenting to a referral practice on an emergency basis was
found to have pancytopenia on initial CBC performed in house, leading to bone marrow
collection to determine the origin. The following day, bone marrow evaluation revealed no
significant findings and a new sample for CBC was requested by the pathologist to confirm
initial clinic results. The repeat CBC sample had no hematologic abnormalities and on further
investigation, it was determined that the first CBC sample was from an IV catheter and was
likely diluted, despite using a throw away syringe technique, creating an artifactual
pancytopenia.
Complete blood count is performed using hematology instruments that have laser flow
cytometry and impedance technologies, with both being present in most newer analyzers.
Impedance technology measures cell size based on impedance of electric current as cells pass
through a channel in liquid, while laser flow cytometry uses optical light scatter to determine
cell size and composition. Both technologies have limitations that are readily overcome by
routine microscopic exam. Laser flow cytometry allows generation of scatterplots or dot plots
on the report, which provides better characterization of the sample composition and is
diagnostically useful to characterize abnormalities and artifacts (eg. neoplastic populations,
indicators of hemolysis, platelet changes, etc.), but these are often overlooked due to lack of
training or interest on the part of the clinician and technical staff due to busy clinical schedules.
Instrument manufacturers offer continuing education on this topic. The scatterplot from both
the clinic and reference lab instruments can be a useful tool for the clinical pathologist during
requested review of blood smears and CBC data.
When performing a CBC, the sample should be checked for clots prior to being placed in
the instrument. Clots in EDTA whole blood are more common than most realize and samples
are routinely checked in reference labs. A wooden applicator stick can be placed in the sample
to determine if a clot is present. If there is a clot in the sample and the instrument probe does
not encounter it, the sample will be analyzed, but results will include incorrect platelet and
potentially leukocyte counts. Alternatively, the clot may be aspirated and clog the tubing. For
this reason, and due to platelet clumping, particularly in cats, thrombocytopenia should always
be confirmed by microscopic examination. Both clots and platelet clumping will artifactually
decrease the automated count and platelet estimate to an unknown degree. Platelet clumps
tend to be at the feathered edge of the blood smear, but occasionally are found at the back of
the smear, in the body, near where the drop was placed.

17

Thrombocytopenia can also be due to macrothrombocytopenia, where platelets are large and
total platelet mass is adequate to maintain primary hemostasis, but platelet number is
decreased to varying degrees. This change is most commonly referenced in Cavalier
King Charles Spaniels, but has been characterized in a number of species.
Leukocyte differential is provided by hematology analyzers, but in veterinary medicine,
manual leukocyte differential remains preferred. At this time, morphology changes such as
band neutrophils, increased metarubricytes (nRBCs), and toxic change cannot be determined by
automated instruments beyond an alert that bands (or other abnormalities) may be present.
Reference laboratories frequently offer more than one CBC submission option with pricing
dependent on each step, for example automated CBC only (instrument counts, no microscopic
exam), CBC with technician evaluation, CBC with technician evaluation and reflex pathologist
review if certain criteria are met, and CBC with technician evaluation followed by pathologist
review regardless of preliminary assessment. In sick patients, pathologist review is always
recommended, but healthy animals may also have changes that are not apparent in the data
and could lead to more appropriate monitoring or intervention with better scrutiny of the
results.
Real case example: Feline patient that presents for not being quite right, but CBC and
biochemistry data are unremarkable at presentation. On review of the blood smear by a clinical
pathologist, Heinz bodies are suspected, despite the lack of anemia, and are too small to be
accurately assessed or quantified without performing new methylene blue staining. By adding
this step, marked Heinz bodies were confirmed, which will lead to significant anemia as the
damaged erythrocytes are removed by the spleen, warranting frequent repeat CBCs in this
patient for whom CBC was initially deemed unremarkable based on CBC data and technician
evaluation.
Real case example: An otherwise healthy dog presents for routine geriatric screen. On the
submitted CBC, there is a marked eosinophilia reported by the instrument, which is noted in
the data by the technician, but not evident on blood smear exam. This discrepancy leads to
request for clinical pathologist input (no pathologist review was requested on submission).
Microscopically, the majority of the leukocytes are neutrophils, as expected in healthy dogs.
Repeat analysis of the same sample on a second hematology analyzer is similar and reports
eosinophilia. The client is contacted and submits a new sample while additional clinical
pathologists are consulted. The repeat submission is completely normal and consensus is that
the initial sample was lipemic and the neutrophils phagocytosed lipid during transport, giving
the appearance of cells with round cytoplasmic granules/inclusions of varying size when
evaluated by the hematology instrument. Notably, the reference lab hematology analyzer is
used in human hospitals and validated for use in veterinary species, having the most up to date
and sophisticated technology.
Bone marrow evaluation is considered when persistent anemia of unknown origin is
present, for staging or confirmation of neoplasia, to characterize bicytopenia or pancytopenia
when other causes are excluded, and in cases of suspected occult infectious disease, among
other patient dependent indications. Accurate bone marrow evaluation requires a recent
(within 24 hours) CBC to understand whether bone marrow response is appropriate. Recent
and previous CBCs to evaluate trends provide greater depth of interpretation and may also be
useful for the clinical pathologist to aid in defining changes with clinical history if bone marrow
evaluation proves unremarkable or the sample is not diagnostic. When possible, both bone
marrow aspirate and bone marrow core biopsy should be submitted to obtain the most
representative sample for interpretation.
When cytopenias are present, bone marrow is indicated to determine if these are
associated with lack of production, ineffective production (including associated with
myelodysplastic change or hematopoietic neoplasia), or immune mediated destruction (seen as
maturation arrest or phagocytosis of precursor or mature cells).
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Anemia of inflammatory/chronic disease will include bone marrow findings that are cytologically
unremarkable with a lack of polychromasia, but this will already be known from the peripheral
blood and lack of regeneration. This type of anemia tends to be stable, with PCV that is 20% or
greater. Non-regenerative anemia of renal origin should also be excluded prior to bone marrow
evaluation. Exclusion of independent but concurrent causes of cytopenias is also necessary.
Bone marrow exam can also be of utility when persistent leukocytosis or circulating
atypical cells are present. In the case of mature neutrophilia, inflammation and contribution
from steroid administration should be excluded. Contribution to neutrophilia from steroids
(decreased margination of neutrophils) is usually limited, but in some cases can be pronounced.
Chronic myelogenous leukemia leading to mature neutrophilia is rare and importantly, the
bone marrow appearance will typically mirror the peripheral blood, with myeloid hyperplasia
that is largely orderly and not definitive for neoplastic change. CML is typically a diagnosis of
exclusion. Hepatozoon spp. can also lead to persistent marked neutrophilia and PCR to exclude
this etiologic agent may be appropriate, particularly in canine patients who live or travel to
Southern gulf coast states.
Lymphocytosis is often better evaluated by degree of increase, within context of clinical
information (lymphadenopathy, organomegaly), and with subsequent flow cytometry to
determine if it represents a reactive/physiologic or neoplastic (leukemia, stage V lymphoma)
process. In mature canine patients with absolute lymphocyte counts of >10,000 cells/ul who are
not Addisonian and are Ehrlichia canis negative, flow cytometry should be considered. While
chronic lymphocytic leukemia is often subclinical when lymphocyte counts are at this level, in
some patients, lymphocytosis can progress quickly and will be caught earlier with more
frequent monitoring, improving treatment and prognosis. Differentiating stage V lymphoma
from chronic lymphocytic leukemia is not possible based on cytologic appearance alone,
particularly if lymphoma is known to be of small-intermediate cell type. In patients with large
cell morphology lymphoma that has been confirmed in lymph nodes or organs, circulating large
lymphocytes are presumed to be associated with bone marrow involvement and further
confirmation is likely not clinically necessary.
When circulating “blasts” are present, these can be of lymphoid or myeloid origin based
on immunophenotyping, but have similar cytomorphology, are more commonly lymphoid, and
are often referred to in reports as “blasts,” “lymphoblasts,” “large lymphoid cells,” or “large
lymphocytes.” These may not be true blasts or lymphoid in origin, but this descriptive language
persists and does allow a degree of reporting continuity until terminology changes with better
characterization of neoplastic populations with subsequent morphology classification. If these
are present in sufficient quantity, flow cytometry is preferred to determine lineage and
phenotype, but when atypical cells are seen in low numbers that may lead to equivocal testing
(sufficient intact cells are needed, which can be problematic with lower counts and following
transport lysis from cell fragility), evaluation of bone marrow can also be useful to confirm
leukemia, assess degree of marrow infiltration, evaluate lineage morphology and maturation to
aid in determining origin, and to confirm myelopthisis-associated cytopenias when present.
Persistent thrombocytosis or erythrocytosis can be neoplastic in origin, but similarly to
chronic myelogenous leukemia, are often diagnoses of exclusion with equivocal bone marrow
findings that include expected megakaryocytic or erythroid hyperplasia, but lack dysplastic
change or disordered maturation that is sufficient for a diagnosis of neoplasia. Accelerated
hematopoiesis due to any cause creates a certain degree of cellular atypia that overlaps with
myelodysplastic change, creating a challenge for interpretation. Persistent thrombocytosis,
often with platelet counts of 1,000,000/ul or greater, in patients with a functional spleen can be
clinically deemed neoplastic if there are no additional hematologic changes, potential
treatment effects, and repeat CBCs over weeks to months show no change. Neoplastic
thrombocytosis is associated with essential thrombocythemia or primary myelofibrosis,
disorders that are not readily differentiated by bone marrow examination in veterinary patients
at this time. Erythrocytosis of neoplastic origin, polycythemia vera, is rare and underlying
cardiopulmonary disorders should be excluded.
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Erythrocytosis is most commonly relative and due to dehydration. This can also be
significant (PCV up to 60%) in cases of hemorrhagic gastroenteritis.
Real case example: A two-year-old pit bull presented clinically ill, lethargic, anorexic,
and febrile. CBC revealed low numbers of circulating atypical cells described as being of
lymphoid or myeloid origin, with features suggesting myeloid, but not definitive. These were
initially seen in the context of an inflammatory response, but persisted with no known cause for
the clinical signs. Due to limited numbers, flow cytometry was not elected and bone marrow
evaluation was performed, which revealed acute myeloid leukemia. This more commonly
includes greater numbers of circulating leukemic cells and distinct “blasts,” but in some cases
findings may not be overt in the peripheral blood. This is also an instance where interpretation
of CBC scatterplots can aid in confirming that there is likely a subset of neoplastic cells present.
In summary, CBC requires microscopic examination in veterinary patients to avoid
misinterpretation and bone marrow evaluation similarly requires recent CBC results, preferably
serial CBCs, to allow for accurate interpretation. Before performing bone marrow aspiration,
determining if indications have been met to perform this invasive diagnostic testing is
necessary. Additionally, bone marrow aspirates should be submitted with a bone marrow core
biopsy to be read in tandem for best results. Bone marrow aspirates provide better
cytomorphologic detail for evaluation of maturation, morphology, etc., but may not accurately
reflect true marrow cellularity. Lesions within the bone marrow, including neoplastic, can be
patchy or diffuse and not represented on the aspirate sample. Hemodilution is the most
common reason for non-diagnostic bone marrow aspirate samples and if the clinician is not
comfortable with the technique, it is important to obtain support from a more experienced
colleague to ensure optimal sampling. Bone marrow aspirate slides should be kept away from
the formalin container used for the core biopsy, preferably being shipped separately, minimally
having the biopsy specimen in a tightly sealed container with two sealed bags around it.

20

Submission of Clinical Pathology Samples to Reference Laboratories: Tips and Tricks
Natalie Hoepp, DVM, MS, DACVP
University of Pennsylvania
Radnor, PA
Cytologic specimens
Do:
-know what exact testing you need to order and mark the submission form correctly to avoid
errors and delays in processing
-call the reference lab for guidance if you are not sure what you need or how to ship
-complete the submission form yourself, do not delegate for this particular task, and make sure
pertinent history is included in legible handwriting
-provide mass descriptions with specifics, such as distinct location (eg. cutaneous, intrathoracic,
bladder wall near the trigone, etc.), interaction with surrounding tissues (fixed, mobile, possibly
arising from…, etc.), palpable composition (firm, soft with a firm central area, fluctuant), size,
shape, color, presence/absence of hair, gross appearance of aspirated material, duration,
response to treatment, clinical suspicion, etc.
-aspirate without using suction, “woodpecker technique”
-spread sample across the slide
- use care to avoid lysing cells, especially in lymphoma suspects
-allow slides to air dry at room temperature
-submit unstained, unfixed slides
-make a few direct preparations of fluids (except csf) prior to transport and send slides and fluid
-if fluid is a split sample for cytologic exam and culture, denote this very clearly (two submission
forms decreases confusion in the lab) and include separate tubes to avoid inadvertent use of
the culture sample to make cytologic preparations causing contamination
-make line preps of fluids (except CSF)
-submit two tubes if one will be used for culture to avoid inadvertent contamination
-label all slides with patient ID, site, and date with pencil on frosted edge when possible
Do not:
-leave information out to avoid “biasing the pathologist.” Garbage in, garbage out!
-ship slides for cytology or blood smears in same package with biopsy specimens due to
formalin artifact risk (the fumes alone cause this, not just spills)
-heat fix, pre-stain, coverslip, package slides directly against ice packs, refrigerate slides, or
leave outside in very cold temperatures
-ask that additional testing be completed “if indicated” by the cytologic exam results, putting
the testing request at the pathologist’s discretion instead of the clinician
-submit slides in a slide case and only label the outside of the container
Complete Blood Counts and Blood Smear Reviews
Do:
-make sure correct type of CBC analysis is requested since there are variations
-request pathologist review if the patient is sick, anemic (this may not trigger review), has
history of leukemia/hematopoietic neoplasia, or is being monitored during treatment
-include history and previous bloodwork for pathologist to review (they may not be able to
access it, even when theoretically “in the system”)
-remember that the Snap 4Dx can be negative in acute rickettsial disease, warranting smear
review for morula if this is suspected (eg. fever, thrombocytopenia, tick exposure)
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-let the EDTA tube vacuum pull the sample in, without pushing it through the needle too
aggressively, which increases the risk of clumps and clots
-fill EDTA tubes to the amount they are designed to draw based on the vacuum, not the top of
the label or other inconsistent markers
-immediately invert the tube 10 times, gently, to mix blood and anticoagulant
-make a blood smear at the time of sample acquisition and let it air dry for 20 minutes prior to
shipment (it doesn’t have to be a great smear, just a few representative areas for comparison)
-label the blood tube and blood smear with patient ID and date
Do not:
-put blood smear slides in the refrigerator
-heat fix (ever), fix in methanol, or stain blood smears prior to transport (unless looking in clinic)
-put the sample and slides directly against ice packs, with dry ice, or leave in pick up box in
freezing temperatures for too long and if not dry
-treat thrombocytopenia without confirmatory blood smear review
-give clients the option to skip baseline bloodwork, this is your liability insurance!
Serum/plasma Biochemistry
-Allow whole blood with no anticoagulant time to clot before spinning
-Promptly separate serum (or plasma) and place into a new tube
-avoid lipemic samples
-label tube with patient ID and date
Urinalysis
-Inherently problematic when evaluation is delayed
-refrigeration leads to increased pH, crystals precipitate that are not present in vivo
-bacteria, yeast, fungi grow in vitro during storage or transit
-cells deteriorate rapidly
-submit sterile sample when possible
-do this in the clinic within 30 minutes; this is a test for a trained technician
Lymphoma/leukemia Diagnostics
-Flow cytometry (immunophenotyping) and PARR (PCR-antigen receptor rearrangement)
-read indications and instructions for submission provided by the laboratory (eg. CSU’s
website)
-flow cytometry requires live cells in a fluid suspension
-PARR can be performed on slides from cytologic preparations if sufficiently cellular
-both have limitations that are decreased by understanding when to use the test, interpret
findings, avoid pre-analytical error
-do not use USPS or ship ahead of weekends and holidays
-again, read indications and instructions for submission from the laboratory!

Resources:
Cornell University College of Veterinary Medicine’s Online Clinical Pathology Website!
http://eclinpath.com/
Cornell – leukemia classification tools and sample submission guidelines
http://eclinpath.com/hematology/leukemia/classification-tools/
https://ahdc.vet.cornell.edu/Sects/ClinPath/news/immunophenotyping_samples.cfm
Colorado State CVM - Guide to Lymphoid Neoplasia
http://csu-cvmbs.colostate.edu/academics/mip/ci-lab/Pages/Lymphoid-Neoplasia-Testing.aspx
Michigan State DCPAH – What is PARR?
https://www.animalhealth.msu.edu/ClientEducation/MKTG.CARD.ANATOMICPATHOLOGY.010.
PDF
NCSU CVM - PARR
https://cvm.ncsu.edu/research/labs/clinical-sciences/k9feline-oncology-diagnostic/

22

Minimizing Antimicrobial Resistance in Dogs and Cats: Do We Have a Problem?
Dawn Merton Boothe, DVM, PhD, DACVIM, DACVCP
Auburn University, AL USA

Introduction
“It is unwise to underestimate an adversary that has had a three billion year evolutionary head start” (Sayers,
2004). Attentiveness to emerging antimicrobial resistance is supported by the World Health Organization’s
statistics indicating the sobering percent of resistance to first choice antimicrobials (generally fluoroquinolones,
3rd generation cephalosporins or carbepenems) currently present to over 50% of selected coliforms or gram
positive organisms in partner hospitals. The American Veterinary Medical Association has promulgated
through its member associations judicial antimicrobial use guidelines and the American Association of
Veterinary Medical Colleges has partnered with the American Association of Public Land Grant Universities
to promulgate Antimicrobial Drug Resistance learning outcomes targeting highschool, undergraduate and
veterinary students. Most sobering: the Center for Disease Control indicates that the greatest risk factor for
antimicrobial resistance is use.

Antimicrobial Resistance Patterns

Gram Negative: The advent of antimicrobial resistance is increasingly limiting therapeutic options in
human and resistance to an antimicrobial varies with the species and strain. Among the most adaptable
organisms is E. coli. Discovered in 1885 by a the ediatrician Theodore Escherich, it was originally discovered
in neonatal fecal samples. Dr. Erich recognized E. coli was acquired at birth and remained with us till death,
with strains coming and going. It is the most thoroughly understood microbe, and is critically important as a
research tool. Through E. coli, we have come to understand such diverse activities as intermediary metabolism,
DNA replication and RNA transcription, protein synthesis and genetic recombination. Indeed, recombinant
products would not be possible without E. coli. Escherichia coli, a member of the family Enterobacteriaceae,
is a lactose fermenter, causing a distinct color on diagnostic agar. It is the predominant facultative anaerobe (in
the normal intestine of both humans and many warm-blooded animals), playing a major role as normal
microflora.1-2 However, it also is ubiquitous in the environment, as is recognized by its appearance as
contaminants in food stuffs. It has or acquires genes that encode for flagella, making it mobile. Its presence in
the environment is used as a sentinel of environmental contamination. Referred to as the “cockroach” of
microbes because of its adaptability, E. coli rapidly divides, potentially doubling its population every 20
minutes. Further, it is highly mutagenic, with spontaneous mutations occuring in of 1 per 100 thousand to 1
per billion new progeny (assume 1 gm of feces contains 100 million E coli) thus assuring opportunity for
spontaneous mutation even in the absence of stimuli, such as drugs.
Resistance. The gastrointestinal
environment is conducive to development of resistance. Environmental microbes maintain an ecological niche
by suppressing competition through secretion of antibiotics. As such, commensal organisms are constantly
being exposed to antibiotics. However, the microbe producing the antibiotic, as well as surrounding normal
flora, are resistant to the antibiotic. Thus, genes for resistance develop along with genes directing antibiotic
production and organisms are “primed” to develop resistance. Microflora of the GI tract can serve as reservoir
of resistance genes. Exposure to antimicrobials may facilitate survival of isolates that have either spontaneously
mutated or acquired resistant through other means. Resistance may be easily conferred to other potentially more
virulent organisms.
E. coli rapidly develops resistance, particularly that associated with multiple drug resistance (MDR)
when exposed to selected antimicrobials. E. coli develops resistance both vertically and horizontally. Shared
resistance reflects the ability of bacteria to incorporate extrachromosomal DNA carrying the information for
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resistance from other (including non-self) organisms. Extrachromosomal DNA (including plasmids and
bacteriophages) encode for resistance to multiple drugs and can be transmitted vertically (to progeny) or
horizontally, across species and genera. In general, resistance carried by plasmids “comes and goes”, meaning
the presence of the drug may increase the likelihood of the plasmid being present, in large copy numbers;
removal of the drug may be associated with resolution of the resistance. More disconcerting, resistance is
easily conferred to more pathogenic organisms. In human medicine, E. coli has developed resistance to the
fluorinated quinolones, beta-lactams, or both: it is among the Gram negative organisms that secrete extended
spectrum beta-lactamases (ESBL).
Table 1. The percent of E. coli feline and canine uropathogens from throughout the US (2009Emergence of extended spectrum
2012) resistant to antimicrobial drugs.
extended spectrum beta-lactamases
(ESBL) is an example of the relentless
adaptive nature of microbes toward
designer drugs intended to preclude
the advent of resistance. The ESBLs
are encoded by large plasmids that can
confer the information between strains
as well as different species of
organisms. The gene mutation confers
resistance to newer cephalosporins
includeing cefotaxime, ceftazidime
and ceftriaxone, as well as
cefpodoxime,
or 4th generation
100
including cefepime (no longer
marketed in the USA); cefipime has
been cited as possibly being effective
against ESBL.The impact on
clavulanic acid and sulbactam is not
clear, although their use in place of
cephalosporins appears to reduce the emergence of ESBL and may reduce the emergence of other resistant
pathogens such as Clostridium difficile and vancomycin-resistant enterococci.. The ESBL are most commonly
found in Klebsiella spp, E. coli or Proteus mirabilis (3.1-9.5%), but they also have been detected in other
members of the Enterobacteriaceae and in Pseudomonas aeruginosa. Resistance to fluoroquinolones has also
been well characterized. Normally associated with point mutations in topoisomerases (DNA Gyrase and
Topoisomerase IV), such resistance is, like beta-lactamases, within class. However, in the presence of continued
drug, efflux pumps appear to be induced. Such pumps serve to remove toxic compounds from the organism,
including antimicrobials. At least 5 efflux pump systems have been characterized; they are associated with
porins. They are characterized by broad substrate specificity, thus can impart multidrug resistance.The the
culture ( above) and the antibiogram below typify the patterns of resistance that can emerge in animals which
have received fluoroquinolones and in which resistance has emerged. E coli resistance in isolates associated
with urinary tract infections is particularly well described. One study demonstrated the gastrointestinal
emergence of quinolone -resistant E. coli genetically distinct from infection-causing strains in patients treated
with ciprofloxacin. Like virulence factors, transfer of resistance genes in isolates between animals in humans
may present a public health risk, as was recognized by the FDA by 1999. We have demonstrated the impact
of E. coli MDR through several of our studies. In healthy normal dogs, we have demonstrated the impact of 10
mg/kg amoxicillin bid and 5 mg/kg enrofloxacin once daily orally for 7 days on fecal E. coli. For either drug,
100% of E coli became resistant to the drug, expressing high level (more than 8 times the MIC breakpoint). For
amoxicillin, this resistance was limited to beta lactams and occasionally tetracyclines or sulfonamides;
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resistance tended to resolve by the 3 week study end period. Enrofloxacin resistance however, not only was
multidrug resistance, but tended to persist. The relationship between enrofloxacin resistance and multidrug
resistance was also demonstrate din a pilot surveillance study of approximately 400 E. coli pathogens collected
form dogs or cats. The pattern of resistance varied regionally, being as much as 50% to amoxicillin or
amoxicillin clavulanic acid and in the south, approximately 30% to enrofloxacin. Although the number of
isolates resistant to beta lactams only (expressing single drug resistance) was high, single drug resistance to
enrofloxacin was rare. If resistance was expressed to enrofloxacin, it was multidrug in nature. We have an
ongoing study involving 3000 isolates throughout the United States sponsored by the Morris Animal Foundation
and Idexx laboratories. Currently, regional differences in resistance continue to persist. Overall resistance is
greatest to cephalexin (9%) as is demonstrated in Table 1; 100% of isolates are also resistant to doxycycline
using the new interpretive criteria established by CLSI. Further, 40% are resistant to amoxi-clavulanic acid and
50% to ampicillin (amoxicillin). This latter statistic suggests that for treatment of E. coli¸ Clavamox® may not
have that much advantage over amoxicillin along and this would also be true if treating Enteroccocus. However,
if treating other organisms, protection against betalactamases may be helpful.
Gram Positive Organisms: Methicillin resistance (MRSA; S. aureus; MRSP; S. intermedius
[pseudintermedius] Multidrug resistance is now considered the normal response to antibiotics for Gram
positive cocci pneumococci, enterococcis and staphylococci. Methicillin resistance (MRSA; S. aureus;
MRSP; S. intermedius [pseudintermedius] is indicated by the presence of the mecA gene, which encodes a
mutation in penicillin binding protein (PBP) resulting in formation of PBP2a rather than PBP2. As such,
affinity is reduced for the beta-lactam ring, rendering the organism resistant to all beta-lactams. Protectors
such as clavulanic acid are ineffective. Detection of MRSA or MRSP on C&S generally is based on
resistance to oxacillin, which is more stable than methicillin in disks used for testing. However, increasingly,
laboratories are indicating MRS based on absence of susceptibility to any beta-lactdam. In our hospital,
approximately 25 to 30% of Staphylococcus pseudintermedius express methicillin resistance. Antibiotics and
especially cephalosporins are associated with induction, selection, and propagation of MRSA. MRSA in
human patients has evolved from a hospital-acquired (HA-MRSA; nosocomial), in which occurs most
commonly in patients immunocompromised by disease, drugs, procedures and duration of hospitalization, to
a community acquired infection (CA-MRSA), in which otherwise healthy persons are infected, usually in the
skin or soft tissue. Crowded conditions, shared items and poor hygiene increase the risk of community
acquired infection. Although it is community acquired MRSA strain USA300 that appears to be most
commonly associated with increased colonization in dogs and cats, it is USA100, most commonly associated
with hospital acquired-MRSA infections in humans, that most commonly is associated with infections in dogs
and cats animals The impact of MRSA in veterinary medicine is increasingly problematic, not only because
of its impact on the patient, but the public health considerations. The mec gene has been detected in
methicillin-resistant Staphylococcus aureus organisms infecting dogs and MRSA has been associated with
infection in dogs. However, MRSA also has been found in up to 4% of healthy dogs, with identification
complicated by the need for multiple sampling sites (nasal and rectal or perineal). Infections have been
isolated in family members and pets in the same household, but this is likely to reflect transmission from
humans to the pet. It is likely that colonization is transient in animals. However, healthy pets have been
demonstrated to be potential reservoirs for transmission of MRSA to healthy handlers and a potential health
risk to immune-compromised patients (human and presumably other animals in the household). Human
colonization with MRSP is unusual. However, MRSP has been reported as a cause of infection in human
patients and transmission from pets with pyoderma has been confirmed. It is the very immunocompromised
patient that is at risk for MRS infection acquired from an animal. In such cases, the carrier or infected animal
should be removed from the environment until successfully treated for methicillin-resistant Staphylococcus.
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Glycopeptides such as vancomycin are the initial drugs used to treat MRSA in humans, although increasingly
vancomycin resistant staph infections (VRSA) have emerged.

Reducing Resistance: The Three “D”s.
Regardless of the organism, the most significant mechanism by which bacterial resistance is likely to be
reduced is implementation of behaviors that are designed to reduce patient risk such as length of hospital stay,
and design, implementation of and adherence to infection control practices. Consider the three DE-s:
(1) DESCALATE. Because previous antimicrobial therapy is one of the most important factors
associated with resistance, approaches which minimize indiscriminant antimicrobial use will be important.
Examples of human strategies include improving appropriate antimicrobial use (eg, including less ideal
strategies such as strict adherence to prescribed formularies, setting limits on the duration of antimicrobial
therapy); potentially reasonable strategies such as requiring prior approval for use of certain antibiotics such
that proper use can be verified; and more rationale strategies such as narrowing the spectrum of empiric
antibiotics, and rotating the use of antimicrobial drugs on a regular schedule); primary prevention by
decreasing length of hospital stay, decreased use of invasive devices, and newer approaches such as selective
digestive decontamination and vaccine development. Probably the single most important first step in judicious
antimicrobial use and avoiding resistance is questioning/confirming the need for therapy. This is no small task,
being frought with the lack of effective diagnostic aids. Probably the most common– and least correct mindset
is failure to recognize that we are in conflict with our directive of “above all else do no harm” if we use
antimicrobials in the absence of infection. De-escalation includes taking actions that stay the hand in reaching
for drugs if they are not really necessary. For urinary tract infections, increasingly the need for treating
asymptomatic bacteria is questioned. What constitutes an infection may not depend only on the inoculum size
(e.g, 1000 CFU/ml) but the presence of clinical signs.
(2) DESIGN. Dosing regimens should be designed to assure that adequate drug concentrations are
reached at the site of infection to kill, not simply inhibit, microbial growth. DEAD BUGS DON’T MUTATE!
Once the decision to use the antimicrobial is made, efforts should focus selecting a drug to which the bug is
most susceptible. A practice-based antibiogram (see above) may be helpful. If an animal has not been exposed
to antimicrobials, the chances are improved that any infecting pathogens are among the susceptible isolates. A
narrow spectrum is preferred to a broad spectrum drug. Once the drug is chosen, design focuses on the dosing
regimen to assure that concentrations adequate to kill the infecting microbe are achieved at the site of infection.
This involves not only selecting the drug to which the isolate is most susceptible (and the drug most likely to
reach the target site), but also designing the dosing regimen based on the MIC, potentially the MPC and time
or concentration dependency of the drug (see parts II and III if relevant). An antibiogram (see figure; top
number is % susceptible, bottom number of each cell is number tested) generated for each practice can support
empirical selection of antimicrobial drugs although increasingly, culture is indicated in all but the
antimicrobial naïve patient (this includes direct - or indirect through a household member - exposure). (Note
that squares without information are drugs which should not be tested toward that bug).
(3) DECONTAMINATE: Hospital strategies include: improving infection control (eg, selective
decontamination procedures, prevention of horizontal transmission via handwashing, use of disinfectants,
glove and gown use, alternatives to soap, and improving the workload and facilities for health care workers),
and identification of specific areas for treatment of potentially infectious agents (ie, bandaging areas that can
be easily cleaned). Increasingly “detergent” should be applied to the patient and its home. For example,
recurrent infections might be reduced if successful initial therapy is coupled with cleansing
of the environment in which the pet is located such that it is not continued to be exposed to the infecting
bug. For UTI infections, this may become particularly important in that urine contaminates the
environment.
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MINIMIZING ANTIMICROBIAL RESISTANCE PART II: INTERPRETING
CULTURE AND SUSCEPTIBILITY DATA
Dawn Merton Boothe, DVM, MS, PhD, DACVIM, DACVCP
Auburn University, AL USA boothdm@auburn.edu

Introduction
For all infections, but particularly complicated infections, or in patients at risk for therapeutic failure
or developing resistance, antimicrobial decision making should be guided by the three D’s: de-escalate
antimicrobial use, design a proper dosing regimen, and decontaminate such that the spread of infection is
minimized. This session will focus on the design of the dosing regimen. Once the decision to treat with
systemic antimicrobials is made, the design of the dosing regimen includes not only selecting the best drug to
target the infecting pathogen, but designing the most effective dosing regimen that minimizes emergent
resistance. Among the most effective tools to support design of the dosing regimen is culture and
susceptibility data. Clearly, patient data is most useful, but population culture and susceptibility data can
support empirical therapeutic decision making. Identification of the infecting organism most appropriately
should be based on appropriately collected cultures with (ideally) tube dilution susceptibility testing to allow
assessment of “how” susceptible the isolate is, in general, to other drugs, but specifically to the drug of
choice, such that a dosing regimen can be designed for the bug in the patient. Basing antimicrobial selection
on C&S data does not guarantee success, just as failing to use C&S as a basis for selection (or selecting a drug
characterized by “R” on the data) does not guarantee failure. Further, there are many pitfalls to C&S testing,
including mis or over interpretation.
1. The data is only as good as sample collection, handling and testing. Just as absence of growth
does not indicate absence of infection, isolation of an organism is not necessarily evidence of infection, nor
even if infection is present, does the isolated organism represent the infecting organism. One of the biggest
challenges is making sure that the cultured organism is the pathogen causing harm to the patient. Pure, vibrant
(meaning special media was not needed to coax the growth of the organism) of a large number of colonies are
indicators of infection. The isolation of three or more different organisms (including more than one strain of
the same organism) may indicated contamination and reculture should be considered. As such, the method of
sample collection is critical and must minimize contamination while optimizing pathogen growth. Clearly,
(properly collected) culture of an organism from a tissue that is normally sterile indicates infection.
Organisms that do not make sense (eg, Bacillus; an anaerobe from the urinary tract, etc) might indicate
questionable data. For urine, cystocentesis. For tissues, as convenient as swabs can be, they increase the risk
of contamination with commensals if the site is not properly prepared, are inhibitory to microbe growth, and
organisms in the depth of the swab may not be cultured. They also preclude colony counts which otherwise
not only help confirm pathogenicity, but give an indication of extent of growth, which in turn, should impact
the dosing regimen (more bugs=more drug molecules. The extent of growth should be strongly considered
when deciding to treat. Generally, clinical signs of infection may require, depending on the site, >106
CFU/ml (or g tissue). For C&S purposes, quantitative cultures can be helpful: the urinary tract is not
considered infected until >105 CFU /ml are present whereas only > 103 is indicative of infection in the
respiratory tract. Another reason that samples must be handled properly is exemplified with UTI: with an E.
coli doubling time as short as 20 minutes, a small colony count indicative of no infection can rapidly become
a high colony count (>10(5) CFU/ml) indicative of infection. Use of “urinary” paddles might be considered
for samples that are being shipped in order to increase accuracy of identification and numbers. Laboratories
may also indicate “heavy, moderate or light” growth; isolates with the greatest amount growth might be
targeted if all cannot be. Regarding the laboratory, no mandated accreditation process assures the quality of
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the data. A veterinary microbiologist should be available to answer questions; veterinary interpretive criteria
(breakpoints) generated by the Clinical Laboratory Standards Institute (CLSI) must be followed. A call to the
diagnostic lab might be prudent before marked financial commitment is put into treating an organism that is
not causing infection.
2. To wait or not to wait? Frequently, antimicrobial therapy is begun before cultures are collected.
This is particularly true and appropriate in critical patients or in patients for which clinical signs are evident
and are detracting from quality of life (patient or parent). However, should therapy begin and the choice
prove to be wrong once C&S data is received, the original C&S data collected before the drug was begun may
no longer be relevant to the patient. The use of the drug may change the pattern of resistance versus
susceptibility, or may result in higher MIC (see mutant prevention concentration). If the patient has
responded, no change is indicated. If not, a reculture may be indicated at that time, if possible. Certainly,
dosing regimens with the appropriate drug should take into account the possibility that some level of
resistance has developed toward the indicated drug.
3. In vitro to In vivo: Some of the Pitfalls. The C&S procedures themselves are fraught with
potential errors. For practices that provide in- house susceptibility testing, care must be taken to follow
guidelines established and published by (or comparable to) the Clinical and Laboratory Standards
Institute (CLASI) or comparable standard-setting agency. Materials, including interpretive standards,
should be validated by the appropriate agency. As such, in-house susceptibility testing should be
considered with caution. Minor changes in pH, temperature, humidity, etc can profoundly affect results.
Personnel should be trained specifically in culture techniques and hospitals that provide this service (as
do diagnostic labs) should maintain well designed and adequately collected quality control data to
validate their procedures (CLSI indicates control organisms). Pitfalls of susceptibility testing also reflect
the drugs selected for testing. Not all companies are interested in E coli UTI
Week 1
Week 4
establishing interpretive criteria and as such, not all drugs are
<2
Amikacin
S
<2
S
available for testing. Because automated systems can not
<8
Amoxi-Clav
S
>32
R
accommodate and laboratories (nor clients) can not afford to test
>32
Ampicillin
R >32
R
>512
Carbenicillin
R >512
all potential drugs used to treat an infection, one drug often is
R
Cephalothin
8
I
tested as a model for other drugs in the class. For example,
>32
R
<1
S
Ceftiofur
>8
cephalothin models first generation cephalosporins, even though it
R
>32
Chloramph
R >32
R
is no longer used clinically. Note that it does not represent
<0.5
S
Ciprofloxacin
>4
R
cefazolin well, the latter being more effective toward Gram
<0.25
S
Enrofloxacin
>4
R
negative (especially E coli ) isolates. No single cephalosporin can
<0.5
Gentamicin
S
nd
1
I
represent 2 or beyond generations. Enrofloxacin often represents Nitrofurantoin <32
S
<32
S
the fluoroquinolones. In general, cross resistance can be expected Piperacillin
>256
R >256
R
among the FQs, although differences in potency do exist (for
<1
Tetracycline
S
>16
R
example, ciprofloxacin is more potent toward Pseudomonas or E Ticarcillin
>256
R >256
R
coli, but less to Gram positives compared to enrofloxacin).
<0.5
S <0.5
Tobramycin
S
Trim-Sulfa
10
S >320
Culture does not take into account active metabolites of some
R
drugs (eg, enrofloxacin converted to ciprofloxacin). Note that if
Culture and susceptibility from a 3 year
an organism is R to any FQ, FQ should be used only cautiously
Weimeraner with recurrent UTI. The second
result was collected 2 weeks after 14 days
even if another is “S”. Amikicin is often more effective than
of therapy of 5 mg/kg enrofloxacin.
gentamicin toward many organisms, but less effective toward
Staphylococcus sp. (hence both are often on a report). Note that CLSI interpretive criteria are generated
for specific species, and often for specific organisms and specific infections. Human laboratories will
use human interpretive criteria, which often are not relevant to animals (eg., ciprofloxacin).
Ciprofloxacin (CIP) oral bioavailability in dogs is 30 to 40% of that in humans, and despite its increased
potency compared to enrofloxacin (ENR) toward Gram negative organisms, its potential efficacy
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(MICBP) is
equivalent to or
less for many
organisms.
Susceptibility
data also does not
take into account
active
metabolites,
again
exemplified by
ENR, which is
metabolized to
CIP: both Cmax and area under the curve (AUC) of bioactivity of
ENR may increase up to 50% or more by CIP; as such, C&S data
may underestimate efficacy. MICBP generally are based on the
highest labeled dose (eg. 20 mg/kg for enrofloxacin, 13 mg/kg q 8
hrs for amoxicillin for canine UTI), but higher doses might be safely
administered for many antibiotics. If recommended doses change,
the manufacturer should provide CLSI with updated
pharmacokinetic information so that interpretive criteria may
change. One of the disadvantages of current susceptibility testing is
that the concentrations tested are close to the MICBP and thus, does
not allow identification of isolates that are very susceptible (that is,
MIC are far away from the MICBP). A final concern relates to the 3rd
and 4th generation (extended spectrum) cephalosporins: they are
susceptible to extended spectrum beta-lactamase (ESBL) that tend to
be induced in vivo but often missed in vitro. If CLSI guidelines are
followed, resistance to cefpodoxime indicates ESBL being produced,
If CLSI guidelines are not followed, therapeutic failure may occur.
Carbepenems and clavulanic acid (eg, amoxicillin-clavulanic acid)
generally are not susceptible to these enzymes.

BRIDGING PHARMACODYNAMIC (PD) AND
PHARMACOKINETIC (PK) DATA
Agar gel diffusion data, which is the only data available for
organisms that do not grow rapidly enough, only provides a “yes”
(S) or “no” (R) (and sometimes “maybe” [I]) which is helpful, but
not nearly as much as tube dilution data. An example of population
data is the 2016 Cumulative Antimicrobial Susceptible Report which
is a simple yes vs no for agar gel and tube dilution data (the number
of isolates tested is in the first column; the percent of those isolates
susceptible to each drug is in the appropriate cell). On the other
hand, although tube dilution data does provide S, I, or R information,
along with quantitative data (the MIC, or Minimum , Inhibitory
Concentration), it is difficult to interpret. Simplistically, the MIC
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indicates “what is needed” in the patient to facilitate antimicrobial efficacy. Care must be taken with
this simplistic approach: susceptibility data is generated from in vitro methodologies, yet it is applied
to in vivo (and abnormal) conditions. Note that population susceptibility data can be helpful with
empirical selection of antimicrobials (see below).
Pharmacodynamic (Microbiological) data: what you need. In contrast to disk diffusion, tube dilution
methods involve inoculation of a series of test tubes with a standard number of organisms. The test tubes
contain increasing concentrations of the drug of interest in two-fold dilutions whose range varies with
the drug, reflecting concentrations achieved in the patient for that drug at the recommended dose.
Following a standard time, the tubes are evaluated for detectable growth. The test tube that contains the
lowest concentration of drug and no visible growth contains the minimum amount of drug necessary to
inhibit (not kill) the growth of the organism cultured from the patient (the MIC). Ideally, this
concentration must be achieved at the site of infection. Adaptation to computerized/automated systems
allow much more accurate testing in short time periods. For either method of susceptibility testing,
simplistically, the likelihood of a drug being effective in the patient is based on whether or not the
recommended dose on the label is likely to generate plasma drug concentrations (PDC) that equal or
surpass the MIC of the infecting organism. Diagnostic laboratories indicate the likelihood of
susceptibility by the “SIR” letter It also must be handled properly: with a doubling time as short as 20
minutes, a small colony count indicative of no infection can rapidly become a high colony count (>10(5)
CFU/ml) indicative of infection. Understanding the basis of that designation will facilitate antimicrobial
selection. The SIR designation reflects whether or not the MIC of the infecting organism is less than
(“S”), close or equal to (“I”) or greater than (“R”) the breakpoint MIC (MIC BP) of the drug. CLSI
determines the breakpoint, based in part, on peak plasma drug concentrations (Cmax) of the drug
(population data). Because dose and Cmax varies for each drug (eg, at 20 mg/kg, Cmax of enrofloxacin is 4
mcg/ml; at 22 mg/kg, Cmax of amikacin is 65 mcg/ml), the concentrations of drugs tested by the
laboratory vary, and the breakpoint will also vary. Thus, one should not compare an MIC for
enrofloxacin (eg, 0.25
mcg/ml) to an MIC for
amikacin (eg, 4 mcg/ml)
and assume the former is
better. Rather, “how far”
that MIC is from the
Cmax determines how
susceptible the isolate is
to each drug. Note also
that the range of each
drug tested is very
narrow, leading to “<” on
reports. For example, for
the culture report below
and amikacin, < 4 means
no growth occurred in the
test tube containing 8
mcg/ml, which was the
lowest concentration
tested by the lab, so the
MIC must be lower than
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8 or < 4 mcg/ml, (the next lowest concentration). The isolate is susceptible. An MIC of > X is
accompanied by an “R” because the organism was not susceptible to the highest concentration tested.
CLSI updates MICBP (generally yearly) particularly as new data is provided regarding organism
susceptibility. Increasing resistance to organisms may lead to changes in the MICBP such as has recently
occurred for amoxicillin and doxycycline. For older antibiotics approved decades ago, originally labeled
doses may be inappropriate for all except very sensitive organisms. Again, a good laboratory will follow
CLSI guidelines.
Not all “S’s” are alike.The selection of an antimicrobial should be based on the likelihood that
therapeutic (effective) concentrations will be achieved at the tissue site. What is needed for therapeutic
efficacy for infections is determined largely by the susceptibility (pharmacodynamic data) of the
organism. If you have a C&S from your patient with MIC, the MIC for the drug of interest is how much
you need. (For populations of microbes, the MIC90 provides an indication of what is needed.) Efficacy

of an antibiotic is most likely to occur when the pharmacodynamic data is coupled with what is achieved
in the patient. For the clinician seeking to improve antimicrobial efficacy, the further the MIC of the
infecting organism is from the Cmax (or MICBP) of the drug, the more likely effective concentrations will
be reached at the site of infection. If a number of drugs are designated as “S”, the selection of which “S”
is best might be narrowed by focusing on those drugs for which the MIC is furthest from the MICBP or
Cmax . The most susceptible, lowest tier drug should be selected.
Just because a drug is “S” does not mean that resistance is not developing. This is probably one of
the most important points to understand. The “S” on a culture report indicates that CLSI anticipates that
if the dose used for breakpoint determination is used in the patient, therapeutic success is more likely.
As indicated above, the further the MIC is from the Cmax, the more likely this is to be true. However, an
isolate may have developed some level of resistance. This is demonstrated in the culture report above:
resistance to ticarcillin, an extended spectrum penicillin has emerged in this E. coli yet it remains
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susceptible to amoxicillin-clavulanic acid, indicating it is producing beta-lactamases. An isolate that has
not resistance to enrofloxacin (“wild type) would have an MIC approximating 0.004 mcg/ml; an isolate
with an MIC of 0.25 to 0.5 mcg/ml has already undergone 1 to 2 steps of mutations (in topoisomerases)
yet is still considered “Susceptible”. Unfortunately, most C&S methods do not test very low below the
breakpoint (the limitation is in the number of wells that can be tested using commercial test kits) and as
such, how low the MIC actually is often cannot be determined. Bottom line: Selecting a drug: patient
data: Compare the MIC (what is needed) to the peak drug concentration achieved at the recommended
(or modified) dose: the higher the Cmax is compared to the MIC, the greater the chance of therapeutic
success and the less the chance of resistance. Once the “best” drugs are identified based on C&S, then the
list can be narrowed down based on other factors. The same approach can be used for population data.
Note that for the data above, when the MIC is compared to the Cmax for those “S” drugs, the following
can be decided: the organism is most susceptible to the aminoglycosides and of them, gentamicin;
followed by the fluorinated quinolones, with enro (at 20 mg/kg) being “more effective” compared to
ciprofloxacin. Amoxi has a ratio of less than 1, even though it is “S”. Why? Because amoxicillin is only
tested now for E. coli when infecting the urinary tract (effective concentrations to treat soft tissue
infections can not be achieved, let alone maintained for amoxi with or without clavulanic acid, or
ampicillin). This points out that for some drugs, CLSI does have different breakpoints for different tissues,
particularly those that are effective only in urine (nitrofurantoin is another example).
Population data: Population data can be used for empirical antimicrobial selection. For example,
using an antibiogram which indicates the proportion of isolates resistant vs susceptible to a drug.
Similalry, theTarget® Antimicrobial Handbook indicates not only the most likely organisms cultured
(but not necessarily pathogenic) from selected sites, but also provides a “scoring” system of
susceptibility. For antibiograms (see Auburn University Canine Cumulative Antimicrobial Susceptibility
Report) drugs to which >75% or more of isolates are susceptible might be wiser selections. A patient
that has not been previously exposed to antimicrobials is more likely to be represented by the
“susceptible” isolates whereas an “at risk” patient (eg, previously exposed to antimicrobials,
immunosuppressed) may be better represented by the resistant proportion. Likewise, package inserts for
newer antimicrobials include susceptibility data (MIC) and as such, can guide not only the selection of a
drug, but the design of a dosing regimen. The MIC data represents isolates of the same organism
collected from many different patients. A population distribution (which should be robust, ideally 100 or
more isolates) found on on a label may include: 1. the range of MIC for susceptible organisms; 2. the
mode of MIC (the most frequently cited MIC); 3. or the MIC50 and the MIC90. The data are population
statistics; the latter two reflect, respectively, the MIC below which 50% and 90% of the isolates (by
genus and species) are inhibited (not killed). However, the MIC50 and MIC90 should be based on a large
number of microorganisms to assure ac curate sample representation of the population ( ideally >300).
Organisms with MIC90 that are low are more susceptible than organisms with higher MIC90; organisms
whose MIC90 is approaching the Cmax of the drug (also on a package insert) prudently should not be
treated with that drug. See also concentration and time dependency. An example of population MIC data
is demonstrated from a fluorinated quinolone package insert. Those organisms most susceptible to the
drug have the lowest MIC whereas organisms with higher MIC are less likely to respond.
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Infection is (usually) in the tissue, not the blood. A reminder that C&S data is based on plasma
not tissue concentrations. Further, other considerations must be made when basing drug selection and
doses on the MIC. The MIC is the key, not the sole consideration. Design of dosing regimens are
equally important to drug selection.
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MINIMIZING ANTIMICROBIAL RESISTANCE PART III: DESIGNING THE
DOSING REGIMEN
Dawn M Boothe, D.V.M., M.S., P.H.D., Diplomate, A.C.V.I.M., A.C.V.C.P,
Department of Anatomy Physiology and Pharmacology
College of Veterinary Medicine, Auburn University,Auburn, AL

INTRODUCTION
Antimicrobial resistance is globally recognized. The Center for Disease Control indicates that
antimicrobial use is the greatest risk factor for resistance and as such, even the most judicious
antimicrobial use . contributes to resistance. Designing the dosing regimen is the second “D” in the task
of reducing antimicrobial resistance (De-escalate, De-sign and De-contaminate). The more “at risk” a
patient is for therapeutic failure, the more critical the design of the dosing regimen. As such, once the
decision to use an antimicrobial is made, the dosing regimen should be based on the best drug and the
most appropriate dosing regimen. The best drug should be based, in part, on proximity of the MIC (or,
using population data, the MIC 90) of the target organism to the drug concentration (Cmax) achieved in
the patient at the dose to be used. Alternate sessions demonstrated that susceptibility data can be used to
determine to which of the “S” drugs a target (or cultured) isolate is most susceptible. It is for this reason
that the Minimum Inhibitory Concentration is the key and thus should be the basis for the design
because of the following considerations.
Paramount to the use of population data in the guidance of drug selection is confidence in the
isolate being treated. While population information regarding the most likely pathogens infecting body
systems exist, historical data (eg such as that presented in the Target Antimicrobial Handbook®) has not
(cannot?) discriminate between commensals and commensals that have become pathogenic
(opportunists). This is likely to often lead to unnecessary or inappropriate antimicrobial use. Skin (S.
pseudintermedius) and less commonly, urinary tract infections (E. coli ) are probably the two infections
for which infecting pathogens are most predictable. However, even for UTI, E. coli may represent only
50% or so of UTI pathogens (see Target Handbook); less, if the urine sample was not properly handled
(ie, refrigerated) since the rapidity with which E. coli multiplies will rapidly overgrow other pathogens.
Urine pH (particularly if coupled with gram stain) may provide some indication: if alkaline, a urease
producer (eg, Proteus [gram negative rod], or Staphylococcus (gram positive cocci) may be present.
Anaerobic infections can be predicted by odor and pus, although other facultative anaerobes may be
present. Critical to judicious antimicrobial use is recognition that even if the pathogen. Failure to
correctly identify an infecting pathogen becomes less important if the true pathogens is susceptible to
the chosen drug. However, much of the data upon which literature is based is decades old, with
organisms no longer as susceptible. The more complex the infection being treated, the less likely
susceptibility patterns can be predicted because of the advent of antimicrobial resistance.

CONTEMPORARY PHARMACODYNAMIC DATA: CHOOSING A DRUG
Susceptiblity testing: Population culture and susceptibility data can profoundly support
empirical therapeutic decision making. MIC is an inhibitory and not a killing concentration. Whether or
not the MIC determined renders a “Susceptible” vs “Resistant” designation depends on the breakpoint
MIC that CLSI has determined: if the MIC of the isolate is at or lower than the susceptible breakpoint,
the isolate is considered susceptible;if the MIC is at or higher than the resistant breakpoint, then CLSI
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has determined it will not be possible to achieve effective concentrations a the recommended dose, and
the isolate is given an R designation.
Population data: From either or both methods of susceptibility testing, two types of population
data can be used to support empiric therapeutic decision making: proportion of susceptible versus
resistant, and MIC population statistics.The advantage of the latter is that is also provides support for
dosing regimens. The Target Antimicrobial Handbook® which, although limited to one diagnostic
laboratory, is national in content. Although the dosing regimens are often inappropriate, it does offer
guidance as to the organisms (not necessarily pathogens) most commonly isolated from various body
tissues. Some points that can influence empirical decision making: Enterococcus and Pseudomonas are
generally multidrug resistant. Enterococcus is resistant to all cephalosporins. However, the more
common Enterococcus that we treat, sp feacalis remains very susceptible to penicillins, and as such
amoxicillin is a good empiric choice if it is an assumed pathogen. Enterococci generally do not produce
betalactamases, so clavulanic acid is not needed. For E coli, most first tier drugs are only fair in
susceptibility. Note at our hospital, the addition of clavulanic acid to amoxicillin is prudent (although
this may not be true nationally) suggesting beta lactamases are the most common mechanism of
resistance For staphylococci, note that the percent of isolates that are methicillin resistant is 43%
(disconcertingly, this was only 22% in 2010). Note also that MRS is more prevalent in S.
pseudintermedius compared to St. aureus (but also note the number of isolates tested). Although this
data indicates that most staphylococci (and thus, most MRS) are susceptible to chloramphenicol,
clinically, we do not see efficacy. Use of a static drug to treat an organism that has developed such
resistance is not prudent.
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The second type of population pharmacodynamic data that can be used is MIC data such as that
on package inserts of animal antimicrobials approved in the United States after about 1990 or in current
literature discussing antimicrobial use in the context of population MIC data (eg. Stegemann 2006
regarding data collected during approval of cefovecin). The latter is more likely to be current since
package inserts cannot be easily changed once a drug is approved. Data supporting drug approval most

commonly is collected from animals not previously exposed to antimicrobials. To show how population
MIC data is collected and its application to a patient, assume that a dog has a skin infection caused by
Staphylococcus pseudintermedius. Amoxicillin clavulanic acid might be a good choice, but patient
MIC data is not available. How might population data be used? The MIC range includes the lowest
(most susceptible isolate) and highest (most resistant isolate), respectively. The former, 0.03 mcg/ml,
should not be used to represent that patient because it is lower than 99% of isolates infecting dogs and it
is likely our patient’s isolate MIC is higher. The high end of the range, 8 mcg/ml, may be an outlier and
thus may not effectively represent the true population or our patient. If the data is normally distributed,
the most common MIC in the population – the mode - is also the median or the MIC50, or the 50th
percentile. In this example, it is 0.5 mcg/ml. While this has a good chance of representing our patient,
there is a 50% chance that the isolate MIC from our patient is higher. The MIC 90 or 90th percentile
represents 90% of isolates in the population but avoids the outliers. If this target, 2 mcg/ml in this
example is used, there is a 90% change that the patient MIC is at or below this target. It can be
compared to plasma drug concentrations achieved in the target population when given at the
recommended dose (or the concentration can be “adjusted” proportionately if increased). In this
instance, if we wanted to use amoxicillin clavulanic acid, we would want the dose to achieve 2 mcg/ml
in the plasma.
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The data can be applied to cefovecin, cephalexin and amoxicillin-clavulanic acid based on the
study by by Stegemann et al during the approval of cefovecin. Plasma drug concentrations are available
on the package inserts (check Daily Med: http://dailymed.nlm.nih.gov/dailymed/) for cefovecin (Cmax of
3.5 mcg/ml); and cephalexin (Rilexin ®: Cmax of 22 mcg/ml at 22 mg/kg) but the package insert for
amoxicillin-clavulanic is too old so we will have to rely on other literature
(http://www.aavpt.org/general/custom.asp?page=48) which indicates a Cmax of 4 to 6 mcg/ml at a dose
of 13 mg/kg. For MIC90 data, for S. pseudintermedius isolates (n=231) in the US: the MIC 90 for
cefovecin, cephalexin and amoxicillin-clavulanic acid are 0.25,2 and . (< indicates that the lowest MIC
tested was 0.5 amoxicillin/0.25 clavulanic acic). Although the MIC cannot be directly < 0.05/0.25
compared between the drugs, they can be compared to the plasma drug concentration for each drug and
the recommended dose. Note that the Cmax of each drug far surpasses the MIC 90 for S.
pseudintermedius, indicating each might be used (we have to apply time dependency next). The MIC 90
for S. aureus for cefovecin, cephalexin and amoxiclav are: 2, 4 and < 0.05/0.25 (n=89). S. aureus is not
nearly as susceptible to any of the drugs although they apparently should still be effective. Now let’s do
the same for E. coli. (n=223) The MIC 90 for cefovecin, cephalexin and amoxiclav are 1, 16 and 8/4.
Cefovecin might still be effective but cephalexin probably should not be used (remember, this data is an
average) and amoxic/clav plasma drug concentrations are well below the MIC 90. Each of these betalactams is a time dependent drug, meaning drug concentrations should be above the MIC for all
(amoxicillin, cephelexin) to at least 50% of the dosing interval to minimize the advent of resistance.
The drug with the shortest half-life is amoxicillin at 1 hr: 90% of any dose will be eliminated in plasma
within 3 hrs. What are the implications for treatment of soft tissue infections? Not surprisingly, CLSI
has recently determined that effective concentrations can not be achieved for E coli (and presumably
many other coliforms) for treatment of non-urinary tract infections with amoxicillin clavulanic (but
presumably gram positive such as Streptococcus and Enterococcus can still be targeted.
We can use package insert for marbofloxacin in dogs and cats to demonstrate how population
MIC data can be used . The MIC data for each organisms includes the MIC range, the MIC50 or median,
and the MIC90. The data for Staphylococcus pseudintermedius (135 isolates) is more robust than that
of E. coli (61 isolates). The data for Staphylococcus aureus (with 12 isolates) should be applied to
patients cautiously. Which organism is most susceptible to marbofloxacin? (Pasteurella because it has
the lowest MIC 90). Least (Enterococcus). The Cmax of marbofloxacin at 2.5 mg/kg is 2.0 mcg/ml and
at 5 mg/kg, 4.2 mcg/ml (in the dog). The MIC 90 for St. pseudintermedius and E coli are 0.25 and 0.06
mcg/ml, respectively. E coli is more susceptible. Which dose should be used? To answer that, remember
that fluoroquinolones are concentration dependent drugs, and plasma drug concentrations (or
concentrations at the site) should be 10X the infecting MIC. Now which dose should be sued for which
organism? (High dose would be better for St. pseudintermedius).
DESIGNING A DOSING REGIMEN
Time has demonstrated that our approach to designing dosing regimens based on patient or population
susceptibility data, while potentially useful for efficacy, has not necessarily been good for minimizing
resistance. These may be for the following reasons:
1. Bactericidal versus bacteriostatic drug: Although reaching for a “cidal” drug is appropriate, the
more important concern is to make sure that the dose must be designed to assure cidal concentrations are
reached. This is much easier for a cidal drug. On the other hand, selected bacteriostatic drugs are capable of
killing particularly if accumulated [eg, macrolides and lincosamides in phagocytes; urine concentration. Care
must be taken to not apply this point to adamantly.
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2. The mutant prevention concentration (MPC). An isolate upon which an MIC is based generally
reflects 1 to 3 CFU isolated during the culture process. However, the infecting inoculum generally reflects
greater than 105 CFU. The larger the infecting population, the greater the challenge: the more drug molecules
are needed to target the CFU, the greater the number of destructive enzymes, and the greater the risk of
spontaneous mutation. The MPC helps exemplify this latter point. Because each isolate in an infecting
inoculum has an MIC, the infecting population is actually characterized by an MIC population distribution
for the drug of interest. The MIC yielded from C&S is likely to be the median (50th percentile), with those
isolates at the low end most susceptible. Those at the high end represent mutant variants and are least
susceptible to the drug. Indeed if the infecting inoculum reaches 106 CFU, spontaneous mutations will allow
at least one isolate develop resistance to any drug that might be used. The highest MIC of any of the infecting
isolates in the inoculum is the MPC, and this is the concentration that must be reached in order to kill the
mutants and avoid emergence of a resistant population. Should drug concentrations at the site of infection
reach the mutant selection window (the concentration between the MIC from the susceptibility report and the
MPC), because the most susceptible of the isolates are removed, a more resistant population will fill the
resultant void. Once the new population reaches a sufficient size, infection may remerge. The new population
will be characterized by a higher MIC compared to the original population. A normal, healthy patient may be
able to overcome this infection, but a patient at risk may not be. The MPC cannot be predicted by the MIC but
in general will be 10 to 100 or more fold higher than the MIC. Accordingly, dosing regimens should be
designed to well exceed the cultured MIC (eg, target MIC90).
3.Postantibiotic Effect (PAE) and relationship between MIC and PDC: The PAE is the continued
inhibition of microbial growth after a short exposure of the organisms to the drug. The impact of PAE on
efficacy can be profound, particularly for concentration-dependent drugs. It is the PAE that allows some of
these drugs to be administered at long intervals. The PAE may be absent for some organisms or some patients
(e.g., some immunocompromised patients). In general, concentration- dependent drugs appear to exhibit
longer PAE. The duration varies with the peak PDC (ie, higher = longer); the PAE is enhanced by
combination antimicrobial therapy.4. Concentration vs Time Dependency. The relationship between MIC
and the magnitude and time course of PDC allows drugs to be fall into two categories. Efficacy of
concentration dependent drugs, best represented by FQs and aminoglycosides, is best predicted by the ratio
of peak plasma drug concentration (Cmax ) compared MIC of the infecting organism (Cmax:MIC). For such
drugs, the magnitude of the IQ generally should be 8-10 or higher for more difficult infections (eg,
Pseudomonas aeruginosa), or infections caused by multiple organisms. The duration that PDC is above the
MIC is less important; in fact, efficacy may be enhanced with longer intervals. For such drugs, a low dose is
is particularly detrimental. Thus, the highest dose should be used; this is particularly important for fluorinated
quinolones (FQ), because resistance is always associated with multidrug resistance. For example, and MIC of
0.25 means 2.5 mcg/ml should be targeted at the site of infection. This necessitates a dose of 15 to 20 mg/kg.
However, FQ efficacy is also related to total exposure; as such, twice daily administration of the same high
dose might be indicated for organisms already characterized by low level resistance (see MPC below). For
time-dependent drugs (eg, beta-lactams), efficacy is enhanced if PDC remain above the MIC [T> MIC] for
the majority (60 to 70% or more) of the dosing interval. For such drugs, simply achieving the MIC is
insufficient because PDC (and certainly tissue concentrations) fall below the MIC immediately. With timedependent drugs, increasing the Cmax:MIC is likely to be beneficial, but choosing a drug with a longer halflife is important: since drug concentrations decrease by 50% every drug half-life, a Cmax:MIC ratio of two
will result in PDC below the MIC in one half-life. The dosing interval can be two half-lives. To increase the
dosing interval by two more half-lives, the dose would need to be doubled; to add another two half-lives, the
dose would have to be quadrupled. For example, for a Staphylococcus pseudintermedius with an MIC for
cephalexin of 2 mcg/ml (half-life approximates 3 hr), PDC achieve approximately 20 mcg/ml when given at
a dose of 25 mg/kg. In one half-life (3 hr), PDC have dropped to 10; in 6 hr, to 5. Thus, a 12 hr dosing
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interval might be acceptable. However, this assumes all drug in plasma makes it to the tissue and the half-life
is 3 hrs. In contrast, for amoxicillin, a dose of 13 mg/kg results in 4 mcg/ml in the plasma; with a half-life of
about 1.5 hr,90% of the drug is eliminated in 4.5 hours (a 9 hr dosing interval) and only isolates with very low
MIC could be treated at this dose every 8 hrs. Indeed, CLSI (standard setting organization for C&S) has
recently determined that amoxicillin with or without clavulanic acid should not be used to treat soft tissue
gram negative infections; care should be taken even for gram positive infections in at risk patients. We
recommend 25 mg/kg every 8 hours and only for very susceptible isolates. However, the shorter interval is
more important than is the higher dose. Choosing time dependent drugs with long half-lives cis prudent.
Using another example, note that the MIC 90 of cefovecin for E. coli is 1 mcg/ml; the MIC 90 of
Staphylococcus aureus is 2 mcg/ml. Based on the cefovecin package insert, while sufficient unbound drug
will be achieved with an 8 mg/kg SC dose to treat “approved” organisms Streptococcus and Staphylcoccus
pseudintermedius , if treating the former organisms, the MIC 90 will be surpassed (below) in less than 1 day
for Stapylococcus aureus and 2 to 3 days for E coli. As such, a second dose may be necessary in some
patients in 2 to 3 days.
4. Infections rarely are in plasma: Penetrating the site of infection. Water soluble drugs (beta
lactams, aminogyclosides) may not reach concentrations in tissues that equal those in plasma. Even in
non-sanctuary tissues, assume that only 30 to 50% water soluble drugs (beta-lactams, aminoglycosides)
distribution into extracellular fluid. Thus, doses automatically should be doubled if based on MIC in
plasma. Dose must be increased even higher for tissues characterized by non-fenestrated capillaries.For
example, distribution of amoxicillin (but not imipenem) to bronchial secretions may be only 30%. For
lipid soluble drugs, distribution into tissues tends to be excellent but for “static” drugs, killing
concentrations may not be achieved. An exception may be drugs that are accumulated in WBC (such as
macrolides and clindamycin as well as “cidal” fluorquinolones). In general, “I” drugs should be avoided
because of this concern.
Topical therapy will allow
high concentrations to be
reached with minimal impact
on
host systemic toxicity or host
microbiota. For UTI,
infection is in the bladder
wall covered by biofilm;
additionally, not all patients
concentration urine. Further,
organisms in biofilm are
frequently quiescent and thus
not very susceptible to even
bactericidal drugs. Most
“bacteriostatic” drugs are
eliminated in via the liver/bile
and do not achieve high
concentrations in urine. Thus
assuming high concentrations
in urine precludes the need for higher doses is not prudent if any complication exists.
A marked host inflammatory response mandates the need for cleansing the site; using drugs
accumulated in white blood cells might be prudent. Most infections are associated with biofilm with is a
formidable barrier to drug penetration. Foreign bodies should be removed whenever possible to help
decrease the impact of biofilm.
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DURATION OF THERAPY: A FOCUS ON URINARY TRACT INFECTIONS
The duration for successful treatment of uncomplicated lower UTIs might be as short as 3 to 5 days,
Such an approach is more likely to be successful if high doses and appropriate intervals are chosen. Treatment
may need to be longer, however, if infection occurs anywhere other than the uroepithelium. In general, a 10to 14-day therapeutic regimen has been recommended for the first episode of therapy.The "test for cure" can
be based on a second culture 3 to 5 days into therapy, although this should be done only if clinical signs
persist (otherwise, the temptation will be to continue to treat an asymptomatic bacteruria). .Increasingly,
evidence is emerging that in uncomplicated cases, 3 to 5 days of therapy may be most appropriate. Drugs that
have been used successfully by humans for short-term dosing include trimethoprim/sulfonamide
combinations, aminoglycosides, selected cephalosporins, and fluorinated quinolones. Limited information is
available regarding duration of therapy in dogs. However, Westropp et al (JVIM 2012) have demonstrated
that 3 days of dosing of enrofloxacin at 18-20 mg/kg/day for 3 days was not inferior to 13 to 25 mg/kg
amoxicillin bid for 14 days in dogs with uncomplicated UTI. Factors that should preclude single-dose
antimicrobial therapy for a lower UTI include recurrence, historical poor response to single-dose therapy,
underlying predisposing factors to a UTI (including structural abnormalities of metabolic disorders such as
diabetes mellitus, and hyperadrenocorticism), and either pyelonephritis or symptoms of a UTI that have
occurred for more than 7 days.
For infections that reflect a relapse, the duration of therapy should be at least 2 weeks; however, for
human patients suffering from a relapse, a higher cure rate occurred with a 6-week course of therapy. For
animals, a duration of 4 to 6 weeks is recommended. Because relapse is likely to occur shortly after
antimicrobial therapy is discontinued, cultures should be collected 7 to 10 days after cessation of therapy. The
presence of relapse should lead to a longer course of therapy, perhaps at a higher dose. A new antibiotic
should be selected if infection occurs more than 10 days after cessation of therapy; as more time elapses
between cessation of therapy and the presence of bacteriuria, the more likely that reinfection is the cause of
recurrence. In the event of relapse after 6 weeks of therapy, 6 months of therapy or more may be necessary.
However, if the patient is asymptomatic, strong consideration should be given to no treatment unless
mitigating circumstances indicate the need for therapy. Unless the underlying cause of infection can be
removed, however, it is likely that resistance will emerge. An attempt should be made to assure that the
infecting inoculum is killed with each therapeutic intervention such that the returning infection is
characterized by lack of resistance. Greater care should be taken, however, in the selection of antibiotics for
longer term therapy, with special consideration to toxicity. Drugs that are used for long-term therapy for
human patients include amoxicillin, cephalexin, trimethoprim/sulfonamide combination, or a fluorinated
quinolone. Cultures should be repeated monthly, and, as long as significant bacteria are not present, the drug
need not be changed. Should relapse occur after a drug is discontinued, the same drug or a new drug should be
administered for a longer course of therapy. Long-term therapy may be particularly important for animals in
which renal parenchymal damage is a risk.
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NON-OPIOID ANALGESIC ALTERNATIVES IN DOGS AND CATS
Dawn Merton Boothe, DVM, PhD, DACVIM (Internal Medicine), ACVCP
Auburn, AL, USA
INTRODUCTION
Drugs used to control pain are often chosen based on the type / phase of pain. This approach is
largely rationale, based on the underlying cause of pain. Among the most effective and potent drugs used
for controlling pain in animals, particularly acute pain, are the centrally and peripherally-acting opioid
analgesics. These drugs are discussed in depth in an alternative manuscript in these proceedings.
However, the past decade has been characterized by marked opioid use in humans, leading to an
epidemic associated with massive economic and personal negative impacts. The Commission of the
Food and Drug Administration has addressed all medical communities regarding appropriate opioid
analgesic stewardship. This, and re-assignment of limited resources of opioid drugs has caused many
practitioners to seek alternatives to opioid analgesic. Further, the limited role of opioids in controlling
chronic pain has been generally accepted, but there is a need to understand analgesic alternatives for
chronic pain in animals. Paramount to the use of opioid alternatives is the need to continue to provide
effective analgesia in our veterinary patients, that is, patients should not suffer needlessly as the medical
communities come to grips with opioid abuse. However, veterinarians can contribute to the solution by
minimizing opioid sue when appropriate. The goal of this paper is to describe alternative analgesics for
control of acute as well as chronic pain in dogs and cats. Pain management guidelines can also be found
@https://www.aaha.org/public_documents/professional/guidelines/2015_aaha_aafp_pain_managemen
t_guidelines_for_dogs_and_cats.pdf), The Veterinary Anesthesia and Analgesia support group also
provide guidance: http://www.vasg.org/ and it is this site that dose recommendations can be found. . Note
that this manuscript focuses on drugs, but a host of non drug/non supplement therapies are also indicated
for control of pain.
PATHOPHYSIOLOGY OF PAIN: A FOCUS ON TRANSMISSION
Using tissue injury (e.g., surgery) as a prototypical cause, the tree phases of pain are acute,
subacute and chronic. Each is characterized by different tissue responses oriented toward healing. Acute
pain reflects the inflammatory response (heat, edema, redness, loss of function, pain) that generally
lasts about 72 hours. In regards to pain, the injured site is characterized by an exaggerated response to
pain (primary hyperalgesia), originating from the injured tissue. However, sensitivity may extending into
surrounding, non-injured tissues (allodynia also referred to as secondary hyperalgesia). During the
subacute phase, the initial inflammatory response resolves as healing progresses. Lasting about 2 to 3
weeks, the area is characterized by epithelialization, angiogenesis, and fibrous and collagen deposition.
During the final, chronic phase, remodeling (involving fibrous tissue and collagen) occurs, with the
duration being several weeks up to months. The exact duration varies with each tissue. Mediators
associated with each phase define to some degree the pain response, contributing to complexity. In
addition to the mediators themselves, their source and location as well as receptors with which they
interact define the pain response.
Pain signals during the acute phase are transmitted from nociceptors that transmit signals via
unmyelinated (C type) and small myelinated (A type) nerves; kinases contribute to on going excitability
and sensitivity. C type fibers transmitting to the dorsal horn contribute to the “wind-up” phenomena in 2nd
order neurons. In the brain, excitatory mediators released by astrocytes descend into the dorsal horn
neurons and through collateral projections into the secondary neruons, contribute to the emergence of
secondary hyperpathia. Increased outflow to the brain leads to the behavioral aspects of pain. Persistent
postsurgical pain (pain chronification) can occur if acute pain does not resolve. The transition to chronic
pain probably reflects either persistent inflammation at the site of injury leading to hyperinnervation of
that site, or injury to the nerve trunks themselves (e.g., neuropathic pain), with the pain referred to those
sites. The latter pathophysiology probably reflects a neuroinflammatory reaction involving influx of
macrophages at the dorsal root ganglia, as well as increased expression of pro-excitatory receptors or
channels.
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Among the receptors are N-methyl-D-aspartate (NMDA) receptors whose role in the transmission
of pain (including neuropathic) involves glutamate and aspartate , major excitatory neurotransmitters in
the CNS that bind to NMDA receptors. These receptors, located in the dorsal horn of the spinal cord,
interact with opioid receptors and increasingly are recognized for their role in modulating response to
pain. For example, activation of these receptors has been associated with the wind-up phenomena of
hyperalgesia associated with chronic (and particularly neuralgic?) pain. Hyperalgesia associated with
uncontrolled pain (and opioiod use) may involve NMDA receptors. NMDA receptors also appear to be
responsible for the development of tolerance to opioids. Induced COX-2 PGE also as been associated
with hyperalgesia in either the spinal cord (primary hyperalgesia) or at nociceptors in peripheral tissues
(secondary hyperalgesia), suggesting the importance of combination analgesic therapy.
The most effective means of controlling pain is pre-emptive. Nociception (perception of pain) is
not limited simply to transmission of acute (nociceptive) pain, but also contributes to neuropathic pain.
Both acute, and especially unrelieved chronic pain, can shift from nociceptive to neuropathic pain.
Neuropathic pain includes hyperalgesia (overreaction or increased sensitivity to painful stimuli), allodynia
(reaction to an innocuous stimulation), or other neuropathies. Failure to control development of acute
pain and hyperalgesia can lead to chronic pain; progressive and prolonged stimulation can lead to a
“wind-up” phenomena. Reflecting an increased excitation of neurons in the dorsal horn, it is manifested
as a pain response outside the site of injury, and can persist beyond resolution of the inciting cause
(pathologic pain).
Should drugs be considered paramount to controlling pain in animals, several categories of
analgesics are available, each varying in their mechanism of action and duration. Included are the opioid
analgesics, sedatives / tranquilizers (generally altering response to pain, not providing analgesic effects)
, and nonsteroidal anti-inflammatory agents. Few of these drugs are approved for use in animals. In
general, the use of all of these drugs should be considered part of a multimodal approach in that none
may be effective as sole agent. In some respects, whether or not any of the following drugs is used to
control acute versus chronic pain may largely depend on the availability of oral administration, although
side effects associated with longer term use may also weigh in.
NON-OPIOID OTHER CENTRALLY-ACTING DRUGS
Several drug classes will not be discussed in this manuscript. The role of NSAIDs (including
acetaminophen and galliprant) and cannabinoids in the management of pain is discussed more in
depth in an alternative manuscript in these proceedings. Also not discussed in this manuscript are
those products intended to support tissue health and thus decrease disease and pain. Examples
include those drugs or supplements targeting polysulfated glycosaminoglycans (Adequan®,
Cartrophen®, glucosamine/chondroitin sulfate products, omega fatty acids). Their role is variably
established and their absence here should not be interpreted as discouragement of use of products
demonstrated to be of high quality and safe. Biphosphanates which might be used to decrease pain
associated with bone cancer are not discussed. Although glucocorticoids might be useful for control
of pain associated with inflammation, their metabolic / endocrine / immunomodulatory side effects
limits their analgesic use.
Tramadol (Ultram®; Schedule IV); also available combined with acetaminophen (do not use
this preparation in cats) is a synthetic analogue of codeine currently marketed as a racemic (1:1)
mixture of ± enantiomers. Tramadol appears to have multiple mechanisms of analgesia, with interaction
among the pathways perhaps contributing to its efficacy. Opioid analgesia reflects agonistic interaction
with mu receptors; as such, it is a Schedule IV substance and might not be considered an alternative
to opioids by some. Although tramadol has only limited interaction with mu receptors, its primary
metabolite, ODT (M1), has a 200 fold greater affinity for mu receptors and as such, is largely
responsible for tramadol opioid effects. Tramadol is much less effective in humans that do not make
M1. For a similar reason, the analgesic efficacy of tramadol in dogs (not cats) has been questioned:
although dogs form the metabolite (at a 7 fold faster rate than humans; cats about 4 fold faster than
dogs), at least based on greyhounds, they also appear to clear it more rapidly (half-life 7 hrs in humans
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vs 1 to 2 hrs in dogs). Further, the oral bioavailability of the parent compound appears to be less in
dogs. As such, area under the curve in dogs for ODT is much smaller compared to the parent
compound in dogs versus humans. However, the presumed lack of efficacy of tramadol in dogs
because of limited ODT formation should not be taken as evidence of lack of efficacy as an analgesic.
In addition to its opioid-mediated analgesia, tramadol enhances spinal pain inhibitory pathways through
inhibition of neuronal re-uptake of serotonin (5-HT) and noradrenaline (NA), and release of 5-HT;
additionally, it is an antagonist of NMDA receptors. As such, tramadol might be indicated for a broad
array of conditions associated with pain, including chronic pain: studies suggest that the analgesia
associated with 5-HT1A receptor agonists increases with chronic or repeat administration. Several
studies have demonstrated antinociceptive efficacy of tramadol in dogs, particularly when used in
combination versus placebo with other analgesics. Its short half-life in dogs should lead to frequent
dosing: Simulated oral dosing regimens based on kinetics determined in the dog indicate that 5 mg/kg
every 6 h or 2.5 mg/kg every 4 h should yield tramadol and M1 plasma concentrations associated with
analgesia in humans. Care must be taken when combining with other drugs that impair serotonin reuptake, such as most behavior modifying drugs, and many dietary supplements, including sAME and
St. John’s wort. Side effects of tramadol are unusual and generally reflect either overzealous use or
overdosage. The risk of overdosage is increased in both renal and hepatic disease due to prolonged
elimination of both parent and metabolite.
Amantadine. According to its package insert, amantadine is an antiviral drug with an unknown
mechanism of anti-viral replication action. Approved for use to treatment influenza A virus, it also is
useful for treatment of Parkinson’s disease in humans and drug-induced extrapyramidal effects. Its
mechanism of action in Parkinson’s disease is not known, but proposed mechanisms included
increased extracellular concentrations of dopamine (increased release or decreased uptake) at
presynaptic neurons, direct simulation of dopamine receptors, or increased sensitivity of the receptors.
Additionally, at concentrations considered to be in the low range, amantadine inhibits NMDA receptormediated stimulation of acetylcholine release (rat striatum; probably at the MK-801 site). Amantadine A
dose of 31.5 mg/kg in dogs (equivalent to an approximate human dose of 15.8 mg/kg based on body
surface area conversions) is not associated with anticholinergic actions, it nonetheless does cause
anticholinergic-like side effects, including dry mouth, urinary retention, and constipation. In
greyhounds, the half-life of amantadine approximates 4 to 6 hrs.
The role of ketamine (1-2 mg/kg [IV for burns], 0.5-1.0 mg/kg IMl; CRI probably most appropriate
) has been cited for its analgesic effects particularly when used in combination with other analgesics. In
practice, use is most commonly associated with general anesthesia; analgesic effects occur at
subanesthetic doses. It’s efficacy appears to prevent activation of NMDA (n-methyld-D-aspartate)
receptors. In humans, some analgesia is provided when used in combination with other analgesics,
particularly perioperatively. However, side effects (CNS) limit its use as an analgesic. Ketamine is
reasonably used in combination with other analgesics for control of pain. For example, in cats, it has
been combined with domitor (0.025 to 06 mg/kg; IM in lumbar musculature), ketamine (5 mg/kg or 10 to
20 mls/hr of a CRI prepared with 60 mg ketamine/liter fluid ) and butorphanol (0.2 mg/kg) as a
preanestheic followed by buprenorphine (0.03 mg/kg or 30 g/kg) or oxymorphone (0.05 mg/kg IM)
immediately post-operatively. Another example is control of cancer pain in dogs: ketamine has been
used preoperatively (0.5 mg/kg IV), intraoperatively (10 g/kg/min) and postoperatively (2 g/kg/min) in
conjunction with fentanyl.
Dextromethorphan, a “non-narcotic” opioid sold in over-the-counter cough preparations, also is
an NMDA-receptor antagonist. It has increased the analgesic effects of opiates and nonsteroidal antiinflammatory drugs (Moiniche 2002). The efficacy, however, is probably enhanced by an active
metabolite, dextrorphan, which dogs do not seem to make in an unconjugated (active) form. The
elimination half-life of dextromethorphan in dogs is approximately 2 hrs. It is not clear if a metabolite
provides the major NMDA receptor antagonistic action, nor if the dog or cat produce sufficient metabolite
for the drug to be effective in combination analgesic therapy.
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Tranquilizers and sedatives: Tranquilizers do not provide analgesic effects but alter the animal's
response to pain and They are most commonly used in combination with opioid analgesics. Some also
may provide muscle relaxation. Those most commonly used are the phenothiazine derivatives (which
may also provide antiemetic effects) such as chlorpromazine, promazine and acetylpromazine, and
benzodiazepam derivatives such as diazepam and midazolam. Phenothiazines should be used
cautiously in hypotensive patients or in patients with cardiovascular disease. The benzodiazepams are
particularly useful in geriatric and debilitated animals. Agents from either group can be combined with
opioid analgesics.
Alpha2 agonists: Alpha2 agonists warrant special consideration because they are potent
analgesics at doses which do not cause sedation. Xylazine is an older drug whose duration of analgesia
is short (0.5 hrs) and it has profound cardiovascular effects. However, its CNS depressant effects can
be reversed with yohimbine or tolazoline. In addition, xylazine can be used in combination with opioid
agonist-antagonists such as butorphanol and as an epidural, just prior to surgery or surgical recovery.
Newer alpha2 agonists are safer and because of the proximity of alpha 2 receptors to opioid receptors,
should have similar opioid sparing effects demonstrated with xylazine. These include medetomidine (0.75
mg/m2 IV or 1.0 mg/m2 IM; dogs) are associated with fewer cardiovascular effects and longer duration of
activity compared to xylazine, but they are still evident. Medetomidine and its more potent dex
enantiomer (thus half the dose) provides both sedation and analgesia and like ketamine, they are
indicated for control of pain in association with general anesthesia. They are labeled for use in dogs for
clinical procedures that require short term (their half-life is short) chemical restraint and analgesia. The
major attribute of these drugs is that their effects can be reversed with atipamezole, an alpha 2 antagonist.
Like xylazine, dex/medetomidine can cause vomiting and cardiovascular suppression. An initial
hypertensive response may preclude use of anticholinergics for the first 30 minutes or so (if indicated).
Dex/Medetomidine has proven equal or better as an analgesic compared to buprenorphine for control of
pain in dogs However, it should not be used at the full label dose for control of pain. Dexmeditomidine is
approved as a transmucosally administered gel for the treatment of noise phobias; the role of this
preparation for control of pain has not be examined. Domitor has been used in cats (see below) but
caution is recommended in cats with respiratory disease.
Anticonvulsants such as carbamezapine, phenytoin, valproic acid and clonazepam have been
used in humans to control selected neuralgias. However, the gabapentinoids (gabapentin [Neuronton®],
pregabalin [Lyrica®]) are approved for use in humans to treat neuropathic pain, for example that
associated with diabetes mellitus. Some of these drugs may be helpful by virtue of their antianxiety
effects (eg, midazolam, gabapentenoids).
Gabapentin (Schedule V) is an anticonvulsant originally approved in 1994 for treatment of partial
seizures with or without generalization in humans with epilepsy, and subsequently approved for selected
neuralgias. It has been used in dogs and cats for control of pain, as well as (particularly in cats) for its
sedative and other effects for treatment of anxiety. Its mechanism is not clear but may involve muting
calcium fluxes by targeting the alpha delta receptor. However, the drug may require close to 24 hrs at
the receptor before analgesia occurs. Although gabapentin is absorbed well after oral administration, its
absorption appears to be dose dependent, relying on a saturable transport process. This process has
been cited as the reason that AED (and presumably analgesic) effects last longer than anticipated based
on drug half-life, allowing twice daily administration. The drug is eliminated in people entirely by renal
elimination; however, in dogs, 34% of the dose was metabolized to the N-methyl form., thus avoiding
some of the risks of hepatotoxicity and drug interactions. The drug is sufficiently safe that TDM is not
necessary; rather, treatment in humans involves an up titration approach, as is increased as needed to
control seizures or pain. Although case reports indicate efficacy of gabapentin for acute or chronic pain
in cats, efficacy could not be demonstrated using a thermal model of pain nor did gabapentin reduce
isoflurane alveolar concentrations. In cats with OA, cats exhibited less activity but had higher owner
scores. Gabapentin may have increased analgesia provided by analgesia in cats. Mild dizziness, nausea,
and vomiting have occurred in a small percentage of human patients. Sedation in animals is common.
Note that some gabapentin products contain xylitol and are not recommended in dogs or cats.
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Oral administration of either an immediate or slow release product in beagles resulted in similar
release kinetics. Gabapentin is among the drugs for which status epilepticus may occur during
withdrawal; how this relates to sudden withdrawal when used to control pain is not clear.
Pregabalin (Schedule V) is the S enantiomer of an analog of GABA. It is also structurally related
to the amino acid leucine and gabapentin. Pregabalin has been developed for the treatment of
neuropathic pain and as adjunctive therapy in the treatment of partial seizures. However, according to
manufacturer generate approval research, its mechanism of action is not clear. It does not appear to
involve gabaminergic transmission, does not alter binding or responses at GABA-A or GABA-B receptors,
and is not a substrate or blocker of GABA transporter GABA transaminase. It decreases central neuronal
excitability by binding to an auxiliary subunit (alpha 2 –delta protein) of a voltage-gated neuronal calcium
channel on neurons. It also reduces the release of multiple neurotransmitters (in vitro concentration of
1.6 ng/mL), glutamate, norepinephrine,substance P, and calcitonin gene-related peptide. It serves as a
substrate of L-amino acid transporter in neuronal cell membranes, which facilitates pregabalin transport
into the cell. As with gabapentin, there is a component of metabolism in dogs, with approximately 45% of
the dose excreted as the N-methyl metabolite.
Tricyclic antidepressants have also been used in humans for the treatment of chronic pain.
Amitriptyline and imipramine are considered first line drugs, particularly for pain which is continuous
and aching. Selective serotonin reuptake inhibitors have less commonly been recommended; however,
the newer serotonin/noradrenergic reuptake inhibitors (duloxetine; also see tramadol above) may be
more useful. Sedation and anticholinergic side effects of these drugs may be undesirable. Not all
tricyclic antidepressants--and particularly the newer products—may have analgesic properties through
NMDA receptors or others. Trazodone has proven to be very effective for short term control of anxiety.
Neuropathic, myofascial and arthritic pain appear to be most conducive to control. These drugs are
contraindicated in patients suffering from urinary retention, heart block or narrow angle glaucoma.
Neurokinin receptor antagonists: Among the newer drugs for which visceral analgesic effects
might be of benefit in both dogs and cats are the neurokinin receptor antagonists, such as maripitant.
Although part of its efficacy may simply reflect control of post-operative vomiting, the role of NK-1
receptors in mediating pain has been well established.Preanesthetically, maropitant demonstrated
lower (not significant) physiologic parameters compared to morphine in dogs undergoing OHE
(Marquez 2015). (Note that injection itself may be painful; refrigeration may reduce this). One of the
obvious advantages of this use is avoidance of vomiting commonly associated with opioids.
LOCAL ANESTHETICS (INCLUDING SYSTEMIC ADMINSTRATION)
Drugs approved with the intent of providing local analgesia are also given transdermally,
epidurally and systemically, each with a correspondingly greater circumference of pain relief. For local
effects, the potency, onset of action and duration of local anesthetic actions are dependent on lipid
solubility, pKa and protein binding, respectively. Highly lipid soluble molecules easily penetrate cell
membranes. Bupivicaine, which is more lipid soluble than lidocaine, is 10 times more potent than
lidocaine. Likewise, tetracaine, which is more lipid soluble than procaine (an aromatic ring is added), is
40 times more potent than procaine. Drug pKa determines the amount of non ionized drug, which is able
to move through cell membranes. The local anesthetics are weak bases with pKas of 7.7 to 9.0. In
pharmaceutical preparations, the pH of the solution tends to be acidic, thus most of the drugs are present
in ionized form. The higher the pKa, the more drug is present in ionized form and the longer the onset of
action. Local anesthetics which are more highly protein bound tend to be attracted to receptors and
remain within sodium channels longer. Thus, bupivicaine which is highly protein bound has a longer
duration of activity compared to procaine. Duration of activity is also impacted by effect of the drugs on
local vasculature. All local anesthetics cause vasodilation which decreases the duration of action, as well
as prolongs onset of action. Lidocaine with epinephrine is designed to prolong the effects of the
anesthetic. Recently, the use of lidocaine administered as a constant rate of IV infusion has been
advocated as an analgesic adjunct in human patients to centrally enhance perioperative analgesia.
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Bupivicaine administered locally (around 5 intercostal nerves) was equal to epidural morphine for
control of pain associated with lateral thoracotomy in dogs.10 When administered intrapleural (1.5 mg/kg),
control of pain was superior to buprenorphine (0.01 mg/kg) in dogs undergoing thoracostomy. However,
bupivicaine is more likely than lidocaine to cause adverse drug reactions, most notably cardiac
depression and seizures. Doses should be less than 4 mg/kg. Currently, the systemic use of local
anesthetics IV to control pain is being investigated in several species. The use is controversial and is not
yet well documented. A “cocktail” of 7.5 ml lidocaine, 0.8 ml morphine (15 mg/ml) and 0.3 ml ketamine
(10 mg/ml) mixed in 500 ml of fluids and administered to dogs intraoperatively at 10 ml/kg/hr (or delivering
lidocaine at 50 g/kg/min; morphine at 4 g/kg/min and ketamine at 10 g/kg/min) and postoperatively at
2-5 ml/kg/hr has been recommended.Topical administration of lidocaine gel (4%; over the counter: OTC)
approved for use in humans is effective for controlling pain associated with minor surgical procedures.
The gel is commonly used for minor procedures in dogs or cats, including catheter placement. A
transdermal lidocaine patch system approved as an OTC in humans for control of local pain has been
studied in both dogs (2-5% patches ?) and cats (1 patch; size?). Both species tolerated the drug well.
The efficacy of systemically administered sodium-channel local anesthetics (including mexiletine,
a congener of lidocaine, and the anticonvulsant, carbamezepine) for treatment of pain, and particularly
neuropathic pain, has been recognized for decades. What is missing are effective doses and clinical
trials establishing efficacy.
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NSAIDS: IT IS NOT JUST ABOUT THE PAIN (Part 1)
Dawn Merton Boothe, DVM, PhD, DACVIM (Internal Medicine), ACVCP
Auburn, AL
INTRODUCTION
Nonsteroidal anti-inflammatory drugs have been used for centuries for the control of
fever, pain and inflammation. Their action reflects variable inhibition of the metabolites of the
cell membrane fatty acid, arachidonic acid. Non-selective NSAIDs target formation of
prostaglandins (PGs) produced by both isoforms of cyclooxygenases (COX), 1 & 2;
preferential drugs target COX 2 more than COX 1 (“preferential”; carprofen, meloxicam,
deracoxib); and selective drugs minimally target COX-1 (“selective”: firocoxib, robenicoxib).
Dual inhibitors (tepoxalin) target both COX 1 and 2 as well as the formation of leukotrienes
mediated by lipoxygenases (LOX). For all, inhibition of COX is dose and drug-dependent.
Target pharmacologic effects include, in order of dose, antipyresis, analgesia, and control of
inflammation. However, unintentional effects reflecting inhibition of homeostatic PGs target all
tissues in the body. Simplistically, PGs influence normal physiology and might best be
predicted to be protective in nature. Constitutive PGs are mediated by COX-1 and are generally
measured by inhibition of platelet activity (thromboxane); they also are responsible for
homeostasis in most tissues. Inducible PGs mediated by COX-2 are responsible for
homeostasis or a return to homeostasis on an “as needed” basis; activity is generally measured
following endotoxin stimulation of mononuclear phagocytic cells. The ratio of COX 1 to COX 2
describes the amount of drug necessary to inhibit the respective isoform of the cyclooxygenase
enzyme. A COX 1 : COX 2 ratio of greater than 1 indicates that the drug is more potent toward
COX-2, and as such the drug might be expected to be safer and more effective compared to a
ratio of < 1. However, species differences, test methodologies, and the variable effects of PGs
in the body COX-2, suggest that this in vitro test might best be relegated to a screening tool.
Manufacture bias should be avoided. Acetaminophen deserves special address: its mechanism
of action is prior to that of traditional NSAIDs, targeting intermediary metabolites. As such, its
anti-inflammatory effects are more limited compared to antipyresis and analgesic effects.
Grapiprant also warrants special consideration since it blocks prostaglandin (specifically EP4)
receptors, which presumably increases safety.
COX SELECTION: IMPACT ON PHYSIOLOGY In general, inhibition of COX-2 is responsible
for both efficacy as an anti-inflammatory and avoidance of COX-1 is responsible for safety.
However, this simplistic approach may lead to therapeutic failure and increasing
morbidity. Both COX-1 and COX- are constitutively expressed in many tissues and COX-1
does appear to have some role in inflammation. Inflammation: Prostaglandins (PGs), and
primarily PGE2, induces vasodilation, capillary permeability, and chemotaxis and as such,
cause each of the cardinal and clinical signs of inflammation, including pain and fever. PG E
also modifies both T-cell and B-cell function, in part by inhibition of interleukin-2 (IL-2)
secretion. Newly recognized inflammatory effects of PGE include its regulation of the
production of IL-6, macrophage colony-stimulating factor, and vascular endothelial growth
factor. In general, research consistently indicates that it is COX-2 that mediates the formation of
PGE associated with inflammation, pain and fever. For example, whereas COX-1 is largely
absent in normal synovial cells, COX 2 is induced in most types of arthritis, particularly in
inflammatory arthritis in animals and ruhematoid arthritis in humans. In cartilage, COX-2 is
associated with IL-1 degradation of proteglycan and apopotosis of synovial cells (Hinz
2004). However, not all of the inflammatory actions of COX-2 should be considered
undesirable; COX-2 induction in response to inflammation may play a role in tissue healing.
Impaired COX-2 formation impairs healing in ligaments, bone, the GI tract and other tissues
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The importance of COX-2 to dermal healing is not yet known. Interestingly, inhibition of COX-2
also has been associated with exacerbation of inflammation in some animal models. Central
Nervous System: Both COX-1 and COX-2 are constitutively expressed in the brain spinal
cord. Constitutive COX is highly regulated by factors such as ischemia, immunomodulation,
cytokines, toxins, brain damage and maturation processes. However, COX-2 is the predominant
COX. Although PGs of the CNS play a major role in pain, increasingly their contribution to other
maladies is being elucidated. Among those aggressively being research is the role of COX in
the pathogenesis of Alzheimer’s Disease (AZD). The extracellular deposition of fibrillar amyloid
β, intracellular accmumulation of abnormally phosphorylated tau protein and subsequent
formation of Aβ plaques that mediate neurodegeneration and dementia in AZD is associated
with inflammation (Hoozemans 2003). Mediators of inflammation are present throughout all
stages of the disease whereas COX-2 is absent in normal astrocytes or microglial cells
coupled. Further, COX-2 is upregulated in acute brain injury and in animal models of AZD.
Finally, the connection between AZD and COX is supported by a lower incidence of AZD in
patient’s with rheumatoid arthritis, presumably because of the use of NSAIDs for its treatment.
The protective effects of NSAIDs in the AZD patient may reflect the antiplatelet properties of
NSAIDs; aspirin in particular may decrease the risk of ischemic damage induced by blocked
capillaries of the brain. Decreased formation of amyloid β protein also has been proposed
(Warner 2004)., suggesting a possible role in other diseases associated with amyloid β protein
deposition. NSAIDs also may inhibit NMDA-receptor mediated neuronal cell death by
preventing an increase in extraceullar glutamate concentrations released in response to
increased PGs. Finally, COX-2 appears to be involved in the loss of glutamate induced
apoptotic cell death. Although companion animal disease comparable to AZD have not been
identified, theses benefits may ultimately prove useful in other CNS disorders that do afflict
animals. Pain: PGs have been implicated in causing increased pain perception (allodonia) in
damaged compared to normal tissues. Induced COX-2 PGE as been associated with
hyperalgesia (exaggerated response to pain) in either the spinal cord (primary hyperalgesia ) or
at nociceptors in peripheral tissues (secondary hyperalgesis). Induction of spinal COX-2 in the
dorsal horn also has been associated with central sensitization, manifested as a change in
excitability threshold. The ability of PGs to contribute to hyperalgesia and central sensitization
because of there effects on other mediators of pain and inflammation continues to be
investigated. Potential influences include chemical mediators (eg, histamine, bradykinin,
Substance P, nitric oxide), neurotransmitters (eg, glycine inhibition or glutamate stimulation) or
through modulation of other receptors (eg, NMDA). Gastrointestinal: Both COX-1 and COX-2
are constitutively expressed in the GI tract. However, it is the constitutive expression of COX-1
that appears to play the predominant major role in the protection of the GI tract. These PGs
decrease hydrochloric acid secretion, increase mucosal bicarbonate and mucus production,
and increase epithelial cell proliferation and mucosal blood flow. Drugs which spare COX-1
while targeting COX-2 generally have been proven safer than those which target both COX
isoforms. However, COX-1 is not the only isoform of importance to the GI tract.
Indeed, induction of COX-2 appears to be important for healing of GI damage, appearing within
an hour of GI damage. Interestingly, in the pancreas, constitutive COX-2 expression dominates,
although the clinical relevance of this is not yet known. Indeed, induction of COX-2 may be
important to healing, regardless of the tissue, including healing bones. The application of PGE-2
facilitates bone healing in experimental animals; 4 weeks of ibuprofen (16%) or rofecoxib
(Vioxx®; 87%) compared to placebo (0%) led to mal-union in rats with experimentally-induced
fractures. Cardiovascular: The role of PGs in the cardiovascular system is largely beneficial
and the relationship between COX-1 and COX-2 and their respective PG
endproducts exemplifies the complex “ying-yang” balances which characterizes this family of
chemicals. Platelets contain thromboxane synthetase, which catalyzes the formation of
thromboxane from arachidonic acid. Thrombosis reflects platelet aggregation and
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vasoconstriction. The formation of a thrombus is kept “in check” by the presence of prostacyclin
synthetase in vascular endothelial cells. This enzyme catalyzes metabolism of arachidonic acid
to prostacyclin (PGI2), a vasodilatory and platelet inhibiting prostaglandin endproduct. However,
whereas TXA2 is associated with COX-2, prostacyclin synthetase colocalizes with COX-1.
Thus, whereas drugs which target both COX isoforms will potentially allow the balance to be
maintained, drugs which preferentially target only one isoform risk disruption of the balance.
Such may be the case with COX-2 selective NSAIDs. Their preferential inhibition of COX-2 may
allow thrombus formation to go unchecked, increasing the risk of thromboembolic disorders.
Kidney: In the kidney; both COX-1 and 2 are constitutively expressed. Both are formed in the
macula densa of humans and animals, but COX-2 may have a more important role than COX1. In (nonhuman) animals, iInhibition of COX-2 causes sodium and potassium retention in salt
depleted, but not normal, animals. However, in humans, COX-2 appears to influence renal
vasculature and podocytes. The role of COX in the kidney needs to be further elucidated
before safety can be assumed for any NSAID; sparing COX-1 and targeting COX-2 can be
expected to alter renal function. For example, kidneys do not develop in the embryos of COX-2
null knockout mice. The role of COX in the kidney differs among tissues and species. Cancer:
In the 1990’s, a reduced risk of colon cancer was associated with consistent aspirin use.
Subsequent studies demonstrated a marked increases in COX-2 in a variety of soft-tissue
tumors in humans. A similar situation has been documented in transitional cell carcinoma in
dogs (Knapp 2004). These studies suggest that benefits of NSAIDs in cancer may reflect
inhibited COX-2 (Warner 2004). Mechanisms by which COX-2 may facilitate cancer growth or
spread include impaired apotosis, transactivation of epidermal growth factors or receptors
(thus promoting colon cancer), and promotion of angiogenesis. impact of COX-2 inhibitors has
generally supported the role of COX-2 in cancer growth and spread. Depending on the model,
inhibition reduces cell proliferation, increases apoptosis, and reduces metastasis. Inhibitors
may also enhance anti-tumor effects of radiation, although toxicity is increased. However, at
least for NSAIDs, GI toxicity is also increased when combined with antimetabolite anticancer
drugs, presumably reflecting a combined toxic effect on the GI tract. COX-2 increasingly is
identified with progression of cancer, the role of COX-1 continues to be scrutinized. For
example, colon cancer was decreased in knock out mice void of COX-1, suggesting its role in
the prevention of cancer should not be ignored.

COMPARATIVE SAFETY: The differential effect of NSAIDs on the isoforms of cyclo-oxygenase
offers some insight as to the differential pharmacologic and toxic effect of NSAIDs . As a class,
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NSAIDs appear to inhibit both COX 1 and COX 2. However, some the amount of drug necessary
to inhibit each of the two isoforms provides a basis for assessing relative safety and efficacy of
each drug. The ratio of COX 2 to COX 1 describes the amount of drug necessary to inhibit the
respective isoform of the cyclooxygenase enzyme. A COX 1:COX 2 ratio of greater than 1
indicates that the drug is more potent toward Cox-2, that is, inhibition of COX 1 requires more
drug than inhibition of COX-2, thus suggesting a safer drug compared to a drug characterized by
a ratio less than one. The importance of species differences in interpreting these studies is
exemplified by a study in humans that found the C1:C2 ratio for etodolac >>>> carprofen, but a
similar study implemented by Ricketts with canine cells found just the opposite (Table to left).
Various methods complicate interpretation of different reports. Further, the sponsor of each the
cited studies can be identified by that drug which demonstrates the best ratio. Cox-1:Cox2 ratio
should be used for screening only. Those drugs that have a more favorable COX1:COX2 ratio
might be clinically safer in regards to minimizing the risk of NSAID-induced GI ulceration.
Safety: Gastrointestinal damage is the most common and serious side effect of the
NSAIDs among species. Cats are likely to be more sensitive to the GI side effects of NSAIDs
compared to people. Because COX-2 is important to the healing ulcer, any NSAID should be
discontinued at the first indication of GI upset. GI ulceration should be anticipated in an any
animal receiving an NSAID. Treatment for GI toxicity should protect the damaged mucosa, and
if necessary, control gastric acid secretion. Because (intestinal) ulceration is difficult without
acid, the single most important treatment may be antisecretory drugs. In the face of severe
ulceration, a proton pump blocker such as omeprazole may be most effective. However, its
inhibitory effects on drug metabolizing should be avoided in patients receiving NSAIDs. The
antihistaminergic antisecretory drugs have been used for decades in humans. However, at least
in dogs, famotidine consistently has been demonstrated to be either ineffective or less effective
in maintaining a high (target) gastric pH, particularly compared to omeprazole (paste or tablet,
although effects of paste decreased after 12 hrs). The effects of famotidine also seem to
decrease with chronic (2 week) administration. Proton-pumps have a delay in onset in
maximum efficacy. As such, starting both famotidine and omeprazole in patients with
gastrointestinal mucosal damage might be considered, although proton pump inhibitors may be
sufficiently effective on day 1. Esomeprazole, the S- enantiomer of omeprazole, has been
demonstrated in dogs to be effective after (1 mg/kg) IV or oral (enteric coated granules)
administration. The half-life is only 1 hr, but the irreversible nature of proton pump inhibitors
should allow q 24 administration with multiple administration. Pantoprazole (1 mg/kg IV q 24
hr). In humans, a recent concern has been raised regarding the incidence of chronic kidney
disease associated with long term use of proton pump inhibitors. This concern persists, and has
transitioned from an increased risk in patients with acute kidney injury to an effect in all
individuals regardless of kidney health status. The mechanism remains unclear; a direct cause
and effect relationship needs further elucidation in humans and animals.
The benefits of sucralfate include binding to and thus protecting damaged mucosa, as
well as increased PGs synthesis, angiogenesis, and sulfhydryl (oxygen radical scavengers)
production. However, sucralfate must bind to damaged tissue to be effective and thus is helpful
in treating, but not preventing, ulceration. Hemostasis: All traditional NSAIDs are able to impair
platelet activity due to impaired prostaglandin (thromboxane) synthesis. At pharmacologic
doses, aspirin selectively and irreversibly acetylates a serine residue of a platelet
cyclooxgenase and, accordingly, will always have very low Cox 1: Cox2 ratios. However, newer
NSAIDs inhibit prostacyclin, which acts to impair platelet aggregation, while minimally affecting
thromboxane synthetase. As a result, thrombosis can occur relatively unchecked, predisposing
patients to thrombosis (eg, Viox®). Unfortunately, it is unclear which of these drugs target
predominantly Cox-2 in cats, decreasing confidence in use. Renal: The cat may be
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predisposed to nephrotoxicity (compared to the dog or human), perhaps in part because of
differences in renal function. In the kidney, vasodilatory PGs are protective, assuring that
medullary vasodilation and urinary output continue during states of renal arterial
vasoconstriction. The loss of this protective effect becomes important in patients with
compromised renal function. Newer NSAIDs do not appear any less likely to be associated with
this effect than the traditional NSAIDs in humans. In cats, a review of adverse drug events at
the FDA’s CVM website reveals that the proportion of adverse events of cats that reflect the
kidneys (eg, 45% of meloxicam and 24% of carpfofen) is greater than that in dogs (9%), and is
greater for meloxicam compared to carprofen. Unfortunately, this is the only comparative data
available for NSAIDs and it has been removed from the website.
Again, acetaminophen warrants special consideration: because it does not target end
prostaglandins, its safety concerns do not include those traditionally associated with NSAID.
Indeed, it can be used in combination with other NSAIDS. Its toxicity reflects relative overdose
(which occurs essentially with any dose in cats): the drug is generally removed by
glucuronidation. If insufficient, the drug is shunted back to phase I metabolism which results in
the production of toxic metabolites (oxygen radicals). If sufficient, glutathione can remove these
radicals before they cause tissue damage. Cat hemoglobin, which contains more sulfhydryl
groups than most species, is particularly susceptible to oxidation. Treatment of acute toxicity or
supplementation with n-acetylcysteine (or SAMe), a precursor to glutathione, helps protect the
liver and treat methemoglobinemia. Inhibition of cytochrome P450 metabolism helps prevent the
formation of toxic metabolites.
Package Insert Information: Limited post-market clinical trials are often sponsored
by drug companies and potentially biased. Among the most important sources of data is post
market surveillance (Table 3). The FDA web site for adverse event reporting
(www.fda.gov/cvm/) can be reviewed. Novartis reported (JAVMA 224; 2005:1112) that, of 29
dogs that developed perforated ulcers while receiving deracoxib, 90% received either an
overdose or another NSAID or glucocorticoid within the last 24 hr of presentation. GI damage is
the most common and serious side effect of the NSAIDs. Dogs are described as “exquisitely
sensitive” to nonsteroidal anti-inflammatory induced GI ulceration. All NSAIDs used in the dog
have been reported to cause GI ulceration. Further, because COX-2 is important to the healing
ulcer, any NSAID should be discontinued at the first indication of GI upset. GI ulceration should
be anticipated in dogs receiving these drugs and clients counseled regarding the side effects
and potential treatments for ulcerative injury. Unfortunately, there is no sensitive indicator of GI
bleeding in dogs and damage may be quite extensive before signs are evident. Treatment for GI
toxicity should replace the missing PGs (misoprostol), protect the damaged mucosa (sucralfate),
and if necessary, control gastric acid secretion. Because (intestinal) ulceration is difficult
without acid, the single most important treatment may be antisecretory drugs. In the face of
severe ulceration, a proton pump blocker such as omeprazole/ may be most effective;
combination with an antihistaminergic drug such as famotidine (bid dosing may be necessary)
may be initially indicated. Patients which are predisposed to analgesic nephropathy include
geriatric patients, patients suffering from cardiac, renal or liver disease, hypovolemic states
including shock and dehydration, and patients receiving nephrotoxic (ie, aminoglycosides,
amphotericin B or other anti-prostaglandin drugs) or nephroactive (eg, diuretics) drugs.
Treatment or prevention includes administration of sodium containing fluids. Adverse event data
reveals that all NSAIDs will cause liver disease in dogs. Cats appear to a be predisposed to
NSAID induced renal disease (not just meloxicam). Table 3 delineates the percent of ADE that
were kidney associated in 2004. While the percent of renal ADE associated with meloxicam is
higher in cats (whether or not this is significant remains to be proven) compared to carprofen,
the percent of renal ADE in cats for either NSAID is greater than that in dogs. Caution is
indicated in cats with high normal creatinine; renal function should be intermittently monitored in
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cats. Because older animals may have less protective ability against NSAIDS,
hepatoprotectants such as SAMe, n-acetylcysteine (especially for acute hepatopathy) or milk
thistle should be considered. Glucosamine /chondroitin sulfate combinations should be
considered to help protect the GI tract, as well as help cartilage heal. Finally, because NSAIDs
are metabolized by the liver, other drugs which induce or inhibit drug metabolism (imidazole
antifungals, cimetidine, chloramphenicol) should be avoided. Client Information tear sheets
which accompany package in serts should be sent home with clients.
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NSAIDS: IT IS NOT JUST ABOUT THE PAIN (Part 2)
Dawn Merton Boothe, DVM, PhD, DACVIM (Internal Medicine), ACVCP
Auburn, AL
INTRODUCTION
The first portion of this discussion focused in the impact of NSAIDs on normal and abnormal
physiology, including a focus on safety. Impacting safety are the pharmacokinetics of the drug and a
special focus on the safety / use of NSAIDS in cats.
PHARMACOKINETICS.
Newer NSAIDs share a number of pharmacokinetic properties with older NSAIDs. The relevance of
protein binding (which is > 90%) is questionable except
in patients with altered hepatic clearance. Most, if not
all, are metabolized by the liver, with marked
differences among the species. Low bioavailabilty,
which characterizes firocoxib (and possibly others) may
contribute to variability in response. Note the half-life of
the drugs is variable; the duration of effect may be
longer than the half-life due to slow dissociation of the
drug with receptors. As such, transitioning should take
place after at least 3 to 5 half-lives or more. Saturation
of drug metabolizing enzymes may be a problem for all
with relative overdosing as has been shown for
deracoxib. Many of the NSAIDs are present as racemic
mixtures of the R and S isomer each of which is seen
by the body as a different drug, with differing
pharmacologic and pharmacodynamic effects as well
as differences in clearance etc. Species differences are
a given; although the cat is recognized for slower
clearance of many NSAIDs, several drugs (those better
tolerated) are cleared more rapidly by cats than dogs
(see Table 1). Most NSAIDs are marketed as
enantiomers; R and S stereoisomers are handled in the
body as two different drugs, contributing to variability in
species response. Age, gender and breed differences
should be anticipated.
Poor metabolizers have been described for some drugs
in humans (eg. Asian descent) and dogs. It is tempting
to speculate that breed differences will also emerge in
cats of Asian descent. Adding to the complex impact of
disposition on NSAID safety is the impact of
enantiomers. Enantiomers are molecules that are
mirror images of one another (R- or S+). They occur for
many drugs which contain a chiral carbon around which
its bonds rotate. Although chemically similar, the body
handles each enantiomer differently in regards to
disposition (see carprofen in table). Further, the
pharmacodynamic effects of enantiomers are likely to
be different. In essence, the body treats each
enantiomer as a different drug. Most NSAIDs contain a
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chiral carbon, and are sold as racemic mixtures (50:50) of the R(-) or S(+) enantiomers. As such,
extrapolation among species, genders, breeds, ages, etc becomes increasingly complex. Female cats
already have been demonstrated to have a relative deficiency of CYP3A, the enzyme responsible for
most drug metabolism.
SPECIFIC DRUGS
Grapiprant: The most recently approved drug that targets specific small molecules is the noncox-inhibiting NSAID, grapiprant (Galliprant®). Indicated for treatment of osteoarthritis, this drug differs
from nonsteroidal anti-inflammatories (which target cyclooxygenase, and newer ones, cyclooxygenase
2) by targeting (antagonizing) the prostaglandin E-2 EP4 receptor. All prostaglandin receptors are gprotein coupled receptors which bind to one or more of 9 prostanoid receptors. PgE is the predominant
PG interfaces with 4 receptors (hence, PgE receptors). The receptors is located in areas beyond the
joint. In the gastrointestinal tract, they are highly expressed in small intestine and colon, providing an
anti-inflammatory role (suggesting this drug might be avoided in patients with IBD). EP4 is important in
stimulating bone growth, suggesting antagonisms might impair bone healing and it may be important in
cancer growth, suggesting its antagonism might be helpful in cancer. EP4 may also protect the heart.
Although this drug is categorized by an NSAID, its mechanism of action is clearly different than
cyclooxygenase inhibitors because of its increased specificity. Based on assessment of the package
insert, selective inhibition of prostaglandin receptor EP4 appears to be associated with better safety
compared to co-inhibiting drugs. However, equally important, the EP4 receptor is located in those
tissues in which PGE (constitutive or inducible) is located, indicating that the very physiologic
responses discussed above are also influenced by this receptor. As such, its blockade must still be
implemented with caution.
Special Focus on Cats: Drugs: Robenacoxib: Robenacoxib is approved for use in companion
animals outside the United States and has been recently approved for use in cats and dogs in the US.
In the author’s opinion, the major advantage of this drug compared to others is the short half-life, which
(particularly in cats) decreases kidney NSAID exposure time. Isoform preference in studies supported
by the manufacturer indicate a COX-1 to COX-2 ratio (95% inhibition) of 450 using whole blood assays
in cats, indicated Cox-2 preference or selectivity. The disposition of robenacoxib in cats at 2 mg/kg
intravenously has been reported, revealing an elimination half-life that is very short compared to
meloxicam, also approved for use in the cat. Data from the ex vivo and pharmacokinetic studies were
subsequently integrated with a model of inflammation in cats (n=10), resulting in a recommended dose
2 mg/kg dose every 12 hours. At 5 to 10 times the recommended dose (1-2 mg/kg), no significant
changes occurred compared to placebo when dose for 28 days. When dose for 44 days, creatinine
increased in all groups (including placebo), with the increase being significantly different from placebo
only for the 2 mg/kg (but not 6 or 10 mg/kg) group (n=8/group). The authors concluded that
robenacoxib was not associated with any biologically relevant toxicity even at 20 mg/kg for 42 days. In
the FOI associated with Onsior® approval, cats (n=8; 8 mos old) receiving 4 or 10 X the recommended
dose for 21 days or up to 5 X the dose for 6 months remained clinically normal, but had lower kidney
weights compared to placebo. The apparent safety of robenacoxib may reflect not only is potency for
Cox-2, but also is short plasma elimination half-life. Its efficacy appears to benefit from a longer
presence at sites of inflammation, with control of pain (and inhibition of Cox-2 in inflammatory exudate)
occurring for 24 hours .Robenacoxib has performed favorably (non inferior) to ketoprofen for treatment
of musculoskeletal disorders in cats. The product has not been on the market sufficient long for post
market surveillance to make an impact on safety assessment.
Meloxicam Meloxicam, like
piroxicam, is a member of the oxicam group of NSAIDs The COX2:COX1 ratio for meloxicam, unlike
that for piroxicam, favors selective COX2 inhibition in humans, suggesting that it has a wider margin of
safety than most other. However, in cats, it is not clear if piroxicam is COX2 versus COX1-protective.
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Both piroxicam and meloxicam are characterized by a shorter half-life in cats compared to dogs.
Meloxicam is more potent (although not necessarily more efficacious) than aspirin, indomethacin, and
piroxicam; hence, its dose is smaller. The disposition of meloxicam has been studied in cats.
Meloxicam is among the NSAIDs characterized by a shorter half-life in cats compared to dogs, and is
one of the few NSAIDS that appear to be well tolerated in cats. It’s safe use in Canada for several
years predated its approval for use in cats in the US. Meloxicam is the only NSAID approved for use in
cats in the United States. However, despite its apparent safety compared to other NSAIDs, the
therapeutic margin of meloxicam is relatively narrow. Cats do not tolerate doses greater than or equal
to 0.3 mg/kg gastric ulceration and death has occurred at 3X to 6X the normal for 10 days. Several
studies support the efficacy of meloxicam in cats. In one study, the optimal dose of meloxicam to
prevent endotoxin-induced fever in cats was 0.3 mg/kg, a dose also noted for its ability to cause
toxicity. Meloxicam (0.2 mg/kg SC), carprofen (4 mg/kg SC), tolfenamic acid (4 mg/kg SC) and
ketoprofen (2 mg/kg SC) did not differ in their ability to control post-operative pain following OHE in cats
in one study. Meloxicam has been approved in Australia for chronic use at a dose of 0.05 mg/kg daily in
cats. Genuw (J Fel Med Surg 2008) recently reported the safe used of meloxicam in adult (aged) cats
using a case-control design (n=46; treated cats, age 12.9+4.2 yr) in Australia. Meloxicam was
administered at 0.1 mg/cat (0.01-0.03 mg/kg (0.1 mg/cat) with food once daily following a 0.1 mg/kg
once daily for 4 days oral loading dose. Mean duration of treatment was 5.8 months. However, there
are some issues with the study. Since it was case controlled, no placebo of blinding took place and
efficacy comparisons were based on comparison at baseline. Thus, it is difficult to assess efficacy.
Illnesses in both the treatment and control group were diverse, with 25% of each group suffering from
some disease. Ten pairs of cats were matched by disease. Cats with renal disease were included if
disease was stable. One cat in each group died due to chronic renal insufficiency. Creatinine was
measured only in the first 10 pairs of cats and only until 1 month of therapy. No statistical differences
were found in creatinine between the treatment and control group (data not provided) at 1 month;
however, the power of the study was not reported. One cat in each group died from chronic renal
insufficiency; creatinine increased in cats with pre-existing disease treated with meloxicam numerically
more than it did in control cats with the exception of 6 months (data not provided to evaluate variability).
In addition, 4 cats in the meloxicam group and one in the control group developed vomiting. Caution is
suggested when interpreting the results of this study as evidence of safety of meloxicam in regards to
renal dysfunction associated with long term therapy. Caution is thus encouraged when using any
NSAID, and perhaps meloxicam, in cats with pre-existing renal disease; this may include that
population of cats whose serum creatinines are “high” normal.
Piroxicam is an oxicam NSAID
approved for humans.It has received attention for its ability to reduce the size of tumors (transitional cell
tumors and others) in dogs. Piroxicam may interact by an additive or synergistic action with anticancer
drugs to cause tumor cell death. Piroxicam is a potent antiinflammatory in musculoskeletal
conditions.The disposition of piroxicam has been studied in the cat. Notably, the half-life of the drug is
much shorter in cats (12 hours) compared with dogs (40 to 50 hours). Little information ir available for
this drug in cats.
(Tepoxalin [withdrawn in the US]is a potent antipyretic agent in cats at doses
between 5 and 10 mg/kg and provides analgesia at least equivalent to butorphanol at 10 mg/kg for
onychectomy (Personal Communication, Gerryll Hall, Technical Service Veterinarian, Schering Plough,
April 2004). Tepoxalin is among the dual acting NSAIDs. It is a potent anti-inflammatory and analgesic
pyrazole derivative that also inhibits production of IL-1, suppreses NFkB activation and dependent gene
expression (Keier 2004). Tepoxalin also has been studied in cats. Whereas tepoxalin was well tolerated
in cats when administered at 100 mg/kg once daily for 3 consecutive days, saturation kinetics occur
when 60 mg/kg was administered as two doses four hours apart. Signs suggestive of CNS ADE
occurred (drunken-like state), a response not recorded in any other species.) Carprofen is approved
for use in cats in select countries outside the United States. The disposition of the drug has been
studied in cats, including enantiomers at the dose associated with control of inflammation (4 mg/kg). A
smaller clearance for carprofen in cats results in a elimination half-life that is at least twice as long in
cats compared to dogs. The S isomer is cleared almost 3 times as rapidly as the R isomer resulting in
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a shorter half-life for S compared to R in the cat. The relative COX2 selectivity of carprofen that occurs
in dogs has not been well documented in cats, although Brideau’s data dose suggest relative selectivity
similar to that in dogs. Clinically, however, this may not be true. The gastrointestinal effects of single
dose carprofen (4 mg/kg IV) or aspirin (20 mg/kg IV) were studied in cats (n=5) using endoscopy and a
randomized crossover design. Lesions in the stomach and duodenum 8 h postinjection were limited to
minor pinpoint erosion in one cat. Clinical laboratory tests were not affected by either drug. However,
duodenal perforation has been reported in cats using oral administration of carprofen (2.2 mg/kg twice
daily for 7 days) following ovariohysterectomy. The ulceration was no doubt exacerbated by flunixin
meglumine and dexamethasone treatment prior to referral. As a postoperative analgesic in cats,
carprofen compares favorably with pethidine (meperidine), providing equal but longer analgesia (at
least 24 hours) when administered a t 4 mg/kg subcutaneously postoperatively (Balmer et al., 1998). In
a clinical trial of cats undergoing OHE, no difference was found in the analgesic effects of carprofen,
ketoprofen, meloxicam or tolfenamic acid. based on the visual analogue scale and a nociceptive
threshold at the incision site. With 9/10 cats responding, all responses were described as good,
although none prevented wound tenderness.) Ketoprofen. Although not firmly established, the efficacy
of ketoprofen has also been attributed to its ability to inhibit some lipooxygenases and thus formation of
leukotrienes. Ketoprofen is not approved for use in small animals in the United States but is approved
for both dogs and cats in Europe. The half-life of the drug is short in cats (1.5 hrs) compared to dogs.
Ketoprofen has been used as an analgesic in cats, particularly in Canada (1 mg/kg every 24 hours for 7
to 10 days). The antipyretic effect of ketoprofen (2 mg/kg subcutaneously followed by 1 mg/kg once
daily orally) in febrile cats was rapid, being evident in 4 hours with temperatures normalized at that
time.. Temperatures did not change in the antibiotic-only treated cats. The use of ketoprofen as an
analgesic is variable. In cats subjected to ovariohysterectomy, ketoprofen (2 mg/kg subcutaneously)
compared favorably with buprenorphine (0.006 mg/kg or 6 mcg/kg intramuscularly) and mepiridine as
gas anesthesia was discontinued. Response better for both drugs compared with the control at both 4
and 8 hours but still present for buprenorphine only compared with control at 18 hours
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MEDICAL CANNABINOIDS: UNDERSTANDING THE TARGET?
Dawn Merton Boothe, DVM, PhD, DACVIM (Internal Medicine), ACVCP
Auburn, AL
INTRODUCTION
The legalization of medical marijuana (Cannabis spp.) for treatment of human diseases has
been accompanied by an increased use in animals. Much of this use is implemented without veterinary
supervision by pet owners able to purchase animal dietary supplements derived from marijuana or its
constituents. However, this use is largely accomplished by clients who access them through internet
sites marketing products specifically for use in dogs and cats. Although such use is not currently
evidence-based, support for medical use of marijuana-based products is increasing emerging in human
medicine and most of the indications should extrapolate to animal diseases. The purpose of this
manuscript is to describe the types of products being marketed, the regulations surrounding their use,
and provide a scientific bases for their use based on presumed mechanisms of action. Finally, evidence
supporting use for various indications will be summarized.
Marijuana refers to the dried leaves and tops of the hemp plant (Cannibus sativa) (Svienska
2008). It has been a part of recreational, religious and medical activities of a variety of cultures for
over 5000 years (Krietzer 2009;Burns 2006 and was among the most commonly prescribed
medications in the United States Pharmacopeia until declared illegal in the 1930s. Cannibus sp is a
pharmacologically (and toxicologically) diverse herb, containing at least 480 distinct compounds with
their proportions varying between each subspecies, the part of the plant, and how that product is cured
or prepared. Plant products include, in addition to marijuana, hashish and hashish oil, formed from the
resin secreted by the plant. Hemp is commonly used to refer to the stem of the marijuana plant.
However, marijuana is one of several varieties of hemp plants grown and harvested specifically for the
stem which is used for a variety of products such as ropes, animal bedding. Unique to Cannabis are
close to 70 different terpenephenolic compounds referred to as cannabinoids. Phytocannabinoids are
unique to Cannabis. These lipophilic, low-molecular-weight compounds (300 Da) (Hosking 2008) are
structurally similar to the eicosonoid arachidonic acid, the precursor of prostaglandins and
leukotrienes. The most important of the phytocannabinoids are: Δ9 –tetrahydrocannabinol (Δ9 –THC),
cannabidiol (CBD), cannabichromene (CBC), and cannabigerol (CBG) (Grotenhermen, 2003). In
addition to phytocannabinoids, marijuana contains approximately 140 different terpenoids. These
compounds are responsible for a variety of actions as well as its scent. The specific terpenoids yielded
from a particular marijuana plant depend on the type of Cannibis (determining the fiber content), the
part of the plant, its sex and age, whether or not it is cultivated in or outdoors, when it is harvested and
the conditions at harvest, and how it is dried and stored. The serotinergic effects of marijuana (5-HT1A
and 2A) may reflect the impact of these essential oils, contributing to analgesia and mood modification.
Other components in the plant include nitrogen containing compounds (n = 70: alkaloids, amines);
carbohydrates, including common monosacharides (n=13: fructose, glucose, mannose), selected
disaccharides (sucrose, maltose), and several polysaccharides (eg, cellulose, pectin) as well as several
sugar alcohols (n = 12; mannitol, sorbitol, glycerol). A number of flavonoids also are present (n=23);
among them, apigenin has a wide variety of effects, including interaction with benzodiazepine
receptors, resulting in an anxiolytic effect. Other ingredients include fatty acids (n=33) and others.
PHARMACODYNAMICS: THE ENDOCANNABINOID SYSTEM
The Endocanabinoid System. Among the phytocannabinoids, Δ9 –THC is the most
understood as it is the main property of psychogenic producing behavior and pharmacological activity
against pain (Grotenhermen, 2003, Di Marzo, 2007). Its discovery and elucidation of its role in the
human body paralleled that of the discovery of the opioid receptors, leading to a description of the
endocannabinoid system , including endogenous cannabinoid ligands (endocannabinoids) and their
respective endocannabinoid (eCB) receptors (Hosking 2006; Di Marzo 2006; Di Marzo, 2007). The
major cannabinoid receptors, CB1R and CB2R, are G-protein coupled receptors found within the
cytoplasm of the cell. The CB1R receptor is ubiquitous and commonly found within the central and
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peripheral nervous tissue as well as in peripheral tissues associated with the immune system (e.g.,
tonsils and spleen) (Burns 2006; Grotenhermen, 2003, Hosking 2008). In nervous tissue, the receptors
predominate in the mitochondria of the neuron. These manufacturers of energy are negatively impacted
by THC, but these effects of THC are largely blocked by CBD, demonstrating the yin/yang effects of
these compounds. Similar to opioids, endogenous endocannabinoid ligands are capable of acting as
agonists or antagonists on their corresponding receptors (Di Marzo 2006). CB2r are located principally
on immune cells, but this includes microglia. The cannabinoid receptors are influenced by both
endocannabinoids and phytocannabinoids. At least 5 endogenous cannabinoids have been described,
with anandamide (CB1 and 2 agonist, but higher affinity for CB1) being the most thoroughly studied. It
is synthesized by post-synaptic neurons, acting as a retrograde messenger to influence
neurotransmitter, and particularly GABA, release. It is extremely unstable, being rapidly hydrolyzed to
ethanolamine (an antimistamine) and arachidonic acid. Cannabinoids are able to disrupt short-term
memory, impair cognition and time perception, alter mood while enhancing body awareness,
discoordination, sleepiness, and reduce attention focus and the ability to “filter” irrelevant information.
Although interaction with cannabinoid receptors is unique among plants to hemp, cannabinoids do not
necessarily cause their effects by direct interaction with CBR. Other receptors are also targeted (eg,
benzodiazepines, serotonin, others). Cannabinoids can influence the release of other
neurotransmitters.
Pharmacodynamic effects: The endocannabinoid system is a known contributor to physiology,
but has been recognized for only about 25 years. In general, it contributes to homeostasis (Relax,
Eat, Sleep, Forget and Protect; McParland 2014). Endocannabinoids appear to be important as
neuroprotectants (e.g, antioxidants, inhibition of calcium influx and excessive glutamate production), for
example, that associated with CNS ischemia or hypoxia, or the presence of neurotoxicants. These
effects appear to be mediated predominantly by CB1 (located particularly in the dorsal horn of the
spinal cord) although CB2 also plays a role, depending on the tissue (Svizenska 2008). Cannibinoids
also inhibit neuroinflammation (see therapeutic indications). Although not all effects of cannabinoids are
mediated by CBR, their extensive distribution contributes to a variety of physiologic responses. The
dopaminergic reward pathway is stimulated by CB1 receptors, motivating eating, smoking and
substance abuse. A variety of clinical effects occur, including but not limited to inhibition of nociception
(sensation and pain), decreased anxiety and emesis, manipulation of gastrointestinal and
cardiovascular function, and stimulation of appetite (4). The CB2R receptors are principally found in
cells and organs of the immune system, including leukocytes, monocytes, B and T cells, spleen, and
tonsils. Activation of CB2R receptor receptors do not cause the effects on mentation that activation of
CB1R produces, and has become a target for therapeutic use in human medicine by reducing
inflammation, immune suppression, and as a chemotherapeutic (Burns 2006; Grotenhermen 2003;
Hohmann 2006).CB1R receptors often modulate other signals. For example, they inhibit voltageactivated calcium channels, decreasing excitatory (acetylcholine) and increasing inhibitory (GABA)
neurotransmitters. CB2 also is located on neurons where it may be associated with cell differentiation
(Svizenska 2008). Untoward
Pharmacologic Effects. As with many CNS active drugs,
marijuana is associated with both tolerance (higher concentration needed to impart a similar
pharmacologic effect) and withdrawal (a clinical syndrome of nervousness, tension, restlessness, sleep
disturbance and anxiety). However, the long elimination half-life of the most active ingredient, THC (and
others) appears to preclude a clear cut abstinence syndrome (Svizenska 2008). As with other addictive
agents, laboratory rodents have been demonstrated to self medicate, suggesting an addictive
component. Tolerance also should be expected: dogs exhibit a unique ataxic response to IV CBD.
However, tolerance to this effect rapidly emerges within one week of repetitive treatment.
Specific cannabinoids: Cannabidiol (CBD) was the first isolated phytocannabinoid to be
isolated from the Cannabis plant in 1930-1940s. In 1960s, CBD was employed as an anticonvulsant
due to having similar pharmacologic effects as phenobarbital and diphenydantion (DPH) (Mechoulam
2002). CBD, has very low affinity for the cannabinoid receptors (often manifested as antagonistic),
however, it serves as an antagonist for CB1R and CB2R agonists (Mechoulam 2007). The natural
CBD (-) does not bind to CB1R, however, the synthetic (+) has been shown to bind to both CB1R and
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CB2R (Mechoulam 2002). Besides anti-convulsant effects, CBD has been used for its anxiolytic, antipsychotic, and anti-nausea effects (Mechoulam 2002). Interestingly, after oral administration of CBD in
a murine model for rheumatoid arthritis, researchers saw a diminished interferon gamma (IFN-γ),
decreased release of tumor necrosis factor alpha (TNF-a) and nitrous oxide (Mechoulam 2002; Malfait
2000). CBD also works as a potent anti-oxidative agent, showing greater protective nature against
glutamate neurotoxicity than either ascorbate (Vitamin C) or α tocopherol (Vitamin E) (Mechoulam
2007). These anti-oxidative effects may have explained why CBD was successful in correcting
hypermotility in mice, with no effects on the control population (Capasso 2008). On a smaller scale,
CBD has been shown to stimulate mesenchymal stem cells responsible for bone formation and fracture
healing, while also controlling bone resorption (Izzo 2009). Although CBD has very low toxicity on
rhesus monkeys after IV administration, it has been reported to have very low oral bioavailability (9 h),
which may be due to first pass metabolism (Mechoulam 2002). Cannabichromene, CBC, one of the
non-psychotropic cannabinoids, has been shown to have strong anti-inflammatory properties through
indirect activation of CB1R, through inhibition of the endocannabinoid inactivation (Shinjyo 2013). Most
recently, CBC was determined to normalize the intestinal motility of an experimental model of intestinal
inflammation in mice, but not alter the rate of transit in control animals (Izzo 2001; Izzo 2012).
Cannabigerol, CBG, whose mechanism of action has not been completely elucidated, has a wide
variety of therapeutic targets from antitumor activity as well as potent antibacterial effects towards
selected microbes, including methicillin resistance staphylococci (MIC of 0.5 to 2 mcg/ml) (Appendino
2008; Rock 2011; Izzo 2009). Traditionally, cannibinol (CBN), the primary product of Δ9-THC
breakdown, was been used to predict the age of the marijuana plant. CBN has recently been
discovered to have an immunosuppressive effect by decreasing the production of interleukin -2 (IL-2)
by decreasing T cell activation (Faubert 2000).
Cannabinoids in Dogs or cats: Cannabionid receptors have been studied in a limited fashion
in dogs. Initial studies focused on relevance to humans and provide evidence that dogs may react with
unique behaviors. Receptors: In 1975, tritium-labeled -9 THC (0.5 mg/kg IV) radioactivity was
distributed throughout canine cerebellum and cerebral cortex, with increased concentrations in grey
matter versus white matter noted; up to 50% of the signal reflected metabolites (28). Peripherally,
radioactivity occurred in all organs save the vitreous humor. Peripheral tissues with the highest
concentrations (relative) were bile (8), adrenal gland (3, 5), liver, auricle and ventricle of the heart, renal
cortex, and pancreas (1), with the least concentration in the fat, trachea, and testis. The canine CB2R
has been relatively cloned and characterized and shows 76% homology with other species (31). CB1R
is located in the apical region of the striated cells of parotid and mandibular salivary glands (12). Both
CB1R and CB2R were demonstrated in various cells of canine epidermis and dermis of dogs; both
receptors increased in atopic dogs (8).
Marijuana and pets Legalization in states has yet to include veterinary medicine. Legalization
of medical or recreation marijuana among the stuates is likely to be associated with an increased
incidence of toxicity, with a 4 fold increase cited in one study although toxicity may reflect additional
ingested foods (eg, chocolate) (Meola 2012). THC is among the compounds cited as a toxicologic
hazard in detection (police) dogs (Llera 2008). It is the most common drug to which detection dogs are
exposed. Both dogs and cats may become intoxicated with smoke inhalation as well as ingestion of
food containing marijuana (or hashish). It is absorbed rapidly following either oral or inhalant
administration with clinical signs evident within 30 to 60 minutes of ingestion, although one reference
(Osweiler 2008) indicates onset as long as 12 hours after exposure. Cannabinoids of medical
significance appear to undergo first pass metabolism and as such, the risk of toxicity with inhalant
products is much greater compared to oral The implication for medical use is that oral administration
may not be cost effective. The drug is eliminated by hepatic metabolism and biliary excretion with
elimination being complete in 5 days in dogs; duration of toxicity ranges from 30 minutes to 3 days, but
18-24 is the average. Enterohepatic circulation may contribute to the prolonged half-life. The most
common signs of toxicity following ingestion in dogs include tachycardia, hypotension, depression,
ataxia, vomiting (inducing emesis is not recommended in clinically depressed dogs because of the risk
of aspiration), altered behavior, bradycardia, hypersalivation, weakness, hypothermia and seizures.
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Treatment is largely supportive, with sedation with benzodiazepines or phenothiazines as needed.
Antiemetic therapy may be indicated. Pharmacologic manipulation The system can be manipulated
by interfering with endogenous receptor ligands with cannabinoid or cannabinoid-like drugs, and
enzymes responsible for endocannabinoid synthesis and degradation.
REGULATORY CONSIDERATIONS
Currently, at least 24 (PRO-CON). States have approved marijuana in some form. According to
NORML (http://norml.org/states ), a site dedicated to law reformation, 34 states have some type of
conditional use, 15 states of decriminalized use, 14 states of medical marijuana laws. Several states
have passed Industrial Hemp bills, with such plants being legal under some conditions as long as they
contain less than 0.3% THC (DMW). However, cannabinoids themselves, included the oil CBD
concentrate from these plants remains as a Class 1 Schedule substance, meaning it has a high risk of
abuse potential and no recognized medical benefit. 10 different pharmaceutical cannabis products
(including synthetic) have or are undergoing some level of approval
(http://medicalmarijuana.procon.org/view.resource.php?resourceID=000883). This includes those
predominantly cannabidiol (CBD) products derived from “industrial hemp”. Note that laws that legalize
marijuana in selected states do not (and are likely not) to apply to veterinary medicine. Further, simply
because marijuana has been legalized does not necessarily mean that they can be purchased in those
states easily, nor that they can be transported across state lines. Until such laws are clear in what
veterinarians can and cannot do, having clients purchase the products online is prudent.
In December, Congress passed the 2018 Farm Bill that specifically addressed industrial hemp. Some
important points about the impact of this Bill on cannabinoid use in animals:
The Farm Bill of 2014 had already legalized industrial hemp (less than 0.3%THC DMW) for pilot
programs; the 2018 bill removes the pilot distinction and now any one can grow it. But there are
some important caveats: (LongLink @ www.brookings.edu...)
Regarding Industrial Hemp:
1. States must regulate the cultivation of IH. Each state's regulatory program must be approved
by the Secretary of USDA. This includes verifcation that a plant being grown meets the
definition of industrial hemp. This begins with the Secretary of USDA who will oversee states'
regulatory plans for IH. These plans must be followed by the cultivators in the respective states.
As such, although any person can grow IH, it will require a license and as such, not be will not
be as easy as growing tomatoes.
2. The protections for hemp (not necessarily CBD; see below [heavy sigh]) research established
in 2014 have been extended.
Regarding CBD:
3. Hemp-derived products (I assume IH derived products) have been removed from Schedule 1
status, but CBD is NOT generally legalized. This is because the DEA and FDA have not
dropped CBD from Schedule I status - yet. However, along with the DEA, some exceptions
have been made: any cannabinoid (THC, CBD, etc) derived from hemp will be legal if produced
in a manner consistent with the Farm Bill, that is, it is from IH that has been grown according to
state and thus Federal regulations.
Some (Boothe's take): this suggests that any CBD product, regardless of CBD content, is legal
as long as it is derived from appropriately regulated IH (meaning all the above restrictions are
met). However,
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4. the Farm Bill does not change the fact the Federal Government's still considers all state
programs that have legalized cannabis products to be illegal. So while there is a potential for a
broad expansion of commercially available CBD products because of the bill, CBD is not in
general "legal". Each producer is going to have to demonstrate that the CBD used in their
products is derived from approved IH. Those current commercial producers that obtain their
product from crops meeting the 2014 Farm Bill (presumably?) may have a jump on the industry.
Hopefully, a movement toward change in this aspect (more general legalization of CBD) can
occur when the democrats come to power in the House.
4. Unfortunately (and ironically), under currently law, any research involving CBD must be
obtained from research grade cannabis which currently can be obtained only from University of
Mississippi School of Pharmacy. Before (presumably) any more research goes forward, the dEA
and FDA are going to have to provide guideance. (Heavy sigh).
5. Still be worked out is the impact of pharmaceutical grade CBD such as that found in Epidiolex
(which remains regulated by DEA as a Schedule V product) on CBD in IH. The approval of
Epidiolex means that an active pharmaceutical ingredient that is in an approved drug is being
sold commercially as supplements (which reflect either concentrated CBD oil or supplements
which have been modified with the addition of CBD oil). Even if the CBD oil in these products
has been derived from appropriately grown IH, the pharmaceutical manufacturers are not likely
to take lightly the widespread availability of products containing an active pharmaceutical
ingredient available in an approved drug. Expect some regualatory push back as the FDA tries
to make Pharma and Dietary supplement manufacturers happy.
Summary:
The Farm Bill continues what the 2014 Bill began. The next step is putting into play Federal
regulations for IH which will include approving the plants, and state regulatory programs. No
CBD will be federally legal until the manufacturer can demonstrate that the product being sold is
derived from CBD obtained from IH demonstrated to be as such. This will take some time
(unless some of our current manufacturers, as I indicated above, already did that to be in
compliance with the 2014 Bill).
Congress generally understands the safety of CBD; whether and when it can find a path to
deregulate CBD without impacting THC is not clear. There is likely to be a lot of continued
discussion as the implications of the Bill are discussed and the regulations surrounding the bill
are promulgated and implemented.
MEDICAL USES
The proposed indications for medical marijuana have included, but are not limited to behavioral,
sleep and gastrointestinal disorders, neuroprotection, antispasmodic but prokinetic, anorexia, nausea,
glaucoma, diabetes, immunosuppression, malaria, anti-inflammatory and, of course, pain (Table 1, Izzo
2009). A proposed advantage of medical marijuana compared to a single drug (e.g., dronabinol, a
synthetic THC [Marinol®]), iis the multiple compounds contained in the plant. Two advantages are
offered: 1. The compounds might act synergistically (a “synergistic” shotgun or entourage effect) to
provide an enhanced desired pharmacologic effect while 2. at the same time, mitigating (one
compound acting on another) undesirable effects. However, evidence for a synergistic benefit is
lacking based on the lack of differences when THC is consumed as marijuana, versus Marinol®
(humans). (Brenneisen 200X). Presumably, because marijuana contains so much THC, it may not be
the most effective portion of the plant and it may contribute to more side effects. Cannabinoid
deficiency has been linked as an etiology of a variety of illnesses: ("eCB deficiency syndrome" )as an
etiology in migraine, fibromyalgia, irritable bowel syndrome, psychological disorders, and others
(McParland 2014). However, finding evidence to support either the negative or positive effects of
cannabis can be difficult because such information is often tainted with emotionaly-mediated opinion.
PRO-CON ( http://medicalmarijuana.procon.org/view.resource.php?resourceID=000881) is a useful site
that provides links to evidence using a categorical approach, as well as information on approval status
among the states.
Pain Management: Cannabinoid use has been best prescribed for its use in controlling
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PRO-CON ( http://medicalmarijuana.procon.org/view.resource.php?resourceID=000881) is a useful site
that provides links to evidence using a categorical approach, as well as information on approval status
among the states.
Pain Management: Cannabinoid use has been best prescribed for its use in controlling
neuropathic pain. Peripherally, CB2R receptors, and to a much lesser extent CB1R, have been effective
in modulating the inflammatory response as well as tissue and nerve injury (19,33). CB2R, present on
both mast cells and leukocytes, play multiple key roles in the modulation of the local inflammatory
response including preventing mast cell degranulation, diminishing neutrophil migration, and
decreasing the release of nitric oxide from macrophages (33). Cannabinoids have an analgesic effect
on neuropathic pain in rodent models (thought to be mediated via the CB1 and CB2 receptors) in
addition to other receptors, such as transient receptor potential vanilloid type 1 (TRPV1). Secondary to
nerve injury, cannabinoid induced antinociception is more effective in alleviating pain than opioid drugs
by suppressing wind up and noxious stimulus induced central sensitization (Hohmann 2006). Recently,
studies of the interactions between the cannabinoid and the opioid systems indicates that coadministration of two agents may produce favorable synergistic effects, and may offer a new treatment
strategy for multi-modal analgesia (MacPherson 2000; Ripamonti 2001). Recent findings have also
suggested that NSAIDs may also owe some of their therapeutic success to their interaction with the
endocannabinoid system either by inactivation of proteins or by encouraging biosynthesis. Rofenicoxib,
a cyclooxygenase 2 (COX-2) selective nonsteroidal anti-inflammatory, synergizes with anandamide (the
endogenous agonist of CB1R and CB2R), in a positive feedback loop to further elevate levels of
anandamide as well as other analgesic fatty acid ethanolamide levels (Di Marzo 2007).
Neurologic: Suppression of convulsions/seizures: While the exact mechanisms resulting in
suppression of epileptic seizures by cannabinoids are unknown, there are many receptors for
cannabinoids (particularly CB1) in areas of the brain known to be sites where partial seizures originate.
Experimentally, CBD attenuates experimentally-induced seizures in animals; this may reflect reduced
calcium fluxes (Izzo 2009). THCV also has been associated with some anticonvulsant effects by virtue
of its inhibitory effects on CB1.
Anxiolytic: These effects have been demonstrated in healthy
human volunteers (Izzo 2009).CBD exerts benzodiazepine independent effects, possibly by activating
post synaptic 5-HT1A receptors. Neuroprotection: CBD is an antioxidant and as such has been
proposed for treatment of Alzheimer’s disease, Parkinson’s disease and Huntington’s disease.
Restoration of calcium homeostasis may prevent apoptosis (Izzo 2009). In rodents, CBD reverses brain
damage associated with ischemia. Emesis and Appetite: Control of emesis and approved appetite are
among the approved indications for FDA-approved cannabinoids. Emesis involves, among other
signals, release of serotonin and subsequent stimulation of 5HT that activate neurons in the area
postrema. CB1 receptors in the cerebrum, vestibular nuclei, and other brainstem nuclei involved in
emesis suppress vestibular nuclei signals associated with nauseaAmong the mechanisms of improved
appetite is facilitated olfaction. Appetite is an approved indication for FDA-approved cannabinoid
products.
Other: Cancer: In addition to control of adverse clinical signs associated with cancer and its
treatment, a number of the cannabinoids have antiprolierative-anti apotopic effects in a number of
tumor cell lines. The National Cancer Institute has a link describing ongoing studies.
http://www.cancer.gov/about-cancer/treatment/cam/patient/cannabis-pdq. Diabetes mellitus: CBD
inhibits development of diabetes in non-obese diabetic mice, including ameliorating clinical signs of
disease. This appears to reflect, in part, control of pancreatic inflammation, but also reduction of
oxidative stress in target tissues (eg, retina). Bone formation: A number of cannabinoids (essentially all
in Table 1) stimulate mesenchymal stem cells responsible for bone formation and fracture healing. CBD
aldo controls bone resorption, reducing bone loss (Izzo, 2009). Antimicrobial: CBC and CBG have
demonstrated potent antibacterial effects towards selected microbes, including methicillin resistance
staphylococci (MIC of 0.5 to 2 mcg/ml).
STUDIES IN ANIMALS:
One study has demonstrated efficacy of cannabidiol in animals: one for control of pain associated with
chronic osteoarthritis (https://www.ncbi.nlm.nih.gov/pubmed/30083539) when used orally at 2 mg/kg q
12 hrs . Treatments for epilepsy are currently ongoing.
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Gastroesophageal Reflux Disease (GERD):
More Common Than You’d Think
Scott Owens, DVM, MS, DACVIM
MedVet Indianopolis
Carmel, IN

Gastroesophageal reflux is the act of regurgitating stomach contents (most often acidic juices) in a retrograde direction back through the
lower esophageal sphincter (LES) and in to the esophagus. Occurring sporadically in small volumes this can be inconsequential, but when
the esophageal mucosa is repeatedly exposed to acidic gastric fluid as well as digestive enzymes, such as pepsin, damage can occur,
referred to as gastroesophageal reflux disease (GERD). GERD is a very common and well-documented condition in humans, but much less
is known about this condition in dogs.
The gastric mucosal layer is well equipped for constant exposure to acidic fluid as well as digestive enzymes, which is why gastric ulcers
are not more prevalent in dogs and cats. In contrast, the esophageal mucosa is easily compromised when exposed to these substances, and
their presence will induce varying degrees of inflammation and ulceration. While the exact mechanism of damage is not clear, it is possibly
related either to direct acidic damage of the epithelial cells and then penetration in to the submucosal layer or to recruitment of
inflammatory cells in response to the acid. The result of this inflammation is esophagitis, which in severe cases can lead to fibrosis and
stricture. Chronic GERD and esophagitis in humans can lead to Barrett’s esophagus and even to esophageal adenocarcinoma; while these
conditions have been seen in dogs they are not nearly as commonplace.
GERD is primarily a disorder of the lower esophageal sphincter and its ability to remain closed when not in use, however there are other
underlying causes that can contribute to worsening disease. These include delayed gastric emptying, excessive gastric secretions, chronic
vomiting, hiatal hernia, esophageal hypomotility, trauma to the LES, etc. In humans there are many other proven factors, including
pregnancy and obesity that contribute to the disease process.
Until recently GERD has been difficult to document and characterize in dogs. One reason is that the clinical signs vary widely, with many
dogs showing no signs whatsoever despite mild to moderate esophagitis. Additionally, it has been a logistic challenge to accurately and
reliably measure esophageal pH in an awake dog in its normal environment. The latter has changed with the ability to use a wireless pH
monitor to detect up to 96 hours of continuous pH data; the Bravo Reflux Testing System can be placed endoscopically in the distal
esophagus and can remain in place up to 96 hours while pH monitoring is performed on a paired handheld device. While not yet frequently
used in clinical practice, this device has been used to assess efficacy of various proton pump inhibitors and histamine receptor blockers in
dogs as well as in other clinical trial settings. In dogs suspected of having ongoing GERD or clinically relevant esophagitis esophagoscopy
is the preferred method of assessment.
General anesthesia is one of the largest known risk factors for reflux esophagitis in dogs. In a 2017 study by Torrente et al. 17.3% of 237
dogs undergoing general anesthesia for various diagnostic or surgical procedures experienced some degree of gastroesophageal reflux, with
identified risk factors including length of time under anesthesia, body position change while under anesthesia, and intra-abdominal surgery.
While it is unlikely that all 41 dogs had clinically relevant esophageal damage due to the reflux, this is an alarmingly high percentage of
dogs at risk for esophagitis. A study by Shaver et al. recently investigated if brachycephalic dogs were more at risk for GER during
anesthesia; in this study 60% of brachycephalic dogs undergoing airway corrective surgery compared to 40% of control dogs experienced
gastric reflux, however the case numbers were too low for this difference to be considered significant. Pre-anesthetic fasting has
traditionally been advised to help reduce the risk of regurgitation, and an empty stomach with 10+ hours of fasting has historically been
accepted as the safest measure to take prior to anesthesia, however this concept has recently been challenged by two separate studies
(Savvas I et al. And Viskjer S). In the latter, feeding a reduced meal 3 hours prior to anesthesia was associated with a higher risk of reflux,
while in the former this was actually shown to be the opposite, with a lower risk of regurgitation following a small meal 3 hours prior to
anesthesia. Further studies are indicated in this area to determine the best practice for elective anesthesia procedures.
Breed type is another risk factor for GERD, with brachycephalic breeds in particular being high risk. In particular, there is causation
between upper airway obstruction and the pressure differential created across the diaphragm contributing to gastroesophageal reflux. This
concept has been well documented in human medicine, and an investigative study involving artificial upper airway obstruction in 5 dogs
proved the correlation in dogs. In this study by Boesch et al., dogs were evaluated prior to and one week after creating an artificial upper
airway obstruction, and negative inspiratory pressure was compared to presence/severity of gastroesophageal reflux; there was a direct
correlation, confirming that GER worsens with an increased negative inspiratory pressure found with upper airway obstruction. In 2005
Poncet et al. investigated the prevalence of gastrointestinal tract lesions in 73 dogs with clinically relevant brachycephalic airway syndrome
and found that 37% of dogs had endoscopic evidence of esophagitis, while 32% had documented gastroesophageal reflux.
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Clinical signs vary widely in dogs with naturally occurring GERD, with the most common being regurgitation, non-specific pain, and
ptyalism (Muenster M et al.). Asymptomatic GERD is likely even more common. It is not uncommon in the author’s experience to identify
evidence of distal esophagitis, for example, during endoscopy in a dog with chronic diarrhea/weight loss with no other clinical signs, signs
that would be seemingly unrelated to esophagitis or reflux.
Initial treatment depends on the presence/severity of esophagitis. In the most severe cases of ulcerative esophagitis (such as following
removal of a chronic esophageal foreign body) withholding all food and feeding via PEG tube may be indicated, but this is rarely indicated
in most cases of esophagitis. There are three main components of therapy, including ulcer protection (sucralfate suspension), reducing
gastric acid production (H2RA or PPI therapy) and improving esophageal motility/lower esophageal sphincter tone (metoclopramide or
cisapride). A low fat diet can also help expedite gastric emptying, as gastric over-distention can contribute to worsening reflux. There are
some reports in human medicine citing that oral sucralfate suspension is the best analgesic available for esophagitis, however in severe
cases opioid analgesics may also be indicated. For dogs with chronic GERD, once the esophagitis has been managed long-term therapy
may be achieved with only daily omeprazole (1mg/kg PO q12-24h), however metoclopramide or cisapride may also be indicated long-term
to reduce the act of reflux.
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Management of PLE in Dogs: More Than Just Pred
Scott Owens, DVM, MS, DACVIM
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Protein losing enteropathy (PLE) is defined as greater than normal loss of protein through the gastrointestinal tract (GIT)
(Hall EJ 2010, Moore LE 2009). As much as 10% of daily protein catabolism occurs in the GIT, therefore losses greater than
this are considered pathologic (Greenwald DA 2006). Clinically apparent PLE, however, involves much greater protein loss,
as the liver is capable of increasing albumin production by greater than 100% to compensate for the deficiency (Peterson PB
2003). Quiescent disease, therefore, may be present long before clinical detection of hypoalbuminemia is made. There is a
short list of differentials for hypoalbuminemia, including severe protein losing nephropathy/nephrotic syndrome, liver
dysfunction, and protein losing enteropathy (PLE). One key difference that separates the three is the panhypoproteinemia that
is seen with PLE. The loss of proteins is non-discriminatory and thus results in loss of small proteins (ie. albumin) as well as
larger protein (globulins).
In dogs, PLE is frequently associated with lymphoplasmacytic enteritis and lymphangiectasia (Kull PA 2001), but any
disorder resulting in disruption of the intestinal mucosa or increased intestinal lymphatic hydrostatic pressure may result in
protein loss. Additionally, protein loss may occur in the face of normal intestinal mucosa secondary to leakage through
enterocyte tight junctions (Bode L et al 2008). Some of the less common causes of PLE include acute or chronic infectious
diseases (Parvovirus, Histoplasmosis), neoplasia (diffuse round cell neoplasia such as lymphoma, discrete mass such as
adenocarcinoma, etc.), acute or chronic GI bleeding (neoplasia, ulcerations), severe dysbiosis, etc.
When hypoalbuminemia is identified on initial blood work in a sick dog, even in the face of severe chronic diarrhea, certain
additional laboratory tests should be performed to help rule out liver and kidney involvement. At a minimum, a urinalysis and
bile acids (pre- and post- prandial) should be checked; finding normal results in each of these tests will help to direct a
diagnostic plan geared towards the gastrointestinal tract. A detailed medical history including patient signalment is equally as
important to the aforementioned lab tests. There are a few well known breed-specific enteropathies that contribute to
hypoalbuminemia, including the following:





Yorkshire Terrier: Commonly seen with primary and secondary lymphangiectasia which can lead to severe PLE,
hypomagnesemia, hypocalcemia, etc. (Kimmel SE et al 2000)
Soft Coated Wheaten Terrier: Genetic predisposition to presumed severe food allergy that can contribute to PLE
and protein losing nephropathy, with a poor long term prognosis (Littman MP et al 2000).
Norwegian Lundehun: Nearly 100% of the breed is affected to some extent by a severe chronic enteropathy
leading to PLE (Berghoff N 2007).
Many breeds seem more sensitive to the effects of chronic enteropathies, leading to PLE, including Rottweiler,
German Shepherd Dog, and Chinese Shar-Pei.

As previously mentioned, the most common causes of PLE in dogs are lymphoplasmacytic enteritis and lymphangiectasia.
Diagnosis of these conditions can be made via intestinal biopsies, taken either endoscopically or surgically. The author’s
preference in dogs with severe PLE is for endoscopic biopsies, as intestinal edema, ascites, and hypoalbuminemia can
contribute to an increased risk of dehiscence secondary to prolonged healing time of the enterotomy site. An additional
advantage is that immunosuppressive therapy, including corticosteroids, can be initiated immediately following an
endoscopic procedure. If lymphangiectasia is a suspected differential diagnosis, administering 5-10mL of corn oil per os 2-4
hours prior to the endoscopy can make dilated lacteals more prominent, aiding in a visual diagnosis.
The quality and size of the endoscopic biopsies has been proven to be correlated to ability to make an accurate diagnosis,
which makes experience of the endoscopist and quality of the equipment used of great importance when consider options for
biopsies (Washabau RJ et al 2010). Additionally, endoscopy equipment is not readily available to all veterinarians, making
surgery the only way to obtain tissue samples.
Once a cause has been identified treatment should begin as soon as possible, as acute decompensation can occur when
hypoalbuminemia progresses. A combination of diet therapy, gastroprotectants, antibiotics, and immunosuppressive
medications should be considered. If primary lymphangiectasia is suspected (or confirmed), an ultra low fat diet is indicated
(Okanishi H et al 2014). In moderate cases a prescription low fat diet can be used.
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Gastroprotectants can be used when gastric ulceration has been documented, or if vomiting is an accompanying clinical sign
that may result in esophagitis. Omeprazole and famotidine are first-line antacids that should be used.
Antibiotics may be indicated in severe cases for treatment of bacterial translocation across the wall of the diseased intestines.
Broad spectrum coverage with an antibiotic such as amoxicillin/clavulanic acid would be indicated in this instance. More
commonly, however, there may be a component of dysbiosis, or bacterial overgrowth, which can contribute to a non-specific
condition known as antibiotic-responsive diarrhea. While this is not generally the only pathology associated with PLE, it can
often be one part of the disease process. Tylosin 10-20mg/kg PO BID) is the drug of choice for this condition (Kilpinen S et
al 2014).
Immunosuppressive therapy, first and foremost corticosteroids, will be indicated in most cases of chronic enteropathy that are
severe enough to cause hypoalbuminemia. Prednisone is the most commonly used first line therapy, with starting doses up to
3mg/kg/day for severe cases. Larger dogs generally require a lower starting dose, in some cases only 1mg/kg/day.
Alternatively, budesonide has been shown to be as effective (Dye TL et al 2013). In severe cases or if prednisone therapy has
failed, additional immunosuppressive medications can be used. The use of chlorambucil (4.4mg/m2/day) has recently been
shown to be more effective than prednisone alone in a subset of dogs with severe refractory PLE (Dandrieux JR et al 2013).
Cyclosporine (Atopica) is another drug that has shown effectiveness in dogs with inflammatory bowel disease refractory to
prednisone alone (Allenspach K et al 2006).
Long-term survival in dogs with chronic enteropathy is shorter in dogs with hypoalbuminemia compared to those with
normal albumin at the time of presentation (Owens SL et al 2011). If an underlying diagnosis can be made and appropriate
medical management started early, however, a favorable prognosis can be achieved. Recognizing breed predispositions,
obtaining a thorough medical history, and ruling out other cause of hypoalbuminemia will help allow earlier medical
intervention, contributing to an increased chance for survival.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Hall EJ, German AJ. Diseases of the small intestine. In: Ettinger SJ, Feldman EC, ed. Textbook of Veterinary
Internal Medicine, 7th ed. St. Louis, MO: Saunders; 2010:1526-1572.
Moore LE. Protein-Losing Enteropathy. In: Bonagura JD, Twedt DC, ed. Kirk’s Current Veterinary Therapy XIV.
Philadelphia, PA: Saunders; 2009;512-515.
Greenwald DA. Protein-Losing Gastroenteropathy. In: Feldman M, Friedman LS. Brandt LJ, ed. Sleisenger and
Fordtran’s Gastrointestinal and Liver Disease, 8th Ed. Philadelphia, PA: Saunders;2006:557-564
Peterson PB, Willard MD. Protein-losing enteropathies. Vet Clin Small Anim 2003;33:1061-1082
Bode L, Salvestrini C et al. Heparan sulfate and syndecan-1 are essential in maintaining urine and human intestinal
epithelial barrier function. J of Clin Invest 2008;118(1):229-238.
Kull PA, Hess RS et al. Clinical, clinicopathologic, radiographic, and ultrasonographic characteristics of intestinal
lymphangiectasia in dogs: 17 cases (1996-1998). J Am Vet Med Assoc 2001;219:197-202.
Kimmel SE, Waddell LS, Michel KE. Hypomagnesemia and hypocalcemia associated with protein-losing
enteropathy in Yorkshire Terriers: five cases (1992-1998). J Am Vet Med Assoc 2000;217:703-706.
Littman MP, Dambach DM, Vaden SL, Giger U. Familial protein-losing enteropathy and protein-losing
nephropathy in Soft Coated Wheaten Terriers: 222 Cases (1983-1997). J Vet Intern Med 2000;14:68-80.
Berghoff N, Ruaux CG, Steiner JM, Williams DA. Gastroenteropathy in Norwegian Lundehunds. Compend Contin
Educ Vet 2007;29(8):456-465, 468-70.
Washabau RJ et al. Endoscopic, Biopsy, and Histopathologic Guidelines for the Evaluation of Gastrointestinal
Inﬂammation in Companion Animals. J Vet Intern Med 2010;24:10–26.
Okanishi H et al. The clinical efficacy of dietary fat restriction in treatment of dogs with intestinal
lymphangiectasia. J of Vet Int Med 2014;28(3):809-17.
Kilpinen S et al. Efficacy of two low-dose oral tylosin regimens in controlling the relapse of diarrhea in dogs with
tylosin-responsive diarrhea: a prospective, single-blinded, two-arm parallel, clinical field trial. Acta Vet Scand
2014 August, 6;56:43
Dye TL et al. Randomized, Controlled Trial of Budesonide and Prednisone for the Treatment of Idiopathic
Inﬂammatory Bowel Disease in Dogs. J Vet Intern Med 2013;27:1385–1391
Dandrieux JR et al. Comparison of a chlorambucil-prednisolone combination with an azathioprine-prednisolone
combination for treatment of chronic enteropathy with concurrent protein-losing enteropathy in dogs: 27 cases
(2007–2010). J Am Vet Med Assoc Vol 242, No. 12, June 15, 2013
Allenspach K et al. Pharmacokinetics and Clinical Efficacy of Cyclosporine Treatment of Dogs with SteroidRefractory Inflammatory Bowel Disease. J Vet Intern Med 2006;20:239–244
Owens SL, Parnell NK, Moore GE, et al. Canine protein-losing enteropathy: a retrospective analysis and survival
study in 68 dogs (abstr). J Vet Intern Med 2011;25:692.

66

An Update on Neurological Emergencies
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
I.

Intracranial Emergencies
a. Head Trauma
i. Potential causes of mentation change

Disease

Forebrain (FB) or Brainstem
(BS)

Diffuse, Multi-focal or
Focal

Degenerative Disease

FB

Diffuse

Anomalous (i.e.
hydrocephalus)

FB

Diffuse

Neoplasia

FB and BS

Focal

Infectious/Inflammatory

FB and BS

Multi-focal or Focal

Trauma

FB and/or BS

Diffuse, multi-focal or
focal

Vascular (CVA)

FB and BS

Focal or multi-focal

ii. Examination
A general physical examination is very important as the injured brain is very susceptible
to changes in homeostatic functions of the body.
Cardiovascular Evaluation
Heart rate, heart rhythm, pulse quality, PCV/TS, mucus membrane color, and blood
pressure should all be assessed on presentation.
Respiratory Evaluation
Airway patency, respiratory rate, respiratory character and thoracic auscultation should
all be assessed on presentation.
Other
Hyperglycemia may indicate a more severe head injury; persistent hyperglycemia (>24h)
has been associated with a higher mortality rate in people. Hyperglycemia has been
demonstrated to worsen free radical production, excitatory amino acid release, cerebral
edema, and vascular damage. Iatrogenic hyperglycemia should be avoided which is one
reason why corticosteroid administration is contraindicated in head trauma patients. A
minimum database should be obtained to assess renal and hepatic function prior to
initiating treatment; jugular venipuncture should be avoided.
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Neurological Examination
The aims of the neurological examination are to determine if the nervous system is
affected, obtain a neuroanatomical diagnosis, and gain information about the prognosis
using the modified Glasgow coma scale. Serial neurological examinations (q 30–60
minutes) are imperative to determine the stability of the patient and the best way to
intervene.
iii. Pathophysiology of Intracranial Pressure (ICP)
The cranial vault is made up of 3 components - the brain (80%), blood (10%) and
cerebrospinal fluid (10%). The Monroe-Kellie Doctrine states that in order to maintain
cerebral homeostasis, an increase in any one component necessitates a decrease in
another component. Without compensatory changes, ICP increases can lead to decreased
oxygen and glucose delivery and neuronal damage. Acute elevations in ICP may trigger a
"Cushing's reflex", which results in severe hypertension and reflex bradycardia. The
presence of a Cushing's reflex indicates life-threatening increases in ICP and requires
prompt treatment.
iv. Pharmacological Management of ICP
1. Mannitol
a. 0.5 – 1.0 gm/kg IV over 20 minutes
b. Effect lasts 2-5 hours
c. May be repeated 2-3 times over 24 hours
2. Hypertonic saline (7%)
a. 3 – 5 ml/kg IV over 5 – 10 minutes
b. Effect lasts 1 hour
c. Contraindications
3. Barbiturates
4. Aggressively treat/prevent seizures
b. Status Epilepticus
Anticonvulsant drugs that are used on an emergency basis commonly include diazepam or
midazolam and phenobarbital. Diazepam (0.5–1.0 mg/kg) can be administered intravenously or
rectally and midazolam (0.2-0.5 mg/kg) can be administered intravenously or intranasally. Doses can
be repeated every few minutes; however, if the patient does not respond after the second dose it is
unlikely to respond to further doses. If the patient presents in status epilepticus or clusters, after the
seizure has stopped, loading of phenobarbital should be initiated. The loading dose is 15 mg/kg
divided into 3 doses given intravenously as frequently as 30 minutes apart; however, the loading can
be performed over 12-18 hours if seizures have become more controlled. Patients who continue to
seizure either during or after the phenobarbital load, should be placed on a constant rate infusion of
midazolam (0.2–1.0 mg/kg/hr). Patients with significant hepatic disease may not tolerate
benzodiazepines or phenobarbital. These patients could be alternatively managed with intravenous
levetiracetam or potassium bromide per rectum.
II.

Spinal Emergencies
The causes of acute spinal cord injury in dogs and cats are mainly compressive or concussive
myelopathy due to intervertebral disc herniation (Hansen’s Type 1, acute non-compressive nucleus
propulsus extrusion), vertebral fracture or subluxation/luxation. This mechanical compressive or
concussive damage may lead directly to axon transection, demyelination, neural death and vascular
disruption in the affected area of the spinal cord. Secondary biochemical injury to neural tissue
follows this primary injury. Impaired blood flow and inflammation due to activated glial cells occurs in
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the lesion (secondary spinal cord injury) result in ischemia and edema. In the most severe lesions,
nociception is lost which may result in ascending-descending myelomalacia in around 10% of cases.
a. Assessment of spinal cord injuries
An initial brief neurologic exam should be performed to obtain a neuroanatomical diagnosis and
determine if an unstable fracture is present. Non-ambulatory animals should be evaluated on
presentation in the position in which they arrive. Until the presence of an unstable injury has been
ruled out, all patients should be treated as if the spine is unstable. The initial neurologic exam should
consist of a full cranial nerve exam and evaluation of mentation, segmental reflexes in all 4 limbs,
superficial pain sensation in all 4 limbs, deep pain sensation in any limbs lacking superficial
sensation, gentle spinal palpation to identify areas of instability, pain, crepitus, or malalignment, and
panniculus reflex to provide additional localizing information in animals with thoracolumbar trauma.
Schiff-Sherrington posture, due to lesions between T3–L3, is useful in the context of
neurolocalization, but is not a prognostic indicator.
Management
Following neurological assessment, imaging studies should be performed to be able to decide if the
patient is a candidate for medical or surgical treatment. Medical treatment can be successful for
patients that present with pain only and stable fractures. Those cases presenting with neurological
deficits and unstable fractures/luxations should be referred for surgery.
Medical treatment consists of keeping the patient as immobile as possible; external coaptation can be
used. Strict cage rest for 4-6 weeks is imperative. Good nursing care and pain management should
be instituted.
b. Prognosis
The type and severity of the primary injury and the degree to which secondary injury has progressed
will contribute to outcome. The most important indicator of prognosis is the presence or absence of
deep pain perception. Patients with loss of deep pain perception at the time of presentation have a
guarded to poor prognosis; if the loss of deep pain is secondary to fracture or luxation, the prognosis
is grave.
References available upon request.
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Common Spinal Diseases and Management
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
Patients with spinal cord disorders are relatively common in small animal practice. Following a complete
neurological examination, the practitioner should be able to localize the lesion and develop a list of differential
diagnoses. In general, the spine is divided into 5 sections based on location of paresis and myotactic reflexes.
Neuromuscular or lower motor neuron disease differs from spinal cord disease; these patients present with
decreased to absent myotatic reflexes in all four limbs.
The Five Most Common Spinal Disease in Dogs:
1. Intervertebral Disc Herniation
Intervertebral disc herniation is the most common cause of myelopathy and spinal hyperesthesia in dogs.
Chondrodystrophic breeds (Dachshund, French bulldogs, Beagle, Welsh Corgi, Basset Hound, Miniature
Poodle, Shih Tzu, others) are at greater risk for disc disease and often present early in life (3–6 years of
age). Clinical signs are based on where the disc herniation has occurred but typically include: spinal
hyperesthesia, proprioceptive deficits and/or paralysis.
Initial diagnostics for a patient with presumptive disc disease can include a minimum database, spinal
radiographs and thoracic radiographs, especially if the patient is geriatric. Spinal radiographs may help to
rule out other differentials (e.g., aggressive bone lesion or discospondylitis).
Medical management is appropriate for dogs with pain and mild, ambulatory paresis. Pain management
and cage rest are the hallmarks of medical therapy. The best approach to and success of medical therapy
has been investigated in a limited number of studies. As many as 50% of nonambulatory dogs may regain
ambulation with medical management but recovery is often longer (weeks to months until walking),
incomplete (severe ataxia) and there is a greater chance for recurrence (30–50%). Strict rest (ideally in a
crate) for 4 weeks should be emphasized as this allows the ruptured annulus to heal and prevent further
extrusion of nucleus pulposus.
Surgical treatment is selected for dogs that are non-ambulatory paraparetic or -plegic or those which have
a lack of clinical improvement with medical approaches. Surgery should be performed on an emergency
basis for patients that are paraplegic/absent nociception, paraplegic with nociception or have minimal
motor paraparesis, especially if clinical signs are rapidly progressive. Dogs with thoracolumbar disc
herniation and intact deep nociception have a 86–96% of returning to voluntary ambulation, whereas
dogs with absent nociception have roughly a 50–60% chance of recovery. Ascending/descending
myelomalacia is seen in approximately 10% of dogs that have absent nociception secondary to
intervertebral disc herniation. This syndrome is inevitably fatal and may develop even after surgery.
2. Fibrocartilagenous Embolism
Ischemic myelopathy due to fibrocartilaginous embolism (FCE) causes a peracute, often asymmetrical
myelopathy that is non-painful and non-progressive over 6–12 hours. The clinical history often involves
vigorous activity during which the dog screams and is then acutely unable to walk. Large and giant
breeds are overrepresented for FCE, in addition to Miniature Schnauzers. Presumptive diagnosis is
based on signalment, history and clinical signs. Antemortem diagnosis of FCE is made using MRI; in
some cases it is a diagnosis of exclusion. Myelography may be normal in animals with FCE or may show
focal intramedullary swelling. The prognosis for recovery of function following FCE is usually fair. In one
study, > 70% of patients with presumptive FCE recovered ambulation. Most patients with severe clinical
signs will have residual persistent deficits. Several prognostic factors have been established to assist in
estimating recovery. These include size of patient, LMN vs. UMN injury, level of injury, symmetry of the
lesion and presence of nociception.
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3. Degenerative Myelopathy
Degenerative myelopathy (DM) is a slowly progressive degeneration of the white matter of the spinal
cord. DM is a natural occurring model of human amyotrophic lateral sclerosis (ALS). The abnormal genes
have been identified; most cases of DM are caused by a missense mutation in the superoxide dismutase
1 (SOD1) gene. In the Bernese Mountain dog the gene involved is SOD'. Historically, the disease was
reported most often in the German shepherd dog (GSD). There are now many breeds affected with DM
and the list continues to expand. Some larger breed dogs that may be affected include the Bernese
Mountain dog, Boxer, Chesapeake Bay retriever, Golden retriever, Collie, Kerry blue terrier, Nova Scotia
duck tolling retriever, Rhodesian ridgeback, Standard poodle, and Siberian husky. Affected small breed
dogs include the miniature poodle, pug and Cardigan Welsh corgi. DM usually affects older dogs (i.e. 814 years) and presents as a chronic, progressive, non-painful thoracolumbar myelopathy. Definitive
diagnosis is post-mortem histopathology. Antemortem diagnosis is based on ruling out other causes of
chronic myelopathy. A genetic test for DM is available; the limitations of this test is that it does not prove
clinical disease. One such test can be found at Error! Hyperlink reference not
valid.www.caninegeneticdiseases.net/DM/sampleDM.htm. There is no treatment for DM however
physical rehabilitation has been shown to significantly slow the effects of the disease. In one retrospective
study of 50 dogs with a diagnosis of presumptive DM that received intensive physical rehabilitation had
longer survival times (mean 255 days), compared with dogs that received moderate or no physical
rehabilitation.
4. Infectious/inflammatory
Diskospondylitis is an infection of the intervertebral disk with extension to the adjacent vertebral endplates
and soft tissues. Diskospondylitis causes severe spinal pain but may also cause myelopathy if
inflammation results in compression of the spinal cord. The most common cause of diskospondylitis in
dogs is usually bacterial; however, fungal diskospondylitis can occcur, especially in German Shepherd
dogs. Staphylococcus sp., Streptococcus sp., and E. coli are the most common bacteria implicated in
diskospondylitis in dogs. Brucella canis is a rare cause of diskospondylitis in dogs but is important to rule
out due to the potential for zoonosis. Spinal radiographs are often diagnostic for diskospondylitis in dogs;
radiographs show lysis of the vertebral endplates adjacent to a disk with variable degrees to sclerosis and
new bone formation. Treatment for diskospondylitis is ideally based on culture and susceptibility.
Empirical antibiotic therapy with a cephalosporin such as cefpodoxime is appropriate. In a large,
retrospective study, the average duration of treatment was 53.7 weeks. Radiographs should be obtained
4–6 weeks after diagnosis and then every 2–3 months to monitor for resolution. Oral antibiotics should be
continued until there is radiographic resolution of lysis and ideally until radiographic changes are static.
5. Atlantoaxial luxation
Instability of the atlantoaxial joint that permits excessive flexion of the joint may result in compression of
the spinal cord due to dorsal displacement of the cranial portion of the body of the axis into the vertebral
canal. These conditions may result from congenital or developmental abnormalities, trauma, or a
combination. Toy breed dogs are overrepresented, but atlantoaxial subluxation can happen in any breed
of dog following trauma. Clinical signs associated with congenital atlantoaxial instability may have an
acute onset, may be slowly progressive, or may be intermittent. Signs are indicative of a Cl and C5
myelopathy, and vary from mild cervical pain, to tetraparesis or tetraplegia and possibly death due to
respiratory paralysis. Diagnosis of atlantoaxial instability is typically made from spinal radiographs; lateral,
ventrodorsal and (carefully!) flexed lateral projections are made. In some cases, advanced imaging (MRI)
may be necessary for definitive diagnosis. Medical management of AA subluxation involves exercise
restriction with cage rest, external coaptation of the cervical spine and pain control. Nonsurgical
management has been a plausible treatment option for dogs that show clinical signs of cervical spinal
hyperesthesia with minimal neurologic deficits, or have owners with constraints that prevented surgical
options or animals with immature bone that is not capable of withstanding implant placement. A
retrospective study evaluated long term outcome in dogs with nonsurgical treatment for 1 year or longer
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after removal of a cervical spinal splint that was in place for 12 weeks. A good outcome was reported in
10 of 16 dogs that had placement of a cervical spinal splint. Definitive treatment of AA luxation is surgical
fusion of the joint. There are several variations of surgical technique, but the most commonly utilized
approach is ventral fusion. Success rates vary from 61 to 90% in dogs treated with surgery. Positive
prognostic indicators include: < 24 months of age, duration of condition <10 months and better
preoperative neurological grade.
References available upon request.
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Managing the Meningoencephalitis Patient Together
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
Inflammatory disease of the central nervous system (CNS) is a common cause of acute, progressive neurologic
deficits in dogs and cats, and clinical signs are related to the part of the nervous system that is affected.
Granulomatous meningoencephalomyelitis (GME), necrotizing meningoencephalitis (NME), and necrotizing
leukoencephalitis (NLE) comprise the most common inflammatory disorders of the canine CNS and collectively
they are referred to Meningoencephalitis of Unknown Etiology (MUE). Most cases of canine CNS inflammatory
disease are non-infectious and are considered idiopathic; however, some cases may be caused by an infectious
disease. Despite the conventional view that MUE is as an autoimmune inflammatory disorder, some pathologists
suggest that MUE is a lymphoproliferative disease with features of inflammation and neoplasia. Most neurologists
believe that MUE is an immune-mediated disorder with both genetic and environmental influences. The definitive
diagnosis is based on histopathology; however, a presumptive antemortem diagnosis is based on signalment,
neurological examination, MRI findings, CSF analysis and the exclusion of infectious etiologies. A genetic test for
encephalitis in the Pug is available (http://www.vgl.ucdavis.edu/services/PDE.php) for breeder screening but its
limitation is that it cannot prove clinical disease.
MUE is seen most commonly in young adult small breed dogs; females are more commonly affected than males.
NME is most common in the Pug and Maltese and NLE is most common in Yorkshire Terriers and French
Bulldogs. In Pugs, the mean age of onset of clinical signs is 18 months (range 4–113 months).
Therapy
Once a presumptive diagnosis has been made, a treatment plan using more than one
immunosuppressant drug is preferred. In a meta-analysis of MUE cases the median survival for dogs
treated with corticosteroid plus any other immune suppressant protocol ranged from 240 to 590 days (n =
96) compared with corticosteroid alone, where the range of median survival was 28 to 357 days (n =
43). Research has shown that without the aggressive treatment, median survival is days to weeks, and
corticosteroid monotherapy typically results in treatment failure. One of the goals of adding an adjunct
immunosuppressive drug to the medication regimen is to be able to taper the corticosteroids. Treatment
lasts usually at least 1 year but may be lifelong.
Corticosteroids
Corticosteroids are the cornerstone of initial therapy for MUE and are used at high doses to initiate
immunosuppression. Long-term therapy with high dose corticosteroids comes with many side effects
such as polyuria/polydipsia, polyphagia, weight gain, hepatotoxicity, gastrointestinal ulceration,
pancreatitis, and iatrogenic hyperadrenocorticism. Multiple prednisone protocols have been proposed as
therapy for MUE. The author generally starts at 2 mg/kg PO BID for 5 days, then 1 mg/kg PO BID for 1
month followed by monthly reductions of 25%. Many patients must remain on low dose prednisone
therapy indefinitely.
Cytosine Arabinoside
Cytosine arabinoside (CA) is a synthetic nucleoside analogue that crosses the BBB (blood brain barrier).
It competitively inhibits DNA polymerase and prevents DNA repair. Side effects can be myelosuppression,
vomiting, diarrhea, and hair loss and are usually dose dependent. There are several options in
administering the medication parenterally and more studies need to be done on which dosing is more
2
effective. CA is most commonly administered subcutaneously at 50 mg/m every 12 hours for 2
consecutive days and repeated every three to six weeks. Alternatively, CA can be administered as an
intravenous infusion 200-400 mg/m2 over 8 - 48 hours. A CBC is assessed 10–14 days after the first
treatment and then a CBC and chemistry profile is checked before each treatment. When given in
combination with prednisone therapy, survival ranges 46 to 1,025 days. As a chemotherapeutic agent, CA
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should be treated as such, and clients with a suppressed immune system, pregnant or under 18 years old
should not handle the medication or any of the excrement from the patient for 3–5 days following
treatment.
Procarbazine
Procarbazine is an antineoplastic alkylating agent that is lipid soluble and crosses the BBB. Side effects
include myelosuppression, nausea, vomiting, hepatic dysfunction, and neurotoxicity. Dosing is
recommended at 25 to 50 mg/m2/day PO, as an adjunct to corticosteroids. A CBC and chemistry are
done 10-14 days after starting and monthly while on the medication. One study showed a median survival
on this treatment plan is 15 months.
Cyclosporine
Cyclosporine is an immunosuppressive agent that acts by directly suppressing T lymphocyte activation
and proliferation. It will also prevent synthesis of several cytokines. Side effects include diarrhea,
anorexia, vomiting, gingival hyperplasia and excessive shedding. The most commonly used dose is 5–10
mg/kg PO every 24 hours as adjunct medication to corticosteroids and/or a chemotherapeutic agent.
Periodic CBC and chemistry monitoring are recommended; cyclosporine levels may be evaluated to
determine if the dose is within the therapeutic range. Cyclosporine is best administered on an empty
stomach to improve absorption and can be stored in the freezer in order to decrease gastrointestinal
upset. If human preparations are used, Neoral® (modified cyclosporine) is preferred over Sandimmune®
because of more consistent absorption. Median survival with a combination of cyclosporine and
prednisone is 930 days.
CCNU
CCNU is an alkylating antineoplastic agent with potent immunosuppressive effects. Side effects
commonly seen are vomiting, diarrhea, bone marrow suppression, and hepatotoxicity; thrombocytopenia
can be a cumulative effect of the drug. It is typically used in conjunction with corticosteroids and the dose
2
administered is 30–60 mg/m PO every 4–6 weeks. It is recommended to run a CBC 10–14 days after the
first few doses to monitor for neutropenia and CBC and serum chemistry before each dose. Median
survival with a combination of CCNU and prednisone is 457 days.
Leflunomide
Leflunomide is known to be very effective in autoimmune diseases; its primary indication in humans is
rheumatoid arthritis. It inhibits T- and B-cell proliferation, suppresses immunoglobulin production, and
interferes with cell adhesion. It may also have some antiviral properties. Side effects are quite rare when
administered to dogs. There are some reports of thrombocytopenia and hemorrhagic colitis. Dosing is 2–
4 mg/kg PO q 24 hours. There are no studies that report survival times for leflunomide in the treatment of
MUE.
Azathioprine
Azathioprine is a purine antagonist that is used primarily as an immunosuppressive agent in the treatment
of MUE in conjunction with corticosteroids; no large-scale studies related to efficacy
exist. Azathioprine may be started at 1-2 mg/kg PO every 24 hours. Once clinical remission is achieved
(usually 2-4 weeks), reduce the dose 1-2 mg/kg PO every 48 hours. The principal adverse effects
associated with azathioprine in dogs are bone marrow suppression, gastrointestinal effects (vomiting,
anorexia, diarrhea), pancreatitis, and hepatotoxicity and poor hair growth.
Management
Repeated physical and neurological examinations are required to assess response to therapy and make
decisions as to whether medications can be tapered. No two patients are the same and treatment
protocols must be tailored to each individual patient. In patients that tend to relapse when
immunosuppressants are tapered, repeating a CSF tap can help to identify whether immunologic
remission coincides with clinical remission.
References available upon request.
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Practical Neurology: Indications for Imaging & Referral
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
The often acute, severe and progressive nature of central nervous disease can be challenging to manage in
general practice. Due to the fact that the central nervous system is encased in bone, imaging the brain or spinal
cord requires advanced imaging, and in most cases, MRI is preferred. Not all patients that present with signs of
neurological disease require referral to a neurologist, nor will all pet owners be accepting of seeing a specialist. It
is important to know what diagnostics can/should be done in general practice and at what point referral to a
neurologist is indicated.
General Indications for Referral:
1. The patient is getting worse or not better with first line therapy.
Most neurological diseases do not get better, and often get worse, if the appropriate course of treatment
is not prescribed. If initial, first line therapy is not resulting in improvement or if improvement is short and
transient, there is a high likelihood that either the initial diagnosis was incorrect, or the patient requires
more aggressive/definitive therapy.
2. The disease is threatening life or limb.
Severe disease presentations like paralysis or marked mentation abnormalities (stupor or coma) typically
require aggressive targeted therapy. In most cases, these patients should be considered emergent and
immediate referral to a neurologist should be facilitated.
3. The disease localization is uncertain.
Our patients can display some very unusual paroxysmal behavior. In these cases, one may be uncertain
if the disease process is affecting the CNS or some other body system. These patients can be particularly
challenging for both generalists and specialists, alike, but it can be of benefit to work together to establish
a rationale course of diagnostics or treatments.
4. The patient needs diagnostic and treatment modalities that are unavailable.
In many neurological cases, it may be obvious where the problem is but in order to find out what the
problem is, advanced diagnostics are often necessary. This may include MRI, spinal tap or
electrodiagnostics. Similarly, if the patient requires neurosurgical intervention, referral to a neurologist is
indicated.
5. The patient needs intensive care.
Patients that have intracranial disease can have very severe disease presentations. Many seizuring or
severe vestibular cases require continuous supportive care and attentive nursing in order to have a
chance at a good outcome.
General Diagnostic Considerations:
The two most important initial diagnostics for patients with neurological disease are: a complete physical
and neurological examination. Pet owners may make assumptions regarding what they are observing at
home which can sometimes lead the clinician astray, especially if the basics are skipped. Following the
complete examination, a list of differentials should be made, and a rationale diagnostic plan can be
established. The following is a list of general diagnostic considerations for patients with neurological
presentations.
1. Complete physical examination
a. Otic
b. Fundic
2. Complete neurological examination
3. Minimum data base: CBC, chemistry and urinalysis
4. Radiographs: Thoracic, spinal
5. Blood pressure
6. Infectious disease considerations
7. Thyroid testing
8. Bile acids
9. Anticonvulsant drug levels

75

The Practical Neurologic Examination
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
IMPORTANCE OF A THOROUGH HISTORY AND PHYSICAL EXAMINATION
Before performing a neurological examination, it is important to first obtain a detailed clinical history and perform a
complete general physical examination. In some cases, the patient may not exhibit the abnormality that the owner
has witnessed at home. Information from the clinical history will then be the most important factor in selecting
appropriate diagnostic and treatment options. Consider training your reception staff to encourage pet owners to
record things they are seeing at home and bring the video(s) to their appointment. Neurological abnormalities can
also be caused by systemic diseases, which can only be recognized after a thorough general physical
examination.
OBJECTIVES WHEN PERFORMING A NEUROLOGICAL EXAMINATION
1. Determine if the problem is a neurological disease.
2. Localize which part of the nervous system is affected.
3. Devise a list of more common differential diagnoses based on neurolocalization.
BASIC COMPONENTS OF THE NEUROLOGICAL EXAMINATION
STEP 1: Observe the patient in the exam room.
It is helpful to have the owner place the patient on the floor while you are taking a more detailed history. This
allows you to observe the patient without anyone directly interacting with it. Things to consider include: mentation,
level of pain, appropriate or inappropriate behavior, circling, head-pressing, posture (head tilt/torticollis, kyphosis,
low head carriage, tremors), general gait analysis (ataxia, hypermetria) falling/drifting, lameness vs proprioception
deficits), visual acuity.
STEP 2: General physical examination.
A complete physical examination is necessary. Depending on the nature of the presenting complaint, certain
aspects of the physical may be more relevant. For example, “difficulty walking” can be paresis, polyarthritis,
bilateral cruciate ligament ruptures, etc. “Seizures” can be true seizures, syncope, reverse sneezing, etc. “Not
able to get up” could be spinal or a hemoabdomen, weakness from systemic disease, pneumonia, etc.
STEP 3: Cranial nerve (CN) examination.
It is helpful to have an assistant restrain the patient so that you can perform a thorough neurological exam.
Certain combinations of cranial nerve deficits can be indicative of disease processes; for example, CN VII and CN
VIII often are indicative of otitis media/interna. In general, multiple cranial nerve abnormalities are consistent with
brainstem localization. In forebrain disease, there may be a subtle asymmetry to the menace response or
response to nasal stimulation. It is important to note that not all CN abnormalities localize to the brain and may be
peripheral in nature.
STEP 4: Proprioception testing.
The most effective tests of proprioception in dogs and cats are paw placement (knuckling), hopping, extensor
postural thrust and wheelbarrowing. Proprioceptive deficits are a strong and reliable indicator for the presence of
neurological disease. Proprioceptive deficits can occur in animals with forebrain, brainstem, and spinal disease.
STEP 5: Spinal palpation.
While palpating the spine it is important to evaluate for subtle pain responses such as splinting of the abdomen,
tensing of the epaxial muscles or cervical muscles. Palpation of the cervical spine and evaluation of cervical
range of motion is performed. Some cases of cervical pain can result from intracranial disease.
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STEP 6: Segmental reflex testing.
Evaluation of segmental spinal reflexes, such as the withdrawal reflex and patella reflex, is necessary to localize a
lesion in the spinal cord or neuromuscular system. It is important to recognize what a normal and complete
withdrawal reflex looks like. This is a necessary aspect of the neurological exam when there is a gait abnormality
and/or paresis.
STEP 7: Testing of nociception (“Deep Pain Perception”).
This should only be tested in patients that have no voluntary motor function. In the paralyzed patient, this is one of
the most important tests for evaluation of prognosis. Confirmation of a positive result requires the patient to
provide some central/behavioral response, such as vocalization, pupil dilation, act of aggression or attempt to get
away. A simple withdrawal of the limb is only a reflex and is not indicative of nociception.
LOCALIZE THE LESION
The combination of clinical signs and findings of the neurological examination is used to determine the
neuroanatomical localization. This consists of one of the following: (1) forebrain, (2) cerebellum, (3) brainstem, (4)
spinal cord, and (5) neuromuscular. The spinal cord is further divided into 4 functional spinal cord segments: C1C5, C6-T2, T3-L3, and L4-S3 segments. Identifying the correct neuroanatomical localization is important to create
a list of the most likely differential diagnoses.
1. Forebrain: Clinical signs may include seizures, decreased mentation, abnormal behavior, and central
blindness. Additional abnormalities of the neurological examination include circling, asymmetric menace
response, decreased response after stimulation of the nasal mucosa, and proprioceptive deficits.
Proprioceptive deficits in an animal with a normal gait and behavior change is suggestive of a forebrain
localization.
2. Cerebellum: Clinical signs include ataxia without paresis, hypermetria, central vestibular disease, and
tremors. Cerebellar disorders are not associated with changes in mentation. In some cases, a decreased
menace response may be identified.
3. Brainstem: Clinical signs include facial abnormalities, decreased mentation, generalized ataxia,
hemiparesis, tetraparesis, and vestibular disease. Additional abnormalities of the neurological
examination include proprioceptive deficits and cranial nerve deficits.
4. Spinal cord: Clinical signs can include a combination of ataxia and paresis, spinal hyperesthesia, and
bladder dysfunction. Additional abnormalities of the neurological examination include proprioceptive
deficits and alterations in spinal reflexes. Further classification into any of the 4 functional spinal cord
segments is based on the number of affected limbs (tetra- or para-) and the presence of intact, increased,
or decreased spinal reflexes.
5. Neuromuscular: The hallmark of neuromuscular disease is paresis without ataxia. Paresis in animals with
neuromuscular disease can vary from exercise intolerance to flaccid tetraplegia. Other clinical signs
include changes in voice and regurgitation. Additional abnormalities of the neurological examination can
include decreased spinal reflexes and cranial nerve deficits.
References available upon request.
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UPDATE ON SEIZURE MANAGEMENT
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
I. INTRODUCTION
Seizure disorders in dogs occur frequently with an estimate of incidence over a lifetime varying from 0.5–5.7%.
Seizures are the clinical manifestation of a paroxysmal cerebral dysrhythmia resulting from a transient
disturbance in normal electrical pathways in the brain. Epilepsy is defined as recurrent seizures over time. Thus, a
seizure is an event and epilepsy is the disease involving recurrent unprovoked seizures. Refractory epilepsy
occurs when a patient has failed to become controlled with adequate trials of two seizure medications (called
ACDs).
II. GOALS OF (CHRONIC) ACD THERAPY
The overall goal of ACDs is to eradicate all seizure activity however, this goal is rarely achieved. Most dogs
benefit from ACDs by effecting a reduction in seizure frequency, severity or duration to a point that is acceptable
to the owner without intolerable adverse effects of the drug(s) to the patient. The art of ACD therapy is finding the
drugs that work the best in the individual patient and balancing the beneficial effects of the medication with the
adverse effects.
Every patient is different, and must be considered individually, but it is recommended to start medication if:
 Any status epilepticus, clusters
 >3 seizures/6 months
 Severity of seizure or postictal change
 Owner’s wishes
III. REASONS FOR ACD THERAPY FAILURE
 Failure to obtain a diagnosis
– Assumption of idiopathic epilepsy
– Episodes are not seizures
 Advancement of disease
 Improper frequency of administration or dose
 Owner compliance
 Drug interactions
 Development of tolerance
IV. SELECTION OF APPROPRIATE ACDS
Anticonvulsant drugs modify the excitability of the neurons by altering membrane ion channels or the availability
of neurotransmitters. The goal is to interfere with the rapid synchronous firing of neurons without impeding normal
function.
Aspects that must be considered in the selection of an anticonvulsant include:
 Pharmacokinetics for that species
 Cost
 Dosing schedule
 Adverse effects
 Considerations of concurrent diseases that may affect drug metabolism or
increase risks for adverse effects
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VI. MANAGEMENT OF ACUTE SEIZURES (CLUSTERS OR STATUS EPILEPTICUS)

Antiepileptic
drug
Phenobarbital

T½
(hrs)

TSS
(days)

Suggested
serum
therapeutic
range

Recommended
dose

Possible side effects
Sedation, ataxia, polyuria/polydipsia
(PUPD), polyphagia, hyperexcitability,
hepatotoxicity, induces P450 system,
bone marrow dyscrasia, pancreatitis

32–
89

10–18

20–35 mg/dl

2–3 mg/kg orally
q12h

Potassium
bromide

21–
24
days

2.5–3.0
months

1–3 mg/ml

20–40 mg/kg/day
orally

Topiramate

20–
30

3–5

2–25 mg/l

2–10 mg/kg q12h
orally

Vomiting, diarrhea, sedation

5–6

1–2

20–70 µg/l
(nordiazepam)

0.5–1.0 mg/kg
q8–12h orally

Sedation

15–
20

3–4

10–40 µg/ml

2.5–10.0 mg/kg
q12h orally

Sedation, loss of appetite, dry eye, ataxia

3–4

1

Not known

10–20 mg/kg q8h
orally

Sedation, ataxia

7

2–3

> 2.8 µg/ml

3–4 mg/kg q8h–
12h orally

Sedation, ataxia

2-6

<1

Not known

10-30 mg/kg BID

Polyphagia, TEL elevation

Clorazepate
Zonisamide
Levetiracetam
Pregabalin
Imepitoin

Sedation, weakness, PUPD, polyphagia,
pancreatitis, pruritus, behavioral changes

Acute, ongoing seizures present specific challenges in treating and controlling epilepsy. Multiple seizures are
considered a cluster when >2 seizures occur within a 24 hour period. Status epilepticus is typically defined as
continuous seizures or an individual seizure where the dog does not recover consciousness over a few minutes.
Status epilepticus with generalized tonic-clonic seizure activity can be a life-threatening emergency and requires
intensive nursing care and specific considerations with respect to treatment.
Rapid blood work should be done to rule out common extracranial causes for seizures: a complete CBC/Chem
can be submitted when time permits.
Blood glucose
Body temperature
Electrolytes
Azostix
PCV/TP
Whatever the underlying cause, it is imperative that the seizure is stopped. Provided there is not an obvious and
readily correctable extracranial cause, benzodiazepines are the drugs of choice. Valium and midazolam are firstline anticonvulsant drugs in the acute care setting. More recently, intranasal midazolam has been shown to be
effective and can be used if venous access is not readily available.
Diazepam 0.5–1.0 mg/kg IV, 1–2 mg/kg per rectum
Midazolam 0.2 – 0.5 mg/kg IV, 0.2 mg/kg intranasal
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This will often break the cycle of status epilepticus and permit the patient to recover, but the seizures will likely
recur if a long-acting ACD is not also administered. Phenobarbital is the most effective ACD, can be administered
intravenously, and can be loaded to therapeutic blood levels quickly. Another drug that is effective is IV
levetiracetam. If seizures continue despite or during loading of a long term ACD, starting a constant rate infusion
(CRI) of benzodiazepines is best.
Cannabinoids
There is currently no information on the clinical use of cannabinoids for treating epilepsy in dogs and cats. Legal
implications of cannabidiol (CBD) vary by state and they are still considered a Schedule 1 Drug under DEA. There
are studies underway evaluating CBD and its efficacy in epileptic dogs. However, the recommendation of high
potency CBD by veterinarians should also come with a discussion regarding potential toxicity. Dosing of 25–50
mg/kg/day of CBD has been recommended for humans with epilepsy; however, to this author's knowledge, there
are no published dose recommendations for CBD use in dogs and cat. The FDA has approved a CBD drug for the
indication of a specific drug resistant epilepsy syndrome in humans. Perhaps most importantly, there is evidence
that CBD can change the metabolism of several drugs including phenobarbital and zonisamide; thus, significant
caution should be exercised with polypharmacy and CBD.
References available upon request.
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Vestibular Disease
Michelle Carnes, DVM, MS, DACVIM
Specialists in Companion Animal Neurology
Naples, FL
Head tilt in dogs is a clinical presentation that most veterinarians encounter frequently in practice. The primary
reason for a dog to exhibit a head tilt is dysfunction of the vestibular system. The vestibular apparatus is
responsible for an animal’s maintenance of balance; the spatial orientation of the eyes, head, trunk and limbs
relative to gravity. From a clinical perspective, it is divided into two components: peripheral, which involves the
vestibulocochlear nerve (CN VIII) and its receptor in the inner ear; and central, which involves the brainstem and
sometimes the cerebellum. Once a head tilt has been identified, the next step is to perform a complete neurologic
examination of the patient to determine if the vestibular dysfunction is peripheral, central or paradoxical.
I.

Clinical signs associated with localization

Level of Consciousness
Nystagmus
Head Tilt
Leaning/Falling
Postural Reactions
Cranial Nerve
Abnormalities
Gait

II.

Peripheral
Normal
Horizontal or rotary; >60
bps
Ipsilateral
Ipsilateral
Normal
+/- CN VII, +/- Horner’s
Syndrome
Normal or vestibular
ataxia

Central
Normal or Impaired
Horizontal, rotary or
vertical; <10 bps
Ipsilateral
Ipsilateral
Ipsilateral
Any

Paradoxical
Normal
Horizontal, rotary or
vertical
Contralateral
Contralateral
Normal
Uncommon

Vestibular +/proprioceptive ataxia

+/- Hypermetria
Vestibular or Cerebellar
Ataxia

Differential Diagnoses of Head Tilt in Dogs

Once the localization between peripheral and central vestibular disease has been identified, a list of differential
diagnoses should be considered. In one study that evaluated 85 dogs that had MRI of the brain for the diagnosis
of vestibular disease, 32% had peripheral vestibular disease, 44% had central vestibular disease and 25% had
paradoxical vestibular disease.
Degenerative
Anomalous
Metabolic
Neoplastic
Nutritional
Idiopathic

Peripheral
Congenital vestibular disease (rare)
Hypothroidism
Vestibular nerve sheath tumor,
otogenic neoplasia
Geriatric (“old dog”) vestibular
disease
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Central
Storage disease
Hydrocephalus, Chiari-like
malformation
Hypothyroidism
Intracranial neoplasia – primary vs.
metastatic
Thiamine deficiency

Infectious/Inflammatory

Toxic
Trauma
Vascular

III.

Otitis media/interna

Ototoxic drugs
Petrous temporal bone
-

Viral: Canine Distemper Virus;
Bacterial: Rocky Mountain Spotted
fever, bartonellosis, ehrlichiosis,
anaplasmosis, otogenic extension
into the brain; Protozal:
toxoplasmosis, neosporosis;
Fungal: crypotcoccosis,
coccidiomycosis, blastomycosis,
others
Non-infectious:
Meningoencephalitis of Unknown
Etiology (MUE/GME)
Metronidazole
Brainstem/cerebellum
Ischemic or hemorrhagic vascular
accident (brainstem/cerebellum);
hypertension

General Diagnostics and Treatment Strategies

The diagnostic plan, treatment and prognosis can vary to a large extent based on whether the patient has
peripheral or central vestibular disease. A careful history should be taken including: rate and duration of onset,
whether the signs have progressed since onset, medications administered, diet, travel history, and existence of
any other comorbidities. Physical exam should include a complete otoscopic exam and thorough neurological
examination to determine if the patient localizes to peripheral or central disease. A minimum database, including
CBC, serum chemistry, blood pressure and thoracic +/- bulla radiographs are recommended. If systemic
infectious disease is suspected, serum titers or PCR for likely organisms can be performed. In patients where
peripheral vestibular disease is suspected, additional diagnostic considerations may include: myringotomy with
culture and sensitivity and a complete thyroid panel (T4, free T4 and TSH) based on clinical suspicion.
For patients that localize to central vestibular disease or those that are not improving with initial therapy,
advanced imaging (ideally MRI) of the head and possible cerebrospinal fluid analysis are highly recommended.
Symptomatic treatment is often beneficial as many patients that have vestibular disease experience varied
degrees of severity of clinical signs including nausea, anorexia, anxiety, recumbency, circling, falling and rolling.
For dogs that are mildly affected, meclizine, an anti-emetic and anti-vertigo drug, is indicated. Other anti-emetics
such as maropitant, ondansetron or chlorpromazine can also be considered. Patients more severely affected, will
benefit from parenteral fluid therapy and intensive nursing care in an inpatient setting. During periods of severe
vertigo (i.e. continuous rolling), these patients should be sedated to the point of relaxation; the author prefers
2
intermittent dosing or CRI of dexmedetomidine at a low initial starting dose (62.5 micrograms/m IV). In addition,
these patients need to be situated in as much of a “normal” posture as possible while still rotating the patient
every 4-6 hours. Following the acute phase of vertigo, physical rehabilitation appears to aid in the recovery of
ambulation and is recommended.
References available upon request.
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Bottle babies: Tips for Helping Foster Kittens
Amanda Dykstra, DVM, DABVP
University of Tennessee
Knoxville, TN
As shelter intakes show a decreasing trend and live release rates tend to be increasing across much of the
country, one population that is still at risk for euthanasia is pre-weaned kittens. It is common for shelters to take in
multiple litters of kittens in a single day, often brought to the facility by Good Samaritans. Rarely do people realize
that many of those kittens will be euthanized due to a lack of resources available to care for them and a lack of
homes ready to adopt them when they reach an age at which they can transition to the shelter population. As
shelters are successfully managing their feline populations and spay/neuter resources are helping to decrease
intake, we are in a place now where saving this vulnerable population is a possibility.
It is not uncommon for technicians or assistants in shelters or private veterinary practices to occasionally bring
home a litter of kittens to bottle feed. It is almost a rite of passage for any young technician. Inevitably, there are a
few “foster failures” in every group of veterinary professionals. When an organization decides to make saving
kittens a priority, a formal foster program will make the process run smoothly without putting the burden on the
shelter employees.
How do shelters know if they can reasonably start a kitten foster program? First, you need the resources to care
for kittens in foster. Online wish lists and “kitten showers” are excellent ways to solicit donations for fosters, but
the organization needs to be able to cover all costs for the kittens in foster if donations were to cease. Shelter
resource capacity also need to be considered. All animals that leave for foster will eventually need shelter
services that may already be stretched. Consideration needs to be given to the capacity of the medical team to
provide vaccinations, exams, treatments, counseling, and surgery. Foster kittens will also occasionally need
emergency care, and if a staff member isn’t available a means to pay for emergency veterinary care will need to
be in place.
Next, you need to ensure every cat you put into foster will be able to find a home when it returns to the shelter.
Foster parents often get attached to their temporary family member, and if your shelter is still euthanizing healthy
cats for “space” it is not a good time to start a foster program. Not only do you risk upsetting the foster parents
and potentially damaging the shelter’s reputation, you also expend a lot of resources on cats that may not be able
to find permanent homes. If the shelter live release rate for weaned kittens is not near 100%, the focus needs to
be on improving that number before trying to save neonates. If your shelter has a very high live release rate for
kittens and the resources and volunteer base to run a foster program, it’s time to move on to the next step.
Finding a foster coordinator early in the process is important. This can be a volunteer or a part or full time
employee depending on the size of the organization. Many shelters have a very dedicated volunteer or unofficial
foster parent that they can ask to coordinate the effort. This person serves as the link between foster parents and
the shelter so it is important that they understand the organization and all aspects of raising foster kittens. The
coordinator will also need to understand vaccination and deworming schedules so they can ensure kittens are
kept up to date on preventatives.
The veterinary team will need to write a thorough foster manual that details care for kittens and what to do with
minor maladies. Examples of emergency conditions can also be noted in this manual. A detailed foster manual
that clearly defines the responsibilities, protocols, and expectations will provide clarity and minimize problems as
1
well as liability. The more detailed the foster manual and the more educated the coordinator, the fewer phone
calls the veterinary staff will need to field in the future.
Social media has become the primary means for many shelters to recruit foster families. Referrals from friends,
newspaper ads, and youth groups are other effective means for finding volunteers. It is very helpful to have those
with previous fostering or animal care experience be mentors to those without as much knowledge or experience.
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It is also helpful to have a mix of lifestyles and personalities in your foster group. For example, and older retired
person is great to have for a kitten that needs socialization and a lap to sit in much of the day but they may not
want to stay up all night to bottle feed. A younger student that stays up late to study may be more equipped to
take care of a bottle baby.
Orientation classes are a great tool to educate foster families. Classes should be taught by a member of the
veterinary staff who has knowledge of neonatal care. These presentations introduce new fosters to the
organization and its mission and educate them on the importance of following the recommended guidelines. It is a
good idea to teach volunteers what “normal” looks like, including going over milestone charts and describing how
quickly kittens normally gain weight. This is also a good time to set realistic expectations. If the organization
cannot or will not use resources for ICU care or specialized treatments, that needs to be explained up front. If
kittens with significant medical issues will be euthanized rather than treated, that needs to be explained so foster
families have realistic expectations before agreeing to bring home a kitten.
I also recommend fosters sign a contract. This will vary depending on the type of shelter, legal requirements in
your area, and the requirements of fosters. For our municipal organization, the city attorney asked that all fosters
sign a contract stating that they understood the risk of zoonotic disease, that they would follow all instructions for
medical care, and that they would return the kittens to the shelter upon request. If foster parents will be required
to have their pets vaccinated or have their cats tested for FIV and FeLV this should also be in the contract. Many
organizations also ask fosters to attest to not fostering for any other shelters.
Once the coordinator, supplies, and families are in place, you just need kittens. In order to move the kittens out of
the shelter quickly, it is good to keep a list of which foster parents are immediately available. The foster parents
should know that they are next in line so they can be available to pick up kittens should they arrive. The faster
kittens can get out of the shelter, the more likely they are to not develop shelter-acquired illness. Either fosters
can have supplies ready at their homes or starter kits of supplies can be ready so kittens can leave quickly.
Before foster kittens leave the building, it is important that they have a record at the shelter and a record that can
go with the foster that includes a specific schedule of recheck appointments for that animal(s). If the shelter has
computerized records, it is easy to set reminders for their vaccinations and deworming schedule and to set a
tentative surgery date.
Writing foster care protocols
As previously mentioned, a foster manual with detailed care instructions will aid the families in giving the kittens
the best start in life while saving the veterinary staff time and resources. The foster manual needs to include
housing, feeding, elimination, bathing, and socialization guidelines as well as a discussion of weight gain and
milestones. It is also a good idea to provide answers to some common medical concerns and what to do in case
of emergency.
The most important housing concern for neonates and infants is to provide warmth. Kittens do not regulate their
own body temperature well in the first four weeks of life and can only maintain a body temperature about 12
degrees higher than their environment. This is due to their large body surface area with non-cornified skin, their
lack of insulating fat, and the fact that they can’t vasocontrict their peripheral vessels. Neonates are especially
2
susceptible because they cannot shiver at birth. Overhead heat lamps, Snuggle Safe discs, and other
commercially available sources of warmth can be used. Heating pads should be used with extreme caution to
avoid thermal burns. Hypothermia has a negative impact on immunity, nursing, and digestion3 so keeping the
kitten warm is vital to keeping them healthy. Fosters should also be advised to house kittens away from
unsupervised access by other pets or children and in an area that can be disinfected.
Nutritional support can be the greatest challenge for foster families. If a lactating foster queen is available, she is
the best option for feeding orphans since she will provide nutrition as well as maternal care. Most lactating queens
will accept the additional kittens, but it is important to place kittens with litters that are a similar size to avoid size
discrepancy.4
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Partial hand-raising is an option if a queen has recently weaned her own litter, if there is a discrepancy between
the amount of kittens and the amount of lactation, or if the queen is not healthy enough to provide optimal
nutrition. When orphans need to be bottle-fed, foster homes need to be supplied with sufficient formula and
bottles. Orogastric tube feeding kittens is relatively simple, and some dedicated volunteers can be trained to take
kittens that require tube feeding. Specific instructions for preparing and warming the formula, feeding frequency,
daily weighing and monitoring of growth, positioning during feeding, and weaning need to be written in the foster
manual. Signs of feeding problems and instructions for care should also be included in these manuals. Foster
parents should also be warned of the risk of feeding cow’s milk and the risks associated with over-feeding. It is
not uncommon for well-meaning individuals to unintentionally cause harm.
Kittens will generally start drinking formula from a dish around 3-4 weeks old. Solid food is first introduced by
mixing canned food with milk replacer and offering it on a flat dish. The amount of milk replacer is slowly
decreased until the kitten is primarily eating solid food. By 5-6 weeks, kittens can chew dry food and should be
4
eating about 1/3 of their daily calories in the form of solid food. Dry food can be offered ad lib between meals of
canned food. Weaning should be complete by 6-9 weeks old.
Elimination and defecation must be stimulated in kittens less than 3 weeks old. Normally this is done by the queen
when she licks the kitten’s perineum, and the foster parent needs to mimic that in young orphans. Before and
after each feeding, the foster parent needs to rub the kitten’s lower abdomen, genitals, and rectum with a cotton
ball dipped in warm water. Kittens typically urinate with every stimulation and defecate at least one time per day.
When the kitten starts eliminating on its own, it should be given a litter box with shredded paper or non-clumping
litter. Stool should be placed in the litter box until the kitten learns to eliminate in the litter box.
Socialization is an important aspect of hand-rearing kittens that cannot be overlooked when developing care
protocols. The sensory phase begins at approximately 3 weeks and lasts until approximately 2 months old.
Opportunities to gain desirable conditioning during this time will improve the kitten’s ability to be a well-socialized
5
companion animal in the future. Frequent, careful handling of the kitten is important to help it become
accustomed to human handling. This becomes an important consideration when shelters attempt to socialize the
kittens of feral queens admitted to the shelter.
As long as the kitten is healthy and gaining weight, it should be scheduled for surgery at about 6-8 weeks old. A
plan should be in place for adoption following surgery. Many shelters use fosters as the primary source of off-site
adoptions rather than having them enter the shelter population. It is also common for foster parents to be adoption
ambassadors and find homes for their houseguests. It is important that the population management and flow
through foster homes is managed in much the same way as the shelter population as a whole. It is also important
for the kittens in foster to be included in plans for shelter population if they are to return to the shelter for adoption
and placement.
Medical protocols
A medical exam should be performed at the shelter before kittens are sent into foster. Exams are important for
many reasons, one of which is to identify special needs cases that may need to go to foster homes more
equipped to handle their needs. High risk kittens should go to homes that can provide for their special needs and
could handle the loss of a kitten without mental anguish. Weighing newborn kittens will assist with determining
their likelihood of survival. Normal birth weight kittens are typically 100g +/- 10g, and birth weight is the best
indicator of neonatal survival. One study of 477 kittens determined that the survival rate of low birth weight kittens
6
was only about 40% while the survival rate of normal birth weight kittens was about 68%. For this reason, low
birth weight kittens should be considered higher risk and placed in appropriate homes. Any kitten that does not
have the benefit of colostrum or a replacement should also be considered high risk. Singletons can also be
considered “special needs” because of the lack of a litter mate to provide warmth and socialization. If the history
of the litter is unknown, singletons are also thought to carry some extra risk because infectious disease may be
the underlying reason for arriving at the shelter alone.1
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The initial medical exam includes a head to toe exam that checks for any congenital abnormalities. Examples of
abnormalities seen in kittens include cleft palate, imperforate anus, gastroschisis, omphalocele, and abnormally
large fontanels. Congenital defects will range from very mild to those that require euthanasia. Where the line is
drawn will depend on the resources available to care for the kittens as well as the availability and experience of
the consulting veterinarian. Age can be estimated by using weight and milestone charts. Kittens and queens also
need to be checked for overall health and any signs of infectious disease. A Wood’s lamp exam should also be
performed before placing the kittens in a home.7 Queens need to be tested for FeLV and FIV before being placed
in a home, and kittens should be tested for FeLV before foster when possible.
A broad spectrum dewormer should be given to all kittens over 2 weeks old and repeated every 2 weeks until 2
months of age. If the kitten stays in foster beyond 2 months old, it needs to be dewormed monthly.1 Ponazuril is a
useful coccidiocidal medication that can be given to young kittens before going to foster homes.8 Kittens and
queens should be carefully checked for any ectoparasites. In very young kittens the safest way to manage flea
infestations is to bathe and manually remove them. Fipronil spray (Frontline Spray, Merial) is labeled for use in
kittens as young as 2 days old in some countries.9 If the kittens are over 4 weeks old, an MLV FVRCP vaccination
should be administered. Kittens need to be revaccinated every 2 weeks while in the shelter’s care until 16-20
weeks old.10
The shelter veterinarian needs to determine what medical issues constitute an emergency, something that needs
to be examined at the foster’s next convenience, or something that can be watched at home. The clinical signs
that fall into each group should be written clearly in the foster manual and explained at orientation so the families
know what to do should something go wrong. It is a good idea to write basic flow charts or protocols for standard
diagnostics and treatments for the most common conditions.
When writing flow charts it is important to remember that neonates are not just small cats. Kittens respond to
disease in a limited number of ways so treatment is often symptomatic until the underlying cause can be
identified. Clinically ill neonates tend to present with some combination of hypothermia, hypoglycemia,
11
dehydration, and hypoxia. Treating these symptoms quickly can increase the chances of survival. Pain
management is also very important in young animals because a permanent hyeralgesic response can develop
without proper therapy.12Kittens respond differently to some medications, and many drugs are not labeled for use
in very young animals so it is important to check with a veterinarian before administering any medications. Also,
working with neonates can be frustrating. It is not uncommon for a very young animal to die and for the
veterinarians to not have answers as to why. In one study, when 107 kittens and puppies 0-7 days old were
submitted to the Washington State Animal Disease Diagnostic Laboratory, a definitive diagnosis for cause of
death was made only 72% of the time.13We don’t always have all the answers, but this is especially true when
working with our youngest and most vulnerable patients.
I suggest the following resources for further information and to find accurate weight and milestone charts as well
as feeding recommendations:
University of Wisconsin Shelter Medicine Lecture Series “Caring for Underage Kittens”:
http://videos.med.wisc.edu/uwvetmedsheltermedicine
ASPCA Professional (examples of foster contracts, applications, manuals): http://aspcapro.org/foster-care
UC Davis Koret Shelter Medicine Program “Guide to Raising Orphan Kittens”:
http://www.sheltermedicine.com/library/feline-guide-to-raising-orphan-kittens
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Castration Techniques in Adult Dogs
Amanda Dykstra, DVM, DABVP
University of Tennessee
Knoxville, TN
The preferred method to castrate canines has been an area of debate in the veterinary field in recent years. Many
general surgery references describe only the prescrotal technique for adult dogs,1,2 while nearly every high
volume surgery reference describes both techniques.3-5 Although the scrotal technique was first described for
dogs in 1974,6 there has been a reluctance in the veterinary community to shift from a prescrotal to a scrotal
technique. Many cite a “scrotal awareness” in dogs as the reason for using the prescrotal rather than scrotal
technique. This means that the dog is thought to be more sensitive to and more aware of irritation to the scrotum.
In fact, during a prescrotal technique, veterinarians are taught to not shave or prep the scrotum, but rather to
place the surgical drapes in a manner that excludes the scrotum from the sterile field.1 The prevailing belief is that
even the irritation of shaving the scrotum could cause the dog to self-mutilate post-operatively.1
As the fields of shelter medicine and high volume surgery have been evolving over the last two decades, one of
the issues that has been brought forth is the need for more efficient surgical techniques. This is for the benefit of
both the patient and the surgeon. Efficient techniques with smaller incisions require the patient to be under
anesthesia for less time, decrease healing time, decrease wound dehiscence, and decrease post-operative
pain.3,4 Efficiency is also important to the surgeon. High volume surgeons often perform 40 or more surgeries a
day.3 Decreasing the amount of time it takes to perform standard procedures can make a dramatic difference in
shelter or clinic operations.
In 2015, Dr. Woodruff et al. published results from a study performed at Humane Alliance (HA) and Mississippi
State University (MSU) that tracked post-operative complications immediately following the two techniques as well
as surgical times. Experienced surgeons performed the procedures. They found that the scrotal procedure was
30% faster and had a lower risk of self-trauma when compared to the prescrotal technique. Other postoperative
complication rates were not statistically different between the two techniques.5
Further studies on this matter are important to provide dogs with the best surgical care possible. If scrotal
castrations require less anesthetic time and lead to less self-trauma following surgery, dogs should have the
benefit of this technique.
The data collection for the study described in this presentation was conducted over the course of one year at the
University of Tennessee and is ongoing. Preliminary findings are presented. The shelter medicine spay/neuter
program sourced dogs over 6 months old with two descended testicles from 6 local animal shelters. In order to
properly represent dogs from shelters, minor health issues were allowed unless the veterinarian in charge felt that
they were not healthy enough for elective surgery. The procedure technique and student surgeon were selected
by random draw. During physical examination, the dog’s weight and estimated age were recorded. The animals
were prepped according to the procedure (cranial to the scrotum for prescrotal, scrotum for scrotal). Surgical time
was started at first cut and ended upon closure. The same pain management and anesthetic protocol was utilized
for all patients. The animals were then returned to the shelter with a list of potential complications they needed to
monitor. These included redness, swelling, draining, bleeding, licking, and bruising. Complications were noted
every other day for 7 days, upon which time the record was returned to the faculty veterinarian.
To determine whether a statistically significant relationship existed between the rate of complications and multiple
factors associated with surgery, a Chi square test was used. The data was categorized to simplify analysis and
because some categories led to a natural separation of data (example: large vs small dogs). The study outcome
was the presence or absence of complications. The exposures were the size, age, surgical time, and procedure
type.
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Category
Large Dog
Small Dog
Short Surgery Time
Long Surgery Time
Young Dog
Older Dog
Complications (yes)
Complications (no)

Definition
Over 25#
Under 25#
30 minutes or less
31 minutes or more
6 months to 2 years old
3 years and over
Presence of 1 or more complications
No complications noted

The total number of dogs in the study was 155, but only 69 of those had postoperative data and were included in
the data interpretation for complication rates. Most dogs were mixed breed dogs, although various pure breeds
were also represented.
Ages were estimated using full adult dentition as the marker for a dog being over 6 months old. A dog was
deemed to be 3 years or over if his external genitalia and dentition was suggestive of the age. Young dogs were
those that were listed as 6 months to 2 years, and older dogs were those listed as over 3 years old. Of the total
155 dogs, 56.1% were 2 or younger, with the rest being 3 or over. Of the dogs with complication data 57.4% were
2 or younger, with the rest being 3 or over. The weight range was 6.1-85 pounds, with a mean of 35.37.
Dogs were grouped according to weight class, with small dogs being up to 25 lbs, and large being those over 25.1
lbs. When looking at the entire sample, 32.9% were small dogs and 67.1% large. Of the dogs with complication
data, 32.4% were small and 67.6% large.
Surgery times varied from 4-75 minutes, with a mean of 24.66. There was a need to block surgical times for
statistical analysis, and the times did not lend themselves to a natural division of “long” vs “short”. Surgical times
were therefore blocked according to what is generally considered to be a normal time for an elective procedure
performed by a student. Although unpublished, the author (AD) has maintained records of surgical times for
nearly 300 students that indicate that the average student can perform an elective procedure in 30 minutes after
completing training on efficient surgical technique. Thus, the 30 minute designation was somewhat arbitrary but
was based on the level of surgical efficiency that many inexperienced surgeons can attain with proper training. Of
all dogs, 74.8% had surgery times of 30 minutes or less. Of those with complication data, 76.5% were 30 minutes
or less.
When looking at the entire sample, 49.7% of dogs had a prescrotal technique. Of those with post-operative data,
51.5% had a prescrotal surgery.
Post-operative data was missing from 55.5% of the sample, with most of those being due to adoptions
immediately following surgery.
To determine whether an association was present, SPSS was used to run crosstabs using different variable
pairings. First, the presence of complications (yes or no) was compared with technique (scrotal or prescrotal), dog
size, dog age, and surgery time. The results can be found in the table below, and the only variable that was
significantly associated with complications was surgery time. Surgery time was positively and significantly
associated with complications (Chi-square value = 4.193, P value = 0.041), meaning that a surgical time of 31
minutes or more was associated with a greater occurrence of complications.
Chi-Square Comparing Complications with Other Variables
Factor
Chi-Square
P value

Technique
0.22
0.883

Dog Size
1.428
0.232
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Dog Age
1.556
0.212

Surgery Time
4.193
0.041

Next, crosstabs were ran to compare surgery time with technique, dog age, and dog size. The results can be
found in the table below, and again, only one variable was significantly associated with surgery time. Technique
was positively and significantly associated with surgery time (Chi-square = 10.197, P value = 0.001), meaning that
prescrotal technique was associated with a longer surgery time.
Chi-Square Comparing Surgery Time with Other Variables
Factor
Chi Square
P value

Technique
10.197
0.001

Dog Age
1.162
0.281

Dog Size
2.279
0.131

In order to further demonstrate that the postoperative complications were related to time rather than procedure, a
linear regression model was ran. The result demonstrated that as time increased, there was a statistically
significant increase in complications, holding procedure constant.
The most important and interesting finding is that the procedure did not influence the outcome as much as the
surgical time. It was initially thought that the outcome would be associated primarily with procedure and the time
would be a confounding factor. It appears, however, that the outcome is primarily related to time.
This data does have some limitations. First, the shelter staff were trained to recognize complications, but using
non-medical staff and having more than one person evaluating complications can lead to differences among the
shelter cohorts. In the future, it would be best to have medical personnel follow up with all patients in order to
properly assess animal health postoperatively and eliminate this potential source of bias. Also, one important
factor to consider is the effect of the surgeon on the outcome. While all students suffer from inexperience, some
have more advanced skills than others. Because students only perform 4-5 castrations each, it is not possible to
evaluate the effect of the student on the outcome. It would be interesting to match dogs of similar weight and age,
with the same student performing the procedure, to determine if the outcomes vary by student or by procedure.
Given the random sourcing of the dogs, this was not possible. In order to minimize this effect, surgeries were
randomly assigned to students. Another shortfall was missing data. Many dogs were adopted over the course of
the data collection so a full 7 days of follow up was not available for many dogs. There was not a humane way to
ensure a week of follow up without trusting untrained adopters to provide complication information so this was not
attempted. One could assume that the more adoptable dogs are more likely to leave the shelter quickly and are
thus underrepresented in the sample with complication data. Because so many factors are related to
“adoptability”; including color, behavior, breed, size, kennel presence, prior housetraining, and hair coat; it is
simply not possible to determine the effect of this on this data. After 6 months of age, age is not known to be a
significant factor in “adoptability” so simply looking at the age of those with post-operative data versus those
without data will not provide much information about the effect of “adoptability” on the results. The ages of those
with and without data was compared, however, to demonstrate this point. As expected, significant difference was
not noted. Small dogs are often considered more “adoptable” than large dogs, so a chi square was also ran to
compare the size of the dogs with and without postoperative data. There was not a significant difference.
Further studies should be performed with owned animals, animals in different shelters, and surgeons of various
experience levels.
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It’s Not “Just a Cold”: Feline URI Management in Shelters
Amanda Dykstra, DVM, DABVP
University of Tennessee
Knoxville, TN
Upper Respiratory Infections (URI) can be a frustrating and extremely costly problem in shelters. The financial
costs are easy to measure by looking at the cost of drugs to treat the disease and the amount of staff necessary
to maintain isolation wards full of ill cats. The other costs are harder the measure. The increase in suffering and
loss of life are dramatic. The emotional toll it takes on employees to care for sick cats only to often see them die
cannot be measured. The reputation of the shelter suffers in the community, which may lead to fewer adoptions
and compound the problem as fewer cats are leaving the shelter. While many shelters are successfully managing
their cat populations and keeping them happy and healthy, there are also many that are not. In East Tennessee,
we are seeing many shelters with URI rates nearing 100%. We see the employee burnout; we see the cats
suffering and getting so ill that the only option left is euthanasia. This is a very preventable problem. The first step
is recognizing that this is truly a welfare issue that needs to be addressed immediately and not just a “kitty cold”.
While veterinarians recognize this and can see the suffering these cats endure, we need to remember that many
shelters workers do not. Education is the key to improving feline welfare.
The pathogenic causes of URI in animal shelters are primarily Feline Herpesvirus type 1, Feline Calicivirus,
Bordetella bronchiseptica, Chlamydophila felis, and Mycoplasma felis. It is important for veterinarians to have a
basic understanding of each of these pathogens and an understanding of how proper disinfection and cat
handling can decrease fomite transmission of illness. It is also vital that the practitioner understand the latency
and recrudescence of FHV-1 specifically. In most cases, however, it is not necessary to know which of these
pathogens is causing illness in the population. Testing can be prohibitively expense, and infections are often
caused by more than one organism. Also, these organisms are so common that in the short time it takes to
receive test results another infectious organism can be introduced to the shelter. If the shelter is experiencing an
abnormal or especially virulent outbreak of URI, a combination of an oropharyngeal and either conjunctival or
nasal swab can be submitted for PCR testing. PCR testing has been shown to be a sensitive method for detection
1
of the infectious agents in cats.
One of the first things I recommend doing before implementing any changes is to determine the current disease
rate. If good data tracking has been previously implemented, this will be as easy as determining the percentage of
cats that have shown symptoms of URI after being admitted to the shelter. Incomplete data sets aren’t necessarily
very helpful when monitoring illness, but there is great potential for shelter software to track the frequency and risk
factors for URI.2 This data collection will look different for different shelters, based on intake and release statistics
as well as which software system is used. This can be difficult with paper records but is possible. At a minimum
track the number of cats that develop URI signs and on what day it is first recognized. Also note health status on
intake and at final disposition.
Having accurate data is useful for many reasons. Not only can it help determine the true rate of disease in the
shelter, but it can be used to determine if a certain age group, housing area, or other defining factor is increasing
disease risk. The rate of disease is important to have before you start to implement changes. While we can easily
look in a shelter and know that it has a problem with URI, it is difficult for us to assess over time if that problem is
improving. Having accurate data can be used to determine if the changes being implemented are effective and if
they are causing any secondary benefits or concerns. Employees that are experiencing burnout or compassion
fatigue will be reluctant to change, and allowing them to see the numbers and recognize that changes are helping
cats may go a long way in convincing them to make further changes. Without data it may be hard to prove the
benefit of your work.
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In most areas, cat intake is seasonal so a year’s worth of data would be ideal. Watching cats suffer for a year
without making changes is not an option, however. Many times we collect as much data as we can while we work
on plans to alleviate other immediate concerns, always remembering that the welfare of the animals is our primary
focus.
The relationship between overcrowding in shelters and clinical signs of URI has been widely discussed for some
time. One of the ways to lower overcrowding is to lower the intake of cats. In many municipalities the stream of
cats coming into the shelter seems never-ending and is often more than can possibly be adopted or sent to
rescue. The financial and emotional burden of caring for these cats is great. One unfortunate sequela is that
employees do not want to have to euthanize these animals so shelters turn into “warehouses” for them to live until
they get sick and need to be euthanized. This takes the control of which cats we devote our time and resources to
out of our hands. A lot of this can be cured by lowering intake and making appropriate population management
decisions at intake.
Effective Shelter-Neuter-Return (SNR) programs can lower shelter intakes, euthanasia rates, and allow for more
3,4
resources to care for cats that do develop URI while in the shelter. Setting up SNR programs can be a big
undertaking, but many grants exist to help and volunteers are available in nearly every community to assist with
programs. A simple internet search can find numerous resources available to those wishing to set up SNR
programs in their communities. Some communities may find SNR programs to be the more financially sound
decision when choosing between SNR and Trap-Kill.
Geographic information systems (GIS) mapping is proving to be an excellent tool for determining where intakes
are clustered and focusing outreach resources.5,6 Analyzing GIS data to determine where specific groups of
animals (i.e. owner relinquished adult cats, kittens, cats that are unhealthy on intake, etc.) can help the
organization target specific areas in an effort to decrease those specific types of intakes.
Managed admission is a relatively new concept that a lot of shelters either fear or believe they can’t implement in
their organization. The University of Wisconsin Shelter Medicine Program has an excellent online video series
that includes a lecture on managed intake.7 I would encourage any shelters considering this to watch the
presentation on their website. Carefully managing the flow of animals into the shelter will allow resources to be
allocated efficiently and allow the shelter to better stay within their capacity for care.
Many other opportunities for managing URI happen at intake. These include vaccinating all cats over 4 weeks old
with a modified live FVRCP vaccine8, performing intake examinations that closely check for signs of infectious
disease, making appropriate housing decisions to decrease the amount of times a cat has to be moved, and
designating cats as fast track or slow track to help decrease length of stay. Careful handling of all cats during the
intake process is also important to decrease their overall stress level and prevent recrudescence of herpesvirus.9
Ideas for writing successful intake protocols can be found in my lecture in these proceedings.
Stress is a primary contributing factor to cats developing URI in the shelter because any source of stress can
decrease immune function and increase the susceptibility to illness.9 This stress can be related to inappropriate
housing, increased length of stay, poor nutrition, moving cats often, poor air quality, poor cleaning and disinfection
practices, excessive noise, a lack of proper enrichment, and many other aspects of day-to-day shelter operations.
Humane housing should be at the forefront of any URI management plan. Recent work at UC Davis has shown
that cage size is related to infection rates as well as to euthanasia rates.10 Large cages can help make cats less
stressed, less likely to get sick, and less likely to be euthanized. Further research11 looked at multiple risk factors
for development of respiratory infections in cats and found that inadequate floor space was one of the primary risk
factors. It is recommended that individual cat kennels have 9 square foot of floor space with separation between
food, resting, and elimination areas. This research has yet to be published, but is very exciting news for animal
shelters because it strongly suggests that if we operate within our capacity for care and provide adequate housing
we could significantly lessen the burden of URI.
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Elevated space, hiding boxes12, open kennel sides, outdoor space, appropriate litter boxes, and separated eating
and elimination areas are all important housing considerations. Careful, planned group housing is also important
and should be reserved for cats over 5 months old that are social with other cats.
The longer a cat stays in a shelter, the more likely it is to develop clinical signs of respiratory disease.13,14 Thus,
lowering the average length of stay (LOS) should also be at the forefront of any URI management plan.
Addressing housing concerns will have the secondary benefit of lowering LOS. In many shelters, larger housing
for cats involves making portals in kennels. Portalizing kennels often means that the organization needs to find its
adoption driven capacity and find ways to maintain that capacity.15 Finding and maintaining that capacity will lower
the LOS. Lowering the LOS will lower URI. The opposite is also true; lowering URI also lowers LOS since cats are
not sitting in isolation wards for 1-2 weeks. From personal experience, I have found that cats that are healthy are
much more likely to get adopted quickly. This will also lower the LOS. Problems in animal shelters are often said
to be never-ending cycles where one problem leads to another, causing a domino effect. Solutions in animal
shelters can be seen the same way. One positive change will lead to another, and the cycle will continue.
Improving housing, lowering LOS, and lowering URI rates can be viewed in this way.
Rehousing cats often and disinfecting their entire kennel daily causes enough stress to cause a reactivation of
16
latent FHV-1. Cat moves can be made less stressful by bringing a hiding box and bed with them from one
kennel to the next. Moves can be made less frequent by determining if a cat will be fast track or slow track during
the intake exam and moving them to the appropriate area immediately. Open selection is another means of
moving healthy, adoptable cats immediately to the adoption area when they are on stray hold.17 Cleaning kennels
using spot cleaning protocols decreases rehousing stress for the cat and will decrease the amount of staff time
required to clean cat holding areas. 18
Air quality is a concern in many shelters, especially those that are older and were not initially designed to be
shelters. For many years, we relied on air filters and air turnover to improve air quality. Proper ventilation is
important, but we should be looking beyond that. Fresh air should be used whenever possible. This includes
outdoor space and open windows. We also need to pay attention to cleaning protocols and ensure that we are not
causing poor air quality by spraying chemicals that may irritate upper airways in areas where animals live.
Overcrowding can also lead to poor air quality as litter dust and odors are abundant.
Behavioral enrichment should not be forgotten when considering feline health. As veterinarians, we should always
remember than an animal is not truly healthy unless it is emotionally and physically healthy. We must meet those
emotional needs in order to truly provide humane care. A couple of very interesting studies have been published
that have shown that cats that enter the shelter content are more likely to stay content if provided with daily
19
20
human interaction. Also, cats that enter the shelter anxious may experience more contentment if gentled. More
research needs to be completed, but this strongly suggests that positive human interactions may lead to lower
incidence of URI. A trend that is becoming popular is to have children read to and pet cats in after school
programs. Anecdotal evidence is showing benefits for both the cats and the children.
Further measures that could be taken include dampening all noise, ensuring all cleaning protocols disinfect while
causing low amounts of stress, providing a high quality consistent diet that is age-appropriate, and allowing staff
and volunteers the time to interact with cats and potential adopters.
Daily rounds to monitor the health and behavior of every cat in the shelter are important to URI management and
to shelter health as a whole. These rounds should include checking every cat for signs of infectious disease and
also checking to ensure the cat is eating. If it doesn’t cause undue stress, cats should be weighed weekly to
monitor for weight loss. Weight loss increases as stress scores increase and may be an indicator that a cat is at
21
risk for URI.
The first and most important thing to remember about treating URI in the shelter is that your focus is on the
population and the health and welfare of every cat in the shelter. Some shelters are fortunate enough to have
many resources available to them, including the funding and staffing to run isolation wards. It is important to
remember that no matter how well you can manage these wards---they should be empty.
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In order to ensure the most humane care of individuals while maintaining the absolute best welfare for the
population, protocols need to be clear and concise to everyone involved in decision-making. At what point a cat is
moved to isolation, when antibiotics or other medications are started, when other supportive care is warranted,
and at what point euthanasia is considered are just some of the considerations that need to be in this protocol.
Staff members will often disagree on these decisions, and even staff veterinarians may have disagreements.
Clear, written protocols will ensure fair and equal treatment for all cats, prevent the overuse of antibiotics, and
allow for rational decisions when it comes to transfer or euthanasia.
The best example of a treatment protocol I have found was written by Dr. Cindy Karsten and is available at:
http://www.sheltermedicine.com/library/uri-sample-treatment-protocol. This protocol can easily be adjusted to
meet the needs of your shelter and your preferences for treatment. For many of our shelters in East Tennessee,
advanced treatment is not an option, and a veterinary consult for euthanasia has replaced some of the later
treatment options. Where that line is drawn depends on the live release rate at your facility as well as the
resources you can allocate to the treatment of cats. Nearly every shelter can use some aspect of this protocol,
however, even if they use it only to decide when cats go to isolation and which cats would benefit from antibiotics.
For private practice veterinarians that work off-site, you will need to check local and state laws to determine if staff
members are allowed to start antibiotics when you have not seen the patient.
Debate has surrounded the use of L-lysine, interferon, cefovecin and antivirals in the prevention and treatment of
22,23
respiratory infections in shelter cats. L-lysine has been shown to not be effective at controlling URI in shelters.
24,25
, but more research needs to be done in shelter
Interferon has been studied as a potential therapeutic option
situations. Cefovecin injections would likely be less stressful than oral medications for both cats and staff, but
doxycycline and amoxicillin-clavulanic acid have both been shown to be more effective therapies.26 Famciclovir
has been shown to improve outcomes27 but controversy surrounds its use in shelters. It has been shown to be
safe and well-tolerated, but drug-resistant strains of FHV-1 have been described28 so it should be used with
discretion. Also, a single dose of famciclovir at intake has been shown to not be effective at preventing respiratory
infections.29
It cannot be stressed enough that the goal of URI management is prevention rather than treatment. By
maintaining the shelter’s capacity for care and allocating resources to improving the husbandry of all cats, you
can maintain a happy, healthy feline population without utilizing resources on extensive treatment and isolation
wards.
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Brachycephalic Obstructive Airway Syndrome
Kevin Benjamino DVM, DACVS
Objective:
- Define brachycephalic obstructive airway syndrome (BOAS).
- Provide helpful hints on how to assess the various aspects of BOAS and performing a
thorough oral examination.
- Providing surgical techniques that can be used to help provide a successful outcome.
Overview:

A very common airway problem seen in small dogs and some bigger dogs is a syndrome
termed Brachycephalic Obstructive Airway Syndrome (BOAS). This disease process affects
brachycephalic dogs due to the development of their skull structure. This occurs due to early
ankylosis of the growth plates of the skull. They can be thought of having the same anatomy as a
doliocephalic dog in a much smaller area. As one could image, this can cause difficulty in the
passage of air as it traverses through the nasal passage and into the naso- and oropharynx,
causing an increased pressure.
Common breeds that are affected and grouped into the breed type range from the
English Bulldog to the Cavalier King Charles Spaniels. Dogs that are affected by BUAS can
present with many different symptoms that all involve the passage of air and include snoring,
stridor, exercise intolerance, apnea and even gastrointestinal side effects such as vomiting and
regurgitation. A common gastrointestinal problem encountered is hiatal hernias, which can
sometimes resolve (or lessen in severity) with the treatment of the airway condition. There are
factors that can worsen the signs such as weight gain, allergies, environment conditions etc.
Factors that can be controlled should be addressed.
What makes up BOAS? The most common components of this disease are both stenotic
nares and an elongated soft palate. These two features are commonly seen. Other components
are everted saccules, hypoplastic trachea, and secondary laryngeal collapse. In dogs that have
stenotic nares the cartilage that makes up the nares is generally thicker and more condensed and
oftentimes more medially displaced which causes an obstruction. Also, the conchae can be
altered and displaced causing further airway turbulence and obstruction.
Anatomically, the soft palate is just caudal to the hard palate and further divides the
nasopharynx from the oropharynx. In the normal patient the soft palate will typically extend
caudally to just touch (slightly overlap) the epiglottis. In patients with an active obstruction this can
be seen to extend 1-2 cm past the epiglottis. Due to this extension past the epiglottis, this tissue
can actively obstruct airflow into the larynx and also become edematous and undergo
inflammation. Inflammation from this airway obstruction can extend to the tissue surround the
pharyngeal region.
Generally considered to be a secondary side effect of the aforementioned conditions,
everted saccules can develop due to the presence of increased air pressure of a prolonged
period of time. Laryngeal saccules are normal out-pouchings noted adjacent to the vocal folds.
Normally they extend outward away from the airway. After being under constant negative
pressure these out-pouchings will evert and extend into the caudal laryngeal lumen causing an
obstruction. Another secondary effect noted due to the constant high pressure is laryngeal
collapse. This generally occurs in later stages of the disease process and will progress in
severity. There is a grading scale that is used to assess the condition. Grade I laryngeal collapse
is present when the laryngeal lumen is narrowed by everted saccules. Grade II collapse is
characterized by both everted saccules and the cuneiform processes begin to collapse inward
and fail to abduct during inspiration. Grade III collapse is characterized by the addition of the
corniculate processes inwardly folding during inspiration, which signifies complete collapse.
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History and physical examination:
Most commonly the history of patients with BOAS are very similar. Generally, owners
notice snoring and gradual progression of inspiratory stridor. Many times, this will occur while the
patient is a puppy and continue into adulthood. Other signs that are noted are increasing
frequency of dyspnea especially during exercise or a hot environment. Another sign to look for in
addition to the other is vomiting and/or regurgitation. This can be a compounding problem as it
predisposes the pet to aspiration pneumonia.
On physical exam one of the first things that can be directly visualized is the nares being
stenotic. The observant examiner will also not an increased upper respiratory noise with
inspiratory stridor on auscultation. Typically, the rest of the general physical examination is within
normal limits.
Prior to performing a sedated oral exam, various differential should be on the list and
should include neoplasia (oral/pharyngeal masses) tracheal collapse, laryngeal paralysis, lower
airway disease and cardiac disease. Both lower airway diseases and cardiac disease can greatly
exacerbate upper airway signs and if the patient is stable, these should be addressed first or at
least concurrently.
Diagnostic testing:
In addition to direct visualization of structures it is wise to evaluate both the cervical
region and thoracic region. This is most commonly performed with radiographs. Structures to
evaluate include the oro/nasopharynx, trachea, lungs (for pneumonia, etc), and cardiac disease.
If cardiac disease is suspected due to auscultation and radiographs, an echocardiogram is
recommended. A complete blood count (CBC), chemistry and urinalysis should be performed
prior to anesthesia to assess total body function.
A very important part of the diagnostic workup performed just before surgery is the oral
examination. One way to evaluate the upper airway is endoscopy of both the larynx and
esophagus. This will provide a very thorough evaluation of the soft palate, ventricles and
laryngeal function. An added value of endoscopy is for those patients that are experiencing
vomiting or regurgitation. The lower esophagus can be thoroughly evaluated for common markers
of regurgitation and biopsies can be acquired if needed.
Direct visualization is the most common way of diagnosing the associated factors of the
brachycephalic dog. The nares are narrower than a normal dog and the airflow is distorted. For a
sedated oral exam, the patient is typically anesthetized (light plane of anesthesia). Premedications are not used, as to not interfere with respirations. Multiple studies have shown no
significant differences between induction agents. Propofol is a common induction agent used to a
titrating effect. Once the patient has decreased jaw tone, the mouth is opened and the tongue is
pulled forward and the larynx is visualized with a laryngoscope. It is important to have an
assistant tell the examiner when the patient is inspiring and expiring. The arytenoid cartilages will
abduct actively during inspiration and passively during expiration in the normal dog. Evaluating
the laryngeal function in these dogs is very important in differentiating laryngeal paralysis from
laryngeal collapse. As mentioned above, there are different degrees of collapse and an accurate
assessment is imperative when choosing the correct surgical technique. Also, it is very important
to examine the rest of the oral cavity in addition to the length of the soft palate.
Treatment:
The mainstay of treatment for BOAS remains surgical, however some medical measures
can also be taken. When considering medical management, it is important to focus on factors that
can cause worsening of the signs, such as weight loss and allergies. Other factors to consider are
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housing the patient in a cool environment, avoiding the use of neck leads, decreased activity
levels and the use of gastroprotectants for any concurrent vomiting or regurgitation.
There are many questions that arise when considering surgical management and one of
the most often asked is when do you consider surgery? BOAS can be seen even in puppies and
it is recommended that an evaluation be performed in dogs that are predisposed to this condition.
Early management can halt or delay the progression that is typically seen, especially when
discussing laryngeal collapse.
When evaluating the nares, one must remember to resect an adequate amount of the
alar fold extending to the alar cartilage. There are various methods to widen the nares. The most
common technique is the vertical wedge resection, where a wedge of tissue is removed with the
apex of the triangle at the dorsal surface. An absorbable suture can be placed to control bleeding.
It is important to make sure that the nares are wide enough to increase airflow. An alarectomy
can be performed, as well, either with a blade or a CO2 laser. When using a laser, bleeding is
controlled, however, the pigmentation of the cut surface may change color over time.
An elongated soft palate is one of the most common features of BOAS. Assessment and
skilled resection are key. If too much is removed, then there is a communication between the
oropharynx and nasopharynx. If not enough is removed then the problem still exists. Generally,
the soft palate can be pulled rostral, either with stay sutures or an allis tissue forcep. The most
common technique employed is resection with metzenbaum scissors and suture. Sharp excision
of the soft palate generally ensures the least amount of inflammation. Other methods, such as
CO2 laser and Ligasure, have been described and can be successful. A landmark that can be
used when determining where to make incisions is the caudal aspects of the tonsillar crypts. Also,
attempt to make the soft palate just contact the epiglottis. Complications that can arise are as
follows: bleeding, inflammation, chronic granulation tissue formation, and further elongation of the
soft palate over time.
As mentioned previously, the presence of everted saccules characterizes the patient with
stage I laryngeal collapse. There is some controversy as to whether or not everted saccules
should be addressed surgically. Typically, they can be sharply excised with metzenbaum
scissors. Dependent on the condition of the patient a decision should be made as to address
them or not. Some argue that more granulation tissue develops after removing the saccules.
With patients that have grade II and III laryngeal collapse surgical correction is more
difficult. When collapse is present it is always recommended to correct what is correctable,
however the larynx will never be functional again. Some propose modified laryngeal tieback
procedures with mixed outcomes. A permanent tracheostomy becomes a very viable option. By
performing a permanent tracheostomy, the entire upper airway is by-passed.
There are times when temporary tracheostomies are indicated during the management of
dogs with BUAS. Selection of these cases is key. If the operated patient is having difficulty
recovering or starts to have problems post-operative (dyspnea) a decision to perform a
tracheostomy has to be made quickly. The procedure is straightforward to perform. Be sure to
have intravenous access to the patient for 24 hours after surgery. If the patient begins to have
problems, induction is indicated, and tracheostomy should be performed. Hospitalization at a
hospital with 24-hour monitoring is crucial.
When counseling owners, generally dogs affected with BUAS have a favorable
prognosis. Success is solely dependent on progression of disease. Education of owners should
start when the patient is a puppy to avoid worsening. When a patient progresses to laryngeal
collapse prognosis changes greatly, as well as hospitalization time.
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Laryngeal Paralysis: A Noisy Condition
Kevin Benjamino DVM, DACVS
Laryngeal paralysis (LP) is a condition that affects many large breed dogs and
occasionally cats. LP can be defined as the failure of the arytenoid cartilage (one or both) to
abduct properly during inspiration. The normal function of the arytenoid cartilages is to abduct
during inspiration as an active process (controlled by the dorsal cricoarytenoid muscle) and
abduct during expiration as a passive process as air exits the trachea. The condition usually
develops as a progressive disease, however acute respiratory distress can be seen occasionally
as well.
The anatomy of the larynx can be thought of as complex and composed of many
cartilage and osseous structures. The most important structures to this disease process and the
surgeries that address this problem are the following: arytenoid cartilages, thyroid cartilage and
cricoid cartilage. The articulation of these structures provides a functioning larynx/airway.
The cartilages structures of the larynx and trachea are composed of hyaline cartilage.
The arytenoid cartilages are covered by mucosa, which is continuous with the pharyngeal cavity.
The corniculate process forms the dorsal rima glottidis (dorsal laryngeal opening). The cuneiform
process protrudes cranial and the vocal folds lie medial to these structures forming the ventral
portion of the airway. These structures are important to identify when assessing the airway and
airway function. The epiglottis sits cranial to the larynx and typically covers the laryngeal opening
during swallowing and falls forward during respiration.
The anatomy can be further divided into both muscular and neurovascular components
after discussing the cartilages. The major muscular type is both striated, skeletal muscle and
intrinsic in nature. The primary muscle is the dorsal cricoarytenoid muscle which sits on the dorsal
aspect of the larynx. This muscle is responsible for the abduction of the arytenoid cartilage during
inspiration. The innervation of this muscle comes from the recurrent laryngeal nerve (RLN). The
RLN branches off of the vagus nerve at different locations. The left RLN branches from the vagus
nerve at the level of the aortic arch and then bends and courses cranially to reach the larynx. The
right RLN branches from the vagus nerve at the level of the subclavian and then courses cranially
to the larynx. An important point to note is that the vagus nerve originates from the nucleus
ambiguous, which can have abnormalities in cases of congenital LP.
Due to the complex nature of the larynx, both from a structural and neurovascular aspect,
it is no surprise that we see disease processes that affect respiration. Any damage to the
structures, whether it is the cartilages or the musculature, can cause paralysis. Also, denervation
of the recurrent laryngeal nerves can cause laryngeal paralysis.
The etiology of laryngeal paralysis can be hard to elucidate. In veterinary medicine,
laryngeal paralysis is typically divided into congenital and acquired categories. When looking at
the distinctions between the two groups there is marked differences in signalment and potential
causes. Congenital LP typically occurs in the following breeds: Bouvier des Flandres, Bull terriers,
Dalmations, Rottweilers, and Siberian huskies and occur in dogs less than one year of age. It has
been recognized to be an autosomal dominant trait in both the Bouvier and Bull terriers. Two
changes commonly seen are wallerian degeneration of the recurrent laryngeal nerve and
abnormalities associated with the nucleus ambiguous which is the origin of the vagus nerve.
Acquired LP is the most common form of laryngeal paralysis that is seen. These dogs
have a hallmark presentation and usually affect the older, geriatric patient. The typical breeds
affected (but not limited to) are as follows: Labrador Retriever, Golden Retrievers, Saint Bernards,
and Irish Setters. Cats have also been reported to develop laryngeal paralysis. The most
common cause of LP in the acquired form is idiopathic. Other causes are as follows:

102

polyneuropathies, polymyopathies, endocrine disorders, cranial mediastinal masses causing
compression, cervical masses, trauma, and surgical complications due to thyroidectomy. A
complete diagnostic workup is required to find causative or concurrent diseases, which can be
prognostic factors for success of surgical treatments. Also, full diagnostics can help the owner
during decision making in the older patient.
Recent literature has shown that dogs diagnosed with idiopathic laryngeal paralysis (ILP)
commonly have concurrent polyneuropathies. In one study (Thieman, et al) muscle-nerve
biopsies of the dorsal cricoarytenoid muscle and cranial tibial muscle displayed changes on
histopathology consistent with degeneration and demyelination. Another study by Stanley, et al.
revealed that all dogs diagnosed with ILP had generalized neurologic signs one year after
enrollment in the study, while 31% had generalized neurologic signs at the beginning of the study.
Many times, the changes can occur over a long period of time of months to a year (or
more). Patients will have a change in the pitch of bark and develop exercise intolerance and
coughing/gagging during eating and/or drinking. Some dogs will present in acute respiratory
distress. These patients are can be critical and it is necessary that they be stabilized immediately.
The critical patient typically will present recumbent, cyanotic and hyperthermic. Once the
cycle of upper respiratory distress begins it is difficult to stop without aggressive measures. For
the distressed patient an intravenous catheter is necessary, and sedation is very important.
Acepromazine is the sedative of choice (dose 0.025-0.1mg/kg; max 3mg) and is best given
intravenously for the quickest effect. Oxygen supplementation is also important with these
patients. Some advocate for the use of corticosteroids, which can be given in an attempt to
decrease/control the laryngeal edema that can develop. Controlling hyperthermia is also
necessary and this can be performed with the use of fans, cool towels, fluid therapy, etc. It is
important to decrease the patient’s temperature gradually. If attempts to stabilize the patient are
unsuccessful, induction of anesthesia may be necessary with recovery to follow. If the patient is
still unstable definitive surgical treatment should be performed. Due to increased risk of
complications such as aspiration pneumonia temporary (or permanent) tracheostomies are
discouraged as a stabilization technique.
While examining the patient with suspected laryngeal paralysis, it is imperative that both
a complete physical exam and neurologic exam be performed. As mentioned previously there is a
relationship between ILP and polyneuropathies. These findings may be a factor for the owners as
they contemplate surgery for their pet. Diagnostics that should be performed in the laryngeal
paralysis patient is complete blood work, urinalysis, thoracic radiographs and abdominal
ultrasound. These tests are to look both for causative disease processes, as well as concurrent
disease processes. One known negative prognostic indicator that can be seen on thoracic
radiographs is megaesophagus (ME). ME will increase the risk of aspiration pneumonia postsurgery. When assessing a patient for surgery the patient’s quality of life should be the first
consideration.
A thorough laryngeal exam is still the gold standard for diagnosing laryngeal paralysis.
The patient is typically anesthetized (light plane of anesthesia). Pre-medications are not used, as
to not interfere with respirations. Multiple studies have shown no significant differences between
induction agents. Propofol is a common induction agent used to a titrating effect. Once the patient
has decreased jaw tone, the mouth is opened, and the tongue is pulled forward and the larynx is
visualized with a laryngoscope. It is important to have an assistant tell the examiner when the
patient is inspiring and expiring. The arytenoid cartilages will abduct actively during inspiration
and passively during expiration in the normal dog. In the dog with laryngeal paralysis the
arytenoid cartilages will not abduct. Paradoxical movement may be noted, this is where the
arytenoid cartilage collapses inward during inspiration. Other changes noted are edema and
erythema of both the corniculate and cuneiform processes due to the constant contact of the
structures. Doxapram HCl can be used as a respiratory stimulant. This increases one’s ability to
see laryngeal paralysis.
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Treatment of laryngeal paralysis can be either medical or surgical. Unfortunately, since
medical management does not address increasing airflow to the patient, success is limited, and
the patient’s quality of life diminishes. In cases of concurrent diseases occurring or increased risk
factors, medical management may be the best option. Medical therapy generally consists of
housing the patient in a cool environment, short walks/activities, avoidance of excitement and
intermittent use of sedatives. Other factors such as allergies may exacerbate symptoms and
should be addressed accordingly.
Surgical treatment of laryngeal paralysis is the mainstay of therapy. The success ranges
based on the procedures chosen and other risk factors that may be present. The most common
procedure is the unilateral arytenoid cartilage lateralization procedure. This procedure
significantly increases the airway diameter and allows increased airflow. The patient is placed in
lateral recumbency (usually right lateral) which allows access to the left side of the larynx and
cranial trachea. Dissection down to the thyroid cartilage is performed and the thyropharyngeus
muscle is transected and the thyroid cartilage pulled laterally. This gives exposure to the
muscular process of the arytenoid cartilage and the cricoid cartilage and allows a suture to be
placed from the cricoid to muscular process or from the cricoid to the thyroid cartilage. Typically,
one strand is placed to reduce fracturing of the cartilages. The airway should be evaluated after
the suture is placed by either the surgeon or assistant via an oral exam to ensure opening of the
glottidis.
Immediate post-operative care is very important. Regurgitation can occur both during and
immediately after anesthesia and can be cause for aspiration and subsequent aspiration
pneumonia. Both famotidine and metoclopramide (bolus or constant rate infusion) should be
administered. These medications can be administered prior, during and after surgery.
Metoclopramide has been shown to increase the lower esophageal sphincter tone and decrease
regurgitation. Other important aspects of post-operative care are sedation and pain management.
While pain management is important, high doses of opioids can have deleterious effects and
increase the risk of panting, vomiting and aspiration. Generally, patients are hospitalized for 24
hours after surgery and then recovered at home, in their normal environment. Another aspect of
the post-operative recovery is feeding. Canned food in the form of small balls decreases the risk
of aspiration and this should be continued for about 2 weeks. Canine patients can generally learn
to eat their normal diet with time.
Success of this procedure is very dependent on both the surgeon and the owner working
in a team approach. The owner should be educated to expect occasional coughing and continue
hoarse bark. While many dogs are able to participate in activities, the owner should avoid hot
environments when possible and know when their pet is tiring to avoid respiratory distress. Also,
neck leads should be discontinued, and a harness used.
Complications following surgery can develop just like many surgical procedures. Seroma
formation at the surgery site can develop and typically resolve with little intervention. Suture
complications (breaking or avulsion) can occur, which would require a second procedure to be
performed at the opposite side. The most common complication following surgery is aspiration
pneumonia which can occur in 10-20% of cases. While a life long risk, aspiration pneumonia
tends to decrease over time. Aspiration pneumonia complications can range from outpatient
treatment to requiring hospitalization and being fatal. Despite the complications association with
this procedure the majority of cases are successful with high owner satisfaction (success rate
~90%).
Other procedures performed are ventriculocordectomy/arytenoidectomy and permanent
tracheostomy. Both procedures have more inconsistent results when compared to the
lateralization technique. Aspiration pneumonia continues to be a post-operative complication.
When doing an arytenoidectomy there is the risk for scar tissue/granulation tissue formation.
While laryngeal paralysis tends to be a difficult process to manage, many patients can find relief
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with surgical treatment. While we cannot return our patients to normal, we can greatly improve
their quality of life.
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The Complete Abdominal Exploratory
Kevin Benjamino DVM, DACVS
Objectives:
-

Give the practitioner confidence when performing an abdominal exploratory.
Provide practical tips for commonly performed abdominal procedures – assessment of all
abdominal organs, liver biopsies, splenectomy, incisional gastropexy, and cystotomy.

The complete abdominal exploratory can be a very valuable tool, both in order to gain a
diagnosis and to provide treatment. It is important for the clinician to be confident when performing an
abdominal exploratory and the only way this can occur is through practice and implementation of a
routine. While the routine and order of evaluation is not set in stone, repetition must be set and followed in
order to maximize efficiency, minimize anesthesia time, and avoid mistakes. This lecture is not intended
to review disease processes (see other lectures), but to guide the clinician through the complete
evaluation of abdominal organs and give techniques for commonly encountered procedures.
To begin, the abdomen is generally approached via a midline incision with the cranial-most extent
just caudal to the xiphoid process and directed caudally just cranial to the pubis. The increased length of
the incision is necessary to thoroughly assess all structures. As the clinician gains experience the caudal
extent of the incision can be shortened, however this may limit exposure, thus limiting visualization and
access to important structures. In some case where there is pathology in the caudal abdomen (prostate,
uterine body, trigone of bladder, etc.) the incision needs to be extended to the pubis. Once into the
abdomen, it is helpful if the falciform fat is removed and this is most easily performed using
electrocautery.
It is important that the clinician develops a routine for evaluation of the abdominal organs. The
described technique is the authors preference. The gastro-intestinal tract should be evaluated from the
cardia of the stomach to the distal colon. While the majority of the intestines can be exteriorized, there are
certain aspects of the intestines that are more difficult to evaluate. The stomach is evaluated both on the
ventral and dorsal aspects and then the intestines are “run” from the proximal duodenum to the distal
colon. It is important to evaluate both the antimesenteric and mesenteric surfaces, the blood supply and
lymphatic drainage. Pay close attention to the lymph nodes associated with the mesentery and root of the
mesentery.
After the gastrointestinal tract is evaluated, it is important that the rest of the abdominal organs
are evaluated. The methodology is less important, however develop a routine. The author tends to start
with the liver and works in a “clock-wise” direction. Evaluate all lobes of the liver, left kidney and adrenal
gland by exteriorizing the spleen. The spleen and splenic blood flow is evaluated followed by the urinary
tract and genital tract (in intact females). On the right side the right kidney and adrenal gland are
evaluated. Following this thorough evaluation, a small rent is made in the superficial leaf of the omentum
and the left limb of the pancreas is evaluated, as well as the body and right limb. Once the exploratory is
completed and all organs are assessed, one can focus on specific surgeries on organ structures. The
author performs this evaluation on all abdominal exploratory surgeries prior to addressing the problem of
interest. Below specific techniques will be evaluated and reviewed.
Liver Biopsy:
Liver biopsies can be a very diagnostic step for many patients with both chronic and acute injury
and disease to the liver. There are three main ways of tissue sample which include ultrasound guided trucut biopsies, laparoscopic liver biopsies, and biopsies obtained via an abdominal exploratory. All
techniques have their advantages and disadvantages. The tru-cut biopsy generally has the potential for
the lowest yield due to the small sampling size, however the advantage is that most patients do not
require general anesthesia. Laparoscopic biopsy sampling allows for assessment/visualization of the liver
and acquisition of multiple small samples. The advantage is a magnified view of the liver and relatively
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quick recovery period for most patients. The major disadvantage to this technique is the amount of
equipment need and the financial investment this requires. In patients with low anesthetic risk, an
abdominal exploratory should be considered. It is important to get enough sample in order to answer the
clinical question(s). In many cases, a liver culture is needed which will take 1-2 small pieces of liver.
Biopsying the rest of liver should be performed at areas with changes or randomly if diffuse disease is
seen. Copper analysis can also be performed for copper storage disease. Be sure to check with your
preferred laboratory for quantity and storage specifications (saline versus formalin).
The technique that one uses to acquire a liver biopsy is surgeon dependent. The main methods
used are either the guillotine method versus the punch biopsy method. Both yield acceptable sized
samples. It is important that the surgeon handles these sample with care to avoid crush artifact and also
does not use electrocautery or sealing devices (Ligasure) near the area of interest. These hemostatic
methods are acceptable for the liver as long as care is taken to preserve the area of interest.
Guillotine Method
With this method, one can procure a larger sample than with other techniques. If there is focal
disease (and a lobectomy is not being performed) this can only be effectively used if the lesions/area of
interest in on the periphery of the liver lobe. If the lesion is more in the center or hilus, then another
technique should be considered. In situations of diffuse disease this is a good method. Dependent on the
size of patient use a corresponding sized suture (author uses 3-0 polydioxanone suture typically) and
preplace a “surgeon’s throw” and then place over the area to be biopsied. Tighten the suture over the
region as it begins to engage the liver and cut into the parenchyma. Most larger vessels will be internal,
within the parenchyma. Once secure place standard throws over knot (3-4). Cut the sample leaving a
margin of 2-4mm as a “button” in between the cut and the suture.
Punch Biopsy Method
This method is indicated in situations of diffuse and multifocal hepatic disease or when a nonresectable mass is encountered. A 6mm skin punch (ideally new) is used, generally under 6mm will yield
a sample that is too small and may damage the sample. The area of interest should be thicker as to not
have the skin punch puncture through the underside. Place the skin punch on the area to be biopsied and
depress the punch with a slight rotating motion to engage the cutting blade. Sink the blade all the way into
the liver and try to angle the skin punch at the end of the cutting motion. This can detach the liver section
from the underlying tissue. If the sample does not detach then gently remove with a Metzenbaum or
tenotomy scissor. Once the sample is removed, the author takes a small, rolled section of absorbable
hemostatic gelatin sponge (Gelfoam, Vetspon, etc.) and place in the defect. The defect should only be
6mm in diameter and easy to fill. The sponge will expand to the size of the defect. If the defect is made in
the periphery of the liver lobe, there is little risk to encountering any significant bleeding. The sectioned
liver can then be placed in formalin or appropriate media for the tests being performed.
Splenectomy:
There are multiple techniques that can be used in order to perform a splenectomy, all dependent
on the resources that are available. The major indication for a splenectomy would be a mass associated
with the organ. Both benign and malignant tumors can develop on the spleen, with the malignant masses
tending to be aggressive with a high chance for metastasis. Splenic masses can present in a controlled
(sometimes as incidental findings) manner or as the acute non-traumatic hemoperitoneum cases. In most
cases that are NOT hemoabdomen cases, we believe that the likelihood of malignancy is about 50% (age
and breed may influence this as well). In the acute, non-traumatic hemoperitoneum cases, this
percentage increases to 70-80%. The most common malignancy associated with the spleen (60-70% of
cases) is hemangiosarcoma (HSA). HSA does have a high rate of metastasis and it is generally accepted
that while gross metastasis (pulmonary nodules, hepatic nodule, etc.) may not be present at the time of
diagnosis, micro-metastasis is suspected. Other malignancies that can be encountered would be other
sarcomas, carcinomas, mast cell tumor disease, etc. Conditions such as immune-mediated disease have
been evaluated for splenic involvement and in some cases, splenectomy may be recommended.
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The anatomy of the spleen is relatively straight forward – head, body and tail. The spleen, on one
side, has its vascular supply made up of the splenic artery and vein (and branches) and short gastric
vessels (shared with the stomach). The spleen is positioned largely on the left side and may extend to the
right due to an associated mass or splenomegaly. The spleen is also adjacent to the greater curvature of
the stomach and has a shared blood supply. The blood supply is fairly intertwined with the greater
omentum as it drapes from the stomach. The spleen can be exteriorized with ease and elevated out of
the abdominal cavity with the omentum and vasculature extending to the body. All blood flow is directed
to the hilus of the spleen. In some cases of larger masses there may be omental adhesions due to areas
of inflammation or previous/current bleeding.
The most common techniques used to perform a splenectomy would be either a suture
technique, stapling (ligating dividing staplers – LDS)/hemoclip ligation or use of a sealing device such as
the Ligasure.
Suture technique
When using this technique, the vascular supply can be bundled into thirds and both sides should
be temporarily ligated with Carmalt clamps. The vessel bundle should then be ligated using suture of
choice (author uses polydioxanone suture) with either two circumferential sutures or a modified Miller’s
knot. It is difficult to apply a transfixing ligature in this location. When securing the ligation release the
lower clamp to allow the suture to fall into the crush zone. Once the sutures are placed, cut bundle toward
the splenic side. One may feel more secure if an additional ligation is placed at the bundle with the main
segment of the splenic artery and vein. If the spleen has multiple omental adhesions, these can be
handled in the same manner. Be sure to check ligations prior to leaving the abdomen for bleeding.
Stapling
LDS staplers can be very beneficial and decrease intra-operative time. Small segments of the
omental/vascular bundle are placed in the stapler and two staples (semi-lunar) are placed and a blade
cuts the pedicle in between the staples. Hemorrhage is generally kept to a minimum. While the staples
can handle the diameter of most splenic arteries and veins, some feel most comfortable by using a
separate ligation for this. These stapling devices are generally lower cost and are manufactured by
Medtronic/Covidien. The handle is reusable and the cartridges are disposable. I strongly recommend
NOT reusing the disposable cartridges, the cutting feature will work even if there are no staples. The LDS
stapler can be used on the omental adhesions as well as the vascular pedicles/bundles.
Sealing Devices
The authors preference is using the sealing device – Ligasure for sealing of vessels up to 7mm in
diameter. There are other brands of sealing devices that work along the same premise and are just as
useful. The Ligasure device is manufactured by Medtronic/Covidien and can have multiple uses in a busy
veterinary surgical practice. That being said, the initial investment is substantial and there is rumor that
some of the handpieces used for sealing will be discontinued at some point. When using the sealing
device, most handpieces not only seal, but have a cutting device once sealed. The vessels can be sealed
and cut along the hilus where the vessels may be more numerous, but smallest in diameter. This
technique seems to have the least amount of bleeding compared to the various techniques. Again, the
omentum can be addressed the same way.
Post-operative care:
Post-operative care of the splenectomy patient is very dependent on the pre- and intra-operative
status. In patients with a hemoabdomen, critical care management needs to be instituted. It is
recommended that patients with a splenectomy be monitored overnight and assessed for arrhythmias.
While we can see arrhythmias with some degree of frequency, it is important to know when to treat these
changes. The typical rule of thumb for treatment would be the presence of ventricular premature
complexes (VPCs) that develop a high level of frequency (greater than 50% of wave forms) and that
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develop with tachycardia. Other concerning arrhythmias may also need to be treated. Another potential
complication would be thromboembolic events, while uncommon, this complication can be life
threatening.
Incisional Gastropexy:
Another common procedure that should be considered in the large/giant breed dog and Standard
Poodle breed is a prophylactic gastropexy. This procedure is generally performed as an “additional”
procedure in patients that are deemed “at risk” of a gastric dilatation and volvulus (GDV) or always
performed in conjunction with GDV surgery. Some more recent literature supports performed a
gastropexy in large breed dogs undergoing a splenectomy. It can also be performed on its own either with
an open technique or laparoscopically assisted technique. The purpose of this procedure is to
dramatically reduce the risk of a GDV occurring.
The incisional gastropexy is the simplest technique and is very effective, rivaling the success of
the other gastropexy techniques. The pyloric antrum region is attached to the adjacent body wall. The
serosal layer of the stomach is incised creating an incision about 3-6cm in length (not full thickness – only
through the serosa) and a corresponding incision is made through the innermost peritoneal muscle layer.
The “fish-mouthed” incisions are apposed using polydioxanone sutures (2-0 to 0 size) in two single,
separate, continuous suture lines. It is important to perform the cranial-most incision first and then the
caudal incision. Another key point is to perform this just caudal (or inclusive of) to the 13 th rib. Cranial to
this may place the gastropexy into the diaphragm muscle in some deep chested dogs.
Cystotomy:
The cystotomy is one of the most common abdominal surgeries performed. The major reasons
for this type of surgery include urolith removal, mass debulking/excision, and bladder wall biopsy and
culture. There are only a few described techniques for this procedure and the easiest and most
straightforward approach would be from the ventral surface. With the patient positioned in dorsal
recumbency a ventral midline incision is made from the umbilicus to the pubis to fully exteriorize the
bladder. The incision can be made more cranial if a full abdominal exploratory is needed. If the incision is
started at the umbilicus the falciform fat does not need to be removed. The bladder is exteriorized and
isolated with laparotomy sponges to limit abdominal contamination. Stay sutures in the bladder are
preferred to provide tension to the bladder. The bladder is entered with a number 11 blade on the ventral
surface (midline) of the bladder and the urine is removed. The incision is lengthened as needed and the
bladder is evaluated. The stones (if present) can be removed with a bladder spoon. If stones are present,
in addition to submission of stones for analysis, it is strongly recommended to provide a sample for
culture. The author (in the same culture submission) removes a small sample of the mucosa from the
incision line and submits that with the stone culture. Once the bladder is thoroughly lavaged and the
urethra is also catheterized and flushed, the bladder can be closed. Given the rapidness of healing,
absorbable suture (Monocryl) is recommended. In most bladders 4-0 Monocryl is recommended and a
continuous line is sufficient, however interrupted sutures are also acceptable. The area around the
bladder is lavaged and the abdomen is closed in a standard fashion.
While this is a whirlwind tour of the complete abdominal exploratory surgery, the intention is to
provide standardization of techniques and build confidence. Developing this skill can improve the
diagnostic and treatment capabilities of the clinician. Implementing these techniques is one way to
continue to deliver quality care to our patients.
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Gastric Dilatation and Volvulus (GDV)
Kevin Benjamino DVM, DACVS
Objectives:
- Improve the initial triage process and enhance early diagnosis
- Review pre-operative stabilization techniques of the GDV patient
- Review the surgical aspects associated with GDV cases, in particular partial gastrectomy and
incisional gastropexy
Gastric dilatation and volvulus (GDV) is one of the more common surgical emergencies that are
encountered in the larger breed dog. This condition occurs when both the stomach dilates with air, fluid,
solid material (ingesta), or a combination thereof AND the stomach rotates 180 degrees to 360 degrees
on its longitudinal axis. The exact order of events is generally unclear; however, it is believed that the
dilation of the stomach increases the ability for it to mobilize. Also, we can certainly see dogs with
underlying gastrointestinal disease and other causes have frequent bouts with gastric dilatation alone and
these patients are believed to be more at risk for volvulus.
In addition to the stomach dilating and twisting on its axis, the vena cava and portal vein become
compressed, which in turn reduces the venous return and cardiac output. This reduction in venous return
and cardiac output can also cause myocardial ischemia. Other cardiac effects from the reduction of blood
flow would include changes to the central venous pressure (CVP), stroke volume, and mean arterial
pressures. These types of cardiac effects can cause obstructive shock with decreased tissue perfusion.
Systemic effects associated with multiple organs can occur (decreased perfusion) and cause changes to
the kidneys, heart, pancreas, and gastro-intestinal tract (in particular the stomach). Cardiac arrhythmias
are also common in GDV cases and an electrocardiogram should be monitored – these can be lifethreatening. With the above secondary effects caused by gastric dilatation and volvulus, other syndromes
such as systemic inflammatory response syndrome (SIRS), multiple organ dysfunction syndrome
(MODS), and disseminated intravascular coagulopathy (DIC) can also occur. Signs of these processes
can be seen on presentation or develop following surgical intervention. The keen clinician should be
aware of these conditions and actively searching for them.
The signalment of GDV patients tends to span the ages and most commonly occurring in larger
breed, deep chested canine breeds. We also see a sex predilection for male dogs. The typical breeds
thought of are the Great Dane, Mastiff, Labrador Retriever, and the Standard Poodle. In rare instances
will we see small and medium sized dogs.
Presenting Signs/ Physical Examination
Clinical history combined with signalment can drive us to a presumptive diagnosis prior to
examination of the critical patient. The common history of most patients includes listlessness, abdominal
dilation and enlargement, coupled with non-productive retching. The time frame can vary from peracute
and the owner acting quickly to more time being lapsed. We do know that prognosis can be very
dependent on lapsed time of symptoms. We can certainly see patients that are more critical than others,
with the hemodynamic affects mentioned previously, all patients have the capacity to decompensate
quickly.
There are some classic physical examination signs that will be encountered in most cases with
GDV. In the patient that can ambulate (non-recumbent) abdominal distention is the hallmark feature. The
patient usually will have a component of non-productive retching as well. In most cases, tachycardia will
be noted, and the dog should have an electrocardiogram (ECG) performed and evaluated. Hypotension is
also noted in the untreated patient and this is generally caused by a combination of hypovolemia with
decreased perfusion (decreased caval return flow). Pulse deficits (discrepancy in heart rate and pulse
rate) can also be noted.
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Diagnostics
Upon triaging the suspected GDV patient, radiographs should be the primary modality of
diagnosing. Both a right lateral and ventro-dorsal projection should be taken. The right lateral abdominal
view will allow for better visualization of the pylorus in its altered position (on the left side) and the ventrodorsal projection will allow for assessment of the anatomical positioning of the stomach. Abdominal
ultrasound will have limited value in these cases – other than assessing for peritoneal effusion. Once a
diagnosis of GDV is made, thoracic radiographs are recommended to assess for changes to the
pulmonary parenchyma (aspiration pneumonia) due to the frequency of retching. Please note that many
GDV cases have some degree of megaesophagus due to aerophagia – this does not worsen overall
prognosis.
As already mentioned, other diagnostics that should be performed in addition to radiographs are
ECG, blood pressure and complete blood work. There are some peer reviewed studies that have
evaluated lactate as a prognostic indicator (>3 poor prognosis). A higher value has been implicated as an
indicator of gastric necrosis and possible rupture. Also, on radiographs, a faint line (air) around the gastric
silhouette has been correlated with gastric necrosis and could potentially hold a poorer prognosis. If fluid
is present in the abdomen, acquisition of the fluid is recommended. In many cases of GDV a mild
hemoperitoneum is seen due to the rupturing of the short gastric vessels – common. If the fluid is not
hemorrhagic then in-house cytologic evaluation and/or comparison of blood glucose to fluid glucose and
of blood lactate and fluid lactate can be performed and may guide the clinician to a diagnosis of gastric
perforation.
Initial Stabilization
Just as important as early diagnosis of this disorder, the initial stabilization is crucial for a
potentially successful outcome. Most of these patients will present in a form of shock (most likely
hypovolemic) and may either be compensating or decompensating. When these cases present, it is
important to provide cardiovascular support with fluid therapy. It is ideal to place one to two intravenous
catheters and in the forelimbs if at all possible. Due to vena caval occlusion in the abdomen (from gastric
dilation) hind limb catheters are not very effective. In patients with hypovolemic shock the author will
generally start with bolus therapy of crystalloid fluids (10-20 ml/kg per bolus) that can be repeated. It is
important to monitor both heart rate and peripheral blood pressure. Please remember that the dilation of
the stomach causing compression of the vena cava can affect the blood pressure reading from the hind
limbs, thus try to get the readings from the forelimbs.
It is important to monitor the patient’s clinical response and the corresponding heart rate and
peripheral blood pressure when administering fluids. If crystalloids are not improving the status, then
consider administering hypertonic saline or a colloid such as VetStarch.
The patient’s pain level must also be assessed and treated appropriately. When selecting an
opioid one must take into consideration how affected the patient is due to the disease process. Opioids
such as fentanyl and hydromorphone can be very beneficial. In order to provide relief to the patient and to
assist in stabilization, the stomach should be trocarized (usually an 18 gauge over-the-needle catheter) or
an orogastric tube placed to evacuate the stomach. The author prefers trocarization since this can
generally be performed in the patient on presentation if needed without pain medication and/or sedation.
Also, this can be repeated as necessary if the patient is unable to go to surgery immediately.
It is important that the clinician continually monitor the patient’s ECG during this time as well. In
addition to being a quick visual reminder during stabilization, it is important to assess for changes to the
cardiac rhythm that can be seen with splenic trauma and cardiac hypoxemia. In some patients depending
on how critical they present, additional treatments may be needed such as vasopressor drugs
(norepinephrine, etc.). In patients with suspect gastric perforation and necrosis, additional pre-surgical
treatment may be needed. As mentioned above, some radiographic signs may be helpful in determining
this, as well as lactate values.
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Surgical Management
Once the patient is hemodynamically stabilized, surgery is recommended. It is imperative that the
owners realize that while we have improved their hypovolemia and hemodynamically supported/stabilized
them, they are still very much at risk of anesthetic and surgical complications – which can be life
threatening. Our supportive care should be thought out carefully and administered swiftly. Patients that
are not appropriately stabilized will have a higher than desired mortality rate. Anesthetic drugs should be
selected with the patient in mind, using the current induction agents such as Propofol or alfaxalone paired
with an appropriate pre-medication. In most cases midazolam is combined with an opioid. Maintenance of
anesthesia is generally via gas inhalant or intravenous methods in very critical cases. The author prefers
to use fentanyl constant rate infusions combined with low level gas inhalant when possible.
Preparation of the surgical patient is normal for all abdominal exploratory procedures and the
patient is positioned in dorsal recumbency. A midline incision should be made from the xyphoid to the
preputial/caudal abdomen region. The falciform fat is removed to improve exposure and the skin edges
are covered with laparotomy sponges and a Balfour retractor placed. The first structure that the surgeon
will notice is the omentum overlying the stomach (in GDV cases) where it is normal draped caudal to the
stomach. This is a very common findings in both 180-degree and 360-degree rotations of the stomach. It
is from here that the surgeon should begin to rotate the stomach back into the original position. The
pylorus, in most cases, will be in the upper left quadrant and should be grabbed. The surgeon is best
positioned on the patient’s right side, reaching across the patient’s abdomen to grab the pylorus. As the
pylorus is brought to the surgeon with one hand, the surgeon should push the fundus/body of the
stomach down (dorsally) and away from their (surgeon’s) body. This motion will generally achieve
adequate rotation. Once the stomach is in the normal position an orogastric tube can be placed. An
orogastric tube will usually NOT be able to be placed at this point until the stomach is in the correct
position.
Once the stomach is positioned in its anatomical position and the orogastric tube placed
(stomach contents – gas and fluid removed) the stomach should be evaluated for signs of erythema and
necrosis. Redness and erythema are not indications for gastrectomy, however necrosis is. When in
doubt, perform the rest of the abdominal exploratory and then reassess. It is important that ALL of the
stomach be evaluated with particular attention placed on the cardia and the dorsal surface of the
stomach. In cases of gastric necrosis, a partial gastrectomy will be needed. Assess for blood flow, color,
and thickness of tissue to confirm necrosis.
A partial gastrectomy can be performed in a quick fashion dependent on the available
instruments. Visualization is key and multiple stay sutures/hemostats should be placed around the area of
interest, in the healthy portion. Since the necrotic area will be removed, Allis tissue forceps or Carmalt
forceps can be used to elevate the necrotic area. The quickest and easiest method to perform a
gastrectomy would be to use a gastro-intestinal anastomosis (GIA) stapler. These stapling devices are
readily available and are affordable. The cartridge is placed near the demarcation of healthy and necrotic
region (in the healthy region) and deployed. The stapling device discharges four alternating lines of
staples and cuts in the middle. In most cases, two to three cartridges are needed. This device also avoids
any contamination as it not only seals the healthy side, but also the necrotic portion. Some surgeons may
opt to place an inverting over sew (Lembert or Cushing’s suture pattern) with 3-0 polydioxanone suture,
however this is not necessary.
Another method of performing a gastrectomy would be sharp dissection of the necrotic segment
and closing the open stomach in two layers as one would close a gastrotomy. In many cases the author
recommends that the diseased stomach be cut partly and carmalt forceps placed on the necrotic portion
to decrease contamination. The cut portion is hand sewn and then more is cut and sewn until the disease
portion is removed. The Carmalt can also be used to retract the stomach. This is a very effective
technique and the author typically uses 3-0 polydioxanone suture.
The last technique for gastrectomy is the invaginating technique. This is where the necrotic
portion of the stomach is inverted into the stomach and the healthy portion of the stomach is closed over
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top, allowing the stomach to self-digest. While this has been described in older texts, the author does not
recommend this method as it can cause gastro-intestinal complications and in some more recent
research papers, this method can yield inconsistent results.
The rest of the abdomen should be assessed, in particular the spleen. It is not uncommon for the
surgeon to encounter a mild to moderate hemoabdomen due to the tearing of the short gastric vessels. It
is important to assess the blood flow to the spleen both from the tearing of the short gastric vessels and
potential occlusion of splenic vessels and thrombosis to the splenic vasculature. If this is compromised, a
splenectomy may be needed. The procedure for a splenectomy has been detailed in previous lecture
notes.
The last part of the procedure for a GDV is the prophylactic gastropexy. This, without a doubt,
needs to be performed to dramatically reduce the risk of this occurring in the future. The incisional
gastropexy is the simplest technique and is very effective, rivaling the success of the other gastropexy
techniques. The pyloric antrum region is attached to the adjacent body wall. The serosal layer of the
stomach is incised creating an incision about 3-6cm in length (not full thickness – only through the
seromuscular layer) and a corresponding incision is made through the innermost peritoneal muscle layer.
The “fish-mouthed” incisions are apposed using polydioxanone sutures (2-0 to 0 size) in two separate,
simple continuous suture lines. It is important to perform the cranial-most incision first and then the
caudal-most incision. Another key point is to perform this just caudal (or inclusive of) to the 13 th rib.
Cranial to this may place the gastropexy into the diaphragm muscle in some deep chested dogs.
Post-operative Management and Prognosis
Post-operative care should be directed at the particular patient needs. Continued fluid support is
generally needed, as these patients are typically still hypovolemic to some extent. Continuous ECG
should be used for 24-48 hours to assess for cardiac arrhythmias which can develop (if not already
present). The use of anti-emetic and gastro-protectant medications should also be considered. In patients
where stomach necrosis and/or splenectomy are performed, additional critical care measures should be
considered, as they have the potential for more severe complications. It has been shown in recent peerreviewed literature that both splenectomy and gastrectomy are negative prognostic indicators for patients
suffering from GDV. The accepted rate of survival following surgery is 80-85%, however this percentage
decreases in cases that have gastric necrosis and severe splenic trauma/injury requiring a splenectomy.
In conclusion, gastric dilatation and volvulus is a condition that is very prevalent in our large and
giant breed dogs. The patient affected by this disease process can have a myriad of signs varying in
presentation. It is important to manage these patients aggressively and quickly as soon as the diagnosis
is suspected and then confirmed. Surgical success is largely dependent on the patient’s pre-operative
stabilization and all attempts should be made to lessen their anesthetic risks. Surgery is required in these
patients and in many cases the amount of gastric and splenic complications is directly related to time in
this condition. It is very important that the surgeon fully assesses the abdominal organs and a gastropexy
performed. While many patients suffering with a GDV can have a good outcome, there is still a
reasonable complication rate with a reasonably high mortality rate that owners must be made aware of
when faced this this type on decision.
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Urethrostomies: Tips and Tricks to a Successful Urethrostomy in the Cat and Dog
Kevin Benjamino DVM, DACVS
Objectives:
- Provide a unique approach to performing perineal urethrostomies in the male cat
- Review the surgical procedure for the canine male urethrostomy (scrotal)
- Review the surgical technique for a standard cystotomy

The purpose of this lecture is to provide the clinician with the tools to not only perform the
selected procedures, but also to chose cases appropriately and adequately counsel owners about
the procedures and potential outcomes. In this lecture we will explore three common procedures
– perineal urethrostomy, scrotal urethrostomy, and cystotomy. The text portion of the lecture will
be more of bulleted notes for quick reference and is meant to be paired with the lecture.
Perineal Urethrostomy
This procedure is the surgery of choice for male cats as a method of increasing the size
of the urethral diameter in cases of repeated feline lower urinary tract disease and/or stone
formation. While there are certain risks associated with this procedure, many can be avoided with
proper technique and post-operative management. One of the more frequent and feared
complications is stricture formation of the new urethral orifice. A common reason for this to occur
is due to insufficient dissection and not making the urethrostomy site distal enough.
The standard approach to this procedure is to position the cat on his sternum and
perform the procedure in an elevated fashion. This method does have its drawbacks, in particular
limited visualization. A newer approach that has been described is performing the procedure with
the patient in dorsal recumbency and positioning the hind limbs cranially (see lecture). There are
several advantages to this position – visualization, a more common standard surgical approach,
and allows for a cystotomy to be performed if needed in the same position. The author routinely
performs perineal urethrostomies in dorsal recumbency.
Indications for a perineal urethrostomy
- Recurrent bouts with FLUTD
- Trauma induced urethral stricture – seen in nursing kittens
- Repeated catheterization – multiple urethral tears, scar tissue development
- Recurrent stone formation and urethral blockage

Potential risks with perineal urethrostomy
- Stricture formation – due to a small urethral opening, constant licking, tension on the suture
line, etc.
- Chronic, recurrent urinary tract infections
- Incisional dehiscence
- Hemorrhage

Post-operative care
- Still must treat underlying disease process (likely FLUTD)
- No licking of the site during the first 2-3 weeks
- Likely a switch to an appropriate urinary diet is needed
- Monitor for signs of stricture and/or infection

Technique

Positioning of the patient is key. Once the patient is secured in dorsal recumbency, the
patient is prepped and draped for surgery. An elliptical incision is made around the prepuce and
scrotum with the majority of dissection made via cautery (if available). The penile tissue is
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dissected extensively to the ischiatic arch and the ischiocavernosus muscle that attaches to the
ischium is transected. It is very important that these fascial/muscle attachments are incised – one
cannot expose enough of the penile tissue if this is not completed. The penis is dissected all the
way around until the tissue can be pulled distally. In most cats, the bulbourethral (BU) glands can
be palpated (some seen) at this point. Next the retractor penis muscle is dissected and
transected. The BU glands should be retracted distally as these are a very important landmark to
ensure adequate exposure.
With a tomcat catheter in place the urethra is incised with an 11 blade and the incision
followed. The incision should extend proximally 1 to 1.5 cm caudal to the BU gland. The author
does a short continuous line attaching the bulbospongiosus muscle to the subcutaneous layer to
better position the urethral and to potentially relieve tension on the main incision line just before
incising the urethra. The author also prefers to use 4-0 absorbable (Monocryl) suture for most
suture lines associated with this surgery. Next the skin to mucosa suture line is performed. The
author places simple interrupted sutures at the urethral orifice and then a continuous pattern on
either side of the “wash-board” surface. The remaining skin incisions are closed with simple
interrupted sutures with 4-0 absorbable.
Scrotal Urethrostomy
The scrotal urethrostomy is a procedure that is typically performed in male dogs that
either have a urethral obstruction that cannot be retropulsed, recurrent urethral obstruction due to
stones, penile/preputial neoplasia or distal urethral stenosis. Due to the high tissue morbidity and
increased chances of stricture formation, urethrotomies have fallen out of favor in most cases to
remove stones.
The scrotum is the region of choice when doing a urethrostomy in the male dog. The
advantages of this area are the urethra is fairly superficial, there is excess skin even in the
castrated dog, and the urethral opening is significantly wider than the distal urethra. It is important
to warn owners that when the dog urinates, it will be from a different location and they may
urinate on their hind limbs in the beginning.
Indications for scrotal urethrostomy
- Urethral calculi that cannot be retropulsed into the bladder
- Recurrence of calculi – some are hard (or impossible) to medically managed such as
calcium oxalate or urate stones in the Dalmation dog
- Neoplasia or trauma to the distal penile/preputial tissue

Potential risks
- Stricture formation
- Possible increased risk of urinary tract infections
- Hemorrhage
- Annoyance complication of urinating on hind limbs

Post-operative care
- Still must treat underlying disease process
- No licking of the site during the first 2-3 weeks
- Likely a switch to an appropriate urinary diet – if primary issue is calculi
- Monitor for signs of stricture and/or infection

The actual surgery for a scrotal urethrostomy is straightforward. A standard caudal
abdominal prep to just below the anus is recommended and the patient is positioned in dorsal
recumbency. An elliptical incision is made around the scrotum – do not remove too much, more
can be removed if needed. The length of the urethrostomy should be proportional to the size of
the dog, however it should be 3cm in length or larger (the larger the better to offset stricture

115

formation). The scrotal skin should be removed and the urethra will be visible. Place a red rubber
catheter to identify the urethra. The retractor penis muscle should be identified, dissected and
moved laterally. Directly under the retractor penis muscle will be the urethra, incise along the
catheter and extend the incision both proximal and distal. The urethral tissue does bleed and this
will stop once the mucosa is apposed with the skin. Do not cauterize the mucosa. Ideally the
mucosa to skin suture is an absorbable suture like Monocryl (3-0 or 4-0 depending on the size of
the patient). The author prefers a continuous suture line on each side. The remaining incision is
apposed in a normal fashion.
Cystotomy
The cystotomy is one of the most common abdominal surgeries performed. The major
reasons for this type of surgery include urolith removal, mass debulking/excision, bladder wall
biopsy and culture. There are only a few described techniques for this procedure and the easiest
and most straightforward approach would be from the ventral surface. With the patient positioned
in dorsal recumbency a ventral midline incision is made from the umbilicus to the pubis to fully
exteriorize the bladder. The incision can be made more cranial if a full abdominal exploratory is
needed. If the incision is started at the umbilicus the falciform fat does not need to be removed.
The bladder is exteriorized and isolated with laparotomy sponges to limit abdominal
contamination. Stay sutures in the bladder are preferred to provide tension to the bladder. The
bladder is entered with a number 11 blade on the ventral surface (midline) of the bladder and the
urine is removed. The incision is lengthened as needed and the bladder is evaluated. The stones
(if present) can be removed with a bladder spoon. If stones are present, in addition to submission
of stones for analysis, it is strongly recommended to provide a sample for culture. The author (in
the same culture submission) removes a small sample of the mucosa from the incision line and
submits that with the stone culture. Once the bladder is thoroughly lavaged and the urethra is
also catheterized and lavaged, the bladder can be closed. Given the rapidness of healing,
absorbable suture (Monocryl) is recommended. In most bladders 4-0 Monocryl is recommended
and a continuous line is sufficient, however interrupted sutures are acceptable. The area around
the bladder is lavaged and the abdomen is closed in a standard fashion.
While surgery may be intimidating for many, these common urinary tract surgeries, when
executed correctly can have very positive outcomes. Complications can be minimized when
adhering to the above principles.
Please feel free to contact me at benjamik0@me.com or kevin.benjamino@medvet.com
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