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BEHAVIOUR DIAGNOSIS: IS IT MEDICAL OR IS IT BEHAVIOURAL? 
Gary Landsberg DVM, DACVB, DECAWBM 
 
Virtually any medical condition can present with behavioural signs. In fact, behavioural signs might 
be the first or sole signs of disease (e.g. irritability, anxiety, aggression, anorexia, depression, 
decreased response to stimuli, house soiling, night waking, etc). Behavioural signs can also be 
used to monitor improvement or response to therapy. To insure early diagnosis and intervention, 
owners should be asked about behaviour problems at each visit and pet owners should be advised 
to report signs as soon as they arise. 
 
Rather than causing the signs, medical factors may play a contributory role in how a pet behaves 
or responds to stimuli. Diagnosis requires a careful review of all signs to determine what diagnostic 
workup is required for the presenting signs and signalment. The diagnostic evaluation should 
include medical and behavioural history, observation of the signs (directly or by video), physical 
examination (including neurologic, sensory and pain) and the diagnostic tests that are indicated by 
the presenting signs. A therapeutic response trial might then be indicated. In addition, monitoring is 
necessary to assess response and determine whether there are new or progressing signs.  

 
Behaviour of illness 
Illness results in behavioural signs as a consequence of the illness itself (fever, discomfort, pain), 
and as a mechanism for healing and staying safe from harm. Any change in behaviour, 
temperament or activity may arise from illness. Cats may have reduced activity, altered mobility, 
vocalization, appetite, grooming or social interactions (irritability, avoidance, aggression, comfort 
seeking), increased thirst and may hide.1 

 
Neurological disease and behaviour 
A change in personality or mood, inability to recognize or respond appropriately to stimuli, and loss 
of previously learned behaviour might be indicative of forebrain involvement. Sensory dysfunction 
or motor dysfunction contribute to decreased responsiveness to stimuli, increased fear, anxiety and 
aggression, decreased desire to go outside, reluctance to climb or jump, and hiding. Pets with 
sensory decline may have an increase or decrease in reactivity, a reduced ability to cope with 
change and may avoid areas where lighting is insufficient. A decline in olfaction or taste may also 
affect appetite. Diseases affecting the limbic system and hypothalamus can affect emotional state. 
 
Neurological disease may be intracranial or extracranial. Brain tumors most frequently affect the 
forebrain of older dogs and cats; meningiomas are most.2-4 While seizures are the most common 
sign, they are present in only 50% of canine cases. Altered mentation was seen in 40% of dogs.2 
In cats with intracranial tumors, meningiomas (59%) were most common, followed by lymphomas 
(16%) and pituitary tumors (9%). Most frequent signs were circling, ataxia, altered consciousness, 
aggression, inappetance and lethargy. Most common signs associated with pituitary tumors were 
blindness, altered consciousness, lethargy, anorexia, weight loss, polyuria and polydypsia. In 22% 
of meningiomas and 36% of pituitary tumors the findings were incidental on autopsy.3,4 
 
In humans, partial complex partial seizures of the temporal lobe can have behavioural signs 
including mood alterations, and visual, auditory, gustatory, olfactory and somatic hallucinations. 
These may be associated with ictal, post ictal or even interictal stages. There may also be 
comorbidity of behavioural signs both with epilepsy or with the drugs used for treatment. 
 
When pets are presented with behaviour changes, a neurological cause should be suspected if 
there are neurological deficits or if the pet has concurrent medical signs such as increased sleep, 
altered mental status, cranial nerve, sensory or motor deficits, seizures, tremors, altered eating or 
drinking, emesis, appearing blind or lost, pacing, circling to one side, or head pressing. However, 
behaviour signs may precede these signs. Pets should also be monitored over time since 
neurological problems are usually progressive. Signs of disorientation, altered social interactions or 
sleep, housesoiling, anxiety and repetitive activity might be due to cognitive dysfunction syndrome.   
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Primary behavioural diseases or pathology may also exist such as compulsive or depressive 
disorders, phobias or generalized anxiety. In fact, some of the most difficult and frustrating cases to 
diagnose are those that might have a neurological cause such as fly snapping, tail chasing, 
pouncing, staring, star gazing, head shaking, spinning, and checking. Simple partial seizures are 
do not have altered consciousness while partial complex seizures may have altered consciousness 
and may have a behavioural component such as hallucination or aggression (“rage”).  

 
Endocrine 
Endocrine diseases including hyperthyroidism, hyperadrenocorticism, and hypothyroidism can also 
contribute to anxiety.5,6 Since cortisol inhibits TSH release, stress can also diminish thyroid levels. 
In humans, T3 has been used to augment the effects of antidepressant therapy. Classical signs of 
hypothyroidism include thin coat, sebborhea, lethargy, bradycardia, and heat seeking. However in 
the early stages of hypothyroidism, it has been suggested that dogs may prevent with fear based 
behaviours, hyperactivity, poor learning, anxiety and aggression especially toward family members 
due to lower 5HT turnover or lowered threshold for aggression.5 In a placebo controlled study 
there was a significant decrease in frequency of aggression in both groups but no significant 
differences between groups.7 In two other studies comparing thyroid levels in dogs with and 
without problem behaviours, thyroid levels were normal.8,9 Therefore a therapeutic trial might be 
considered if hypothyroidism is suspected. However, treatment that is not indicated could lead to 
hyperthyroid levels with signs of irritability, reactivity, restlessness, anxiety, and aggression. In cats 
hyperthyroidism is the most common endocrine condition affecting behaviour. Behavioural signs 
might include increased activity, hyperphagia, polydipsia, increased irritability, housesoiling, and 
interact or owner directed aggression. Signs of hypertension associated with thyroid disease might 
include night waking, vocalization, confusion, irritability, aggression and altered activity levels. 
 
Diabetes mellitus is associated with alterated appetite, excessive drinking and urination and may 
lead to house soiling and possessive aggression. There may also be signs of lethargy, fatigue, 
altered social interactions and sleep wake cycles. Diabetes insipidus can lead to house soiling, 
altered sleep and night time waking, lethargy, irritability, and possessive aggression over water.  
 
Hyperadrenocorticism may be associated with behavioural signs primarily due elevated cortisol. 
Signs might include anxiety, exercise intolerance, altered social interactions including increased 
irritability, aggression, and a reduced interest in play, night waking often accompanied by panting, 
and polydipsia and polyphagia, which may be associated with food and water possessiveness. 
 
Signs of masculinization in a neutered dog or cat including increased sexual interest, masturbation, 
marking, aggression, roaming and mounting, might be due to a retained testicle, a Sertoli cell 
tumor or extra-testicular tissue.10 In cats, penile barbs and masculinization of the facial region may 
be seen.  Adrenocortical tumors in spayed females might be associated with estrus behaviour. 

 
Hepatic disease   
Hepatic disease may lead to pain and discomfort and behavioural signs related to altered 
absorption, digestion and breakdown of nutrients and hepato-encephalopathy. Dogs and cats may 
show avoidance, irritability, aggression, altered sleep, listlessness, confusion, ataxia, and abnormal 
repetitive behaviours including staring and pacing.   

 
Cardiovascular disease 
Compromised circulation, hypotension and hypertension may alter blood flow to the brain leading 
to hypoxia in the brain.  Cardiovascular disease can cause exercise intolerance, reduced activity, 
anxiety, lethargy, altered social interactions, reduced awareness, altered sleep and confusion. 

 . 
Gastrointestinal (GI)  
Any disease associated with increased intestinal motility, diarrhea or constipation, decreased 
control may cause house soiling, which might persist once learned, even after medical problems 
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are controlled. Diseases of the GI tract causing pain, discomfort and nausea may cause or 
contribute to altered appetite, anxiety, irritability, night waking, repetitive pacing, vocalization, 
avoidance, as well as lip licking, environmental licking, stretching, sucking, and pica. In fact oral 
behaviours including licking, sucking, pica, and smacking lips, gulping and even fly snapping may 
be a result of GI disorders.11,12 In a study of cats with pica, 7/8 had a mild to moderate gastritis or 
enteritis and 3 improved by 50% or greater with treatment.13 

 
Pain 
Pain can have both behavioural and physical signs that will vary between dogs and cats and with 
the source of pain. Behavioural signs might include altered response to stimuli, a decline in activity, 
a change in behaviour or alterations in normal daily activities (climbing, scratching, going outdoors, 
going for walks, play), restlessness, increased irritability or aggression, hiding and avoidance, 
vocalization, night waking or housesoiling. Studies have shown that behavioural measures are an 
accurate means of measuring both acute and chronic pain within the veterinary hospital and by pet 
owners.14,15 While dogs are more likely to show overt signs of pain (e.g. lameness, attending to 
painful location) cats will show more behavioural and generalized signs including avoidance-
related behaviour and a decline in activity including climbing, jumping, scratching and hunting. Pain 
may also contribute to night waking, reduced sleep, altered appetite and activity, altered social 
interactions, increased irritability and aggression, altered response to stimuli and housesoiling.  

 
Drug therapy  
Drugs can also affect behaviour. Psychotropic drugs could have beneficial effects by calming or 
reducing anxiety, reactivity, impulsivity, compulsive disorders and other signs of behavioural 
pathology; however, they could potentially have undesirable consequences in increasing irritability, 
or restlessness, lead to disinhibition and increased aggression, or could have paradoxical effects 
such as increased activity or excessive sedation. In one study, dogs on gluococorticoids were 
significantly less playful, more nervous, more fearful, less confident, food aggressive, more prone 
to bark, startle, and react aggressively when disturbed and avoid people or unusual situations.16 

 
Medical causes and contributing factors to housesoiling 
Any disease condition that increases volume of urine or stool, causes discomfort during 
elimination, decreases control, alters mobility, or impacts on access to elimination areas (pain, 
musculoskeletal disease, sensory decline) or diseases affecting cortical control including memory / 
loss of learned behaviours can contribute to soiling.  Both urine marking and housesoiling in cats 
can be caused by underlying urinary tract disease. (See lecture notes on urine marking) 
 
Dermatologic  
Self-traumatic disorders (such as tail mutilation, nail biting, psychogenic alopecia, acral lick 
dermatitis, face and neck scratching, flank sucking) can be due to pain (possibly neuropathic), 
pruritus, infections, immune mediated or behavioural. Differentiating medical causes from 
behavioural is most difficult when there are no primary lesions and the problem is non-seasonal. 
 
In cats before a diagnosis of psychogenic alopecia can be made, the diagnostic workup should 
include examination, anal gland expression, blood testing with viral profile, urinalysis, trichogram, 
fungal culture, skin scraping and possible biopsy. If no medical cause can be identified, a 
therapeutic trial of a parasiticide and food trial for at least 8 weeks duration followed by a steroid 
response trial will help to determine if pruritus is a cause. In 21 cases presented for psychogenic 
alopecia, 76.2% had a medical cause, 9.5% were compulsive and 14.3% were both medical and 
behavioural. A combination of adverse food reaction and atopy (6 cases) was the most common 
diagnosis.  Some cats with histologically normal skin had a purely medical cause.17 
 
For acral lick dermatitis (ALD) in dogs, a physical exam, blood and urine screening and a 
dermatologic workup, including a skin scraping, fungal culture, cytology and biopsy may all be 
indicated. When diagnostic tests do not reveal the underlying cause, therapeutic trials with 
antibiotics, pain medication, anti-inflammatory drugs, parasiticides and food trial may be 
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necessary. In fact, resolution might be achieved with long term antibiotics and / or food trials. In a 
study of 6 dogs with presumed ALD, the diagnosis was lymphoblastic lymphoma, irritation from a 
Kirschner pin, furunculosis, mast cell tumour, Leishmaniasis and Sporotrichosis.18 
 
Tail mutilation and hyperesthesia in cats may also be caused by neurologic disorders (central, 
spinal) and neuropathic pain. For nail biting, any disease of the nails or nail beds, (immune, 
inflammatory or infectious including Malassezia) must first be ruled out. 

 
Stress and its effects on health and behaviour 
While it is common to consider the effects of disease on behaviour, stress will have an impact on 
health as well as behaviour through its effects on the HPA axis and noradrenergic system. Stress 
is an adaptive measure that triggers psychological, behavioural, endocrine and immune effects that 
are designed to handle stress (return to homeostasis). However, with chronic or persistent stress, 
stress contributes to reduced immune function leading to increased susceptibility to infection and 
delayed healing, diseases of the urinary tract (e.g. FIC), cardiovascular and respiratory disease, 
cellular aging, GI disease, dermatologic conditions and behavioural disorders. 
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CANINE AGGRESSION: WALKING THE DOG  
Gary Landsberg DVM, DACVB, DECAWBM\ 

 
Counseling for pets with behaviour problems is best be managed with a team approach of 
veterinarian, behavioural technician, support staff, trainer and resource material. This includes 
preventive counseling, screening for behavioural signs, diagnosis, prognosis, risk assessment 
and treatment. While each case needs to be managed individually, a 6 step template can be 
used as a treatment strategy.     
 
1.  Diagnosis 
Treatment must be tailored to the pet, the household, the owners, and the diagnosis.  
Behavioural problems and any change in behaviour may be the first and sometimes only sign of 
medical issues. Therefore screening for both behavioural and medical signs at each visit, and a 
workup that includes history, physical examination and diagnostic tests appropriate for the 
presenting signs is essential for proper health care.  When the pet is diagnosed as behaviourally 
abnormal, the signs are excessive, intense, or overly reactive in response to the stimulus, or the 
problems are ongoing or frequent, drug therapy may also be needed to improve behaviour and 
address the pet’s health and welfare. 
.      
2.  Prognosis 
Prognosis is about whether the problem can be safely, effectively and humanely managed from 
the perspective of the pet and owner, the potential for further improvement, and owner 
expectations. For aggressive cases, the ESVCE position statement on risk management 
(esvce.org) describes the following steps; identify risk factors, determine who might be harmed 
and how, discuss precautions for each risk, record and implement, and update and review. 
Family and environmental factors including presence of children, mentally or physically 
challenged, and the limitations of the household are critical factors to assessing risk and 
determining prognosis. Unpredictability, dogs that bite in response to benign stimuli, dogs 
greater than 18 kg and dogs aggressive to family members especially children are risk factors 
for rehoming or euthanasia.1 Source, age of acquisition, age of onset, breed, early environment, 
medical health and ongoing learning all influence the development of aggression. 
 
To determine the prognosis, it is necessary to determine not only the risk of recurrence, but the 
severity of fear and anxiety, whether it is behavioural normal, whether a change in training 
techniques, management devices, or drugs will insure safety, whether improvement can be 
realistically achieved and whether the owners understand and accept the limitations of the pet 
and household.  If safety cannot be insured, the well-being of the pet is compromised, or the 
end result is unacceptable for the family or home, then the decision of whether the pet can be 
kept in the home will need to be made. See: 
https://vet.osu.edu/vmc/sites/default/files/import/files/documents/pdf/vmc/Behavioral%20Euthan
asia%20fact%20sheet.pdf. 
 
Managing and Modifying Behaviour - The 4 M’s  
 
3.  Management  
Behavioural management to prevent recurrence through prevention and avoidance is the first 
step in treatment a) to insure safety in cases of aggression b) for the health and welfare of the 
pet, c) to prevent further learning / conditioning of the behaviour and d) increased progression / 
worsening of vigilance and anxiety.  Unpleasant outcomes including stimulus response, owner 
response, and the pet’s response will condition further fear and anxiety. Therefore, even if 
punishment or confrontation suppresses behaviour it will further condition fear. In addition, each 
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time the stimulus retreats or the pet is removed from the situation the behaviour is negatively 
reinforced. Prevention and avoidance allow for a cooling off period in which the behaviours are 
not repeated, the physiologic and psychologic effects of fear, anxiety and stress are avoided, 
the pet’s environmental needs can be effectively addressed, reward based training implemented 
in an environment in which the pet can succeed and the pet can return to a behaviourally 
“normal” baseline.  In addition, if drug therapy is indicated it can be administered to effect before 
any further exposure training is implemented.   
 
While preventing exposure is essential, every effort must be made to provide sufficient 
alternative enrichment to meet the pet’s behavioural needs and give it control over its 
environment and interactions including social interactions (training play and exercise), 
exploratory and object play, elimination, feeding, sleeping and comfort.       

 
a) Identify each situation in which the problem might arise and all stimuli that might trigger the 

behaviour. Prevent further exposure by keeping the pet away from locations and situations 
in which problems might arise, avoiding actions and interactions that might trigger the 
behaviour, and identifying the threshold at which the pet might react (i.e. distance, stimulus, 
environment).   

b) Owners must learn to read and recognize communication signaling of their pet, including 
facial expressions, body postures and actions to identify signs of rest and relaxation to be 
able to train and shape increasingly more calm responses and to identify the threshold / limit 
at which signs first emerge so that the pet can be kept beyond the threshold at which 
problems begin to arise.  See resource list below        

c) Products that might aid in achieving desirable outcomes, preventing undesirable behaviour, 
and reorienting the dog into desirable outcomes, include a leash and head halter for 
improved head and muzzle control, or a leash and front attachment harness for improved 
body control.  A basket muzzle should be used in any situation where safety cannot be 
insured.   Positively condition the pet to each new management product).   

d) For aggression toward unfamiliar people or pets during walks: Walk at times or in places 
where fear evoking stimuli can be avoided, kept on leash (perhaps with head halter) at A 
threshold at which the dog can be effectively calmed.  Taking the dog by car to an area 
where stimuli can be effectively prevented or keeping the dog in its home environment and 
providing alternative forms of enrichment may be the only effective way to prevent exposure. 

e) Exposure to visual and auditory stimuli might be minimized by preventing access to the 
sights and sounds such as by keeping the pet from doors and windows (blocking access, 
blocking view, leash control).  Visual stimuli can also be reduced with eye covers such as 
thundercap or doggles while auditory stimuli might be reduced by sound baffling of rooms or 
crates, ear covers such as mutt muffs, or with white noise, a fan or music.  Providing highly 
enriching and enjoyable activities can keep the pet occupied and focused away from stimuli. 

 
4.  Modifying Behaviour   
Behaviour can be modified by teaching (rewarding and shaping) behaviours you want, and 
preventing or ignoring behaviours you don’t want.  Punishment should be avoided as it does not 
teach the pet was is desirable.  Even if is effective at decreasing undesirable behaviours it does 
so by causing fear of repeating the behaviour leading to avoidance (flight), freezing or 
aggression (fight).   
 
Rewards should be given only following a behaviour you want the pet to learn (repeat).  In fact, 
rewards given any other time will slow learning, increase uncertainty or inadvertently reward 
undesirable behaviour. Therefore, whenever the owner has anything of value, and whenever the 
pet wants anything from the owner, the pet should be engaged in a desirable outcome (e.g. a 
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calm sit) before the reward is given (structured interaction training, say please by sitting).  In 
addition whenever the owner observes the pet engaging in desirable (target) behaviours the pet 
should be immediately rewarded.  Clicker training (use of a marker associated with a valued 
food reward) is an effective way to insure rewards are given immediately for the desired 
behaviour.  Training under the guidance of a force free / reward based trainer or behavioural 
technician can help owners most effectively achieve these goals.   
a) Foundation training; Teach the pet behaviours that will serve as a foundation for further 

improvement (exposure) i.e. to replace the current response with a behaviour that is 
desirable (differential reinforcement of an alternative behaviour, response substitution).  
Select and focus on those behaviours that can be used as a foundation for improvement, 
so that these behaviours are first reliably taught in situations where success can be 
achieved. Begin where the pet is focused with a minimum of distractions, to get an 
outcome that can be immediately rewarded. With repetition, immediate timing and highly 
motivating rewards, the behaviour should be trained and shaped to be a) immediate and 
consistent b) gradually longer in duration and c) increasingly more relaxed. Clicker 
training, target training, and head halter training can be useful tools in reinforcement-
based training.  

b) Tools;  If a management product is to be used or needed during exposure (basket muzzle, 
leash and head halter) the pet should be positively conditioned and trained with the 
product in the absence of fear evoking situations and stimuli.  Having a second calm and 
well-trained dog with whom the dog is friendly can help to facilitate training and reduce 
arousal for some dogs, as can environments where the dog is calm.  

 
• Foundation basics – watch, sit / focus, touch or hand target 
• Additional foundations for walks - loose leash walk, let’s go (180º turn away) 
• Depending on the problem situations additional foundations might include find it, recall  

 
b)  Exposure training (set up to succeed) 
i) Once the pet will reliably display the foundation behaviours (immediate, relaxed, and of 
sufficient duration) in a variety of environments with increasing levels of distraction, gradually 
proceed to setting up controlled exposures to train and reward desirable outcomes (response 
substitution, DRA) and make positive associations with the stimuli (counterconditioning).  
 
ii) Identify the threshold at or below which the fearful, anxious or aggressive response would be 
triggered by selecting environments, stimuli, distance or volume, in which success can be 
achieved.  Continually monitor the pet’s body language for any signs of emerging fear, anxiety 
or stress to be able to immediately stop and calm the pet.  
 
iii)  Determine both a gradient of rewards and a gradient of stimulus intensity to be able to pair 
the most motivating rewards with low (muted) enough levels of the stimulus (stimulus, location / 
environment, level of arousal, intensity, distance) to make positive associations as soon as the 
pet orients to the stimulus (counterconditioning) or to cue the pet to a desirable outcome 
(focused, calm) and reward.  
 
iv) With repetition, the pet should associate the fear evoking stimulus with positive outcomes by 
pairing favored rewards can be paired with progressively more intense levels of the stimulus. 

 
5.  Medication  
Psychotropic drugs and some natural supplements can be used for reducing the signs 
associated with phobic, panic or chronic anxiety and to improve trainability in situations where 
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the pet is anxious, fearful, or aroused.  Drugs may also have a dramatic effect when there is 
excess reactivity, impulsivity, and with compulsive disorders. However, drugs do not change the 
relationship with the stimulus so that concurrent behaviour management is needed to prevent 
recurrence and behaviour modification needed to teach appropriate behavioural responses and 
make positive associations (countercondition) to the stimulus. Since SSRI’s and TCA’s require a 
month or more to achieve effect, medication should be dispensed as soon as it is determined 
that it is indicated or necessary to address the pet’s welfare, facilitate training and behaviour 
modification, prevent further progress and address the underlying behavioural pathology / 
mental health of the pet. Alternately more immediate acting medications (e.g. trazodone, 
clonidine, benzodiazepines) might be used on a short term or as needed basis.       
 
6.  Monitoring  
The implementation of the behaviour program, as well as drug therapy require ongoing 
monitoring and follow-up to insure that the environmental management, behavioural 
management and management products are effectively in place, that foundation behaviours 
have been successfully learned, and that drugs are having their desired effect before exposure 
begins. Followup visits should be scheduled to review progress, modify behaviour plans and 
adjust doses, add or change medications based on outcome and progress.   
 
1.   Reisner IR, Erb HN, Houpt KA. Risk factors for behaviour-related euthanasia among 
dominant aggressive dogs: 110 cases (1989-1992). J Am Vet Med Assoc 1994; 205: 855-63 
 
Reading and resources  
Reading and recognizing body language 
http://veterinarynews.dvm360.com/do-dogs-appease-each-other-or-us-veterinary-research-
focuses-watching-and-labeling-canine-interactions 
www.dvm360.com/sites/default/files/images/pdfs-for-alfresco-articles/Signs_of_anxiety_fear.pdf 
Learn to speak dog and teach your kids: doggonesafe.com  
Choosing a trainer:   
https://pawsforpraise.wordpress.com/2013/07/21/finding-the-right-dog-trainer-harder-than-you-
think 
www.karenpyroracademy.com 
www.petprofessionalguild.com – Positive reinforcement trainers 
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FEISTY FELINES: SCRATCHING, PLAY AND PREDATION   
Gary Landsberg DVM, DACVB, DECAWBM 
 
Veterinarians and staff should work as a team to introduce cat owners to the concepts of normal 
feline behaviour, reward training, and establishing healthy social relationships. This can be 
complemented by handouts and a resource list. In addition, the clinic website should be 
populated with links to guide owners to the sites you recommend. Cat owners given educational 
material are at reduced risk for relinquishment.1 In one study a significantly higher percentage 
of owners that received no counseling reported behaviour issues 10 months later (43.5%) 
compared to those that had a counseling visit with a veterinary behaviourist at 2-4 months of 
age (15.6%). Control cats had more vocalization and climbing problems (furniture, curtains), 
were more noise sensitive, more likely to solicit attention when the owner was resting, and more 
likely to react negatively to body handling.2 
 
Behaviour Problems in Cats    
In a study of 1177 cats 55% of owners reported at least one problem they would want to 
improve with anxiety most common at 16.7% followed by scratching 16%, feeding problems, 
aggression, inappropriate toileting and spraying.3 In a more recent study of 277 cats, 61% 
engaged in one of 6 behaviour problems: aggression to owners (36%), urine soiling (24%), 
intercat aggression (21%), aggression to visitors (14%), stool soiling (13%) and aggression to 
outdoor cats (12%). Yet only about half of owners reported these signs to their veterinarian and 
only about 25% of veterinarians ask.4,5  In a survey of over 1200 cats adopted from shelters, 
scratching, digging and chewing were reported in 25% of cases in the first week and 28% after 
one month. Energy level, biting an growling increased and shy, fearful and hiding was reduced.6   

 
Feline Behaviour and Development  
Temperament is a product of genetic makeup and early experience. Paternal behaviour, breed 
and even coat colour have all been demonstrated to affect temperament. Early experience 
including prenatal health and nutrition of the mother, maternal care, early weaning, and 
insufficient early handling and socialization can all have determental effects. Kiittens separated 
from their mother and hand raised by 2 weeks of age are more fearful and aggressive toward 
people and cats, more sensitive to novel stimuli, and learn more slowly.7  Kittens receiving early 
handling by humans develop healthier social relationships, have accelerated development and 
are less fearful. In fact, the earlier the handling, the greater the number of handlers and the 
longer the handling (up to an hour daily), the greater the effect.8  Weaning before the age of 8 
weeks has been shown to be associated with increased aggression but not fear and earlier 
onset of object and predatory play, while cats weaned after 14 weeks had less aggression and 
stereotypic behaviour.9 
. 
Preventive Counselling   
New kitten / cat owners should be educated on normal behaviour, socialization, reward based 
training, cat communication, and in providing for the cat’s behavioural needs.  When introducing 
a new cat the use of pheromones (Feliway or Feliway multicat for multi-cat homes) might lessen 
the stress. At introduction (or reintroduction after an absence) the cat should be given its own 
safe, enriched housing area, and introduced gradually while insuring positive outcomes  
 
a)  Socialization and reward training 
Since the upper end of the sensitive period is 7 to 9 weeks, every effort should be made to 
socialize prior to this age. Treats and toys can be used to make social interactions, handling and 
stimulus exposure positive. Learning should be reward based to increase behaviours that are 
desirable. Clicker training can be particularly valuable for shaping and timing. Kitten classes 
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(kitty kindy) are valuable for socializing kittens, exposing them to a variety of situations and 
stimuli that they might experience in life, and teaching owners about normal behaviour and how 
to prevent behavioural problems. Offering these classes in a veterinary clinic will help the kittens 
develop positive associations with the veterinary clinic and staff.  

 
b)  Behavioural needs  
All animals require an environment that is physically and mentally stimulating and that meets 
their behavioural needs.  Animals kept in a restricted environment may not have adequate 
opportunity to engage in their full behaviour repertoire.  The indoor feline environment should 
therefore provide for food, water, elimination (litter), scratching, social and object play, 
exploration, perches, and areas for comfort security, resting and sleeping.  When sufficient 
outlets are not available, the pet may engage in behaviours that are undesirable to the owners 
or develop stress induced health and behaviour issues. Most common behaviour concerns 
including scratching, over-exuberant play, climbing, attention seeking, nocturnal behaviour, 
soiling and vocalization, can be prevented or resolved by providing appropriate outlets. While 
outdoor access may be impractical or undersirable, the use of cat encolosures, or training the 
cat to be comfortable on leash and harness may provide safe options for outdoor access. 

i) Social; Social time with owners and other cats plays an important role in enrichment 
and in maintaining healthy social relationships. (see play predation below)    

ii) Learning; Reward train to encourage what is desirable. Use all toys, play, and treats as 
rewards. Add words or predictive cues to be able to communicate. Avoid punishment 
inhibits undesirable behaviour, it causes fear and does not teach what is desirable. .   

iii) Feeding, predation and object play: In nature cats hunt, capture, and kill multiple prey a 
day. As an oultet for chase and “hunting”, cat owners can offer multiple small meals in 
toys that require rolling, batting, chasing, pawing or chewing to release food. Food can 
also be scattered or hidden to encourage exploration. Food puzzles may be useufl in 
treating obesity, food stealing, food solicting, night waking, redirected aggression, noise 
aversion, intercat aggression, anxiety when left alone, soiling, and marking.11 

iv) Outlets for scratching, climbing and perching should also be provided. 
v) Elimination: Since cats prefer to eliminate in a substrate in which they can scratch and 

dig, an indoor box with commercial litter is usually effective. Litter type, number, size, 
location of boxes, and cleaning are needed to establish regular litter box use. 

vi) Control and comfort: Cats should be provided with opportunities to perch, rest, sleep, 
and hide to be able to allow them make choices and avoid. For multiple cat homes 
places should be separated so that cats can spend time on their own. Strategies might 
also be needed to prevent access to areas where problems might arise.  
 

c) Managing stress.  
Consideration of the cats sensory world is essential to minimize and manage stress.  Novel, 
unfamiliar and aversive stimuli especially odors may be stressors. Cats use scent marking as a 
means of maintaining environmental security. The use of synthetic feline facial pheromones 
may therefore help cats adapt to changes in the sensory environment while odor counteractants 
should be used to reduce potentially aversive odors. Feline appeasing pheromone may aid in 
establishing positive social interactions with other cats to the home.   
 
The Feisty Feline  
 
Scratching 
Scratching serves a variety of purposes including marking, nail maintenance, and stretching 
after rest and may increase in response to stress. Owners should provide a scratching post at or 
near the cats preferred scratching location with a substrate and structure that is appealing. 
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Placing catnip or treats in the area, reward / clicker training and the use of a feline interdigial 
pheromone may encourage use of the post.11,12 In a recent study of over 4000 cats, cats that 
were rewarded were more likely to use the preferred post and punishment did not affect 
frequency of inappropriate scratching.13  While carpet was most frequently offered, rope (sisal) 
was used most often followed by carpet and cardboard. Cats over 10 preferred carpet, rope, 
and cardboard.13 Most cats 9 or less preferred cat trees with multiple levels followed by vertical 
posts, horizontal, and hung on the wall. Cats over 9 preferred vertical then two or more levels.  
 
Inappropriate scratching was reported by 52% of owners, 65% at least once a day and 35% 
multiple times daily.  Cats obtained from breeders had the least inappropriate scratching (38%) 
and those from shelters most (54%). Inappropriate scratching was associated least with rope 
covered posts and cat trees with two or more levels.  Those hung on the door were associated 
with most inappropriate scratching.   
    
Cats that continue to scratch inappropriate targets in response to stress might benefit from 
applying Feliway to these areas, while adding Feliscratch to the desired post may encourage 
scrtaching in the appropriate area. To prevent further scratching at a site, the scratching post 
might be placed directly in front of the area, access to the area blocked, the cat confined, or 
environmental deterrents used. Outdoor access may reduce indoor scratching but there is no 
evidence that it improves inappropriate scratching.  
 
Play / predation  
When aggressive play is directed at the owner, the primary focus should be to redirect the 
predatory play to appropriate outlets such as toys attached to ropes or wands or that can be 
tossed to stimulate chasing, pouncing and biting at times of day when the behaviours are most 
likely to arise. When hunting, cats engage in multiple short bouts of chase, may have a daily 
catch of 8-10 mice, with excursions lasting up to 30 minutes.14  A cat may spend 14% of its day 
hunting, 3% traveling and 2% feeding.15  Therefore it is not surprising that some cats, will 
engage in multiple stalk, chase and bite sessions toward owners and other cats.  
  
Play with toys can provide an alternative outlet for hunting behaviour as well as an opportunity 
for social interaction and training. Toys with prey characteristics (size, movement, odor) will 
solicit play.16 However after a few bouts of chase with a specfic toy, the cat may lose interest 
but remain in a heightened state of arousal. In fact it can take 25 to 45 minutes till intensity is 
reduced.16 Therefore at least one or two additional toys should be offered, with a goal of 
continuing for at least 5 minutes, and the session finished by giving the cat an alternative activity 
such as a food filled toy, catnip or a small meal to keep it focused and perhaps simulate prey 
capture and feeding.4 Owners should diarize when attacks arise so that they might schedule 
pre-emptive play or confine the cat with alternative forms of enrichment (e.g. food filled toys, 
cardboard box to explore).  Since satiation reduces the motivation to hunt and play, feeding 
multiple small meals might also reduce play predation. Training the cat to engage in desirable 
behaviours on cue (e.g. sit, go to your mat) provides a way to communicate with the cat to 
engage in alternative acceptable behaviours. If signs and situations for aggression are 
recognized the owner can throw treats to redirect and countercondition the cat. Leaving a bell 
attached or a leash and harness to inhibit and redirect the cat might also be helpful. While 
getting a second cat could result in new issues, it can be an effective solution for many cases.   
 
Petting aggression  
This aggression may be inhibited or intense. What is most confusing to some owners is that the 
sequence may begin with the cat seeking physical contact. However, after a variable period of 
time, the cat may bite. This may be related to the cat’s level of arousal, previous unpleasant 
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experiences with handling or even a sensitivity to touch. Owners must learn to recognize feline 
body language to identify the earliest signs of anxiety, as well as when and where problems 
might arise and the type and length of petting the cat will tolerate. While recognizing and 
respecting the cats limits, giving rewards during petting and ceasing before any signs of anxiety 
can gradually countercondition a longer response.   
 
Web Resources  
Ohio State University: environmental enrichment: www.indoorpet.osu.edu,  
American Assocation of Feline Practitioners / environmental enrichment: catvets.com  
AAFP and ISFM feline environmental needs guidelines: http://bit.ly/14uWTCB. 
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URINE, URINE EVERYWHERE – MARKING CATS   
Gary Landsberg DVM, DACVB, DECAWBM 
 
Housesoiling has been reported as the most common feline behaviour problem seen at referral 
practices and the most common behavioural concern of pet owners. However, recent studies 
evaluating case distribution indicate a changing distribution with 47% related to aggression and 39% 
related to housesoiling.1 Most of the soiling cases was urination (59%) followed by both urine and 
stools (32%) and defecation 9%. Of these 63% were diagnosed as litter box aversion and 15.5% urine 
marking.1 This decline in marking may be due to an increase in aggression cases, or a reduction in 
housesoiling because of increased preventive counseling, access to resources (catvets.com, 
indoorpet.osu.edu) and effective options for medication.    
 
To effectively manage and treat house-soiling a determination first needs to be made as to whether the 
soiling is a) inappropriate toileting (periuria) i.e. where urine or stools are deposited in locations other 
than the litter box or b) marking where the urine is “sprayed” primarily on vertical surfaces as a form of 
social communication.  Yet, in one study only 1/3 of veterinarians correctly distinguish between marking 
and toileting. As both diagnoses may have medical causes, the first step is history taking and a 
diagnostic workup. Treatments must then be tailored to the individual situation. For urine marking, the 
focus of treatment is on identifying and managing stressors and triggers, often in combination with 
medication, while for soiling it’s about modifying the environment to re-establish litter box use. 
 
Soiling or Marking    
Soiling is generally due to factors that lead to avoidance of the box, litter, or location, or due to a 
preference for substrates or locations other than the box. Most inappropriate elimination on horizontal 
surfaces is due to toileting. Cats will usually assume a squatting posture and may dig or scratch after 
elimination. Cats that entirely avoid the litter box are likely exhibiting avoidance while cats that choose 
specific substrates or locations likely have preference issues. For cats that intermittently use the box, 
the behavioural history and a diary can provide insight as to what might be leading to avoidance 
including environmental factors such as insufficient cleaning, substrate or box type, aversive events in 
or around the litter, or social conflicts.   
 
Marking is a form of social communication. Marking may be sexual or reactional and may be stimulated 
by arousal or a change in the environment including unfamiliar sensory stimuli, particularly odors. 
Marking serves to cover an area with the cat’s own odor. In most cases, the cat backs up to a vertical 
surface and directs a stream of urine. Typical posturing includes standing, treading with back legs and 
elevated, quivering tail. Cats that spray often still use their litter for elimination of urine and feces. 
Although most common in intact males, 12% of neutered males and 4% of spayed females mark. 
Castration will reduce or eliminate up to 90% of spraying. Common sites include prominent objects 
such as plants and furniture, boundaries, and new objects in the home. Less commonly urination or 
defecation on horizontal surfaces may also be marking. Arousal and stress are factors.  In fact, fecal 
glucorticoids were found to be higher in households in which there was spraying, but not with 
households with toileting.2 

 
Diagnosis  
A diagnostic workup with a focus on the bladder is essential to determine whether there might be an 
underlying medical cause. Increased frequency or volume of urine, loss of control, pollakiuria or 
stranguria, altered mobility (litter access) or signs of discomfort during elimination (vocalization, running 
from the box) might indicate a medical cause. As some conditions such as interstitial cystitis can be 
intermittent, assessment shortly after the onset of the problem is important.  While urinary tract disease 
is less likely in urine marking than toileting, in one study 12/18 spraying cats and 15/28 soiling cats had 
underlying medical problems.3 Medical health issues that alter hormonal states or increase anxiety may 
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also contribute to marking. Evidence of masculinization such as penile barbs or urine odor might be 
indicative of a hormonal disorder arising from a retained testicle, extratesticular tissue, or adrenocortical 
tumor.  Assessment should therefore begin with a physical examination, blood and urine tests to rule 
out any abnormalities in health. Once medical problems induce a soiling or marking problem, it may 
persist even if the medical problem is controlled or resolved, due to learned avoidance and the 
development of new surface or location preferences.  
 
Unless the primary / initiating cause and triggers can be identified and addressed the problem may be 
difficult to improve. The history should focus on any change in the household that may have arisen at 
the time that marking began including the introduction of unfamiliar sensory stimuli (odors, sights, 
sounds), alterations to the schedule, family dynamics, or housing, or conflicts in social relationships 
with people or other pets. By observing the sites of the marking, it might also be possible to determine 
the source of conflict. Cats that mark external walls, windows, and doorways may be responding to 
outdoor stimuli. When there are multiple cats in the home, relationships between the cats need to be 
considered. Cats that mark owner possessions or those of the family dog may be anxious about these 
relationships.  

    
Treatment      
Treatment requires a multimodal approach including a) environmental Management b) behaviour 
Modification c) Medication and d) Monitoring.   
 
Environmental management should include attention to litter box management (to increase appeal and 
reduce conflict and avoidance), reducing access to target areas and preventing exposure to the inciting 
stimuli (triggers). In one study, the use of enzymatic cleansers on previously soiled surfaces, increasing 
the number of litter boxes to the number of cats plus one; cleaning the box daily; changing the box 
weekly and refraining from all punishment led to improvement in many cats that were vertically 
marking.4  If the stimuli for marking are sights, sounds, or odors of outdoor cats, then efforts should be 
made to stop these cats from coming onto the property. This may be possible by placing booby traps in 
strategic locations outdoors (repellents, water sprinkler motion detectors) or by decreasing attraction to 
the area (e.g. keeping garbage in secure containers). It may also be helpful for the owner to house the 
spraying cat away from the outdoor cats by blocking access to windows or by deterring use of the area 
(e.g. double-sided tape) while providing more appealing options to climb, perch and play. If social 
relationships with family members are the underlying factors, then stressors should be identified, 
triggers and unpleasant interactions avoided and relationships improved with reward training, 
desensitization and counterconditioning. Similarly, when the source of the conflict is the relationship 
with other pets in the home, these will need to be managed by identifying and avoiding triggers, 
increasing availability of resources, perhaps a bell on the aggressor, separation at times and situations 
where problems might arise, and relationships improved with desensitization, counterconditioning and 
medications.  For cats that mark in specific locations, an acceptable compromise might be to allow an 
indoor marking site.     
 
Medication is often necessary to reduce the cat’s level of arousal or anxiety. However, the only drug 
licensed for cats is clomipramine in Australia. Therefore, whenever drugs are dispensed, owners should 
be informed of extra label use. Pretreatment lab tests are important to rule out underlying medical 
conditions that might be contributing to the marking, to ensure that there are no contraindications and to 
establish a screening baseline. While improvement may be seen within the first week, 8 weeks or 
longer might be needed to achieve maximal control.5 Once there has been a cessation for at least 2 
months, the dose might be gradually decreased. However, long term therapy is often necessary and 
recurrence rates are likely to be high unless sufficient modifications can be made to the pet’s behaviour 
or environment. After therapy of 16-32 weeks, most cats returned to marking after withdrawal; however, 
a second course of treatment was found to be equally effective.5   Therefore gradual dose reduction 
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might be best to determine if the drug can be successfully withdrawn. In a meta-analysis of 10 studies 
that evaluated pharmacotherapy or pheromone therapy for urine marking, there was a significant 
(P<0.001) association between the use of any intervention and the number of cats that ceased or were 
reduced by at least 90%. The greatest effect was achieved with fluoxetine and clomipramine. 
Pheromones resulted in significant reduction but lower level of cessation.6 
 
i) Antidepressants and SSRIs: Fluoxetine is highly effective at reducing or controlling urine 
marking. While other SSRI’s such as paroxetine might be an option, their efficacy has not been 
evaluated. Clomipramine has a similar level of efficacy. Other tricyclic antidepressants such as 
amitriptyline have been used anecdotally but no studies on efficacy have been published. 
ii) Anxiolytics: Diazepam has been reported to be effective at reducing spraying. Since diazepam 
has previously been associated with rare reports of fatal hepatopathies, lorazepam and oxazepam may 
be a safer option as they do not have active intermediate metabolites.  Buspirone was effective in 
reducing urine spraying with a lower relapse rate than diazepam on withdrawal.   
iii) Progestins have been shown to improve 30% of marking; 50% of neutered males and 10% of 
spayed females. Since the potential for adverse effects is high (e.g. diabetes, immune suppression, 
breast tumors) use should be limited to refractory cases in neutered males.    
iv) Selegiline might be indicated in urine marking related to cognitive dysfunction.  In addition, 
selegiline might be a consideration for cats with chronic anxiety (emotional) disorders  
v) Natural options might also be considered as an alternative to, or in conjunction with drug therapy 
including feline F3 facial pheromone (Feliway®) spray or diffuser, Feliway Multi-Cat® for marking 
related to intercat social conflict, l-theanine, alpha-casozepine, a combination of Magnolia, 
phellodendron, l-theanine, and whey protein (Solliquin®, Nutramax) or diets supplemented with alpha-
casozepine and tryptophan.   
vi) Another consideration is medication for the treatment of both stress and pain associated with 
interstitial cystitis. In a recent case series, the serotonin norepinephrine reuptake inhibitor venlaflaxine 
was evaluated at a dose of .6 to 1.7 mg/kg daily in 13 cats that were refractory to other medications. 
Eight cats improved within one week and 3 within one month. Two did not improve and 2 could not be 
dosed. Four of 11 cats relapsed over 2 to 5 months.7    
   
When there are compliance issues with oral dosing, compounding and transdermal dosing might need 
to be considered. With compounding, there are concerns about homogeneity, bio-availability, 
palatability and stability. However, a single dose study of transdermal buspirone or amitriptyline found 
negligible absorption, while a study with fluoxetine found a bioavailability of 10% of oral dosing. In a 
recent study comparing fluoxetine at 1 mg/kg orally to 5 mg/kg transdermally, fluoxetine and 
norfluoxetine concentrations at 30, 45 and 60 days were significantly greater with oral dosing although 
clinical efficacy was not assessed.8 A recent clinical trial comparing buspirone at 1 mg/kg orally to 4 
mg/kg transdermally for 5 weeks found a significant improvement in both groups but greater problems 
administering transdermally.9  
  

Drug  Cat Oral Dose 
Lorazepam .125-.25 mg/ cat sid-bid 
Oxazepam 0.2-0.5 mg/kg sid-bid 
Amitriptyline 0.5-2.0 mg/kg q24h 
Clomipramine 0.25-1 mg/kg q24h 
Fluoxetine 0.5-1.5 mg/kg q24h 
Paroxetine 0.25-1.5 mg/kg q24h  
Buspirone .5 to 1 mg/kg sid-bid 
Selegiline  0.5-1 mg/kg q24h  
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CAT FIGHTS: WHY CAN’T THEY JUST GET ALONG   
Gary Landsberg DVM, Dip ACVB, Dip ECAWBM 
 
Introduction  
Aggression is one of the most common problems at behaviour referral practices.1,2  While 
housesoiling is the primary reason for referrals to behaviourists, housesoiling cases are 
decreasing relative to aggression problems.1  In a 2009 survey, of 189 cases the main owner 
complaint was aggression (47%) followed by inappropriate elimination (39%).2  Of the 
aggressive cases, 64% were toward other cats, with over 67% displaying defensive responses 
(67%). Cats with behaviour problems came more frequently from pet shops and were less likely 
to have outdoor access.  
 
Causes of household intercat aggression 
Feral cats generally form social groups or colonies when there is sufficient availablity of food; 
however, they can live successfully as solitary individuals if food is scarce. Thus, group size is 
determined by resource availability. The primary social group is related females and their 
offspring, with a male at the periphery who guards the territory from other toms.  Similarly within 
a home, provided there are sufficient resources (and males are neutered) conflicts are likely to 
be rare or mild with signals used to avoid physical conflicts.3,4 Conflicts are more likely if the 
home is small or with cats that live indoors. Cats do not necessarily share space equally and 
some may be more controlling or assertive. While the cat that wins encounters might be 
dominant, the behaviour might more accurately be described as avoidance behaviours that 
minimize physical confrontation.3,5 While cats can develop strong social relationships with 
others in their group, once physical confrontation arises there may be no means for conflict 
resolution. This leaves the victim with the options to maintain suficient distance, which may be 
impractical for  indoor cats.3   
 
Aggression is typically exhibited by colony members to non-colony members.5 Over time, some 
cats may be integrated into a colony but this is a gradual process that takes many interactions 
with the new cat initially remaining near the periphery.4 In one study, about half of owners 
reported scratching or biting when a new cat was introduced into the home with most cases 
resolved within a month. Those cases that persisted after 2 months were associated with 
aggressive or unfriendly behaviour at the first meeting and providing outdoor access. In most 
cases the new cat initially displayed the fear or aggression with the resident cat more likely to 
initiate play.6 Thus, introductions should be slow and carefully planned. 
 
Aggression may also develop in homes where the cats have prevously lived without apparent 
issues. This may arise as cats reach social maturity (2 to 4 years), during change or other 
stressful household events or as redirected aggrssion from stimuli such as fearful noises or 
outdoor cats.7 For example, aggression can occur when one cat is removed from the home and 
returned after a veterinary visit or grooming, perhaps due to visual, odor cues or altered 
behaviour in the returning cat. Following the initial event, aggression may persist due to fear of 
the victim, aggressor or both. Once aroused, cats can take from several hours to a couple of 
days to return to normal   
 
Diagnosis  
The first step is to rule out health problems that might cause or contribute to behavioural signs 
such as organ dysfunction, pain, sensory decline, hyperthyroidism, or CDS. Further information 
required to diagnose, treat, and determine the prognosis gathered form the history provided by 
the owner, any movie clips that the owner can safely obtain and by observing and assessing the 
pet during the consultation. Unless you offer a house call, the client should be asked to provide 
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a diagram of the home to determine the layout, housing and resources. Aggression may be 
fear-related, play-predation, territorial or social status related, or a result of redirected 
aggression. Problems likely arise from genetics, pre and post natal effects including maternal 
malnourishment and maternal deprivation, and fear evoking experiences.  While aggression and 
marking are obvious signs of social stress, more subtle signs such as avoidance might be more 
common and may therefore go undetected, until more serious stress related medical or 
behavioural issues arise.   
 
Treatment Overview   
Treatment should start with a management program to prevent further fear, injury and learning.  
Once further aggression has been prevented, environmental mangement,  behaviour 
modification, and drugs should be reviewed, as required to gradually re-establish a compatable 
relationship and prevent further recurrence. Owners should also be counseled in understanding 
feline communication and signaling to be able to identify when the cat is calm and interacting 
positively and when signs of anxiety, fear and aggression, are beginning to emerge. In addition, 
the owners should be counselled as to the safest and most effective way to separate the cats 
should aggression recur.   
 
Prevention and Selection 
Fear and aggression between cats might be prevented by insuring sufficient socialization with 
other cats during the primary sensitive period and maintaining social relationships with other 
cats throughout the socialization period and beyond.  Cats adopted as kittens and brought up in 
single cat households may lack the experiences necessary to effectively communicate and 
develop healthy social relationships with other cats. Kitten socialization classes may also be an 
effective preventive for fear. Most affiliative behaviours are seen between related cats and cats 
of the same litter.8 Successful relationships might therefore be best accomplished by adopting 
littermates, related cats, or cats that have been well socialized, limiting the number of cats in the 
household, providing sufficient space and resources, and introducing the new cat gradually 
while insuring positive outcomes. Most studes show little correlation between sex, age and 
aggression.  
 
Introducing new cats into a household 
When introducing a new cat into a household with existing cats, familiarity should be gradually 
established using scent, sound and sight stimuli before direct contact.  This can most practically 
be accomplished by housing the new cat in a separate room and making introductions gradual 
and positive. If both cats have had adequate socialization with other cats and are not too timid 
or fearful, it may take a few days to weeks for the cats to be able to share some or all of the 
territory. However, for some cats a much longer separation is required and success cannot 
always be ensured. From a housing perspective, compatability might be improved and stress 
reduced by ensuring that cats can avoid each other at feeding, drinking, sleeping, elimination 
and resting sites, increasing three dimensional space, providing safe places to hide and retreat 
to avoid conflict, and gradual integration.3   
   
Treating Aggression  
a) Management    
Identifying all stimuli and situations in which aggression might arise is the first step to 
immediately preventing further problems. If injuries are likely to occur and the environment 
cannot be modified to prevent further aggression, separating the cats will be needed for some or 
all of the day. Determine which cats display affiliative behaviours and with whom and where, 
when and to what extent hostility arises. Separation into affiliative groups at times and in 
situations where hostility might arise, insures safety and avoids further aggravation of the 
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problem. Each group must be provided with all of its behavioural needs so each is comfortable 
in the new housing taking into account the 5 pillars of needs.  In fact, by providing for each of 
the pillars in the common environment further conflicts might be avoided.  These include 
provision of a safe place, multiple separated key resources, opportunities for play and predation, 
positive human-cat interactions and respecting the importance of the cat’s sense of smell.  
 
The housing may have a door separating the areas where the cats are housed; alternately the 
cats might have separate rooms with a neutral area in between where one cat (or affiliative 
group) can be allowed out at a time. Since the cats must be gradually introduced while positive 
outcomes ensured (counterconditioning), the owners will need methods to a) control and 
gradually increase exposure intensity b) use motivating high value rewards and c) insure 
positive outcomes.  For example, if crates or harnesses are to be used for restraint the cats 
should be gradually counterconditioned to these products before reintroduction.  In addition, 
reward based training (e.g. to come, sit or go to a location) should be implemented to teach 
cues (foundation exercises) for desired outcomes. 
 
b)  Graduated exposure 
Desensitization and counterconditioning requires positive associations to be made with each 
new step of reintroduction. Initial introduction can be non-visual, such as on opposite sides of a 
common door, so that the cats can hear (auditory stimuli) and smell (olfactory stimuli) each 
other.  Next the cats might be exposed to scents by brushing or toweling each cat and placing 
that object in the other cats room or using it to stroke the other cat while giving food rewards.  
The cats can also be exposed to scent by exchanging confinement areas, food bowls, litter 
boxes or toys.  However, this might be counterproductive if the long term goal is for each cat to 
have its own area for comfort and safety.  Food, treats and play toys should be saved for 
introductions.  During gradual introduction both cats must be monitored for signs of fearful or 
anxious postures or factial expressions as these would indicate that the cats are not yet ready to 
proceed to the next step in exposure.   
 
Next desensitization and counterconditioning to visual stimuli can begin with the door kept 
slightly ajar (perhaps with hook and eye) so that the cats can just barely glimpse each other 
while given food, toys and treats.  Exposure can then progress to a door opening that is covered 
by a screen or glass, or double height baby gates. Initially counterconditioning with food, play 
and treats should continue through the entire duration of exposure to insure a positive outcome 
and keep the cats distracted.  When placing the cats together in common areas, body 
harnesses or crates allow the cats to be physically controlled during counterconditioning to 
maintain sufficient distance. Ultimately one cat at a time is given freedom from its harness or 
crate. A bell on the aggressor might help the victim cat remain aware of its whereabouts.  Hides, 
climbs or even a one way cat door (activated by the victim cats collar) can help the victim feel 
more secure and in control.  The final step is for the cats to be placed together without physical 
restraint at sufficient distance and during times when desirable outcomes can be achieved. The 
use of reward based commands are the best way to insure positive outcomes if any sign of 
emerging problems. The process can take weeks to months.  Further fights are unsafe and 
could set the relationship back to the starting point.   In addition, the desired endpoint may 
require some times and situations where the cats will need to remain separated (in their own 
rooms, outdoors).  In some circumstances resolving incompatibility issues is not practical.   
 
c) Preventing recurrence   
Determine what was the initiating factor for the aggression and if it can be identified and 
prevented (e.g. cat returning from veterinary hospital, outside cats, noises).  Otherwise 
implement plans to prevent recurrence such as desensitization or counterconditioning to noises 
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or gradual reintroduction with Feliway and counterconditioning when cats return from grooming 
or veterinary visits.  For cats that become agitated by outdoor cats, consider blocking access to 
or covering the window or environmental deterrents such as a motion activated sprinkler.    
 
Insuring safety  
Punishment should be avoided as it increases fear and could cause aggression to escalate 
between the cats or toward the owner.  Should the owner recognize initial signs of aggression, 
the ideal approach would be for the cats to be separated with a verbal cue and reward or by 
luring with a toy or treats.  A leash and harness, large blanket or barrier (e.g. garbage can lid) 
might be effective for safely separating the cats.  Sometimes a hand clap or a cup of water can 
be used to deter the aggressor if engaging in predatory / play aggression, although this could 
increase fear.   
 
Drugs 
If either cat is overly fearful or behaviourally abnormal in their responses drugs are likely to be 
required if the owner can manage to safely dose the cats. While Feliway may help to reduce 
environmental stress, the cat appeasing pheromone (Feliway multicat or Feliway friends) may 
help to reduce social conflict in cats.9,10 The aggressor will need medication if it is overly 
aroused or anxious, lacks impulse control or is behaviourally abnormal may improve with a 
selective serotonin reuptake inhibitor (SSRI) such as fluoxetine or paroxetine. An SSRI or 
clomipramine might also be most appropriate for an overly fearful victim. Another option for the 
victim cat is buspirone which might reduce anxeity or benzodiazepines that might sufficiently 
reduce fear and might improve appetite for counterconditioning.   
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HEMATOLOGY: READING BETWEEN THE LINES FOR BETTER CBC 
INTERPRETATION 
 
Holly Brown DVM, PhD ,DACVP (Clinical Pathology) 
Fred Metzger DVM,MRCVS,DABVP (Canine/Feline) 
Metzger Animal Hospital 
State College, PA USA 
 
Essentials of Hematology 

• Automated hematology analyzers 
– Common problems:   

• Cannot recognize morphology changes, including clumped or atypical 
cells 

• Small RBCs can be confused with platelets (most common in cats) 
• Nucleated red blood cells are counted as WBCs 

– If your analyzer provides dot plots/scatterplots, USE THEM! 
• Get comfortable with normal so you can recognize abnormal! 

– Investigate asterisks, flags, and abnormal dot plots with a blood film review 
 

• Underutilized RBC indices 
– Mean cell volume (MCV) 

• Causes of increased MCV (macrocytosis) 
• Reticulocytosis (usually with regeneration) 
• FeLV in cats 
• Congenital in poodles 
• Vitamin B12/folic acid deficiency (Giant Schnauzers) 
• RBC agglutination (artifact) 

• Causes of decreased MCV (microcytosis) 
• Iron deficiency 
• Immaturity 
• Portosystemic shunt 
• Asian dog breeds (Akita, Shiba Inu, Chow) 

– Mean corpuscular hemoglobin concentration (MCHC) 
• MCH adds no information over MCHC, so usually ignored 
• If there is a discrepancy between the MCH and the MCHC, use the 

MCHC 
• Causes of decreased MCHC (hypochromia) 

• Reticulocytosis 
• Iron deficiency 

• What about increased MCHC??  
• No such thing as hyperchromic RBCs 
• This is an artifact, commonly reflecting hemolyzed blood sample 

 
• Nucleated RBCs 

– Includes all red blood cell precursors 
– Determined by smear evaluation ONLY (analyzers count them as WBCs) 
– Typically reported as nRBC/100 WBCs 
– If the number is >5nRBC/100 WBCs, the reported WBC is falsely elevated 

and needs to be adjusted 
• Corrected WBC = Measured WBC x [100 / (100 + # nRBC)] 
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• Evaluation of anemia 

– Major causes of anemia 
• Hemorrhage (internal or external) 
• Hemolysis (intravascular or extravascular) 
• Decreased production 

– Classifying the anemia 
• Helps determine the mechanism 
• Tools to help 

– RBC indices 
– Reticulocyte count 
– Knowledge of disease process/clinical signs 

– Classification using RBC indices 
• MCV (microcytic, normocytic, macrocytic) 
• MCHC (hypochromic, normochromic) 

– Normocytic, normochromic anemia 
• Early blood loss or hemolysis (not enough time to regenerate) 
• Decreased red blood cell production 

– Anemia of chronic/inflammatory disease 
– Bone marrow damage 
– Kidney problems (decreased EPO) 

– Microcytic, hypochromic anemia 
• Most commonly seen with iron deficiency (often chronic blood loss) 

– Macrocytic, hypochromic anemia 
• Often due to reticulocytosis (with hemorrhage or hemolysis) 

 
• Microscopic evaluation of cell morphology 

– Important morphologic abnormalities in neutrophils 
• Left shift (inflammation) 
• Toxic change 
• Hypersegmentation (commonly a glucocorticoid response) 

– Toxic change 
• Develops in the bone marrow during hematopoiesis 
• Associated with early bone marrow release, often with marrow injury or 

bacterial toxins (usually Gram(-)) 
• Cytoplasmic changes 
• Components of Toxic Change 

• Diffusely basophilic cytoplasm d/t persistence of cytoplasmic RNA 
• Döhle bodies (blue/grey cytoplasmic inclusions that are 

aggregates of rough endoplasmic reticulum containing RNA)  
• Cytoplasmic vacuolation due to increased lysozymes 
• Toxic granulation (persistent azurophilic secondary granules; rare)  

 
• What is a “Stress” leukogram? 

– Clinical pathologists typically don’t use that term, because there are two major 
mechanisms of “stress” that have different effects on the leukogram 

– Best to separate “corticosteroid-mediated” stress leukogram vs “epinephrine-
mediated” or “physiologic” stress leukogram 

• Corticosteroid-mediated stress leukogram 
• Neutrophilia 
• Monocytosis (possible in dogs) 
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• Lymphopenia 
• Eosinopenia 

– With long-term steroid administration, the neutrophilia will normalize but the 
lymphopenia will persist 

– Can last 2-3 weeks after a single large steroid bolus 
• Epinephrine-mediated stress leukogram 

– Neutrophilia and lymphocytosis 
– Seen with really excitable patients 
– Short-lived…only about 30 minutes 
– Most commonly occurs cats (and horses) 

 
• Leukemoid response 

– In a leukemoid response, there are so many WBCs in the peripheral blood that 
the buffy coat looks “white”, as it would with leukemia 

– Neutrophils are typically >50,000/µL with an orderly left shift 
– An “orderly left shift” means that number of segs > bands > metamyelocytes 
– Seen with severe inflammation 
– Causes include pyometra, pyothorax, pyoabdomen, endocarditis, IMHA, and 

hepatozoonosis 
– You must look at a blood smear to see that these aren’t all leukemic (a.k.a. 

neoplastic, clonal) cells! 
 

• Leukemia 
– Leukemia is the presence of neoplastic blood cells in the blood or bone marrow, 

due to clonal expansion of such cells in the bone marrow or, less commonly, the 
spleen 

– Classification systems are complicated and are based on the neoplastic cell of 
origin 

– Often molecular diagnostics (immunophenotyping, flow cytometry, PCR) are 
needed to identify the neoplastic cells (discussed in subsequent lectures) 

– However, generalizations can be made about acute vs. chronic leukemia 
• Acute leukemia 

• Most common in young animals 
• Usually characterized by low numbers of circulating “blasts” 
• Often have progressive cytopenias (due to myelophthisis) 
• Typically have a short clinical course of disease with POOR long-

term response to therapy 
• Chronic leukemia 

• Most common in older animals 
• Can be hard to diagnose because the neoplastic cells may be 

well-differentiated (appear ‘normal’) 
• May appear simply as a prolonged lymphocytosis or neutrophilia 

that is actually a clonal proliferation of very well-differentiated 
neoplastic cells 

• Cell counts are often much higher in chronic vs. acute leukemias 
• Typically slowly progressive disease, often lasting months to years 

 
• Thrombon 

– Automated platelet counts are performed on CBC analyzers 
• Difficult to get an accurate platelet count in cats 

• Platelet clumping is common 
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• Platelets are large in size relative to the small RBC volume 
• Thus large platelets are often counted as small RBCs 

– Accurate estimates may be done on a blood smear 
• Platelet estimate/µL = avg. platelet #/10hpf  X 15,000 
• This approximates 10-15 platelets per HPF 

– Platelet clumps 
• Examine the feathered edge of the blood smear for their presence 
• Assume that with clumps, the automated platelet count is a minimum 

– Platelet size 
• Platelets that are the same size or larger than an RBC are called shift 

platelets, giant platelets, or mega-platelets  
• Their significance is controversial, but their presence supports active 

thrombopoiesis 
– Remember:  Platelet MASS is the key! 

• A low number of very large platelets can do the same job as a high 
number of tiny platelets 
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HEMATOLOGY: AUGMENTING THE CBC WITH DOT PLOTS AND A MICROSCOPE 
Holly Brown DVM, PhD, DACVP (Clinical Pathology) 
Fred Metzger DVM, MRCVS, DABVP (Canine/Feline) 
Metzger Animal Hospital 
State College, PA USA 
 
Examining a peripheral blood film is important because it offers invaluable information about 
cellular morphologic changes not provided by automated instruments and provides a quality 
assurance confirmation of CBC data generated by in-clinic or reference laboratory hematology 
analyzers. It is recommended that technicians/veterinarians take two or three minutes to view 
the blood film and use the series of questions discussed to evaluate the erythrocyte, platelet, 
and leukocyte compartments of the peripheral blood film. 

 
Making the blood film 
The ability to make a good blood film takes practice.  To start the making of the blood film 
ensure that you are using clean, new slides.  Slides must be free of fingerprints, dust, alcohol, 
detergents, and debris.  A Kim Wipe can be used to clean both the pusher slide and the slide 
the blood film will be made on.  A 2-3 mm drop of well-mixed EDTA blood is placed on the slide 
about 1 to 1.5 cm from the end of the slide.  Next, a spreader slide is drawn back into the blood 
drop at about 30-degree angle until the spreader slide edge contacts the sample drop and 
capillary action disperses the sample long the edge.  Then, using a smooth steady motion the 
spreader slide is pushed away from the blood drop, creating a uniform film that covers nearly the 
entire length of the slide.   A balance must exist between 3 factors to ensure that the blood film 
is diagnostic:  speed, angle, and drop size.  Speed changes the length of the film.  The faster 
the spreader slide is moved, the longer and thinner the film with be.  Conversely, a slower 
spreader slide will cause the film to be shorter and thicker.  The angle of the spreader slide can 
also change the density of the blood film.  Angles greater than 30 degrees make the smear 
thicker and less than 30 degrees make for a thinner smear.   
 
Evaluating the blood film 
The three zones 
A good-quality blood film has three zones: the body (near the point of blood application), the 
monolayer (the zone between the body and feathered edge), and the feathered edge (the area 
most distant from the point of application). The monolayer is the area of the blood film where 
leukocyte and thrombocyte numbers are estimated and cell morphology is examined. Although 
the monolayer is the only zone where morphologic evaluation of individual cells is performed at 
oil-immersion magnification, systematic blood film evaluation includes assessment of all three 
zones. 
 
First, examine the blood film at low magnification (10X or 20X), and scan the entire slide to 
evaluate overall film thickness, cell distribution, and differentiation of the three different zones. 
Evaluate the feathered edge for microfilaria, phagocytized organisms, atypical cells, and platelet 
clumping. Next, evaluate the body of the blood film for the presence of Rouleau formation or 
erythrocyte agglutination. Then, still using low magnification, evaluate the monolayer and 
estimate the total WBC count and predict the expected WBC differential count. Finally, use the oil-
immersion objective (100X) to examine erythrocyte, leukocyte, and platelet morphology in the 
monolayer .  
 
Evaluate RBCs for evidence of anisocytosis, poikilocytosis, polychromasia, hemoglobin 
concentration, and RBC parasites. Important erythrocyte morphologic abnormalities include 
spherocytes, schistocytes, acanthocytes, and echinocytes among others. 
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Evaluate neutrophils for toxicity and the presence or absence of a left shift (increased numbers 
of band neutrophils). Evaluate lymphocytes for reactivity and monocytes for phagocytized 
organisms.  
 
With relatively little practice, you can identify most important morphologic abnormalities in the 
RBCs, leukocytes, and platelets with the 20X objective field of view; these can be quickly 
validated with the 100X oil-immersion objective field of view. 

 
ERYTHROCYTE QUESTIONS 
Is there evidence of erythrocyte regeneration? (Is there significant polychromasia/ 
reticulocytosis?) 
Polychromatophils are immature red blood cells that stain bluish because they contain RNA 
(Image 1). Polychromatophils on blood smears prepared with Wright’s or modified Wright’s stain 
roughly correspond to reticulocytes on smears prepared with new methylene blue stain..  
 
When performing reticulocyte count for cats, it is important to count aggregate reticulocytes 
(cells containing diffuse accumulations of reticulum) since they represent recent red blood cell 
production in response to relatively severe anemia (Image 2). Aggregate reticulocytes mature 
into punctuate reticulocytes within 12 hours and punctuate reticulocytes mature into 
erythrocytes in approximately 10 days. Consequently, elevated punctuate reticulocytes 
represent erythrocyte regeneration 2 weeks earlier whereas aggregate reticulocytes indicate 
recent regeneration.3 In dogs and cats, peak reticulocyte counts occur four to eight days after 
the onset of anemia. 
 
Are nucleated RBC’s present? 
An inappropriate nucleated red blood cell response occurs when greater than 5 nucleated red 
blood cells per 100 white blood cells are present in the absence of polychromasia. Conditions 
associated with an inappropriate nucleated red blood cell response include bone marrow 
stromal damage, extramedullary hematopoiesis, fractures, hyperadrenocorticism, FeLV infection 
in cats, administration of chemotherapeutic drugs and lead toxicity among others.  Splenic 
dysfunction (e.g. decreased clearance of  circulating NRBC’s ) is  an important cause of an 
inappropriate release of NRBC’s and may occur in splenectomized patients and patients with 
splenic neoplasms (especially hemangiosarcoma).  
 
Is auto agglutination present? 
Agglutination is unorganized three dimensional clumping of erythrocytes which must be 
differentiated from rouleaux formation.  When confirmed, agglutination suggests the presence of 
an immune mediated process with the likelihood of antibodies on the surfaces of the 
erythrocytes resulting in cross-linking of cells and the resulting agglutination. 
 
Are significant numbers of poikilocytes (abnormally shaped RBC’s) present? 
Abnormally shaped erythrocytes are termed poikilocytes and include artifactual changes 
(crenation) as well as true abnormalities (spherocytes, acanthocytes, schistocytes and 
leptocytes among others).   
 
Are red blood cell inclusions present? 
Accurate characterization of various inclusions is an important aspect of blood film evaluation.  
Inclusions may include Heinz bodies, basophilic stippling, Howell Jolly bodies and certain 
infectious agents.   
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PLATELET QUESTIONS 
Are platelet numbers normal, decreased or increased? 
Platelet clumping (Image 15) interferes with accurate enumeration of platelets with all 
hematology analyzers and with manual counting methods.  This occurs in many samples due to 
platelet activation during the collection process. The presence of significant numbers of large 
platelets may also result in inaccurate platelet counts when impedance counting methods are 
used.  Microscopic validation of platelet counts is an important component of blood film 
evaluation. 
 
On a well-prepared peripheral blood film where there is no significant platelet clumping at the 
feathered edge, the average number of platelets observed per 100x oil immersion monolayer 
field multiplied by 20,000 provides a good estimate of the number of platelets per micro liter.  As 
a general rule, one should see a minimum of 8-10 platelets and a maximum of 35-40 platelets 
per 100 x oil immersion monolayer field of view.  
 
LEUKOCYTE QUESTIONS 
Is the total WBC count elevated, normal or decreased? 
Experience is required to make accurate cell count estimations directly from blood films.  
Subjective analysis of total leukocyte numbers may be performed by counting several 20X 
objective fields with 10-20 WBC’s/20X field considered as normal in dogs and cats.  Another 
method utilizes counting several 100X oil immersion monolayer fields then multiplying the 
average number of leukocytes/100X oil immersion field by 2,000 to obtain a final estimated total 
WBC.1  
 
Is a left shift present? 
Left shifts are characterized by increased numbers of immature neutrophils (band cells, 
metamyelocytes, etc.) in circulation.  On blood films, band cells are distinguished from mature 
neutrophils in that the nucleus of the band neutrophil typically has parallel sides whereas that of 
the mature neutrophil is distinctly segmented (Image 1). A left shift is a hallmark of inflammation; 
therefore, the accurate identification of band cells is extremely valuable to the veterinarian.  A 
left shift may be the only indicator of active inflammation in veterinary patients because total 
white cell and neutrophil counts are frequently within the normal reference range.  
 
Is there a monocytosis? 
Monocytosis can be another indicator of inflammation and may be seen in both acute and 
chronic conditions, but may also be a component of stress leukograms.  Conditions frequently 
associated with monocytosis include:  systemic fungal diseases (histoplasmosis, blastomycosis, 
cryptococcosis, coccidiomycosis, aspergillosis), immune-mediated hemolytic anemia (IMHA), 
bacterial endocarditis, certain neoplastic diseases (particularly when there is significant tissue 
necrosis), and certain pyogranulomatous diseases including Feline Infectious Peritonitis, 
Toxoplasmosis, and foreign body reactions among others.   The best interpretation of 
monocytosis (in the absence of a stress leukogram) is that there is tissue demand for 
macrophages  
 
 
Is there a persistent eosinophilia present? 
Conditions associated with persistent eosinophilia include heartworm disease in dogs and cats, 
feline asthma, canine atopic syndromes, feline eosinophilic granuloma complex (linear plaque 
form), hyper-eosinophilic syndrome, systemic mastocytosis and flea bite dermatitis. Parasitic 

2018 OVMA Conference 35 

2002 METzgEr-BrOWN - hEMATOLOgy - AugMENTINg ThE CBC WITh dOT PLOTS ANd A MICrOSCOPE



	

4	
	

infections confined to the bowel, such as whipworm infection or ascarid and hookworm 
infections in adult non-pregnant dogs and cats do not cause persistent peripheral eosinophilia 
because they do not have a systemic phase. 
 
Are reactive or atypical lymphocytes present? 
The presence of reactivity in the lymphoid series (Image 4) simply suggests systemic antigenic 
stimulation.  This stimulation could be in response to recent vaccination, invading infectious 
disease process and various non-infectious processes.  The most commonly identified 
morphologic change associated with reactivity is the presence of increased amounts of 
basophilic cytoplasm. 
 
Atypical lymphocytes (Image 5) are abnormal lymphocytes characterized by increased size with 
indented or cleft nuclei and having large azurophilic cytoplasmic granules. This non-specific cell 
may be present with infectious and neoplastic conditions. Atypical lymphocytes require 
additional investigation for final classification by a clinical pathologist.  Bone marrow 
examination and detailed cytologic and possible histologic evaluation of peripheral and internal 
lymphoid tissues may also be recommended. 
 
Is toxicity present? 
Toxic neutrophils are a result of an accelerated rate of neutrophil production in response to 
inflammatory signals received by the bone marrow. Toxic neutrophil changes include retention 
of cytoplasmic features of immaturity and include foamy basophilic cytoplasm (Image 6) and the 
presence of small basophilic precipitates known as Döhle bodies (Image 7).  Döhle bodies are 
often present  in low numbers in normal cats and therefore by themselves are a relatively 
equivocal finding, but indicate serious toxicity in dogs.   Nuclear changes of toxicity include 
bizarre nuclear shapes and cellular giantism (Image 8) 
  
Systemic toxemia is often associated with bacterial endotoxins but non-infectious causes also 
occur.  Infectious diseases commonly accompanied by severe toxicity include feline pyothorax, 
pyometra, and severe canine prostatitis.  Noninfectious causes associated with toxemia include 
immune-mediated hemolytic anemia, acute pancreatitis, tissue necrosis, zinc and lead toxicosis 
and cytotoxic drug therapy among others. 
 
SUMMARY 
Many veterinary practices do not routinely prepare blood films for microscopic evaluation, 
largely because they lack confidence in either preparing a well made blood film or in being able 
to accurately identify significant abnormalities.  However, blood films should be evaluated 
whenever hematology is requested regardless whether analyzed in-clinic or at a reference 
laboratory. 
 
Even the most expensive hematology analyzers are not designed to eliminate peripheral blood 
film evaluation.  Morphologic features that instruments cannot identify include left shifts 
(increased numbers of immature neutrophils), neutrophil toxicity, lymphocyte reactivity, 
leukocyte malignancy, red cell poikilocytosis, red cell inclusions, and platelet abnormalities.  
Blood film evaluation is as essential to a complete blood count as a microscopic examination of 
urine sediment is to a complete urinalysis or two views are to proper radiographic interpretation.  
A quick blood film review will help validate certain numerical data including platelet counts, 
leukocyte counts, leukocyte differentials and red blood cell density, since even reference 
laboratory analyzers prove inaccurate with some of the more abnormal specimens. 
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Hopefully this hematology series will provide veterinary practitioners and technicians with the 
skills to properly prepare, stain, and evaluate the peripheral blood film and encourage the use of 
this vital hematology tool.  
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APPROACHING THE ADR PATIENT & HOW TO MAXIMIZE YOUR IN-HOUSE 
LABORATORY 
Holly Brown DVM, PhD ,DACVP (Clinical Pathology) 
Fred Metzger DVM,MRCVS,DABVP (Canine/Feline) 
Metzger Animal Hospital 
State College, PA USA 
 
 
Defining the “sick “patient 
Patients are frequently presented with vague histories like he’s not himself or she’s just 
ain’t doin’ right. Furthermore, physical examinations can result in non-specific findings 
especially in fractious patients. Consequently, laboratory profiling becomes a critical 
component to the proper evaluation of “sick “veterinary patients. 
 
At Metzger Animal Hospital a sick patient is defined as sick if the client thinks the patient 
is sick until we prove otherwise. We use the “MAS” Metzger Activity Score to let owners 
make us aware of their interpretation of their pet’s health status. Always listen to the Pet 
Owner! 
 
Incomplete diagnostics can result in misdiagnosis 
Diagnostic tests are puzzle pieces; you need all the pieces to correctly solve the puzzle.  
Missing puzzle pieces results in an incomplete picture or worse yet, the wrong picture. 
Complete blood profiling usually includes the puzzle pieces hematology, biochemical 
profiling, electrolyte analysis and complete urinalysis. Thyroid, cortisol, bile acids and 
other secondary tests (puzzle pieces) are usually requested based on findings from the 
initial laboratory profile.  
 
Medical problems may be misdiagnosed if complete profiles are not performed. 
Incomplete blood tests are analogous to a radiographic diagnosis made by one view-a 
dangerous way to diagnose. Incomplete profiling may lead to several potentially life-
threatening situations. Patients with serious health problems may be diagnosed as 
healthy because too few tests were performed. Another potentially serious situation 
exists when diseases with similar lab abnormalities overlap leading the clinician to the 
incorrect diagnosis and treatment.  
    
 
Are you maximizing your laboratory? 
In-clinic testing now includes many capabilities including hematology, biochemical 
profiling, electrolyte analysis, endocrine assays, and blood gas testing and coagulation 
evaluation among others. In-house testing improves patient management by permitting 
clinicians to diagnose many diseases and treat immediately.  
 
Benefits of in-house testing include better emergency service, better medicine, and 
better time management; improved client communications, more convenient 
preanesthetic testing and adds value by providing immediate results 
In-house testing assists the veterinarian to diagnose problems in the emergency setting 
when outside laboratory services are unavailable. Your in-hospital lab can provide stat 
results to help narrow the list of differential diagnoses. Some patients simply cannot 
wait-next day diagnosis of acute renal failure may be too late! 
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In-house laboratories help clinicians practice better medicine by providing veterinarians 
with needed information to diagnose before treatment. Immediate laboratory results 
allow the doctor to treat the patient based on medical information today not tomorrow.  
 
Reference laboratory testing is also critical in the workup of many patients. Procedures 
like histopathology, confirmatory thyroid testing, specialized infectious disease testing 
and consultations with specialists are critical to veterinary diagnostics. 
 
 
Selected Feline Case 
 
Feline Hyperthyroidism 
Excessive secretion of the thyroid hormones, T4 and T3, results in signs that reflect an 
increased metabolic rate and produces clinical hyperthyroidism. It is most common in 
middle-aged to old cats but also develops rarely in dogs. 
Functional thyroid adenoma (adenomatous hyperplasia) is the most common cause of 
feline hyperthyroidism; in ~70% of cases, both thyroid lobes are enlarged. Thyroid 
carcinoma, the primary cause of hyperthyroidism in dogs, is rare in cats (1-2% of 
hyperthyroidism cases). 
 
The most common signs include weight loss, increased appetite, hyper excitability, 
polydipsia, polyuria, and palpable enlargement of the thyroid gland. GI signs are also 
common and may include vomiting, diarrhea, and increased fecal volume. 
Cardiovascular signs include tachycardia, systolic murmurs, dyspnea, cardiomegaly, and 
congestive heart failure. Rarely, hyperthyroid cats will exhibit apathetic signs (eg, 
anorexia, lethargy, and depression); weight loss remains a common sign in these cats 
High basal serum total thyroid hormone concentration is the hallmark of hyperthyroidism 
and confirms the diagnosis. Although serum total T4 concentrations are high in most cats 
with hyperthyroidism, ~5-10% of cats have normal T4 values. Most cats with normal 
serum T4 values have either mild or early hyperthyroidism or hyperthyroidism with 
concurrent nonthyroidal illness, which has caused suppression of a high total T4 
concentration to within reference range limits. In these cats, a high free T4 concentration 
along with consistent history and physical examination findings is diagnostic of 
hyperthyroidism. 
 
Cats with hyperthyroidism can be treated by radioiodine therapy, thyroidectomy, or 
chronic administration of an antithyroid drug. Radioactive iodine provides a simple, 
effective, and safe treatment and is considered the treatment of choice. The radioiodine 
is concentrated within the thyroid tumor, where it selectively irradiates and destroys 
hyper functioning thyroid tissue. 
 
Feline Pancreatitis 
 
 
 Pancreatitis, an inflammatory condition of the exocrine pancreas, is a multifactorial 
disease in cats with a variable clinical course and outcome. Feline pancreatitis is more 
common than many practitioners realize and diagnosis of this elusive disease can be 
extremely challenging.  
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Recognizing these challenges, Dr. Jörg Steiner and Dr. David Williams developed and 
validated the feline pancreatic lipase immunoreactivity (fPLI) assay for the diagnosis of 
pancreatitis at the Gastrointestinal Laboratory at Texas A&M University. The fPLI test 
has been shown to be both sensitive for detecting significant pancreatitis and specific for 
helping to rule out pancreatitis. 
	
Previously, IDEXX had collaborated with Drs. Steiner and Williams to develop the Spec 
cPL® or canine pancreas-specific lipase test to assist in the diagnosis of pancreatitis in 
dogs. The acceptance of this test has been overwhelmingly positive. The most frequent 
question asked of IDEXX has been “when is the cat test going to be available?” In 
response to these inquiries, IDEXX has continued to work with Drs. Steiner and Williams 
to develop the Spec fPL™ (feline pancreas-specific lipase) assay. The Spec fPL assay 
utilizes monoclonal antibody and recombinant antigen technology and is available 
through IDEXX Reference Laboratories. 
	
Prevalence of Pancreatitis in Cats  
A 2007 study published in The Journal of Veterinary Pathology found 67% of cats 
presented for necropsy, irrespective of the cause of death, had histologic evidence of 
pancreatitis, including 45% in apparently healthy cats. Chronic pancreatitis was more 
common than acute pancreatitis (60% versus 15.7%).1 
	
Although the prevalence of clinically significant pancreatitis is likely not this high, these 
findings suggest that pancreatic inflammation likely occurs with a wide variety of clinical 
conditions and potentially explains why mild pancreatic lesions are common even in 
clinically healthy animals.1 
	
Cats with other common aliments, including diabetes mellitus, inflammatory bowel 
disease, cholangiohepatitis and hepatic lipidosis, often have concurrent pancreatitis that 
is usually overlooked. 
 
Clinical Signs 
Cats with pancreatitis typically present with nonspecific signs of illness including 
lethargy, decreased appetite, dehydration and weight loss.6 Vomiting and abdominal 
pain are hallmarks of this disease in dogs, but in cats vomiting may be absent or 
intermittent and abdominal pain is rarely recognized. Diarrhea can be associated with 
pancreatitis or secondary to concurrent gastrointestinal disease. Icterus, fever and a 
palpable abdominal mass may be found on physical examination.  
 
Laboratory Findings 
Routine laboratory findings in cats with pancreatitis may be normal, nonspecific or 
attributed to concurrent conditions which are common in this species. CBC changes 
most commonly seen in cats with pancreatitis are nonregenerative anemia, leukocytosis 
and leukopenia.6 Increased liver enzymes, hyperbilirubinemia, hyperglycemia, azotemia, 
electrolyte imbalances and hypocalcemia can be seen on a complete biochemical 
profile.6 Serum activities of amylase and lipase are not helpful in diagnosing pancreatitis 
in cats.7 
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Serum trypsin-like immunoreactivity (TLI) concentration is specific for exocrine 
pancreatic function and is the test of choice for diagnosing exocrine pancreatic 
insufficiency in cats. However, in cats with clinical signs of pancreatitis, serum fTLI 
concentration has been shown to be poorly associated with histopathologic diagnosis 
and overall sensitivity of 28% and specificity of 75% for the diagnosis of pancreatitis.  
 
Feline Hepatic Lipidosis 
Feline idiopathic hepatic lipidosis is the most common cause of feline hepatopathy. The 
etiology is undetermined but is associated with a period of anorexia (few days to several 
weeks), especially in obese cats. Factors that may trigger anorexia include a change of 
diet to initiate weight loss or other stressful events (eg, moving, boarding, death of other 
pets or owners). Secondary hepatic lipidosis is associated with either a primary 
metabolic (eg, diabetes mellitus) or GI disease (eg, inflammatory bowel disease, gastric 
foreign bodies, pancreatitis, or cholangiohepatitis) that can cause anorexia. Regardless 
of the inciting cause, the end result is excessive accumulation of triglycerides (fat) within 
the liver, which leads to severe intrahepatic cholestasis and hepatic failure.  Clinical 
signs are variable but can include dramatic weight loss (30-40% of body weight, 
experimentally) due to anorexia, vomiting, lethargy, and diarrhea. Signs of hepatic 
encephalopathy are unusual, as are bleeding tendencies, but can be noted in advanced 
disease. Icterus or pale mucous membranes, ptyalism, hepatomegaly, and decreased 
body condition with retention of abdominal fat are commonly seen. Laboratory 
abnormalities include a nonregenerative anemia with poikilocytosis, stress leukogram, 
hyperbilirubinemia and bilirubinuria, mild to moderate increases in AST and ALT and 
marked increase in AP; GGT values are usually normal or mildly elevated. 
Hypoalbuminemia, prolonged coagulation profile, and hyperammonemia have been 
reported in advanced disease. If the cat is not icteric, bile acids can be evaluated. 
Postprandial values may be difficult to obtain if the cat cannot be force-fed. However, in 
most cases, fasting bile acids will be abnormal, precluding the need for the postprandial 
sample. Peritoneal effusion may be seen on radiographs. On ultrasonographic 
evaluation, the liver often appears diffusely hyperechoic when compared with the 
falciform ligament. If pancreatitis is also present, abdominal effusion and pancreatic 
changes can be identified with ultrasonography. Histopathology or cytology reveals 
vacuolated hepatocytes and cholestasis; lipid is identified within the vacuoles using 
Sudan black or oil Red O stain. 
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FLUID ANALYSIS: MAXIMIZING THE DIAGNOSTIC INFORMATION FROM YOUR 
SAMPLES 
 
Holly Brown DVM, PhD, DACVP (Clinical Pathology) 
Fred Metzger DVM, MRCVS, DABVP (Canine/Feline) 
Metzger Animal Hospital 
State College, PA USA 
 
Mechanisms of Body Cavity Effusions  

o Decreased plasma oncotic pressure  
o Increased capillary hydrostatic pressure 
o Increased capillary permeability (increase in the gaps between endothelial cells) 
o Lymphatic obstruction à increased hydrostatic pressure à leakage from lymphatic 

vessels 
 
Fluid Analysis  

o Color & turbidity   
o Protein concentration – measured with chemistry analyzer or refractometer  
o Nucleated cell count – measured with automated analyzer (can also roughly estimate 

from direct smears) 
o Cytologic analysis 

 
Body Cavity Effusion Classification  

o Divided into three general categories based on protein concentration and cell count: 
o Transudate: 

o Protein <2.5 g/dL 
o Nucleated cell count <1,000/µL 

o Horse peritoneal fluid <10,000/µL 
o Exudate: 

o Protein >3.0 g/dL 
o Nucleated cell count >3,000/µL 

o Horse peritoneal fluid >10,000/µL 
o Modified transudate:  

o A “catch-all” category for fluids not fitting easily into either category 
o Mild increase of either total protein (2.5-5.0 g/dl) or nucleated cell count (1,000-

8,000 cells/μL) or both 
 

Transudate 
o Transudates result from: 

o Decreased plasma oncotic pressure  
o Secondary to severe hypoalbuminemia  

o Increased capillary hydrostatic pressure 
o Heart failure/myocardial insufficiency, lung lobe torsion, hepatic 

insufficiency, portosystemic shunt, portal hypertension, venous or 
lymphatic congestion, etc.  

o Expected cells are large mononuclear cells, infrequent lymphocytes, few neutrophils 
o Grossly, transudates range from colorless to straw-colored 

o Low nucleated cell count  and low protein concentration 
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Modified Transudate 

o The fluid is modified by the addition of cells and/or protein  
o Often in response to increased hydrostatic pressure +/- combination of other 

mechanisms 
o This results in a mild increase of either total protein or nucleated cell count (or both) 
o A more specific fluid classification should be given, if cell type and morphology allow 

 
Exudate 

o Mechanism is increased capillary permeability due to inflammation/chemotactic 
stimulus 

o Both the protein and nucleated cell count are increased (typically inflammatory cells) 
o May be seen with a variety of inflammatory causes: pancreatitis, bacterial infections, 

bowel perforation, irritants (bile, urine) +/- infectious agents 
o Cytology of Exudates 

o Neutrophils predominate in most exudates  
o Suppurative (aka purulent/neutrophilic)  

o Neutrophils may appear nondegenerate or degenerate (Nuclear changes 
d/t local environment) 

o Degenerate cells have ↓nuclear stain intensity + nuclear swelling = pale 
and puffy; usually d/t bacteria – so LOOK FOR ‘EM! 

o See intracellular bacteria à “Septic” 
 
If the bacteria are extracellular, it may just be a contaminated sample  

o The absence of microorganisms on a cytologic preparation does NOT exclude the 
possibility that they are there!! 

o When in doubt, culture!!! 
o Must use a red top tube that has not already been processed, so save same fluid 

in a separate tube 
 
Specific Effusions 
Chylous Effusion 

o Formed by leakage of chyle from the lymphatic system into the body cavity (usually 
thorax à chylothorax) 

o Chylomicrons give the fluid a “milky” appearance 
o Can have a “strawberry milkshake” appearance if RBCs are present 
o If the animal is anorexic, chylomicrons will not be present, and therefore there 

won’t be a whitish appearance to the effusion 
o Small mature lymphocytes should predominate, but neutrophils may accumulate over 

time due to irritating properties of the effusion 
o Repeated drainage can lead to a peripheral lymphopenia 

o Causes of chylothorax (typically any cause of lymphatic obstruction) 
o Thoracic and mediastinal neoplasia  
o Cardiac disease  
o Diaphragmatic hernia  
o Lung lobe torsion 
o Idiopathic (many of the feline chylothorax cases)   
o Thoracic duct rupture (rare) 

o When the diagnosis of chylous effusion is in question, it can be confirmed by comparing 
fluid cholesterol and triglyceride values to those of blood 
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o Chylous effusions have high triglyceride concentrations, especially when compared with 
serum  

o Effusion concentration 2X > serum concentration (or >100 mg/dl) à highly 
suggestive of chylous effusion 

o Cholesterol concentration in chylous effusions should be equal to or lower than 
serum cholesterol concentration 

o “TRI à HI” and “CHO à LO” in the fluid in chylous effusions 
 
Feline Infectious Peritonitis 

o Odorless, straw-colored to gold fluid that may contain fibrin clots 
o Variable cell count 
o Non-degenerate neutrophils are usually the predominant cell type, with fewer 

macrophages and lymphocytes 
o Because other diseases can have similar cytologic appearance, FIP is not a 

cytologic diagnosis 
o Diagnosis often requires histopathology and/or PCR  

o High protein effusion 
o Immune-complex damage to small blood vessels à permits leakage of serum 

protein and fluid into body cavities 
o Slides have a thick eosinophilic granular to stippled proteinaceous background 

 
Hemorrhagic Effusion 

• Trauma, coagulopathy, or any other hemorrhagic process 
• Erythrophagocytosis is observed within a few hours of bleeding 
• Hemosiderin and/or hematoidin crystals within macrophages can be seen after ~72 

hours 
 
Uroperitoneum 

o Secondary to rupture of urinary bladder, urethra, ureter, or kidney 
o Creatinine levels in the fluid should be higher than serum creatinine (>2x is diagnostic) 

o Urea will more rapidly equilibrate between the peritoneum and the vascular 
space and may not be different from serum 

o Urine crystals may be present 
o Urine acts as an irritant, so neutrophil levels will increase over time 
o As with the GI tract, make sure you have not performed an accidental cystocentesis! 

 
Bile Peritonitis 

o Rupture/compromise of gall bladder or bile duct 
o Characterized by a mixed population of cells 
o Bile may appear as wispy material in the background  
o Macrophages contain yellow-green to blue-green to black bile pigment within their 

cytoplasm  
o Neutrophils may be poorly preserved due to chemical irritation  
o Bilious effusions have high bilirubin levels, especially when compared with serum 
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Advanced Clinical Cases: Tying it All Together 
Holly Brown DVM, PhD ,DACVP (Clinical Pathology) 
Fred Metzger DVM, MRCVS, DABVP (Canine/Feline) 
Metzger Animal Hospital 
State College, PA USA 
 
Gall Bladder Mucocoelle 
Gallbladder mucocele is distention of the gallbladder by an inappropriate accumulation 
of mucus. Gallbladder mucoceles have been reported in dogs, ferrets and humans. 
Mucoceles were rarely seen in dogs prior to the early 1990’s but now they are the most 
common causes of extrahepatic biliary disease in dogs.  
The obstruction can be primary (infiltrative disease including neoplasia) or secondary 
(cholelithiasis). Treatment is cholecystectomy.  
 
In dogs extrahepatic biliary obstruction and cholecystitis do not appear to play a primary 
role in the formation of gallbladder mucocele. Histologic findings suggest that gallbladder 
mucocele results from dysfunction of mucus-secreting cells within the gallbladder 
mucosa. The secreted mucus can accumulate and eventually cause pressure necrosis 
and rupture of the GB resulting in bile-induced peritonitis.  
 
Interestingly decreased GB motility, biliary stasis, and altered water absorption 
predispose to biliary sludge which is a common incidental finding in dogs that have 
abdominal ultrasound. It is unknown if biliary sludge may be a precipitating factor in the 
formation of canine gallbladder mucoceles. Mucin concentration and phospholipids in 
the GB are the primary determinants of bile viscosity in humans with gallstones. The 
phospholipid concentration may be a precipitating factor in the formation of canine GB 
mucoceles. A more recent increase in the incidence of canine gallbladder mucoceles 
may suggest a nutritional or environmental factor or may reflect improved sonographic 
detection of the condition. Given that this condition is more prevalent in certain medium-
sized breeds, particularly Cocker Spaniels and Shetland Sheepdogs, there may be a 
genetic component.  
 
Patients with gallbladder mucoceles typically have a history of vague non-specific clinical 
signs. Vomiting, anorexia and lethargy are common. Gallbladder mucocele can be an 
incidental finding. Physical exam findings include abdominal pain, icterus, tachypnea, 
tachycardia and fever. Most patients have high liver enzymes and more than 50% have 
increased serum bilirubin.  
 
Gallbladder mucoceles are diagnosed by abdominal ultrasonography. They are 
characterized by immobile, echogenic bile with a finely striated (“kiwi”) or stellate pattern 
within the lumen of the gallbladder. Additional findings are possible distention of the 
intrahepatic or extrahepatic biliary system and possible gallbladder rupture. Findings 
suggestive of gallbladder rupture are loss of gallbladder wall continuity, hyperechoic fat 
in the cranial abdomen, free abdominal fluid, finely striated or stellate echogenic material 
outside of the gallbladder lumen.  
 
The treatment of choice for gallbladder mucocele is cholecystectomy. Substantial 
perioperative mortality rates are reported. In three different reports perioperative 
mortality was 21.7%, 31.8%, 40%. The prognosis is poorer for dogs with septic bile-
induced peritonitis (in one study dogs with aseptic vs. septic bile-induced peritonitis 
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survival rates were 100% vs. 27%). Long-term outcome for dogs that survive the 
hospitalization period is excellent. Treatment for asymptomatic patients is currently 
controversial. Antibiotics and choleretics (Actigall

R
) have been recommended.  

 
 
Canine Hyperadrenocorticism (Cushing’s Disease)  
 
Hyperadrenocorticism can be pituitary-dependent (PDH), secondary to an adrenal 
tumor, or iatrogenic.  
The diagnostic approach to a dog with suspected hyperadrenocorticism involves the 
confirmation of hyperadrenocorticism followed by differentiation between PDH and an 
adrenal tumor. The most important diagnostic tests for hyperadrenocorticism are a 
careful and complete history, including recent corticosteroid administration (including 
eye, ear, and topical preparations), and a thorough physical examination. Also important 
is a minimal data base (CBC, chemistry and urinalysis). It is important to determine if 
signs of hyperadrenocorticism are present and to exclude nonadrenal illness.  
 
LABORATORY FINDINGS 
The hemogram may reveal a stress leukogram and mild erythrocytosis. Up to 80% of 
dogs with hyperadrenocorticism have high serum alkaline phosphatase level. Increased 
serum ALT and AST levels are common. Elevated serum cholesterol and mild 
hyperglycemia are common. Overt diabetes mellitus (glucose >250 mg/dl) occurs in up 
to 5% of dogs with untreated hyperadrenocorticism. Urinalysis often reveals a low 
specific gravity <1.020). Proteinuria is occasionally seen and can result from glomerular 
disease or urinary tract infection. All pituitary-adrenal function tests used to diagnose 
hyperadrenocorticism may show false-positive results in dogs with nonadrenal disease. 
Whenever possible pituitary-adrenal function testing should be postponed until the 
nonadrenal disease has been resolved. It is important for the clinician to be aware of the 
limitations and potential pitfall of pituitary-adrenal function tests. Also, a working 
understanding of the epidemiologic parameters sensitivity, specificity, prevalence and 
positive predictive value is helpful. Tests for diagnosing hyperadrenocorticism include 
the ACTH stimulation test, the low dose dexamethasone suppression test and the urine 
cortisol: creatinine ratio. Imaging studies and plasma ACTH levels and sometimes the 
high-dose dexamethasone suppression test or CT and MRI are used to differentiate 
PDH from adrenal tumors.  
 
 
DIAGNOSIS 
The ACTH stimulation test has a higher number of false negative results than the low-
dose dexamethasone suppression test in dogs with naturally occurring HAC. The ACTH 
stimulation test is the best test to differentiate spontaneous from iatrogenic 
hyperadrenocorticism. Dogs with iatrogenic hyperadrenocorticism have a “blunted” or no 
response to ACTH administration. The ACTH stimulation test is performed by obtaining 
a serum sample for cortisol determination before and 1 hour after IV injection of 5 ug/kg 
of the synthetic ACTH (Cortrosyn). Once reconstituted, the solution appears to be stable 
for at least 4 weeks if refrigerated. Alternatively, the remaining solution can be aliquoted 
and frozen. Alternatively, ACTH gel can be used. Acthar Gel (80 U/ml, Rhone Poulenc) 
is available but is very expensive. ACTH gel (usually 40 U/ml) is available from various 
compounding pharmacies. A recent study evaluated a few of these products and 
demonstrated adequate stimulation of the adrenal glands but varying peak response 
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times. The reproducibility of these various formulations has not been stringently 
evaluated. Therefore, it may be prudent to assess the activity of each new vial by 
performing an ACTH stimulation test on a normal dog. 
 
The low-dose dexamethasone suppression test is useful in confirming the diagnosis 
of hyperadrenocorticism with an overall sensitivity of 90–95%. The low dose 
dexamethasone suppression test is performed by obtaining serum samples for cortisol 
determination before and 4 and 8 hrs after IV or IM administration of 0.01 or 0.015 mg/kg 
dexamethasone. In normal dogs, serum cortisol concentrations are suppressed below 1 
ug/dl by 4 hrs after administration of dexamethasone and remain suppressed at 8 hrs. In 
contrast, cortisol concentrations in most dogs with hyperadrenocorticism remain above 1 
ug/dl. Some laboratories use a 1.5 ug/dl cutoff for the diagnosis of hyperadrenocorticism 
and consider the 1.0 to 1.5 ug/dl range a “grey zone”. About  25% of dogs show a 
pattern of “escape” from suppression, a pattern diagnostic for PDH.  
 
The urine cortisol: creatinine ratio is a convenient screening test for 
hyperadrenocorticism. A morning sample should be collected at home by the owner. A 
normal value virtually excludes a diagnosis of hyperadrenocorticism. A positive 
(elevated) result must be confirmed with an ACTH stimulation test or a low-dose 
dexamethasone suppression test, due to high number of false positive test results. 
 
Endogenous plasma ACTH determination reliably distinguishes PDH from adrenal 
tumors in most cases. Contact the appropriate laboratory for collection and shipping 
instructions. Dogs with PDH have a normal to high ACTH levels, whereas dogs with 
adrenal tumors have low or undetectable plasma levels of ACTH. 
 
The high-dose dexamethasone suppression test can be used to differentiate dogs 
PDH from AT. The test is easily performed in practice. Dogs with adrenal tumors do not 
have suppression of cortisol after administration of a high dose of dexamethasone, with 
serum cortisol concentrations remaining >1.5 ug/dl during the testing period. 
Suppression of serum cortisol concentration to <1.5 ug/dl excludes an adrenal tumor. 
About 20% of dogs with PDH fail to demonstrate adequate cortisol suppression 
Additional testing is necessary to distinguish these dogs from those with an adrenal 
tumor. Many dogs with nonsuppressible PDH have large pituitary tumors. The use of 
percentage of suppression to differentiate between PDH and AT can be misleading in 
some cases. 
 
Canine Hypoadrenocorticism (Addison’s disease) 
 
Hypoadrenocorticism is an uncommon endocrinopathy, typically seen in young to 
middle-aged female dogs. No set of clinical signs is pathognomonic for 
hypoadrenocorticism and the severity and duration varies greatly between dogs. 
Moreover, the typical signs are seen in a wide variety of common diseases.  
 
LABORATORY FINDINGS 
The classic laboratory abnormalities are hyperkalemia, hyponatremia, azotemia, mild to 
moderate acidosis and the absence of a stress leukogram. Hypercalcemia is seen in up 
to 30% of cases. The electrolyte abnormalities cannot be used to diagnose 
hypoadrenocorticism as they can occur in a variety of other diseases. Azotemia is 
typically prerenal in origin and resolves with appropriate fluid therapy. Urinalysis often 
reveals a decreased specific gravity, especially in the context of azotemia. Over 50% of 
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dogs have an impaired ability to concentrate urine (USG < 1.030) in the presence of 
azotemia, which can cause confusion with primary renal failure. In some dogs the 
specific gravity is in the isosthenuric range. Electrocardiographic abnormalities are not 
uncommon in dogs with hypoadrenocorticism and radiographic abnormalities are 
occasionally seen. 
 
DIAGNOSIS 
Definitive diagnosis of hypoadrenocorticism requires the demonstration of inadequate 
adrenal reserve with an ACTH stimulation test. Serum cortisol levels are measured 
before and 1 hour after the intravenous administration of 5 micrograms/kg of synthetic 
ACTH. We prefer synthetic ACTH to compounded gel formulations. Cortisol levels can 
be measured in house or sent to the diagnostic laboratory. The ACTH stimulation test 
can be done immediately or after initial stabilization. In dogs with hypovolemia or 
significant dehydration, waiting until after initial fluid replacement may be advisable. 
Dexamethasone SP does not cross react with the cortisol assay and should be used in 
the initial treatment of acute adrenocortical insufficiency. In dogs that have received 
prednisone, prednisolone or hydrocortisone, glucocorticoid therapy is changed to 
dexamethasone for at least 24 hours before an ACTH stimulation test is done. 
Electrolyte abnormalities (hyperkalemia and hyponatremia) coupled with a subnormal 
response to ACTH indicate primary hypoadrenocorticism. Remember that some dogs 
with secondary hypoadrenocorticism may have hyponatremia. A plasma ACTH level is 
used to differentiate atypical primary hypoadrenocorticism from secondary 
hypoadrenocorticism and must be drawn before therapy is initiated. Plasma 
concentration of ACTH is high (often >500 pg/ml) in dogs with primary 
hypoadrenocorticism and very low or undetectable with secondary hypoadrenocorticism. 
This assay is available at several diagnostic laboratories. Contact the appropriate 
laboratory for collection, shipping and handling instructions. 
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Digital Intraoral Radiology Introduction 
 
Steven Holmstrom DVM Dipl. AVDC 
San Pedro, CA, USA 
 
Introduction 
Digital Veterinary Dental Radiology (DVDR) for veterinary dentistry has taken intraoral radiology 
into the grasp of all practices.  While it is very easy to learn there, is a learning curve to the 
process.  This learning curve can be shortcut by proper training. 
 
Equipment 
There are two basic components to DVDR; the Dental X-ray Machine and the Digital X-Ray 
System.  These components are independent and can be purchased from different 
manufacturers.  The Dental X-ray Machine consists of a control unit, a tube head that produces 
radiation, a collimator that aims and confines the radiation, and a timer that turns the unit on.  
The Digital X-Ray system can be a sensor, otherwise known as Direct or Digital Radiology (DR) 
or Phosphorous Plate, otherwise known as Computerized (or Indirect) Radiology (CR).  DR 
radiology sensors have almost unlimited uses, unless you do bad things to them like drop them, 
soak them or allow animals to bite them.  In either case, a computer either a laptop or desktop is 
used to process and read the image on a computer screen.  While there are differences in 
appearance, the function is very similar for all these systems.  One of the most important 
components to the whole system is the computer that is being used to read the image.  Both the 
graphics card and monitor must be high quality and capable of image reproduction.   
 
Prior to taking any intraoral radiographs, it is important to be concerned with radiation safety.  
On person and area radiation monitors should be used.  The patient and Dental X-ray Machine 
should always be positioned such that radiation is never aimed directly at coworkers.  Shields 
and protective devices should always to used if there is any chance of exposure.   
 
It is important to understand both the how the Dental X-ray Machine and Digital X-Ray System 
work.  Most Dental X-ray Machines have fixed KvP and MA.  The user must only set the time.  
There are three methods measurements of setting the timer: portions of seconds, pulse and 
charts.  Some timers are in units of 1/100th of a second.  Others will use “pulses.”  A “pulse” is 
1/60th of a second, so 6 pulses = 1/10 of a second.  The third type of timer uses a chart which 
graphically represents areas of the mouth.  In this type of timer the user must select dog or cat, 
select digital and indicate which tooth is being radiographed.  Also, some units have a sensitivity 
setting; this must be set to digital. 
 
As radiation is invisible, practitioners often have a difficult time in understanding positioning.  
Visual aids can make this easier.  A flashlight can be used to visualize the direction of radiation.  
An extracted tooth or model tooth can be positioned to visualize a shadow on a white card to 
represent the image cast by radiation.   
 
When it gets to actual application, a live patient is not the place to practice taking radiographs.  
Skulls [www.skullsunlimited.com] should be used to perfect the technique.  While not used in 
clinical practice, children’s play dough can be used to position the skull and sensor.  In practice 
a clean wash cloth, laparotomy pad or gauze can be used to position the sensor.   
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Radiographic Positioning 
Ideally, all radiographs are taken in parallel position.  In this position, the subject and sensor are 
parallel.  The x-ray machine head is aimed perpendicular to the subject and sensor.  This view 
can be taken in the caudal mandibular teeth (premolars and molars).  Because the hard palate 
prevents the tooth and sensor from being parallel, the Bisecting angle technique must be used 
in all areas.  In the bisecting angle technique, the radiographic cone head is aimed at an 
imaginary line that splits the angle formed by the subject and sensor.  In other words, the x-rays 
are aimed perpendicular to the angle that splits the tooth and sensor. 
 
Four Simple Rules for Positioning: 

1) Make sure you are aiming at the subject and sensor. 
2) Do not radiograph air 
3) If the image is elongated, aim at the sensor 
4) If the image is foreshortened, aim at the subject 

 
Radiographic errors 
 
Aside from incorrect positioning, there are three results from positioning: 
 
1.  The sensor and radiographs can miss the intended subject, or not contain enough subject. It 
is important that the image contain 2 – 3 mm of bone around the apex.  Most commonly, the 
sensor is placed very close to the crown, missing the root and imaging only air.  In this case, the 
sensor and radiograph cone head must be repositioned.   
 
2.  The image can be elongated.  In this case the radiographic cone has been aimed too much 
at the subject.  The correction is to reposition the radiographic machine head so that it is aimed 
more at the sensor.  The next error that can occur is the image is foreshortening.  In this case, 
the radiographic cone has been aimed too much at the sensor.  In this case, the cone should be 
redirected so that it aims more at the tooth.   
 
3.  While the positioning may be correct, other errors may occur.  Blurring can be caused by 
patient motion or machine head motion.  The image can be over or under exposed.  One 
weakness of digital radiology is dynamic range.  Dynamic range is the difference between the 
least and most amount of radiation that can be recorded on the sensor.  When the dynamic 
range is exceeded, one part of the image is overexposed and another is underexposed.   The 
neck region of the tooth is one area where this may cause a misdiagnosis.  If over exposed, it 
may appear that there is Tooth Resorption lesions yet this over exposure may be necessary to 
evaluate the root structure. 
 
Efficient radiology 
One common complaint about intraoral radiology is that it takes too long.  The process requires 
being as efficient as possible.  It can be beneficial to use the restaurant server analogy.  There 
are some that are extremely efficient and quick and others that are inefficient and slow.  The 
ones that are efficient and quick have a pattern, they never go anywhere empty handed.  A 
repetitive pattern must be established when taking radiographs.  Back & forth trips between the 
computer, patient, radiographic unit must be minimized.  A pattern that can work well is position 
patient  (the author prefers lateral recumbency), setup computer, position sensor, position x-ray 
machine head, set up dental radiographic machine, step away & warn that a radiograph is about 
to be taken, expose, review, correct or setup next and repeat.  The key is to be systematic 

2018 OVMA Conference 50 

3001 hOLMSTrOM - dIgITAL INTrAOrAL rAdIOLOgy INTrOduCTION



taking the radiographs in the order of the dental chart if selecting your own radiographs, or 
follow template order if following template.  
 
Trouble spots 
Maxillary fourth premolar 
This tooth has three roots.  Most of the time it is impossible to evaluate all three roots with a 
single radiograph.  Multiple radiographs need to be taken by keeping the sensor in the same 
position and moving the radiographic cone rostral or caudal.  The SLOB Rule (Same Lingual, 
Opposite Buccal) describes what to do when the mesialbuccal and palatal roots are lining up 
together.  When the machine cone is moved forward, the root on the image that appears to 
move forward is the lingual (palatal) root.  The mesial root moves in the opposite direction.  One 
trick to teach this is to use your fingers.  For the right maxillary fourth premolar use your right 
hand.  Hold up the thumb to represent the distal root, index finger the mesialbuccal root and 
middle finger the palatal root.  Holding the index and middle fingers so they line up would 
represent an overlap of the mesialbuccal and palatal roots.  If the observer’s head is tilted to the 
right without moving the fingers, the middle finger, representing the palatal (lingual) root will 
move in the same direction (right or forward) as the tilting head. 
 
Maxillary 2nd Molar 
Because of the thickness of the sensor, it is often difficult to get the sensor far enough back in 
the mouth.  The solution is to place it as far back as possible, then move the machine head 
further caudal and aim it more rostral. 
 
Mandibular 3rd Molar   
Because of the thickness of the sensor, musculature and angle of the jaw it may be difficult to to 
position the sensor far enough back.  The solution is to move the machine head farther caudal 
and aim it more rostral.  
 
Maxillary Canine  
Because of their location, the best bisecting angle may be angled midway between the front and 
side of the muzzle and midway from the plane of the tooth and plane of the sensor. 
 
Feline Caudal Maxillary Teeth 
Due to the shape of the head and zygomatic arch, many times the zygomatic arch will obscure 
visualization of the roots of the third and fourth premolar.  There are two techniques used to 
overcome this.  The extraoral technique places the sensor directly on the table top.  The 
patient’s head is placed on the sensor, with mouth opened about 1 ½ inch and mandibular 
canines tipped about 1 inch off the table.  The x-ray beam is directed so that it skylines the 
palate.   
 
The almost parallel technique places the film on the opposite side of the mouth that is being 
studied.  The radiographic beam is directed such that it skylines the palate. 
 
Dolichocephalic, Brachycephalic and Toy Breeds  
Anything off the “normal” head is going to require practice, practice, practice!  Brachycephalic 
skulls are available at www.skullsunlimited.com.  These should be used to gain understanding 
of the angles necessary to image the brachycephalic breeds.  The big advantage to the digital 
sensor in this situation is that the most of the time it is the machine head that requires moving.  
Radical deviations in the position of the cone head are often necessary.  The radiograph can be 
taken after a slight or major adjustment to the machine cone. 
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By taking the time to train staff to take radiographs DVDR can greatly add to patient benefit and 
the user.  Depending on the size of the patient and number of radiographs taken, typically a 
DVDR series can be performed in 10 – 15 minutes.   
 
 
Table – Trouble Shooting 
Error Correction 
Backside of sensor electronics 
or no image 

Turn the sensor over 

Missing tooth Reposition sensor, or machine cone 
Elongation Reposition machine cone to aim more 

at film 
Foreshortening Reposition machine cone to aim more 

at the sensor 
Blurring Make sure patent is not moving, make 

sure radiographic unit is not swinging 
Underexposure Increase exposure time or decrease 

distance 
Overexposure Decrease exposure time or add 

distance 
Cervical burnout Take multiple exposures at multiple 

timings 
Out of dynamic range Take multiple exposures 
No exposure Was button held down long enough? 

Lights on? 
Make sure plugged in 
Check fuses 
Check digital sensor (backwards?) 
Reboot computer 
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Feline Radiographic Interpretation 
 
Steven E. Holmstrom, DVM, Dipl AVDC 
San Pedro, California 
 
Diagnostic Images 
The first step in radiographic interpretation is evaluation of the radiograph itself.  Is it diagnostic?  
There is a saying in computer programming – “Garbage In = Garbage Out” = GIGO.  If you do 
not have diagnostic films, you cannot make an accurate radiographic interpretation. 
 
Common errors include: 
• Positioning – Ideally the image should be dimensionally identical to the subject, with slight 

magnification.  The bisecting angle technique is used to accomplish this.  That is, the x-ray 
beam is directed half way between the subject and film. 

• Foreshortening is caused by the beam being aimed too much at the plate or sensor.  The 
correction is to aim the beam more at the subject. 

• Elongation is caused by the beam being aimed too much at the subject.  The correction is 
aim the beam more at the plate or sensor. 

• Failing to aim or position the plate or sensor properly will miss the area in question. 
• Overlapping of the caudal maxillary teeth with the zygomatic arch.  Due to the shape of 

the head and zygomatic arch, many times the zygomatic arch will obscure visualization of 
the roots of the third and fourth premolar. There are two techniques used to overcome 
this. The extraoral technique places the sensor directly on the tabletop. The patient’s head 
is placed on the sensor, with mouth opened about one inch and mandibular canines 
tipped about 1 inch off the table. The x-ray beam is directed so that it skylines the palate.  
The almost parallel technique places the film on the opposite side of the mouth that is 
being studied. The radiographic beam is directed so that it skylines the palate. 

 
 
 
Normal Young Patient  
In the young patient, the dentinal wall is thin and the pulp chamber is large.  As the tooth 
develops, odontoblasts that line the pulp chamber will produce dentine.  This will thicken the 
dentinal wall and reduce the size of the pulp canal.  The apex may be open, depending on the 
age of the patient.  In the young patient, the dense cortical alveolar bone forming the wall of the 
socket appears radiographically as a distinct, opaque, uninterrupted, white line parallel to the 
tooth root.  This is known as the lamina dura.  The radiolucent image between the lamina dura 
and tooth is the periodontal  space and is known radiographically as the lamina lucida.  It is 
occupied by the periodontal ligament.  The trabecular pattern of interdental bone should also be 
studied. 
 
Normal Older Animal  
The dental radiograph of a healthy adult will show a decreased canal size, increased dentinal 
wall thickness.  With age, the lamina dura disappears.  Generally, the width of the lamina lucida 
will become thinner.  While an apex is present, the apical delta or apical foramen are usually not 
seen.  There may be thinning of the alveolar crest. 
 
Periodontal Disease  
Radiographic signs of periodontal disease include a rounding and loss of the alveolar crest.  
This is particularly visible between teeth in the interproximal space, as well as in the furcations. 
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This may also be noted as horizontal bone loss.  If vertical bone loss has occurred, there will be 
increased periodontal ligament space.  Subgingival calculus may be noted. 
 
Radiographic appearance by Stage of Periodontal Disease 
Stage 1 Periodontal Disease (PD1) – no change 
Stage 2 Periodontal Disease (PD2) 
• Less than 25% loss of bone 
• Or at most, there is a stage 1 furcation involvement in multirooted teeth 
Stage 3 Periodontal Disease (PD3) 
• 25-50% of attachment  
• Or stage 2 furcation involvement in multirooted teeth. 
Stage 4 Periodontal Disease (PD4) 
• More than 50% of attachment  
• Or there is a stage 3 furcation involvement in multirooted teeth. 
 
Endodontic Disease  
The signs of endodontic disease include a lucence around the apex of the tooth root, resorption 
of the tooth root internally, or resorption of the tooth root externally. Fractures may be noted 
above or below the gumline.  
 
Retained Roots  
Radiographs may be taken to evaluate retained roots, both diagnostically and intraoperatively.  
The presence of lucency around the root may indicate active infection.  The radiograph should 
be evaluated for the compromise of other oral structures. 
 
Tooth Resorption 
The American Veterinary Dental College (AVDC) has created a system of classifying TR by 
stages. There is some controversy in this system because it is not known whether the disease 
progresses in stages. Also, staging assumes one cause, which may not necessarily be so. 
Stage 1 (TR 1): Mild dental hard tissue loss (cementum or cementum and enamel). 
Stage 2 (TR 2): Moderate dental hard tissue loss (cementum or cementum and enamel with 
loss of dentin that does not extend to the pulp cavity). 
Stage 3 (TR 3): Deep dental hard tissue loss (cementum or cementum and enamel with loss of 
dentin that extends to the pulp cavity); most of the tooth retains its integrity. 
Stage 4 (TR 4): Extensive dental hard tissue loss (cementum or cementum and enamel with 
loss of dentin that extends to the pulp cavity); most of the tooth has lost its integrity. The crown 
and root can be equally affected it is TR4A   If the crown more severely affected than the root it 
is TR4B. If the root is more severely affected than the crown it is TR4C. 
Stage 5 (TR 5): Remnants of dental hard tissue are visible only as irregular radiopacities, and 
gingival covering is complete. 
 
 
Trouble spots 
Maxillary fourth premolar 
The maxillary fourth premolar has three roots. Most of the time it is impossible to evaluate all 
three roots with a single radiograph. Multiple radiographs need to be taken by keeping the 
sensor in the same position and moving the radiographic cone rostral or caudal. The SLOB 
(same lingual, opposite buccal) rule describes what to do when the mesiobuccal and palatal 
roots are lining up together. When the machine cone is moved forward, the root on the image 
that appears to move forward is the lingual (palatal) root. The mesial root moves in the opposite 
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direction. One trick to teach this is to use your fingers. For the right maxillary fourth premolar 
use your right hand. Hold up the thumb to represent the distal root, the index finger to represent 
the mesiobuccal root, and the middle finger to represent the palatal root. Holding the index and 
middle fingers so they line up would represent an overlap of the mesiobuccal and palatal roots. 
If the observer’s head is tilted to the left without moving the fingers, the middle finger, 
representing the palatal (lingual) root, will move in the same direction (right or forward) as the 
tilting head (Figure 11-24). 
 
Maxillary Canine 
Because of the location of the maxillary canine, the best bisecting angle may be angled midway 
between the front and side of the muzzle and midway from the plane of the tooth and plane of 
the sensor. 
 
The Feline Mandibular Symphysis 
The mandible in the cat (and dog) is actually a joint that calcifies in some patients, but not in 
others.  In addition, the blood vessels in the area penetrate through foramina that can be 
pathological but cause concern in interpretation. 
 
A series of cases will be presented using the above descriptions for interpretation discussions.     
	

2018 OVMA Conference 55 

3002 hOLMSTrOM - FELINE rAdIOgrAPhIC INTErPrETATION



Canine Radiographic Interpretation 
 
Steven E. Holmstrom, DVM, Dipl AVDC 
San Pedro, California 
 
Diagnostic Images 
The first step in radiographic interpretation is evaluation of the radiograph itself.  Is it diagnostic?  
There is a saying in computer programming – “Garbage In = Garbage Out” = GIGO.  If you do 
not have diagnostic films, you cannot make an accurate radiographic interpretation. 
 
Common errors include: 
• Positioning – Ideally the image should be dimensionally identical to the subject, with slight 

magnification.  The bisecting angle technique is used to accomplish this.  That is, the x-ray 
beam is directed half way between the subject and film. 

• Foreshortening is caused by the beam being aimed too much at the plate or sensor.  The 
correction is to aim the beam more at the subject. 

• Elongation is caused by the beam being aimed too much at the subject.  The correction is 
aim the beam more at the plate or sensor. 

• Failing to aim or position the plate or sensor properly will miss the area in question. 
Fortunately, with digital imaging it is relatively easy to reposition the x-ray generator, 
plate/sensor or both to get the proper image. 

 
Normal Young Patient  
In the young patient, the dentinal wall is thin and the pulp chamber is large.  As the tooth 
develops, odontoblasts that line the pulp chamber will produce dentine.  This will thicken the 
dentinal wall and reduce the size of the pulp canal.  The apex may be open, depending on the 
age of the patient.  In the young patient, the dense cortical alveolar bone forming the wall of the 
socket appears radiographically as a distinct, opaque, uninterrupted, white line parallel to the 
tooth root.  This is known as the lamina dura.  The radiolucent image between the lamina dura 
and tooth is the periodontal  space and is known radiographically as the lamina lucida.  It is 
occupied by the periodontal ligament.  The trabecular pattern of interdental bone should also be 
studied. 
 
Normal Older Animal  
The dental radiograph of a healthy adult will show a decreased canal size, increased dentinal 
wall thickness.  With age, the lamina dura disappears.  Generally, the width of the lamina lucida 
will become thinner.  While an apex is present, the apical delta or apical foramen are usually not 
seen.  There may be thinning of the alveolar crest. 
 
Periodontal Disease  
Radiographic signs of periodontal disease include a rounding and loss of the alveolar crest.  
This is particularly visible between teeth in the interproximal space, as well as in the furcations. 
This may also be noted as horizontal bone loss.  If vertical bone loss has occurred, there will be 
increased periodontal ligament space.  Subgingival calculus may be noted. 
 
Radiographic appearance by Stage of Periodontal Disease 
Stage 1 Periodontal Disease (PD1) – no change 
Stage 2 Periodontal Disease (PD2) 
• Less than 25% loss of bone 
• Or at most, there is a stage 1 furcation involvement in multirooted teeth 
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Stage 3 Periodontal Disease (PD3) 
• 25-50% of attachment  
• Or stage 2 furcation involvement in multirooted teeth. 
Stage 4 Periodontal Disease (PD4) 
• More than 50% of attachment  
• Or there is a stage 3 furcation involvement in multirooted teeth. 
 
Endodontic Disease  
The signs of endodontic disease include a lucence around the apex of the tooth root, resorption 
of the tooth root internally, or resorption of the tooth root externally. Fractures may be noted 
above or below the gumline.  
 
Retained Roots  
Radiographs may be taken to evaluate retained roots, both diagnostically and intraoperatively.  
The presence of lucency around the root may indicate active infection.  The radiograph should 
be evaluated for the compromise of other oral structures. 
 
Trouble spots 
Maxillary fourth premolar 
The maxillary fourth premolar has three roots. Most of the time it is impossible to evaluate all 
three roots with a single radiograph. Multiple radiographs need to be taken by keeping the 
sensor in the same position and moving the radiographic cone rostral or caudal. The SLOB 
(same lingual, opposite buccal) rule describes what to do when the mesiobuccal and palatal 
roots are lining up together. When the machine cone is moved forward, the root on the image 
that appears to move forward is the lingual (palatal) root. The mesial root moves in the opposite 
direction. One trick to teach this is to use your fingers. For the right maxillary fourth premolar 
use your right hand. Hold up the thumb to represent the distal root, the index finger to represent 
the mesiobuccal root, and the middle finger to represent the palatal root. Holding the index and 
middle fingers so they line up would represent an overlap of the mesiobuccal and palatal roots. 
If the observer’s head is tilted to the left without moving the fingers, the middle finger, 
representing the palatal (lingual) root, will move in the same direction (right or forward) as the 
tilting head (Figure 11-24). 
 
Maxillary second molar 
Because of the thickness of the sensor, it is often difficult to get the sensor back far enough in 
the mouth to reach the maxillary second molar. The solution is to place it as far back as 
possible, then move the machine head further caudal and aim it more rostral. 
 
Mandibular third molar 
Because of the thickness of the sensor and the musculature and angle of the jaw, it may be 
difficult to position the sensor back far enough to reach the mandibular third molar. The solution 
is to move the machine head farther caudal and aim it more rostral. 
 
Maxillary canine 
Because of the location of the maxillary canine, the best bisecting angle may be angled midway 
between the front and side of the muzzle and midway from the plane of the tooth and plane of 
the sensor. 
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Normal Chevron Sign verses Pathological Apical Periodontitis 
Distinguishing the chevron sign around the apex from pathology is a very common problem for 
the practitioner.  The chevron sign tends to be fairly distinct with sharp demarcation between the 
chevron sign, which represents the area that vessels and nerve are entering the apex and bone.   
The pathological apical periodontitis, also called periapical lucency or periapical abscess is less 
distinct.  
 
Canine Tooth Resorption – is There a Fracture? 
With the increased number of whole mouth intraoral radiographs that are being taken comes an 
increased recognition that TR occurs in the canine as well.  These often appear as fractured 
roots at the intersection of the resorption and normal root. [FIGURE: Canine Tooth Resorption] 
 
What is that radiodense area in the canal? 
Densities in the mandibular canal are a fairly infrequent finding, but when present cause 
concern.  They can be a benign or pathologic process.  Osteosclerosis within the mandibular 
canal is a clinically insignificant finding.  It is not associated with the apex and normal lamina 
lucida (periodontal ligament space) is seen.  If it is associated with the apex, it may be 
condensing osteitis which is the result of chronic low grade inflammation and indicates chronic 
endodontic disease that needs treatment by root canal therapy or extraction. 
 
A series of cases will be presented using the above descriptions to aid in interpretation.     
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Indications	&	Instruments	for	Exodontia	
	
Steven E. Holmstrom, DVM, Dipl AVDC 
San Pedro, California 
 
Veterinarians are often called upon to extract teeth.  This presentation will discuss the 
indications, methods, equipment and techniques to perform exodontia.  The law regarding 
extractions varies from jurisdiction to jurisdiction. In all areas, if extraction is permitted by 
persons other than a veterinarian, the extraction must be performed under the supervision of a 
veterinarian.  In some areas regulations are in conflict. As an example, in California, Registered 
Veterinary Technicians are permitted to extract teeth.  However, California law forbids 
Registered Veterinary Technicians from performing surgery.  Many extractions are surgical 
(when teeth are sectioned, alveoplasty performed and gingival flap procedures performed, etc).  
This presents a conflict for the technician.  The American Veterinary Dental College, has 
evaluated and considered the duties of the veterinarian, registered veterinary technician, and 
non-licensed individuals in practice.  As a result, a position statement has been developed that 
states that extraction services should be provided only by a veterinarian.  A copy of the position 
statement is available at www.avdc.org. 
 
Indications for Exodontia 
While the goal in Veterinary Dentistry is to save teeth, it sometimes becomes necessary to 
extract them.  Indications are fractured teeth, periodontal disease that is not treatable, 
orthodontic disease, dental crowding, and chronic ulcerative conditions.  In addition to additional 
fees, clients may be come emotionally disturbed over the loss of teeth.  The doctor should 
advise his or her clients of alternative types of therapy prior to treatment, for once the tooth is 
extracted, it is final!   
 
Exodontia, after alternatives have been explained to client are indicated in: Persistent deciduous 
teeth, strategic/selective extractions to relieve crowding, perform interceptive orthodontics or 
relieve traumatic malocclusion, advanced periodontal disease, fractured teeth with pulp 
exposure or other endodontic disease, tooth resorptive lesions, teeth in fractured jaw sites, 
supernumerary teeth, impacted teeth, retained tooth root tips. 
 
Contraindications 
While rare, contraindications include poor health of the patient making anesthetic risk too high 
(end-stage renal failure with severe uremia, uncontrolled diabetes, severe leukopenia, severe 
cardiomyopathy, malignant neoplasia), coagulopathy, not having informed owner consent and 
not offering alternatives to extraction, referral 
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Keys to Successful Exodontia 
1)  Hands on training: without hands on training, it is impossible to expect any veterinarian to 

know how to successfully extract teeth. The patient is not the place to learn how, 
attendance of wet labs is encouraged! 

2) Have Proper Equipment:  Using the correct, properly maintained equipment is essential in 
any act of veterinary surgery.  Sterile instruments should stored in dental pouches, 
cassettes or trays ready for use. 

3) Anatomy:  A sound knowledge of anatomy is essential. Dental anatomy should be 
reviewed and understood before extraction attempts. 

4) Regional Anesthesia:  The use of dental local or regional anesthesia (dental nerve blocks) 
should begin prior to the extraction procedure.  This may reduce the amount of general 
anesthesia necessary and aid in a pain free recovery. 

5) Intraoral Dental Radiography:  Intraoral dental radiographs must be taken before the 
procedure. Radiographs guide treatment options, demonstrate anatomical abnormalities 
and ensure complete extraction.  A skull film, while sometimes important, is not a 
substitute for intraoral radiographs with the proper intraoral equipment. 

6) Remember Halsted’s Tenants of Surgery: Particularly gentle handling of tissue, 
meticulous hemostasis, preservation of blood supply, minimum tension on tissues and 
accurate tissue apposition.  Two of the principles strict aseptic technique and obliteration 
of all dead space may be difficult to follow.  As the mouth is not sterile to begin with two 
strict aseptic technique is difficult to follow, but attempts should be made not to introduce 
contamination as to the greatest extent possible.  Likewise, obliteration of dead space in 
the socket may suffice by allowing a blood clot to form. 

7) Remove as little bone as needed to extract the tooth, but do not hesitate to remove as 
much bone as needed to extract.  And never compromise adjacent teeth unless extraction 
of those teeth is planned as part of the procedure. 

8) If You Can’t See It, You Can’t Do it: use good lighting and magnification  
9) Make an appropriate sized flap and treat the flap with respect. 
10) Relax!  Give yourself time and be patient.  More complications are caused by rushing than 

taking too long to do the procedure. 
11) Suture:  Suturing promotes primary intention healing that ensures quicker, more 

comfortable and more healing.  Suture fresh-cut epithelium to epithelium.  Never suture 
under tension. 

12) Use Proper Medications After the Procedure:  Use antibiotics if there is overwhelming 
infection or other conditions that compromise the patient.  But do not use antibiotics 
automatically.  Use proper pain medications. 
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Exodontia Equipment  
Burrs  
All FG (Friction Grip) for high speed handpieces.	
329 (pear) removal of bone from the root in cats. 	
330 (pear) removal of bone from the root in cats or dogs. 	
331 (pear) removal of bone from the root in dogs. 	
555 (straight fissure cross cut) for sectioning teeth in cats. 	
557 (straight fissure cross cut) for sectioning teeth in dogs. 	
699 (tapered fissure cross cut) for sectioning teeth in cats 	
700 (tapered fissure cross cut) for sectioning teeth in cats and dogs. 	
701 (tapered fissure cross cut) for sectioning teeth in dogs. 	
701L (tapered fissure cross cut, longer cutting edge) for sectioning teeth in dogs  
701 Surgical length (tapered fissure cross cut, longer shaft) for sectioning teeth in dogs when a 
little extra length is needed.  
These crosscutting burrs cut on the side and resemble a router bit. Surgical length of these 
burs are also useful when accessing roots tips or sectioning larger teeth.  
368-021C (course grit football) to smooth bone after extraction and to debride epithelial edges.  
Carbide burs should not be used for debriding epithelium  
 
Luxators  
Size 2 straight and curved small incisors and premolars. 	
Size 3 straight and curved larger premolars. 
Size 4.5 straight and curved canines and mandibular molar. 
Use both straight and curved luxators to begin the extraction process. The size used is 
dependent on the tooth and the size of the instrument should closely fit the tooth. 
 
Elevators  
Size 1 winged elevator for cat incisors. 	
Size 2 winged for dog incisors and small premolars and sometimes small molars. 
Size 3 winged for larger premolars and molars on small dogs and occasionally canines on small 
dogs and cats. 	
Size 4 winged for canines on medium dogs 	
Size 6 and 8 winged for larger dog canines. 	
301, 301s 301ss – incisors.  
 
Periosteal Elevators  
#9 Molt Elevator Cislak EX-21 Cislak EX-9 Freer Periosteal Elevator Periosteal elevators are 
a matter of personal preference! It also helps to have multiple for different situations - thickness 
of tissue, etc.  
Root Tip Picks  
HP 10 & 11 – removal of root tips Miltex 78 – removal of root tips. 
 
Forceps  
Cat Extraction Forceps with spring on handle Root Extraction Forceps will work for most 
patients.  
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Exodontia: Elevation and Surgical Techniques 
 
Steven E. Holmstrom, DVM, DAVDC 
San Pedro, California 
 
There are three ways of removing a tooth from its socket.  These are the force, elevation and 
surgical techniques. The force technique fractures bone (and tooth root) and causes more trauma 
than necessary and is discouraged.  
 
Elevation 
Elevation stretches and tears the periodontal ligament fibers by insertion of the elevator into the 
alveolus and using it as a wedge.  A rotational motion rather than “teeter-totter” motions should be 
used.  The tooth is eased out of the socket rather than using brute strength.  The key to this 
approach is to be patient.  All of the root should be removed, except in the rare circumstance where 
more damage would be the result of root retrieval.  The surgical technique creates a flap, removes 
the buccal plate of bone and removes the root through the opening created in the buccal wall. 
 
A step-by-step approach in exodontic technique is important.  Keep in mind the object -- to remove 
the tooth atraumatically as possible.  You may not need to use each of these techniques for every 
extraction.  Nor is the order necessarily followed each time.  Combinations of vertical and horizontal 
extraction may be used. 
 
Single root teeth are the incisors, canines, and first premolar. The first step in tooth extraction is to 
sever the gingival attachment.  A No 11 or 15c scalpel blade, root tip pick or dental elevator is most 
commonly used.  Work all the way around the tooth.  “Be patient!”  Occasionally it may be helpful to 
use a round or pear shaped bur on a high-speed handpiece to separate the ligament.  Be sure to 
use plenty of water to keep the tissues cool, otherwise, bone necrosis may occur, secondary to 
thermal injury. 
 
The Vertical Rotation force occurs when the elevator is used parallel to the root.  Once the free 
gingiva has been severed, begin to work an elevator, whose curve approximates that of the tooth, 
into the space between the tooth and the alveolus.  It is helpful to place a slow, gentle, steady 
pressure on the tooth rather than quick, rocking motions.  The slow steady pressure (holding the 
pressure on each side 5 - 15 seconds) will break down the periodontal ligament so that the tooth 
exfoliates easily. 
 
Placing the elevator perpendicular to the crown and tooth root in the interproximal space employs 
the horizontal extraction position.  Pressure is placed on the tooth to be extracted by a coronal 
rotation of the instrument.  Care should be taken not to luxate the tooth that is acting as a fulcrum.  
When the periodontal ligament breaks down, hold onto the tooth with extraction forceps for easy 
removal.  To increase the speed of healing, the socket and associated gingiva should be disinfected 
by curettage and irrigation.  Finally the gingiva is sutured using 4-0 suture material.  The author 
prefers using Monocryl™ as it will dissolve or become untied and fall out within several weeks. 
It is almost always easier to section multi-root teeth before extracting them.  After splitting, remove 
each section as if you were extracting a single root tooth.  Once the crown has been split, each 
individual root is treated like a separate tooth and extracted.  The only difference in this technique is 
that adjoining roots may be used as a fulcrum for the extraction before and after the root has been 
elevated.  A high-speed handpiece with a 701 bur works best.  Generally, it is best to expose the 
furcation and start sectioning the tooth from the furcation towards the crown.  The incision through 
the crown can go directly up from the furcation, splitting the crown in half.  Alternatively, the incision 
can be angled toward a crown developmental fissure, sectioning the crown unequally.   
 
All premolars except the first premolar (1 root) and the maxillary fourth premolar (3 roots), should be 
sectioned by using a high speed bur to cut between the tip of the crown and the furcation.  The 
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maxillary fourth premolar should be separated between the furcations and the crown of each of the 
three roots.  This will create three separate tooth segments that can be elevated one at a time. 
 
Surgical Extractions 
Surgical Extractions are performed by making releasing incisions are made on the mesiobuccal and 
distobuccal line angles of adjacent teeth.  These releasing incisions are joined by an intrasulcular 
incision that follows the gingival margin.  The periosteum and gingiva is elevated off the bone with a 
periosteal elevator, to create a full-thickness gingival flap.  The buccal plate of bone over the tooth is 
removed with a high-speed bur and irrigation.  The root is removed and the flap is closed over the 
alveolar socket. 
 
Radiographs taken postoperatively allow the practitioner to verify that the entire tooth has been 
extracted.  Radiographs create a permanent record of the procedure.   
 
Pain Control 
The trauma and possible pain to the patient caused by the disease condition or the procedure 
creates the need for the consideration of pain medication administered either by the injection of a 
local anesthetic, parenteral injection, oral medication, skin patch or a combination of two or more 
methods. 
 
Nerve cells work by sending small electrical currents through adjacent nerve cells.  Simplified, the 
currents are caused by the exchange sodium and potassium ions.  Local anesthetics work by 
blocking the channels the sodium ions use to get into the nerve cell.  This cuts off any current and 
therefore any message of pain.  This effect wears off as the anesthetic diffuses throughout the 
body.  
 
There are a number of local anesthetics that can be used.  In veterinary dentistry, bupivacaine is the 
drug of choice at a 0.5% solution or 5 mg/ml.  Bupivacaine has a very short onset of action and the 
duration of action is 6 to 10 hours. Bupivacaine may be used with or without epinephrine, which may 
decrease the chance of toxicity. 
 
Caudal blocks will take care of each arch and as the areas blocked with the rostral blocks and the 
areas blocked with the rostral blocks are so limited, they are rarely indicated. 
 
Possible but rare reactions to local anesthetics include toxicity to skeletal muscle, anaphylactic 
reactions, and permanent nerve damage. A simple rule of thumb to avoid toxicity is to never exceed 
2.0 mg/kg in cats and dogs. Exercise care, especially in smaller patients and cats, so that these 
maximum doses are not exceeded. The maximum number of sites would be four if the patient 
requires surgical manipulation in all four quadrants (left and right maxillary and left and right 
mandibular). Generally, the patient should receive the following at each site: Cats and small dogs = 
0.1 ml, medium dogs = 0.2 ml, and large dogs = 0.3 ml. The total volume used depends on the size 
of the patient and the number of sites that require analgesia. For example, if regional anesthesia is 
being performed and all four quadrants were blocked in a 10 lb (4.6 kg) cat, the cat would receive 
0.4 ml or 2.0 mg, well below the maximum dose of 9.2 mg. Other factors, such as inflammation that 
causes a reduction of the pH of inflamed tissue, will render local anesthetics less effective. 
After administration of the block, the patient should be evaluated for the effectiveness of the block. If 
respiration rate, heart rate, and blood pressure increase with surgical manipulation, the block either 
has not had time for onset or was not correctly placed. If the block is not effective and enough time 
as elapsed, the block may be repeated as long as the maximum total dose is not exceeded. There 
are two types of local anesthesia: Infiltration blocks and regional anesthesia. 
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Infiltration Blocks 
Infiltration blocks are the least effective method of local anesthesia and are used only after the 
procedure in an attempt to reduce postoperative discomfort. Rather than blocking an entire 
quadrant, they block only the area where the infiltration has been administered.  A 25- or 27-gauge 
needle and a disposable syringe are needed. Alternatively, a dental local anesthesia syringe can be 
used.  A proper dose of the anesthetic is infiltrated around the tissues. 
 
Regional Blocks 
The advantage of regional anesthesia is the ability to block entire quadrants. The disadvantages of 
regional nerve blocks include transient loss of sensation and function of the area blocked and the 
possibility of postoperative self-inflicted injury to soft tissues as a sequel to anesthesia.   None of the 
regional nerve blocks for oral surgery in dogs and cats need any special equipment other than 1 1/2 
inch hypodermic needles. The delivery site is premeasured to determine that the needle length will 
reach the site. 
 
The needle is advanced slowly to the desired location. The syringe plunger is drawn back to 
perform aspiration. The needle is rotated 90 degrees until a full 360-degree rotation has been 
accomplished. A small amount of the drug is injected and the aspiration is repeated to ensure that 
the needle is not in a vessel. If there is no blood drawn back, the agent is slowly injected. If there is 
blood, digital pressure should be put on the site, and a new syringe and needle should be obtained 
and the procedure repeated. 
 
The regional nerve blocks are similar for the dog and the cat. The maxilla is blocked either in the 
rostral or caudal maxilla, but due to it’s limitations, the rostral block few indications. The rostral 
maxillary infiltrates the infraorbital nerve as it exits the infraorbital canal. This block anesthetizes the 
incisors, canines, and first three premolar teeth as well as the maxillary bone and surrounding soft 
tissue. The caudal maxillary block anesthetizes both the maxillary nerve (rostrally becomes the 
infraorbital nerve) and the sphenopalatine nerve/ganglia. It anesthetizes all of the maxillary teeth on 
the side of infiltration as well as the adjacent bone and soft tissue. 
The mandibular blocks are also the rostral and caudal blocks. The rostral mandibular block 
anesthetizes the inferior alveolar nerve within the mandibular canal via the middle mental foramen. 
Again, there is limited effectiveness to this block and the caudal block is recommended.  The 
structures anesthetized include the incisors, the canines, and the first two premolars. The caudal 
mandibular block infiltrates the inferior alveolar nerve on the lingual aspect of the mandible as it 
enters the mandibular canal. The caudal mandibular block blocks all of the teeth of the mandible on 
the side of infiltration as well as the adjacent bone and soft tissue. 
 
Caudal maxillary 
To perform the caudal maxillary block, retract the lip dorsally and palpate just dorsal to the distal 
root of the maxillary third premolar.  The infraorbital neurovascular bundle beneath the vestibular 
mucosa is palpated as a large cylindrical band that exits the infraorbital canal. This bundle is 
retracted dorsally with a digit of the hand that is not holding the syringe. The needle is advanced 
close to the maxillary bone ventral to the retracted bundle in a rostral to caudal direction to just 
inside the canal. The needle should pass without hitting bone around the infraorbital canal. If bone 
is encountered the needle is withdrawn slightly and redirected. Proper insertion can be confirmed by 
gentle movement of the syringe as the needle hits the infraorbital canal wall.  The needle is 
advanced more caudally via the infraorbital canal. The proper size needle must be used, and in cats 
and brachiocephalic dogs the infraorbital canal is very short and therefore it is important to keep the 
syringe and needle parallel to the dental arch line of the maxilla. 
. 
The needle is inserted at the rostral aspect of the frenulum and advanced along the mandibular 
bone (at about a 30-degree angle to the body of the mandible) to just enter the canal, which is 
located ventral to the mesial root of the second premolar at one-third of the distance between the 
ventral and dorsal mandibular borders. If bone is encountered, the needle should be backed out and 
redirected until the needle passes freely into the foramen. The syringe is then moved laterally to 

2018 OVMA Conference 64 

3005 hOLMSTrOM - ExOdONTIA- ELEvATION ANd SurgICAL TEChNIquES



encounter the lateral aspect of the canal to confirm proper placement. The patient’s jaw, rather than 
the alveolar mucosa, will move slightly if the needle is within the canal. Unlike the infraorbital block, 
the needle is unlikely to thread the canal. 
 
Caudal mandibular 
The caudal mandibular block is performed by palpating extraorally the notch just dorsal to the angle 
of the mandible and ventral to the condylar process.  The needle is advanced intraorally along the 
lingual side of the mandible from just caudal to the third molar in the dog or first molar in the cat.  
The injection site should be about one- one-third of the distance from the ventral to the dorsal 
mandible. This is in the vicinity of the mandibular foramen where the inferior alveolar nerve enters 
the mandibular canal.  Be careful that the needle does not venture out into the tissues of the tongue.  
Anesthetizing the tongue could have disastrous results when the patent awakens and cannot sense 
it’s tongue.  Treatment ranges from distraction of the patient to sedation and general anesthesia 
until the regional anesthesia wears off or the dysphoria stops.  The best treatment is prevention, 
keeping the bevel of the needle pointed towards the mandible and staying right on the mandible as 
the needle is advanced. 
 
Increasing the Duration of Local Anesthesia 
Opioids inhibit the pain signal at multiple steps along the pain pathway.  There are opioid receptors 
in the peripheral nervous system.  Because of these receptors, buprenorphine have been shown to 
effectively double the analgesic duration when combined bupivacaine. 0.05 cc. of 300 ug/ml 
buprenorphine is added to 1 cc bupivacaine with the following doses administered and the doses 
administered as previously described in this chapter. 
 
Regional nerve blocks are easy to administer and require no special equipment to perform. They do 
require training in order to be successfully performed. The reader is encouraged to attend 
laboratories in regional anesthesia such as those given at the Veterinary Dental Forum. 
 
 
Complications 
Complications may occur while extracting teeth.  Occasionally, roots or root tips remain.  The roots 
may be difficult to extract.  With any extraction procedure, dental radiology may be helpful in making 
sure that all of the root tissue has been removed.  Occasionally, complications occur and roots or 
root tips remain.  The preferred treatment in this situation is to create a flap and elevate the tooth 
buccally.  Another complication of extraction that occurs most often in untrained hands is collateral 
damage to other oral or extra oral structures.  Perforation or orbital contusion of the eye with sharp 
dental instruments has resulted, secondary to the lack of training and care, when extracting the 
maxillary fourth premolar or first molar.  Even slippage off the mandible while elevating premolar or 
molar teeth can cause injury to the patient or operator.  
 
Using proper instrumentation and extraction technique makes the extraction simpler, safer and 
easier on the patient and practitioner.  Multirooted teeth should always be sectioned prior to 
extraction to prevent the likely hood of fractured root segments.  Difficult extractions can be 
accomplished by gingival flap surgery to facilitate atraumatic elevation of the root in a buccal 
direction.  Postoperative radiographs and pain control help document what has been done, and 
provide the patient with a relatively painless procedure. 
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MY FAVORITE TIPS FOR TREATING EVERYDAY OTITIS 
 
Douglas J. DeBoer, DVM, Diplomate ACVD 
 
Otitis externa is very common in daily practice, accounting for 15% or more of canine patient 
visits. Yet, this important disease is often frustrating to treat, particularly when the condition is 
recurrent or chronic. This lecture will focus on everyday otitis, or otitis that is episodic but 
recurrent – that is, ear disease that clears when treated, but then recurs. This condition has 
profound implications for both the owner and the veterinarian. It is expensive and emotionally 
difficult for owners, and can lead to loss of confidence and dissatisfaction with care. 
 
Tip 1. Better Diagnosis with Cytology and Culture 
There is no reliable correlation between the gross appearance of otic exudate and the causative 
organism. Ear cytology is really the only method that can help to uncover the bug! Knowing the 
organism is an important determination in initial treatment. Cytology is a quick way to monitor 
progress at rechecks, and generates medically-justified revenue. The main question in ear 
cytology is: are the organisms cocci, rods, yeast, or a mixture? 
 
Ear cytology is easy and quick, and an ideal procedure to teach your technicians. Insert a swab 
carefully and gently into the vertical ear canal, roll (do not smear) the contents onto a 
microscope slide, and heat-fix gently (especially if the exudate appears greasy). Any routine 
“Dif-Quik” hematology stain can be used. Examine using a good, well-maintained microscope 
and use 1000X oil-immersion. There are several possible cytologic results: 
 

• Cocci. Here, there’s little problem, because this most likely represents growth of 
normal ear flora, and is unlikely to be antibiotic-resistant – though this is possible. 
But – check for inflammatory cells!! 

• Yeast. Again, little problem, and easy to treat. 
• Ceruminous debris, with few or no organisms. Inflamed, itchy ears without growth of 

microorganisms most likely indicates an allergic underlying etiology. 
• Inflammatory cells. Here, caution is warranted, as the infection has gone beyond just 

“surface overgrowth” and is heading towards a soft-tissue infection. 
• Rods. Caution here – more difficult to predict susceptibility and empirically choose an 

antibiotic. Important to recheck, and warn owner. 
 
When should you consider a culture and susceptibility? Not for first-time, routine otitis. However, 
if the otitis is resistant to initial treatment or recurrent, especially if rods are present, it is clearly 
indicated. Remember, too, that this test reports susceptibility of organisms to tissue or plasma 
concentrations of antibiotics, and therefore is mostly relevant to choose a systemic antibiotic for 
more severe cases. The concentration of antibiotics in otic preparations is typically hundreds of 
times that attainable in plasma, so an “intermediate” result for an antibiotic means that the drug 
will probably work if used topically. 
 
Tip 2. Know Your Products: What Do I Reach For? 
Which antibiotic? More than 80% of “everyday” otitis involves Malassezia, Staphylococcus, or 
both. Staph organisms USUALLY have broad susceptibility and any of the common 
aminoglycoside antibiotics should be effective. Fluoroquinolone antibiotics are best reserved for 
Pseudomonas or other gram-negative bacteria WITH the appropriate susceptibility result. 
Polymyxin B is another possibility – it has increased activity against gram-negative rods and 
could be considered as an alternative here. Bear in mind that this antibiotic is made less 
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effective by exudate in the ear canal, so the ear must be clean to use it! The newest antibiotic to 
appear in ear preparations is florfenicol. This antibiotic is similar to chloramphenicol; it is best 
used for otitis where cocci are present, as its activity against rod bacteria is highly variable and it 
is ineffective against Pseudomonas. 
 
Which antifungal? If the organism involved is yeast, virtually any antifungal will work. 
“Resistance” of Malassezia to antifungals has been reported extremely rarely. One 
misconception is that if yeast otitis is recurrent, it is a failure of antifungal treatment. Rather, this 
clinical situation reflects a continuing underlying inflammatory ear condition, usually allergy, and 
calls for corticosteroids rather than a different antifungal! 
 
Which steroid? Almost all topical ear therapeutics contain a corticosteroid, usually a low to 
moderate potency drug and all are reasonably equivalent. Newer use of the “soft” steroids such 
as hydrocortisone aceponate or mometasone have the possibility of providing good anti-
inflammatory action with less chance of adverse effects. Use of a steroid in the ear is critically 
important. It reduces physical narrowing of the canal, reduces cerumen secretion, and therefore 
makes it much more difficult for organisms to grow. 
 
What if the tympanum is ruptured? Well – first of all, most of the time it’s difficult to tell if the TM 
is ruptured. Ototoxicity varies by species, and in dogs the data is incomplete and conflicting. We 
can say unequivocally that chlorhexidine is ototoxic if used at >0.2%, and I avoid it completely in 
cats. Common sense ways if the TM is obviously damaged, avoid the aminoglycosides if 
possible, but don’t worry too much about it. 
 
Tip 3. To Clean or Not to Clean – and When? 
The simple answer here is: CLEAN! But, it’s a little more complex than that, and opinions vary 
widely. There is no question that debris, cerumen, and pus in the ear canal creates food, 
moisture, and “hiding places” for growth of microorganisms, impedes flow and efficacy of topical 
preparations, and inactivates some antimicrobials. Thus, initial cleaning of an infected ear (in 
the clinic) is important. Depending on how severe and sore the ear is, this may be done with or 
without sedation. This author’s bias is that the more gentle you can be, the better. Using mild, 
pH neutral detergent or solvent solutions is best in an inflamed, sore ear. Demonstrate to the 
owner how to hold the pinna up, instill the cleaner into the ear canal without touching the tip to 
the pinna, massage the canal to loosen and solubilize the debris, and then wipe or blot it out 
with a gauze pad around a finger. Repeat until the material being blotted is no longer colored or 
laden with debris. BE GENTLE! 
 
There are two reasons that “cleaning solutions” are used: (1) to physically soften, dissolve, and 
remove debris; and (2) to leave an antimicrobial ingredient in the ear, to help with limiting growth 
of organisms. Reason (1) is most important in initial treatment. Choose a cleaner that is 
effective at loosening debris, yet gentle. I avoid use of acid-containing or low-pH cleaners in a 
sore ear. Once the ear has healed, and the goal is more the antimicrobial action, you can think 
more about the antiseptic ingredient. The latter is especially important in long-term “preventive 
maintenance.” 
 
Once the ear is initially cleaned in the clinic, have the owner apply topical medication per label 
instructions. My bias is to recommend no cleaning for the first 3-4 days, until the ear is more 
comfortable. At that time, the owner may begin GENTLE cleaning (as you have demonstrated) 
every 2-3 days if and as debris accumulates. 
 
Tip 4. The 5 Causes of Recurrent Otitis 
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When otitis is recurrent, there are really only 5 reasons why this situation exists. Note that there 
might be just one reason, or any combination of: 
 

• An antimicrobial-resistant organism 
• Ear pathology causing persistent stenosis or occlusion; this includes stenosis from 

edema, hyperplasia, or scarring; and occlusion from the same or from a mass lesion. 
• A persisting underlying cause that has not been addressed (the most common are 

allergy and primary seborrhea) 
• Otitis media is present and has not been treated 
• The owner is unable to comply with your recommended treatment 

 
The key to successful treatment of recurrent otitis is to carefully consider each of these causes, 
one by one, determine which are present, and take steps to resolve each one. 
 
Tip 5. Maintenance Therapy 
Maintenance therapy of ear disease is one of the most valuable, though most overlooked, 
aspects of dealing with recurrent conditions. Typically, maintenance therapy will consist of: 
 

• Regular cleaning at home (every 1-2 weeks), with an ear cleaner that contains an 
antimicrobial ingredient. This both removes debris, and makes the ear inhospitable to 
further growth of organisms. The author has seen most success with products containing 
either chlorhexidine or microparticulate silver. 

• Often, regular application of a corticosteroid-only ear drop. Start daily, and then taper 
every 2-7 days as proactive preventative therapy. It is best NOT to use an antibiotic-steroid 
combination product long-term, as intermittent use of an antibiotic is a great way to lead 
to bacterial resistance!! Products containing 1% hydrocortisone are often too weak in 
potency to help much. Fluocinolone/DMSO drops (SynoticÒ, Zoetis) is the only moderate-
potency, steroid-only ear drop that is made commercially. As an alternative, the author 
routinely uses a solution of 1 mg/ml dexamethasone in propylene glycol. To formulate this, 
mix one part of propylene glycol with 1 part of dexamethasone injection (the 2 mg/ml 
product). This is an inexpensive and effective longer-term treatment for inflammatory ear 
disease. 
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TIPS AND TRAPS FOR MANAGING RECURRENT OTITIS 
 
Douglas J. DeBoer, DVM, Diplomate ACVD 
 
Why does otitis turn from a simple, easily-treated condition to a management nightmare? And 
then, what to do? The key lies in understanding the 5 main reasons why recurrent otitis 
happens, formulating a diagnostic plan to identify which factors are present, and then instituting 
a treatment plan to address each of them. 
 
The 5 Causes of Recurrent Otitis: A Closer Look, and Diagnostic Approach 
There are five main reasons why ear disease becomes chronic or recurrent. First, there may be 
persisting, untreated infection by an unusual or resistant organism. Second, the infection can be 
very deep and may not have been treated aggressively enough. Third, there may be an 
anatomical problem causing obstruction or narrowing of the ear canal. Fourth, there may be an 
underlying disease that is predisposing the patient to recurrence. Finally, it may be that the 
owner may be unable to comply with your recommended treatment. Any combination of these 
reasons may be present. *TIP: It is critical to determine, for each patient, which of these reasons 
are causing the problem; this is the key to effectively manage recurrent otitis! 
 
Another thing to think about: a normal ear does not support the growth of microorganisms! Otitis 
results from a combination of events that alter the physical and microbiological state of the 
external ear canal in such a way that infection and inflammation occur. *TIP: Three basic, 
separate but related elements contribute to the pathogenesis of otitis, and our therapy plan must 
be aimed at all of them. These elements include inflammation, stenosis/occlusion, and 
microorganisms. Other related factors include the possible presence of underlying allergic 
disease, seborrheic disease, and the tendency of ear canal tissue to undergo hyperplasia in 
certain breeds and individuals. 
 
History. A complete and accurate history is especially important in dealing with recurrent 
disease. *TIP: use a preprinted history form and have your client complete the form at home or 
in the waiting room. You will get a much more complete, uniform history, and it will save much 
time. Elements of the history to consider include a description of the onset and progression; 
degree and location of pruritus; current and prior treatments; any evidence of parasite or 
contagion; owner’s observations, and evidence for other concurrent disease. Items specific for 
the ears include pruritus or pain of the ears; unilateral or bilateral, chronic relapsing or 
continuous; hearing loss; and vestibular signs noted.  
 
Examination. Begin by performing a complete dermatologic exam. Using a combination of 
history and examination of the skin, assess whether there is evidence of an underlying skin 
disease as a cause of the recurrence – especially, if there are signs of allergic skin disease as 
an underlying cause. Then, progress to the ears. Specifically note the condition of the pinnae, 
including margins. Palpate the canals, looking for symmetry, enlargement, or firmness. *It is 
critical to determine how open the ear canals are by a combination of gross exam, otoscopy, 
palpation, and passing a swab. Note character of any exudate, and the condition of the ear 
canal tissue. If the tissue is friable and bleeding, otoscopy is not recommended without 
sedation. Note pain on palpation, and any vestibular signs or facial paralysis, which would imply 
extensive otitis media/interna. Using otoscopy, evaluate for foreign bodies, masses, or 
anatomical abnormalities and how open the ear canal is. Note presence and condition of the 
tympanic membrane. If the tympanum is ruptured, this implies by definition otitis media, and 
therefore treatment will have to be prolonged, and both topical and systemic treatment is 
indicated. 
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Evaluation: Cytology. *TIP: Ear cytology is a greatly underused tool! Its greatest value is in 
initial decisions on how to proceed with other diagnostics and with treatment, and to monitor 
progress at each recheck examination. Swab specimen, heat-fix briefly, stain, and examine 
under 1000X oil immersion. Note presence of rods, cocci, yeast, and inflammatory cells. 
 
Evaluation: Culture. Unnecessary for routine cases, but critical for recurrent disease! One of 
the chief reasons for recurrence is presence of a resistant organism, and you must determine if 
this is the case (or not). Finding an excellent microbiology lab to work with is very important. In 
particular, dogs with recurrent Pseudomonas otitis frequently are colonized by more than one 
strain of the organism, and one strain may be especially resistant. 
 
Evaluation: Imaging. Imaging procedures are often critical in chronic or recurrent otitis. The 
standard of care is rapidly becoming CT exam, which is much preferred to plain bulla 
radiographs. The major questions to be answered by imaging include the presence of fluid or 
masses in the ear canal or middle ear; presence of osteomyelitis of the bulla; and any degree of 
narrowing or calcification of the canals. Imaging helps you to determine if two of the important 
factors in recurrence are present or not: middle ear infection, and occlusion of the ear canals.  
 
Proper initial diagnostic evaluation of a patient with chronic otitis is absolutely essential to 
successful treatment! 
 
Initial Treatment 
Following diagnostic evaluation, have a discussion with the owner about underlying causes: 
should we pursue the underlying cause now, or wait until later when the ear disease is better? 
An example would be a dog with chronic ear disease and a history of vague gastrointestinal 
signs; in such a case it might be reasonable to start a dietary restriction trial concurrent with 
treating the ears. The most important initial treatment objective is to open the ear canal; treating 
with antimicrobials can also be considered, though in some patients it is better to wait until the 
second visit, 1-2 weeks later. *TIP: Failure to treat occlusion of the ear canal, if present, is one 
of the most common treatment errors. 
 
Reducing Stenosis/Occlusion. Reducing any stenosis present in the ear canal is one of the 
most important aspects of treating ear disease. The ear canal is normally dry and well-
ventilated, and bacteria don’t like to grow in such conditions. When stenosis is present, air 
circulation is reduced, the canal becomes moister, and debris is trapped within the canal – an 
ideal setting for a bacterial infection! Not only that, but if stenosis is severe, it can limit the ability 
of topical products to reach the intended areas of infection. 
 
We all reduce stenosis “automatically” for everyday uncomplicated otitis, because we use a 
topical ear product containing corticosteroids – which reduces edema and swelling. With chronic 
inflammation, the edema and swelling progresses to hyperplasia of the ceruminous glands, 
producing the familiar tissue that looks like a cluster of grapes or cauliflowers. If left untreated, 
and especially in breeds such as Spaniels, the hyperplastic tissue progresses to scarring and 
calcification. Edema, swelling, and hyperplasia are reasonably reversible; scarring and 
calcification are irreversible. 
 
In chronically narrowed ear canals, it’s often difficult to know by gross observation how much of 
the tissue is hyperplastic vs. scarred or calcified. One of our standard, early treatments for 
chronically narrowed and proliferative ear canals is a short, but high-dose pulse of oral 
corticosteroids. Prednisone or prednisolone should be administered at 2-3 mg/kg/d for 2 weeks, 
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followed by a taper to “zero” over another 2 weeks. This dose may seem high, but it is 
necessary for it to be this high to cause involution of hyperplastic and proliferative tissue. The 
typical anti-inflammatory dose of 0.5 mg/kg simply won’t work in this situation. It’s amazing how 
many very narrowed ear canals will respond well to this treatment. Of course, not all do, and if 
the canal is still severely narrowed after this pulse of steroids, the canals are permanently 
narrowed and surgery may be necessary. 
 
The advisability of initial topical treatment varies by patient. For many severely affected patients, 
avoid it initially because the canal may be too occluded or painful for effective topical treatment. 
In these patients, it is better to wait 1-2 weeks until the ear is more comfortable from the oral 
steroids, and you have your culture result back. The same can be said for systemic 
antimicrobial treatment. You can advise the owner to clean the external part of the ear gently, if 
the pet will tolerate this, but avoid this if the ear seems painful. 
 
The Second Visit: Two Weeks Later 
For severe and chronic otitis, after 1-2 weeks of prednisone the dog will feel much better. One 
important purpose of this visit is to assess the advisability of further medical vs. surgical 
treatment. If the ear canals have been stenotic and are not opening up, ear canal ablation may 
be indicated. If the ear canals are opening up, the major goal of your second visit is to clean the 
ear and prepare it for further therapy. *TIP: Always start with a clean ear canal!! This most often 
requires brief general anesthesia, and thus if imaging is available, it is frequently done at the 
same time. Under anesthesia, the deep ear canal should be flushed gently but thoroughly, first 
using a detergent or solvent ear cleaning solution to break up the debris, then using a plastic or 
rubber catheter and copious amounts of slightly warmed saline solution or water to flush out the 
ear canal until completely clean. Now, the medication can do its job!  
 
Topical Medication Selection. Topical medication selection should include both antimicrobial 
and corticosteroid. For bacterial infections, use culture results as a guideline but remember that 
they have limited relevance for topical antibiotics. Preparations containing aminoglycosides 
(gentamicin or neomycin) will suffice for “common” organisms. For Pseudomonas use a 
fluoroquinolone IF culture results support this; otherwise it may be necessary to compound an 
ear drop using antibiotics such as ticarcillin or ceftazidime. For yeast infections, any azole drug 
is fine to use. The inclusion of a topical steroid in the regimen will help to limit inflammation and 
keep the ear canal open during treatment. Be sure to use a topical treatment that is gentle and 
neutral pH, and easy to administer, not an acidic solution that may cause pain. In general, avoid 
instillation of cleaning solutions at home during this phase of treatment, as the ear will be 
sensitive and painful. 
 
Systemic Antimicrobials. Both topical and systemic treatment should be used for severe 
cases, especially if otitis media is known or suspected. The topical treatment will treat the 
infection in the canal itself, and the systemic treatment will reach infected soft tissue and/or 
bone. Systemic medication is chosen based upon culture results. For yeast otitis, and oral azole 
will do. Oral corticosteroids, if they have been used, can be tapered at this visit and stopped in 
about 2 weeks. 
 
The Third Visit: Two Weeks Later 
The owner should report improvement in comfort and visual appearance of the ears. If 
improvement is not apparent, something is wrong; usually this will be related to failure of 
opening of the ear canal, or to a resistant bacterial strain. Perform otoscopy and cytology; 
improvement should be seen with both. Continue treatment and schedule additional rechecks if 
needed. Once the primary infection appears clear (ears are visually normal, no pain, no 
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exudate, cytology is negative for organisms and inflammatory cells) then institute cleaning and 
preventive maintenance. 
 
Preventive Maintenance 
Most ears that are chronically damaged are anatomically or physiologically abnormal and are 
susceptible to recurrence. *TIP: An important part of management of these patients is 
maintenance therapy to prevent recurrence, and failure to institute long-term preventive care is 
a common mistake. The cornerstone of prevention is regular cleaning (every 1-2 weeks) at 
home by the owner. *TIP: in such cases, the cleaning product used is critical. Use a product that 
contains an antimicrobial agent with residual action. For animals with chronic problems with ear 
canal swelling and narrowing, such as spaniels, and for allergic inflammatory otitis, it is also 
necessary to add a corticosteroid-only ear drop to the regimen. Start with every other day, then 
gradually reduce to once to twice weekly. Finally, do not forget to address the issue of 
underlying causes, if you did not do this earlier. 
 
As If Things Weren’t Bad Enough Already: Biofilms 
Recent discussion has focused on the role of biofilms in healing of chronic wounds and 
infections. Many bacterial strains produce biofilms, which are complex glycoprotein structures 
which coat and protect the bacteria from the action of antimicrobials. In addition, bacteria within 
biofilms go into a kind of “hibernation” and only re-emerge once it appears safe to do so. This 
phenomenon may explain recurrence of bacterial otitis (especially Pseudomonas) when it 
appears that everything has been done correctly, the ear looks fine, maintenance therapy is 
progressing fine, and – another ear infection pops up! Our knowledge of what to do in this 
situation is limited. Silver ion is being explored as an agent that disrupts or inhibits biofilm 
formation, and its use in ear preparations is being explored. Some commercial ear preparations 
contain microparticulate silver, a slow-release source of silver ion. The alternative is to dilute 
silver sulfadiazine 1:100 in saline, and try this as an antimicrobial cleaning/irrigating solution. 
Remember that EDTA chelates divalent cations, including Ag++, so is not compatible with silver 
products! 
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TREATING CANINE ATOPIC DERMATITIS: PRINCIPLES AND OVERVIEW 
 
Douglas J. DeBoer, DVM, Diplomate ACVD 
 
The many new factors, recently uncovered, that are involved in the pathogenesis of canine 
atopic dermatitis (AD) continue to add evidence that this is a multifactorial disease, which 
probably necessitates a multifactorial approach to treatment. But how, exactly, do these new 
facts about pathogenesis translate into treatment protocols? Clearly, treatment approaches for 
AD must be individualized and flexible, combine several modes of therapy, and be aimed at 
both the primary disease and at secondary complications, to maximize success and client 
satisfaction. Our goal with each patient is to find just the right combination of therapies to 
provide lifelong management that is effective, affordable, convenient, and with as few adverse 
effects as possible. 
 
But First – A Word About Diagnosis 
One of the most important basic principles to understand about diagnosis of allergy is that initial 
diagnosis is achieved mostly by clinical observation – not with a laboratory test. We are all 
familiar with the pet with a sudden appearance of dorsal lumbo-sacral pruritus and lesions and 
the finding of flea stool on the pet, where we can make a clinical diagnosis of flea allergy 
dermatitis without seeing the actual culprit scurrying around through the haircoat. The clinical 
appearance is distinctive.  In the same way, recent epidemiologic studies of itchy dogs have 
uncovered lists of certain clinical criteria that are highly associated with canine atopic dermatitis 
(AD), and can help to differentiate it from other causes of itch such as parasites and infections. 
 
Initially, AD is a diagnosis made clinically using three very important steps; all are required for a 
proper clinical diagnosis of canine AD: 

(1) Assure that the history is consistent with atopic dermatitis 
(2) Assure that the clinical signs are consistent with atopic dermatitis 
(3) Rule out all other causes of pruritic dermatitis that can appear similar to AD 

 
Items (1) and (2) can be conveniently achieved by careful history and examination, and 
consideration of the Diagnostic Criteria as outlined at the end of these notes. 
 
Next, for Step 3, consider differential diagnoses – there are several skin conditions that can mimic 
the presence of AD, and can surely fool you if you are not careful! Differential diagnoses to 
especially consider (and the in-office diagnostic procedures that MUST be performed) include: 

• Food allergy (rule out with a carefully-conducted dietary restriction-provocation trial). 
• Flea allergy (always make sure all pets in the household are on adequate flea preventive 

for your area). 
• Mites (especially Sarcoptes, Cheyletiella but sometimes Demodex) – do scrapings; but 

because Sarcoptes is so difficult to find, always do a prospective trial of e.g. selamectin 
or an isoxazoline (every 2 weeks for 3 doses) to completely rule this culprit out. 

• Infections - pruritic staphylococcal pyoderma due to some other cause, and primary yeast 
dermatitis. In addition to careful examination for lesions, perform skin cytology to identify 
yeast or staph infections, and treat as necessary. 

 
Once the above diagnostic criteria are met, AND all other diagnoses are ruled out, then and only 
then can one make a clinical diagnosis of AD. 
 
Changing Views of Treatment 
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Historically, management of AD has been aimed at the end process of the disease, in other 
words, focused on anti-inflammatory therapies. “Managing inflammation” has been the first goal 
of therapy. This traditional approach was a rather “blunt instrument” often consisting principally 
of oral corticosteroids, with antihistamines or fatty acids as possible adjuncts. As our 
understanding grew, we gained additional tools to manage the inflammation, for example the 
oral and topical calcineurin inhibitors such as ciclosporin; and effective topical steroid products 
that could manage inflammation with less systemic effect. We also gained a renewed 
understanding of the importance of treating secondary complications such as bacterial and 
yeast infections. All of these approaches, even as they evolved, were still completely reactive – 
reacting to the inflammatory process, after it had already become well-established in the skin. 
 
Our newer approach to long-term treatment of AD encompasses a broader, “whole-patient” 
approach, stressing a multifaceted approach, based on a multifaceted pathogenesis, and 
multifaceted clinical signs that are likely different in each patient. In addition, where possible we 
now stress a proactive approach to treatment – in other words, correcting the underlying 
pathogenesis of the disease where possible, preventing acute flares where we can, and 
forestalling the development of chronic inflammatory changes in the skin that become much 
more difficult to reverse. Important elements of this “new approach” include: 

• Elimination of allergens where possible (decreasing allergen load)…targeting 
environmental, parasitic, dietary, and microbial allergens. 

• Augmenting or repairing the epidermal barrier in an attempt to limit percutaneous 
penetration of allergens and irritants 

• Control of secondary infections when and as they occur, and augmenting the epidermal 
antimicrobial barrier – preventing infections where possible, as opposed to recurring 
cycles of treatment 

• Modification of the immunologic response through allergen immunotherapy, including 
new possibilities for an oral “allergy drop” approach 

• Controlling the primary factor in patient discomfort, that is, pruritus – and if possible, 
modifying the neuro-immunologic ‘vicious cycles’ that contribute to chronicity 

• Managing inflammation, where possible targeting the therapy to treat specific signs such 
as itch, or to treat regionally with topical products. 

 
Practice Guidelines for Canine AD: A Clinical Framework 
“Practice Guidelines” are a new concept that applies principles of evidence-based medicine to 
specific, common case presentations, providing practical recommendations to assist 
veterinarians in choosing effective treatment protocols. The International Task Force on Canine 
Atopic Dermatitis, an independent group of clinicians and researchers in veterinary allergy, 
recently published an updated set of Practice Guidelines for canine AD. These guidelines are 
freely available online and can be downloaded in many different languages. The Guidelines 
stress that one approach or set of therapies is appropriate for short-term or immediate 
management of clinical flares, and a second set is used in an attempt to gain longer-term 
control of the disease. 
 
Treating Acute Flares. The most common clinical situation faced by a veterinarian in treating 
canine allergy is the dog whose clinical signs have gone suddenly and completely out of control. 
The patient may have erupted with lesions, may be so pruritic as to be causing extensive self-
trauma, and may be dramatically affecting the owner’s own quality of life through frustration and 
lack of sleep! Treating acute flares should focus on three important elements of the clinical 
situation: 
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1. Identification and elimination of ‘flare factors.’ Such factors as varying 
environmental exposure (pollen counts, etc.) may be responsible for the flare, as 
might things as simple as development of flea infestation or dietary indiscretion in a 
dog with a food-hypersensitivity component to their disease. These factors need to 
be considered, and eliminated where possible. Perhaps the most common factor in 
an acute flare is the development of a staphylococcal or yeast infection. Identification 
and treatment of such infections are paramount, both as a short-term consideration 
and in a longer-term preventive approach. 

2. Improvement of the skin and coat hygiene and care. Bathing with a non-irritating 
shampoo may provide temporary relief, remove microbial and environmental 
allergens, and limit further microbial colonization. There is no good evidence for the 
superiority of any specific shampoo product, and no evidence for increased efficacy 
of shampoos containing ingredients such as oatmeal, anesthetics, or antihistamines. 

3. Reduction in pruritus and lesions with short-term drug therapy. In this situation, 
a short course of oral glucocorticoids or oclacitinib is a frequent treatment of choice, 
if the pruritus is widespread. A pet with more regional signs can often be effectively 
controlled with a topically-applied corticosteroid spray. 
 

Interventions of little or no benefit to treat acute flares of AD include antihistamines, fatty acid 
supplements, and calcineurin inhibitors. From a strictly evidence-based point of view, there is no 
convincing evidence that conventional antihistamines are beneficial in treating canine AD, 
especially in an acute flare. Fatty acid supplements may be beneficial in the long term, but their 
slow onset of action, over months of time, makes them inappropriate for acute use. Likewise, 
though calcineurin inhibitors such as ciclosporin or tacrolimus can be effective over time, they 
often take several weeks to have a substantial effect. 
	
Treating Chronic Disease. Once the ‘forest fires’ of acute disease are extinguished, the 
clinician and owner must focus on a management plan consisting of therapies that will provide 
safe, effective, long term relief. Clients need to be told explicitly: there is no cure for allergy! AD 
is a lifelong, controllable, but not curable disease. Owners should expect that things will not go 
perfectly – there will be relapses and secondary problems, and they should plan on higher-than-
normal medical care costs over the patient’s life. The owner must be made aware of the 
“integrated approach” concepts and accept that maximum clinical benefit occurs only over time. 
Compliance with treatment protocols for any chronic disease, including AD, is poor – even in 
human patients who are suffering themselves. Educational efforts to teach clients about the 
importance of the different elements of therapy are helpful. The Practice Guidelines stress that, 
for the patient presented with a goal of developing a long term management plan, the following 
elements should be considered: 
 

1. Identification and avoidance of flare factors. 
a. Pollens. Important allergenic pollens are light and windborne, traveling many 

miles, and pollen avoidance is nearly impossible. Physician allergists generally 
recommend measures such as keeping windows closed (use air conditioning 
instead), minimizing outdoor activities during the morning hours when pollen 
counts tend to be higher, and avoiding freshly-cut grass. With perhaps the 
exception of the last item, these measures are largely impractical in pets. 

b. House Dust Mite. Dozens of studies in dust-allergic humans demonstrate that 
dust mite abatement measures can measurably reduce the amount of mite 
allergen in the household. However, the evidence for clinical effectiveness of 
these measures is limited and controversial, and just because you reduce the 
mite allergen doesn’t mean the patient gets better! One canine study is 
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encouraging, but more work needs to be done before we can make a definitive 
recommendation to our clients. 

c. Food Allergens. According to the literature, up to 13% of dogs with AD may also 
have concurrent food allergy. Therefore, as part of your exploration of the best 
management plan for each patient, it is always wise to try a hypoallergenic diet 
trial for at least 6-8 weeks to see if additional improvement results. 

d. Fleas. Perhaps obviously, atopic dogs are frequently hypersensitive to parasite 
allergens, including fleas. Routine, preventive flea control should be in place in 
this situation. 

e. Staphylococcal infections. Recurrent pruritic superficial staphylococcal 
pyoderma is extremely common in atopic dogs, and must be controlled as part of 
treatment. For animals where staphylococcal infection is an important and 
frequent source of discomfort, longer term treatment options include frequent 
topical treatment with products containing chlorhexidine, phytosphingosine, 
mupirocin, nicin, or hypochlorite ion. Immunomodulatory bacterins for control of 
recurrent infections in AD are currently under investigation. 

f. Yeast Overgrowth (Malassezia Dermatitis). Dermatologists are increasingly 
recognizing the importance of “yeast overgrowth” (Malassezia dermatitis) as a 
contributing factor to atopic dermatitis, particularly in dogs. The pathogenesis 
may involve immediate and/or delayed type hypersensitivity to yeast allergens. 
Always check for presence of yeast cytologically, and if present along with typical 
clinical signs (greasy or moist skin with severe pruritus that often does not 
respond to glucocorticoids), treat with an oral antifungal. If the pet responds to an 
antifungal treatment trial, topical therapy may be used to treat and/or help 
prevent future recurrence. 

g. Atopic otitis externa (dogs or cats) is common as part of AD, and for some 
animals is a major manifestation of the disease, and deserves specific attention if 
present. Chronic inflammation of the ear canals results in over-secretion of 
cerumen, overgrowth of normal yeast and bacterial flora in the ears, and 
eventually ear infection. Cytology is mandatory to identify the state of the ears 
initially, and to plan for treatment of any infection that is present. Following 
resolution of bacterial infection and/or yeast overgrowth, many atopic pets benefit 
from periodic use of corticosteroid-only ear drops along with periodic cleaning 
with an ear product with residual antimicrobial action. 

2. Improvement of skin and coat hygiene, and possibly epidermal barrier function. In 
addition to bathing – perhaps with an antiseptic product if infections have been a 
problem – therapies aimed at repairing the epidermal barrier should be considered. 
Dietary approaches may become useful, for example supplementation with fatty acids or 
barrier-enhancing micronutrients. Topical approaches with spray-on or spot-on products 
are the subject of considerable investigation, and may be useful in certain cases. Our 
knowledge of this area of therapy is likely to expand greatly over the coming years. 

3. Long-term reduction of pruritus and lesions with drugs. Drugs that have proven 
effective for long term control of pruritus and lesions of chronic AD include oral or topical 
glucocorticoids, topical tacrolimus, oral ciclosporin, oral oclacitinib, and in countries 
where available, injection of various interferon products such as recombinant canine 
interferon-gamma or interferon-omega. All of these medications must be individually 
targeted for patient use, considering not only variation in efficacy but their costs and 
individual longer term adverse effect profiles.  

4. Implementation of strategies to prevent recurrence of signs. Allergen-specific 
immunotherapy remains one of the single most valuable and proven long-term 
treatments for canine AD. It is one of the very few treatments currently available that is 
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aimed at actually reversing an important part of the underlying pathogenesis of the 
disease, has an excellent safety profile, and is the only treatment that in some cases can 
effect a virtual cure of the disease. For needle-shy owners, there is initial evidence that a 
new sublingual “allergy drop” formulation is effective, and may even work via different 
mechanisms as it may benefit dogs that have failed conventional “allergy shots.” In 
addition, recent studies point to the useful concept of proactive therapy with topical 
corticosteroids or tacrolimus. 

 
 

 
Diagnostic Criteria for Canine Atopic Dermatitis 

 
1. Age of onset < 3 years 
2. Dog lives mostly indoors 
3. Corticosteroid-responsive pruritus 
4. Chronic or recurrent yeast infections 
5. Affected front feet 
6. Affected ear pinnae 
7. Non-affected ear margins 
8. Non-affected dorsal lumbosacral area 
 
If a dog has five or more of these clinical criteria present, a tentative diagnosis of atopic 
dermatitis can be made with 85% sensitivity and 79% specificity.  Additional diagnostic 
evaluations are then used to further refine the diagnosis and achieve greater certainty.  
Note that these criteria are valid for dogs only. 
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TREATING CANINE ATOPIC DERMATITIS: PILLARS OF MEDICAL THERAPY 
 
Douglas J. DeBoer, DVM, Diplomate ACVD 
 
Atopic dermatitis (AD) is a complex disease with a multifactorial pathogenesis. There is no 
single medication or treatment that will provide complete and lifetime control of AD. Rather, 
successful treatment depends on thoughtful use of a multimodal treatment approach, combining 
several therapies that encompass treatment of both the primary disease and of secondary 
complications. We often say that every dog with AD has one key “foundation treatment” that 
provides maximum efficacy and client satisfaction. This treatment is often a drug or biological, at 
least initially. With that in mind, let’s review currently-available foundation treatments and some 
considerations about how to select among the many choices. 
 
Corticosteroids 
Atopic dermatitis is generally quite responsive to corticosteroid drugs. They may be preferred in 
pets with highly seasonal disease, and are an excellent short-term treatment for acute flares. 
Oral prednisolone, prednisone, or methylprednisolone at 0.5 -1 mg/kg/d are the preferred 
treatments; repeated injections of long-acting corticosteroids should be avoided. The chief 
disadvantages of longer-term use of corticosteroid drugs include development of steroid 
resistance or “tachyphylaxis,” and adverse effects (of both annoying and medically-serious 
varieties). Animals receiving longer-term oral corticosteroids should have a urine culture 
performed twice annually to identify silent urinary tract infections. It is wise to check liver 
enzymes annually. Topical hydrocortisone aceponate spray is also very useful. This 
corticosteroid is metabolized entirely in the skin, and is not absorbed into the systemic 
circulation, thus sparing the pituitary-adrenal axis and liver. It can be used for “trouble areas” of 
atopic dermatitis, such as the ventrum, feet, anal area, etc., or can be sprayed over broader 
areas of the body. 
 
Ciclosporin A Modified (CsAM) 
The calcineurin inhibitors work by inhibiting production and action of cytokines, and through 
other mechanisms as well. Clinical trials of ciclosporin in dogs with AD demonstrate that this 
drug has efficacy equal to that of oral prednisone. The starting dose is 5 mg/kg/day, which can 
be given as a single dose or divided into multiple doses. After the first month of treatment, in 
some dogs the dose can be decreased. Perhaps 25% of patients will have some initial 
gastrointestinal discomfort from CsAM. In most cases, this will abate within a few weeks. 
Therapy with CsAM is remarkably free from long-term adverse effects. Gingival hyperplasia is a 
known adverse effect of longer-term, higher-dose CsAM therapy, but occurs only rarely (1-2% of 
patients) at the doses typically necessary for AD. Protocols for combination of CsAM with 
ketoconazole for long-term management of AD have not been developed. A major concern here 
would be potential for development of hepatotoxicity with long-term ketoconazole treatment. 
Long-term use of CsAM combined with systemic corticosteroid drugs has been associated with 
development of fatal opportunistic fungal infections, so should be avoided. CsAM typically acts 
relatively slowly, often taking 2-4 weeks to reach maximum effectiveness. Therefore, many 
dermatologists begin a short (2-week) tapering course of oral prednisolone along with CsAM for 
faster patient relief; this appears safe to do. Therapeutic monitoring (serum chemistries, blood 
counts, or CsA serum concentrations) is neither recommended nor necessary when using 
CsAM for AD patients. 
 
Oclacitinib 
Oclacitinib, a JAK1 inhibitor, has been studied in a variety of models of pruritus and has shown 
the ability to suppress pruritic responses rapidly and effectively, in some cases better and 
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quicker than prednisolone. At therapeutic doses, oclacitinib inhibits predominantly JAK1 and 
spares JAK2-dependent processes such as hematopoiesis. Controlled clinical trials of 
oclacitinib in the treatment of both canine allergic dermatitis (flea, food, contact) and canine AD 
showed promising results. Results in head-to-head studies against either prednisolone or 
ciclosporin shows the drug to be equally effective in control of itch and inflammation, and to 
have a very rapid onset of action with relief sometimes apparent within hours of oral 
administration. The drug became available in the 2015-16 period as Apoquel (Zoetis). Apoquel 
is indicated for control of acute or chronic pruritus in dogs over 12 months of age. 
Recommended dosing consists of twice daily administration for UP TO 14 days (important 
language, as this means twice daily for anywhere between 0 and 14 days), followed by once 
daily dosing for longer term use. A few dogs seem to worsen slightly when switched from twice 
to once daily, probably related to the short half-life of the drug (4 hr in the dog). Overall, it 
appears that at least 60-70% of allergic dogs receiving the drug have rapid, substantial, and 
prolonged relief of their clinical signs. Veterinary dermatologists involved in early clinical trials 
often comment that the drug is most useful as PART of a multimodal treatment approach, and 
that some dogs with even very recalcitrant disease have shown remarkable response. Short-
term adverse effects have been limited to GI disturbance in a very few dogs, though the adverse 
effects occur nearly as frequently in placebo-treated dogs. There is no specific organ toxicity 
associated with Apoquel, therefore no specific laboratory monitoring is advocated, though good 
medical practice dictates that all dogs receiving this drug should be examined at least once 
annually. Apoquel has been administered for as long as 5 years in some dogs; in longer-term 
studies, occasional patients have developed benign or malignant neoplasms, but no more often 
than would be expected for dogs in the studied age range. The drug has been limited to use in 
dogs 12 months or older, mostly because in one high-dose safety study with 6 month old 
laboratory dogs, generalized demodicosis developed in some patients that were given 5X the 
label dose. Oclacitinib has not been evaluated in combination with other drugs such as systemic 
corticosteroids, but recent experience suggests clever ways to use these treatment in stepwise 
fashion. Apoquel can be used safely along with antibiotics, antihistamines, antifungal drugs, 
NSAIDs, allergen-specific immunotherapy, and many other medications, and vaccination of 
treated dogs is effective. Apoquel does not appear to interfere with serologic or intradermal 
allergy tests. As with other treatments targeting the immune system, it should not be used in the 
face of a severe infection, demodicosis or with active malignancy. 

 
Recent practical experience with Apoquel by US dermatologists have provided insights as to 
how best to use the drug. First, two rare adverse effects have been seen, even at the label 
dose: demodicosis, and slightly lowered WBC count. Until we know more, most dermatologists 
advise the following examinations if Apoquel will be used longer term: (1) Recheck exams at 2 
months, 6 months, and then annually; (2) at each recheck exam, check for lesions or alopecia 
and if any are present, scrape for Demodex mites; (3) serum chemistries and urinalysis are not 
necessary, though are often recommended as part of general annual health evaluation. Apoquel 
may not work very well on the pruritus associated with skin infection, either staphylococcal or 
yeast. Therefore, it is important to treat these infections before using Apoquel (or at the same 
time) because you will not be able to adequately judge response if infection is present. Also, 
think of Apoquel as an antipruritic drug, useful against allergic itch – and not a drug for “any dog 
with skin disease.” It has no effect on noninflammatory alopecia. It is not a substitute for steroids 
in autoimmune diseases such as pemphigus or autoimmune hemolytic anemia. Some clinicians 
have observed that it is not always useful in conditions where there is inflammatory swelling, 
such as severe otitis externa. 
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Lokivetmab (Cytopoint) 
Therapies continue to become more and more targeted. The newest type of therapy in 
veterinary medicine is monoclonal antibody (mAb) treatment. This therapy has been used in 
people for about 20 years, and was always considered something that would never be 
financially practical for dogs or cats. However, improvements in techniques and processes now 
make it completely possible for this new and dramatically different type of treatment to be 
accessible for pets. Monoclonal antibody treatments involve treatments with injections of 
laboratory-produced antibody proteins that target harmful molecules in the pet’s body. Because 
these are proteins that exist normally in the pet, they are not rejected by the immune system, 
and are not toxic to any organ. They persist for many weeks or even months in the pet’s body 
after subcutaneous injection. These treatments are being developed for a variety of pet 
diseases such as cancer, pain, and inflammatory disease. Recently, the first anti-itch mAb was 
approved in many countries for treatment of canine atopic dermatitis. The treatment, named 
Cytopoint, targets and eliminates IL-31 from the dog’s body. After a single injection, the 
treatment can work in only a few days and can last as long as 8 weeks. In preclinical trials, field 
trials, and early clinical experience, this product appears to be safe and very effective. 
 
Biological therapies are cutting-edge, unique, exciting, and potentially immensely useful 
treatments in medicine, with many potential targets, and constantly advancing technology. They 
are not perfect treatments, however, and still are only part of a multimodal treatment approach 
for most diseases. It is important for practitioners to be aware of and understand these 
therapies, as they are more and more likely to become routine in the years ahead. 
 
What could go wrong with biological therapies? What about safety? First, because these 
products are peptides or proteins, they are not metabolized by the liver or kidneys, as with a 
drug, and are not expected to have specific organ toxicity. They are merely degraded into their 
constituent amino acids, which are recycled for other uses in the body. There is also the 
possibility that these molecules could become immunogenic. This appears to happen in a very 
small number of individuals, based on human experience, and the same will probably prove true 
in veterinary medicine. If antibodies are generated which react against the therapeutic 
substance, at the very least it will be inactivated. At worst, continued administration could result 
in allergic reactions. In the specific case of lokivetmab (Cytopoint), data from the manufacturer 
indicates about 3% of dogs will develop “anti-drug antibody” which will render subsequent 
injections ineffective, though allergic reactions have not been seen. Finally, the targets against 
which mAbs are directed are usually normal constituents of the immune system, such as 
cytokines, and surely have important functions. So, we must ask if there will be any adverse 
effects by eliminating the action of these normal molecules over a prolonged period of time. 
 
Some specific comments about Cytopoint: 

• It appears to work in about 70% of dogs with AD. The dog’s response to Apoquel has no 
relationship to whether Cytopoint will help. 

• It appears to work mainly against allergic itch. Itch caused by other disease processes, 
such as skin infections, may not respond. 

• Cytopoint may not work against the inflammation itself; for example, the swelling that 
accompanies allergic ear disease 

• Administered at 1 mg/kg, the injection will usually last about 4 weeks. 
• Cytopoint must also be used along with other elements of multimodal therapy, including 

infection control and parasite control. 
• Cytopoint appears to be remarkably safe, and can be used even in very young dogs. 
• Cytopoint can be used along with other drug treatments, if necessary. 
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TREATING CANINE ATOPIC DERMATITIS: THE ADD-ONS THAT HELP 
 
Douglas J. DeBoer, DVM, Diplomate ACVD 
 
With canine AD, one treatment alone typically does not provide optimal relief. Along with finding 
the best “foundation treatment” for each pet, adjunct treatments are enormously helpful for most 
dogs, both for increasing efficacy and decreasing amounts of other medications that may be 
required. So – what works? 
 
Start With Parasite and Infection Control 
Many dogs with AD will have concurrent flea sensitization. Thus, routine prophylactic 
antiparasitic treatment (for example, the monthly topical or oral preparations) is advised for all 
canine AD patients. Very importantly, most dogs with AD are very susceptible to secondary 
infection with both staphylococci and yeast organisms. Treatment must focus on not only initial 
elimination of the infections, but prevention of future episodes of infection. This is most often 
accomplished by frequent use of topical antimicrobial therapy. Shampoo or spray application of 
chlorhexidine or chlorhexidine/azole preparations weekly is recommended. 
 
Benefits of Topical Therapy 
Bathing helps! Studies have shown that frequent (weekly to twice weekly) bathing with a non-
irritating, emollient shampoo can have a limited antipruritic effect; it also washes away debris, 
environmental allergens, and organisms from the skin. No single topical formulation has shown 
clear superiority in this regard. Since recurrence of secondary infections is often a problem, the 
choice for a maintenance shampoo often dictates use of an antimicrobial formulation, as above. 
 
Antihistamines: Do They Really Help? 
Medical management of the AD often begins with the safest drugs to administer longer-term. 
Though from an evidence-based standpoint we have no confirmation that antihistamines are 
beneficial in AD, many clinicians believe that they benefit a small number of patients, and that 
they are always worth trying. Recent, better-designed and controlled studies have shown some 
success in dogs with the antihistamines dimetindine, fexofenadine, and a combination of 
hydroxyzine and chlorpheniramine. However, the magnitude of relief that antihistamines appear 
to provide remains minimal. Combination with anti-inflammatory fatty acid supplements may 
provide additional benefit. There is no evidence that the newer, nonsedating antihistamine drugs 
now commonly used in human allergy have any additional benefit for animal use. 
 
Anti-inflammatory Fatty Acid Supplementation 
EFA supplements remain a cornerstone of conservative management. Their effects may occur 
through their weak anti-inflammatory effects, or through possible effects on epidermal barrier 
function. Though as sole therapy they have minimal efficacy, studies demonstrate they may 
have synergistic effects with antihistamines (improved efficacy) and with glucocorticoids (dose-
sparing effect). Because they are relatively inexpensive, safe, and easily administered, many 
dermatologists advise that ALL atopic pets should receive enhanced levels of EFA. 
 
Dose is typically based on the total anti-inflammatory content, which includes EPA, GLA, and 
DHA. The total (DHA+EPA+GLA) should be administered at a dose of at least 25-35 mg/kg/d. 
This can be accomplished with supplements, or increasingly, with EFA-enhanced diets. The 
latter may be a more cost-effective approach that enhances client compliance, but it is difficult to 
ascertain which foods are “high enough” in EFA to provide the required dose. Clients must be 
warned that many over-the-counter supplements (such as “salmon oil”) have only very small 
amounts of the desired EFA. There is no evidence that the ratio of omega-3 to omega-6 EFA is 
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important in skin disease. It is also important to advise clients that beneficial effects take at least 
1-2 months to be seen. 
 
Addressing Epidermal Barrier Function 
Because many of the abnormalities recently identified in AD patients involved some aspect of 
the epidermal barrier, it is useful to examine this concept more closely.  The “epidermal barrier” 
is primarily a function of the stratum corneum, the uppermost layer of the epidermis consisting 
of dead, keratinized cells held tightly together by intercellular “glue” consisting of a complex 
mixture of lipid and protein.  This structure has often been compared to a wall made of “bricks 
and mortar.” 
 
The epidermal barrier has many functions, including protection against mechanical trauma and 
ultraviolet radiation, prevention of water loss through the skin, and preventing entry of external 
substances (toxins, drugs, irritants, allergens…) into the body.  A recent view is to consider the 
epidermal barrier to consist of two basic elements:  a physical permeability barrier, as described 
above, but also an antimicrobial barrier.  It is now recognized that the epidermis and associated 
glandular structures are also very active in secreting a wide variety of substances involved in 
defense against cutaneous micro-organisms.  These substances include antimicrobial lipids and 
specific immunoglobulins, as well as antimicrobial peptides such as the defensins and 
cathelicidins.  Together with the tough mechanical structure of the stratum corneum, these 
molecules provide a formidable defense against colonization and infection…or at least, they will 
provide this in normal individuals! 
 
There is no question that the epidermal barrier functions are abnormal in atopic people.  Early 
research on morphologic evaluations (as performed by electron microscopy), analysis of lipid 
components of the epidermis, and functional evaluations (as performed by the technique of 
transepidermal water loss) consistently showed that the stratum corneum in atopic human 
beings is defective or “leaky” compared with normal people.  As research progressed, it was 
determined that not only the permeability barrier, but also the antimicrobial barrier was defective 
– the skin of atopic people produces much less antimicrobial peptide than normal.  More 
recently, genetic analysis has revealed specific genetic defects in critical functional proteins in 
the epidermis.  Most notably, a mutation in the gene coding for the epidermal protein filaggrin 
was shown to be highly associated with allergy in certain groups of people.  In fact, the more the 
concept of “barrier function” is examined, the more it becomes obvious that barrier function is 
abnormal in AD, and this is a critical part of the pathogenesis of the disease. 
 
Do these same concepts extend to allergy in animals?  Early morphologic studies showed 
remarkable differences in the intercellular lamellar lipid structure between normal and atopic 
dogs.  Studies on lipid composition and functional evaluations are in their beginning stages, but 
as results become available, it appears that the situation will likely parallel exactly what is seen 
in human beings.  Some groups of investigators are also beginning to evaluate antimicrobial 
peptides, filaggrin, and other possible specific defects in canine skin.  Other candidate gene 
mutations have now also been reported in dogs, for example the PKP2 gene in atopic German 
Shepherd dogs that codes for a protein in epidermal cell desmosomes. 
 
From a clinician’s standpoint, the obvious question becomes “can we improve clinical signs of 
AD by somehow improving barrier function? In human AD, application of emollient preparations 
to the skin is an important and basic element of treatment, and unquestionably helps relieve 
symptoms over time.  In dogs, studies have shown that the lipid composition of the stratum 
corneum can be modified by either dietary or topical means.  Manipulation of the diet by altering 
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its fatty acid composition affects the composition of skin lipids and may possibly help barrier 
function.   
 
Topical modification of barrier function is an active area of research in veterinary medicine.  
Initial research has shown that application of topical lipid preparations can result in improvement 
of the intercellular lipid lamellar structure and composition and can be associated with limited 
clinical improvement, though such improvement typically takes months. 
 
Don’t’ Forget: Atopic Otitis Externa 
Atopic otitis externa is common as part of AD, and for some animals is a major manifestation of 
the disease, and deserves specific attention if present. Chronic inflammation of the ear canals 
results in oversecretion of cerumen, overgrowth of normal yeast and bacterial flora in the ears, 
and eventually ear infection. Cytology is mandatory to identify the state of the ears initially, and 
to plan for treatment of any infection that is present. Following resolution of bacterial infection 
and/or yeast overgrowth, many atopic pets benefit from periodic use of corticosteroid-only ear 
drops along with periodic cleaning with an ear product with residual antimicrobial action. 
 
Last But Not Least: Allergen-Specific Immunotherapy (ASIT) 
Allergen-specific immunotherapy (ASIT) is a treatment for atopic dermatitis in dogs and cats 
wherein extracts of allergens to which the patient is sensitive are injected, in gradually 
increasing amounts, to lessen the hypersensitivity state. It is the only proven treatment for 
allergies that actually works against the underlying pathogenesis of the disease, instead of 
merely covering up clinical signs with anti-inflammatory therapies. ASIT has a strong advantage 
of being nearly free of adverse effects in the great majority of dogs and cats, even with 
prolonged use. Disadvantages include the fact that it takes several months or more to begin 
working, that it does not always work, and that it may be relatively expensive. For many pets, 
ASIT is a wonderful “foundation therapy” that provides substantial relief with little or no drug use; 
for others it provides less relief but can greatly decrease the amount of other medications that 
have to be used over time. 
 
How Does ASIT Work? Various theories as to how ASIT works have been advanced, and 
mechanisms are still not completely understood. Most effects of ASIT are thought to be 
allergen-specific, rather than nonspecific. Thus, accurate testing to identify the offending 
allergens in each patient is of paramount importance to successful immunotherapy. In particular, 
the clinician must strive to avoid ‘false positive’ allergy test results, which would result in 
including an allergen in the patient’s mixture that is not relevant to that individual’s disease. 
 
What About Concurrent Additional Medications? As far as is known, concurrent treatments 
with antihistamines, fatty acid supplements, ciclosporin, or low-dose glucocorticoids will not 
interfere with response; preliminary experience suggests the same is true for oclacitinib and 
lokivetmab. Such treatments are generally necessary as part of the overall treatment plan, to 
provide immediate and short-term relief while waiting for the ASIT to work. These treatments 
can be slowly tapered as response to ASIT occurs. Treatment with ASIT is generally considered 
to be lifelong, though it is possible to attempt discontinuation after 2 to 3 years of injections or 
drops if the animal has responded very well.  
 
How Well Does ASIT Work? Expected response rate to immunotherapy is approximately 60-
70% “good-to-excellent” response (defined as at least 50% improvement in clinical signs). 
Response can be seen as soon as 1 month, but more typically takes 3 to 6 months to occur, 
and the maximum response may take 1 year or longer. Adverse reactions to allergen 
immunotherapy include localized itch at the injection site and transient worsening for 12-24 
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hours after the injection (~10% of patients). Generalized anaphylaxis occurs in less than 1% of 
dogs and cats; such reactions are generally mild and further reaction can often be prevented by 
pretreatment with an oral antihistamine 1-2 hours prior to each injection. 
 
Sublingual Immunotherapy: A New Option. Sublingual immunotherapy (SLIT) involves 
administration of allergen extract into the oral cavity, under the tongue, as opposed to by 
injection. It is commonly used for human allergy in Europe, particularly for atopic rhinitis and 
asthma. Registered products for human use have recently come on the market in North 
America, and veterinary products have been available for several years in most countries. 
 
There are many similarities between SLIT, as currently used for pets, and allergy shots. As with 
injections, SLIT formulations are typically supplied in 3 bottles of increasing concentration, and 
the cost of SLIT vs. shots is approximately the same. Concurrent medications do not appear to 
interfere with efficacy, and are typically used during the initial few weeks or months of treatment 
while waiting for SLIT to become effective. The mechanism(s) by which SLIT works are 
somewhat different than allergy shots, implying that they may be more or less effective than 
injections for a given patient. Major practical differences include the specific ingredients: while 
shots typically consist of phenol-saline based extracts, many SLIT formulations use glycerin-
based extracts prepared in special vehicles which purport to stabilize the allergens and/or 
facilitate uptake through the oral mucosa. Stabilizers included in some formulations allow 
concurrent mixing-in of mold allergens, and room temperature storage. The other major 
difference is administration frequency: SLIT formulations are typically administered every day, 
often several times per day, for the duration of therapy with no tapering. A multicenter, 
uncontrolled open trial of 217 dogs, reported preliminarily by the author, indicated approximately 
60% response to SLIT therapy, including approximately 50% of “injection failure” dogs 
responding. 
 
One big advantage of SLIT is in ease of administration. We’ve found that though many owners 
“don’t mind” giving injections to their pets, most owners clearly don’t relish it, and are delighted 
to be presented with an alternative to giving injections. Most dogs accept administration easily, 
even viewing it as a treat, which increases compliance. On the other hand, successful SLIT 
requires faithful twice-daily administration, and owners with busy travel schedules may find it 
much more convenient to give an infrequent injection. “Head-shy” dogs may also resist 
treatment. In human beings, anaphylactic reactions to SLIT are rare to nonexistent, and SLIT 
can be used in humans with a prior history of reaction to allergy shots. In our experience, the 
same is true for dogs; we’ve treated numerous patients with SLIT who have had anaphylactic 
reactions to allergy shots. Additionally, with many SLIT formulations, you can include mold 
extracts with pollens in the same vial without fear of losing efficacy of non-mold allergens, and 
SLIT treatment bottles can be stored at room temperature for a shelf-life of 6 months; 
refrigeration is not necessary. 
 
A few dogs may rub or scratch at their mouth after administration, perhaps analogous to the oral 
itch that some human SLIT patients experience. Almost always, this will disappear after the first 
few treatments. Likewise, occasional vomiting has been observed in a few dogs for the first few 
doses. In a few cases with very sensitive animals, we’ve seen worsening of clinical signs with 
SLIT administration – actually causing a flare of the disease. If any of these reactions occur or 
persist, it may require lowering the allergen dose. Contact the SLIT supplier for specific 
instructions as to how to accomplish this for their specific formulation. 
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Management of Cats in Shock: They’re Not Just Small Dogs 
Marie K. Holowaychuk, DVM, Diplomate ACVECC 
 
Shock occurs when the delivery of oxygen to the tissues does not meet their oxygen 
requirement.  The body compensates by diverting blood flow to the heart and brain.  Other 
organs including the GI tract, pancreas, kidneys, and lungs sustain ischemic injury as a result.  
Ultimately, there is death of renal tubular cells resulting in kidney insufficiency, GI ischemia 
leading to bacterial translocation, and acute lung injury with impaired pulmonary gas exchange.  
In cats, the “shock organ” or organ that is most affected during shock is the lung.  Thus, cats will 
often present with signs localizing to the respiratory system including tachypnea, respiratory 
distress, and pale or cyanotic mucous membranes.   
 
Classification 
Classification by the hemodynamic defect is helpful to understand the pathophysiologic 
mechanisms of shock and to consider therapies that will reverse the dysfunctions.   
 
Hypovolemic shock is a common cause of shock in cats.  It occurs due to an actual (absolute) 
or perceived (relative) loss of intravascular volume.  Hemorrhage is considered an absolute 
cause of hypovolemic shock because it involves an actual loss of intravascular (blood) volume.  
Absolute hypovolemic shock can also be caused by non-hemorrhagic events that involve a 
large loss in plasma volume (e.g., vomiting, diarrhea, severe polyuria).  Cardiogenic shock 
occurs due to a decrease in cardiac output and is most commonly seen in cats with 
cardiomyopathy, arrhythmias, or other conditions that adversely affect myocardial contractility.  
Many of these cats are concurrently in congestive heart failure.  Because of this, the presenting 
clinical signs are not just characteristic of shock, but can also include additional signs such as 
pulmonary crackles, decreased lung/cardiac sounds due to pleural effusion, jugular venous 
distension, or a heart murmur.  Distributive shock occurs when there is dysfunction of the 
microcirculation due to inappropriate arterial or venous dilation resulting in abnormal blood flow.  
Most often vasodilation is a consequence of inflammatory mediators that are released and lead 
to the production of nitric oxide, a potent vasodilator.  This can occur in cats with systemic 
inflammatory response syndrome (SIRS), sepsis, or severe pancreatitis.  Conversely, 
anaphylaxis is another cause of distributive shock resulting in the IgE-mediated release of 
vasoactive substances (e.g., histamine, amine, tumor necrosis factor-α, prostaglandin, 
leukotriene) from mast cells.  Obstructive shock happens when there is an obstruction of blood 
flow leaving the heart or returning to the heart.  The most common clinical examples of 
obstructive shock in cats is aortic thromboembolism, characterized by an absence of peripheral 
pulses, as well as cold and very painful extremities. 
 
Clinical Stages and Signs  
Shock has been traditionally separated into three clinical stages that illustrate the progression: 
compensatory, early decompensatory, and decompensated shock.  Cats are different than dogs 
in that they rarely present with signs of compensatory shock, but are much more likely to show 
signs of early decompensatory or decompensated shock.  Compensatory shock:  The signs of 
compensatory shock are often overlooked or mistaken as “normal”.  These signs include a 
normal to mildly increased heart and respiratory rate, injected (bright pink to reddish) mucous 
membranes, short capillary refill time (< 1 sec), normal mentation, normal blood pressure, and 
normal to hyperkinetic (bounding) pulses.  Injected mucous membranes and increased pulse 
pressure are rarely detected in cats.  Early decompensatory shock:  Cats most commonly 
present during the early decompensated stages of shock.  Signs noted during this stage include 
tachycardia, normal to low pulse pressure, hypotension, pale mucous membranes, prolonged 
capillary refill time, dull/depressed mentation, and low body temperature.  Tachycardia does not 
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occur in cats as often as dogs during this stage and should not be an expected finding.    
Decompensated shock:  Clinical signs of decompensated shock include a low heart rate, severe 
hypotension, pale or grey mucous membranes, absent capillary refill, weak or absent pulses, 
quiet or absent heart sounds, low body temperature, stuporous or comatose mentation, and 
decreased or absent urine production.  If aggressive resuscitation is not provided during this 
stage, cardiopulmonary arrest will occur.  Cats typically present with a trilogy of signs during 
shock that include hypothermia, hypotension, and bradycardia.  It is important to note that a 
heart rate < 160 bpm in a visibly sick cat is a concerning finding and the possibility of shock 
should be considered, especially if other signs of shock are seen.   
   
Monitoring  
Thorough and frequent physical examinations focusing on perfusion parameters are important 
when monitoring patients during resuscitation from shock.  Monitoring cats can be particularly 
difficult given that changes in their physical perfusion parameters (i.e., pulse quality, capillary 
refill time, mucous membrane color, extremity temperature) are often subtle compared to those 
in dogs.  For example, while femoral and dorsal pedal (metatarsal) pulses are easily detected in 
most dogs, dorsal pedal pulses can be difficult to palpate even in normal healthy cats.  That 
said, it is important that attempts be made to palpate both dorsal pedal and femoral pulses in 
cats during shock resuscitation.  Cats in shock with absent metatarsal and femoral pulses have 
a median systolic blood pressure of 30 mm Hg, whereas cats with strong metatarsal pulses 
have a median systolic blood pressure of 135 mm Hg. Absent metatarsal pulses identify cats 
with a systolic blood pressure of 75 mm Hg or less > 80% of the time.  Therefore, a change in 
pulse strength or an absence or gain of a pulse can help to gauge response to resuscitation 
efforts.   
 
Doppler blood pressure devices measure the systolic blood pressure when the inflated cuff is 
released and blood flow and arterial wall motion occur creating the characteristic “whooshing” 
sound.  Research studies have shown that in anaesthetized cats Doppler measurements more 
closely reflect the MAP; however, this is debatable in awake or critically ill cats.  A study 
investigating Doppler blood pressure in critically ill cats revealed that cats with an increase in 
Doppler blood pressure ≥ 20 mmHg during resuscitation measures were more likely to survive.  
Oscillometric blood pressure devices detect pulsatile arterial wall vibrations by an automatically 
inflating/deflating cuff.  The cuff is inflated until no vascular vibrations (oscillations) are detected 
and then deflated.  Throughout the deflation cycle, the average oscillations and corresponding 
cuff pressures are computer analyzed to determine the systolic, diastolic, and mean arterial 
pressures.  Oscillometric devices are most appropriate for monitoring trends (they can be set to 
measure every 1-30 minutes).  Oscillometric devices generally underestimate systolic blood 
pressure in cats but are accurate for mean and diastolic blood pressures.  Unfortunately, 
accuracy in measuring blood pressure in small or hypotensive cats is decreased.  Therefore, 
these are most accurate in large cats (> 5 kg) but might not be as accurate with tachycardia, 
rapidly changing heart rates, or shock/vasoconstricted states.   
 
ECG monitoring is helpful for assessing cats with bradycardia, tachycardia, pulse deficits, or a 
history of heart disease, and for enabling moment-to-moment monitoring of heart rate during 
resuscitation from shock.  If hyperkalemia is measured or suspected (e.g., urethral obstruction, 
uroabdomen, acute kidney injury), an ECG should be performed to assess for associated 
conduction disturbances such as small to absent P-waves, tall T-waves, or a widened QRS 
complex.  Severe bradycardia (HR < 140 bpm) in critically ill cats is an emergency that requires 
immediate intervention.  Pulse oximetry is a non-invasive method for assessing oxygenation in 
cats with shock and respiratory signs.  It measures the peripheral oxygen saturation (SpO2), 
which is an indirect measure of SaO2 and thus an estimate of PaO2 using the oxygen-
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hemoglobin dissociation curve.  A SpO2 of 90% corresponds to a PaO2 of 60 mmHg (severe 
hypoxemia) and a SpO2 of 95% corresponds to a PaO2 of 80 mmHg (normal).         
 
Quick Diagnostic Tests 
Electrolyte and blood glucose: Electrolytes can be measured on a chemistry analyzer or blood 
gas machine to rule out severe abnormalities (potassium < 3.0 or > 6.0 mEq/L, sodium < 140 or 
> 170 mEq/L, ionized calcium < 1.0 mmol/L).  A blood glucose measurement should always be 
measured in cats with shock using a chemistry machine or glucometer.  Hyperglycemia is 
common in cats due to the stress of hospitalization or illness; however, hypoglycemia can also 
occur in cats with shock.  A blood glucose measurement < 80 mg/dL (< 4.5 mmol/L) in a cat with 
shock necessitates treatment with a dextrose bolus and monitoring to determine whether 
continued supplementation is needed.     
 
Lactate: When perfusion and oxygen delivery are inadequate, anaerobic metabolism occurs 
resulting in increased lactate production and a metabolic acidosis (Type A hyperlactatemia).  
Blood lactate concentration can also become elevated secondary to certain drugs (e.g., 
glucocorticoids), diseases (e.g., diabetes, sepsis), toxin ingestions (e.g., ethylene glycol), or 
defects in lactate metabolism that are not related to hypoperfusion (Type B hyperlactatemia).  
Normal blood lactate concentrations in cats are typically < 2.5 mmol/L; however, healthy cats 
can have lactate concentrations > 4-5 mmol/L.  This is likely because any stress, struggling, or 
difficulty obtaining a blood sample can dramatically affect lactate concentrations in cats, making 
measurements difficult to interpret.  As such, lactate concentrations tend to be poor predictors of 
outcome in cats in shock.  Even when serial lactate measurements (admission, 6h, 24h) have 
been performed in cats presenting to a referral service emergency center, the results do not 
predict survival/outcome.  However, a recent retrospective study demonstrated that hypotensive 
(Doppler ≤ 90 mmHg) cats with hyperlactatemia (≥ 2.5 mmol/L) were less likely to survive to 
discharge compared to normolactatemic cats.  Blood lactate can be easily measured in practice 
by the use of an iSTAT® or other handheld devices.  When handheld devices were compared to 
standard laboratory analyzers using blood samples from cats, the iSTAT® and LactatePro® 
(http://www.vetlab.com/Lactate%20Pro.htm) were the most accurate.  The monitors are no 
longer being made, but the strips will be available until May 2018.  A recent study also 
demonstrated no difference in lactate values obtained from a recently placed cephalic catheter 
in comparison with a sample obtained by jugular venipuncture.         
 
Abbreviated abdominal ultrasound:  Focused Assessment Using Sonography for Trauma 
(FAST) was developed for people to quickly assess for intra-abdominal hemorrhage after 
trauma.  Abdominal FAST has been modified for veterinary patients and is a simple and rapid 
ultrasound examination that can be performed quickly, without clipping, and with minimal patient 
manipulation, to detect intra-abdominal free fluid suggestive of hemorrhage or organ rupture 
(e.g., uroabdomen).  Veterinarians with limited previous ultrasound experience can perform a 
FAST examination in less than five minutes.  It can be used with a scoring system (score 0-4) to 
evaluate for the presence of fluid (anechoic) in four areas.  With the cat in lateral recumbency 
(preferably right lateral), the ultrasound probe is used to assess for fluid: 1) just caudal to the 
xiphoid process (diaphragmatic/hepatic), 2) on the midline over the urinary bladder (cysto-colic), 
and at the 3) left (spleno-renal) and 4) right (hepato-renal/dependent) flank regions.  During the 
FAST examination, the urinary bladder and gallbladder should also be visualized.  Note that even 
though an organ can be seen on radiographs or ultrasound and appear intact, organ rupture 
(e.g., urinary bladder, urethra, or gallbladder) can still be present.  FAST can be performed at 
initial presentation and serially thereafter to monitor for the presence of abdominal fluid.   
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Abdominocentesis: If abdominal fluid is visualized, a sample should be collected to confirm 
whether it is blood, urine, or another fluid, and to perform fluid analysis, if desired.  If the sample 
appears bloody, transfer it to a red top blood tube to ensure that it does not clot.  If the fluid sample 
clots, it is possible that a blood vessel or organ (i.e., spleen) was inadvertently aspirated.  
Otherwise, perform a PCV and TS on the fluid; a PCV > 10% is suggestive of hemorrhage.  If 
uroabdomen is suspected, measure the potassium or creatinine concentration of the fluid and 
compare it to the peripheral blood.  A fluid:serum ratio of potassium > 1.4:1 or creatinine > 2:1 is 
consistent with a uroabdomen.   
 
Abbreviated thoracic ultrasound:  A thoracic version of the FAST exam can also be performed in 
cats presenting in shock with increased respiratory effort or respiratory distress, to quickly 
determine rule out pleural effusion.  Differentials for pleural effusion depend on the history and 
presenting complaint, but could range from hemorrhage (i.e., traumatic shock) to pyothorax (i.e., 
septic shock) or chylothorax (i.e., cardiogenic shock).  PCV and TS (if bloody) or fluid cytology will 
be helpful if a sample of fluid can be obtained via thoracocentesis.  A cat can be comfortably 
positioned in sternal recumbency with the forelimbs resting on a rolled-up towel and the ultrasound 
probe placed behind the elbow over the heart.  Once the heart is visualized, the probe can be 
moved caudally to assess for fluid around the heart and lungs.  It is not necessary to clip the fur 
when performing this procedure; ultrasound gel over the fur (with or without alcohol) is sufficient.     
 
Treatment  
Cats can be difficult to resuscitate and often require more conservative management to avoid 
complications such as fluid overload or pulmonary edema.  Fluid resuscitation: Vascular access 
is a must when providing appropriate fluid resuscitation to cats in shock.  Subcutaneous fluids 
are NOT appropriate in cats with evidence of shock and poor perfusion.  Peripheral vascular 
access can be obtained by placing catheters in the cephalic or medial saphenous veins.  The 
volume of fluid required for treating shock is based on the cat’s lean body weight and estimated 
blood volume.  If crystalloid fluids are used, one full blood volume might need to be 
administered over one hour, although this entire shock volume is rarely required unless the cat 
is experiencing ongoing hemorrhage.  The blood volume of cats is estimated to be 45-60 mL/kg 
and is less than that of dogs.  The response to fluid resuscitation should determine the volume 
of fluid that is administered.  The recommended regimen for fluid resuscitation during shock is to 
divide the total volume to be given over one hour into smaller volumes and use frequent 
monitoring to assess the cat’s status.  Divide the total fluid volume into four aliquots (10-15 
mL/kg) and recheck the cat’s perfusion parameters every 15 minutes to determine the 
response.  If the clinical signs of shock resolve after the first 15 minutes, there is no need to 
proceed with another bolus of fluid.  Consider giving a fluid bolus by drawing the amount of fluid 
up into a syringe and manually “pushing” it into the cat over 10-15 minutes.  Conversely, a fluid 
pump can be set to deliver the volume over 15 minutes.  Balanced electrolyte solutions (i.e., 
LRS, Plasmalyte-148, Plasmalyte-A) are preferred over normal saline (0.9% NaCl); however, 
any isotonic fluid that is available can be used.  Because cats in shock are typically 
hypothermic, it is beneficial to warm fluids prior to administration if possible.  This can be as 
easy as running hot water from the tap over the syringe of fluid until it is warm to the touch.   
 
Hypertonic saline (3-7% NaCl) has the benefit of improving blood volume and mean arterial 
pressure, while reducing intracranial pressure in cats with head trauma.  A bolus dose of 2-4 
mL/kg given over 15-20 minutes is recommended.  Care should be taken not to administer 
hypertonic saline too quickly as it can cause bronchoconstriction.  Hydroxyethyl starch (HES) 
solutions (e.g., Voluven®, Vetstarch®) are tetrastarch colloid solutions containing hydrolyzed 
amylopectin dissolved in a crystalloid solution (typically 0.9% NaCl).  They are typically 
administered for volume resuscitation in cats with hypoalbuminemia that are not responsive to 
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crystalloid therapy alone.  Potential complications of HES solution administration include volume 
overload, kidney injury, and coagulopathies, which have recently been documented in vitro in 
cats.  Typically, boluses are given in 2.5-5 mL/kg volumes over 10-15 minutes, not exceeding a 
total daily dose of 20-40 mL/kg/day.  Cats are especially sensitive to boluses of HES solutions 
and will vomit if they are given too quickly.  
 
Blood transfusions: Cats in shock due to traumatic episodes might be anemic and 
hypoproteinemic secondary to blood loss.  If the cat is indeed in hypovolemic shock due to 
hemorrhage and cannot be stabilized with fluid resuscitation alone, a whole blood transfusion 
might be necessary.  Remember that cats MUST be blood typed (or crossmatched) prior to 
receiving a blood transfusion of any kind, as type A-B incompatibilities in cats can result in lethal 
transfusion reactions.  Recent studies in cats also suggest that crossmatch compatibility 
predicts a higher increase in post-transfusion PCV, compared to cats receiving transfusions that 
are type-specific but have not been confirmed as crossmatch compatible.     
   
Analgesia: Cats that are in shock will not be able to elicit the same signs of pain that are 
recognized in otherwise normal cats.  Therefore, if the cat has experienced a traumatic event 
(e.g., dog attack, HBC, high-rise syndrome) it must be assumed that the cat is painful and its 
pain should be treated accordingly, unless the cat is exhibiting comatose mentation and is not 
responsive to painful stimuli (i.e., toe pinching).  Ideally, reversible opioid medications should be 
used, titrated to effect.  If additional pain relievers are needed, ketamine (IV) or gabapentin (PO) 
can be considered.  Non-steroidal anti-inflammatory drugs (NSAIDs) must be avoided in cats 
with shock due to the risk of kidney injury.     
 
Heat support: It is very common for cats in shock to be hypothermic.  The low body temperature 
is often exacerbated by the low heart rate and subsequent low cardiac output.  Unfortunately, 
the hypothermia will also heighten the bradycardia and hypotension by depressing the sinus 
node and vascular response to catecholamines, respectively.  Therefore, it is very important that 
attempts be made to warm cats during shock resuscitation by applying external warming 
sources such as a circulating warm water blanket, warm air blower, warm water bottles/fluid 
bags, or heated towel to the cat, as well as by administering warmed IV fluids. 
 
Oxygen therapy: Oxygen supplementation should also be administered to cats that are in shock 
and whose SpO2 is < 95%.  The easiest methods during the resuscitation period are flow-by or 
mask oxygen.  If the cat is being housed in a cage during its resuscitation, an oxygen cage or 
oxygen hood can be used, if available.   
 
Dextrose supplementation:  Hypoglycemia should be immediately treated with an IV bolus of 
dextrose.  Dilute 0.5-1 mL/kg of 50% dextrose to a concentration of 12.5% (1:4 dilution in any 
isotonic crystalloid) and administer it as a slow IV push (over 1-2 minutes).  Recheck the blood 
glucose 10-15 minutes after the bolus; if it is low, repeat the bolus and add 2.5-5% dextrose to 
the IV fluids.  Electrolyte disturbances: 10% calcium gluconate 0.5-1 mL/kg IV should be 
administered over 10-15 minutes in cats with ionized hypocalcemia or hyperkalemia with 
associated ECG abnormalities, to improve cardiac conduction.  Always monitor an ECG or use 
auscultation to detect bradycardia during calcium administration.  If this occurs, slow the 
infusion of calcium.  Hyperkalemia can be treated with IV dextrose (as above), as well as 
sodium bicarbonate (1 mL/kg IV over 10-15 minutes) or regular (short-acting/Humulin-R®) 
insulin (0.5 U/kg) and 50% dextrose (2 mL/kg – diluted as above) IV mixed in the same syringe 
prior to administration.       
 
References available from the author on request. 
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Misconceptions in the Management of Canine Shock and Trauma 
Marie K. Holowaychuk, DVM, Diplomate ACVECC 
 
Large studies show that traumatic injuries account for approximately 10% of all veterinary 
teaching hospital admissions.  Injuries vary depending on the nature of the trauma.  Motor 
vehicle accidents (e.g., hit by car, train, tractor, boat, or bicycle) or falls from height result in 
blunt trauma, with over 90% of blunt trauma patients presenting to veterinary hospitals after 
being hit by a motor vehicle.  Conversely, animal altercations (e.g., bite wounds, BDLD), 
gunshot wounds, or accidental impalements are examples of causes of penetrating trauma.  
Although trauma accounts for many dogs treated at veterinary hospitals, a significant number of 
myths or misconceptions still exist surrounding the appropriate management and care of dogs 
with traumatic injuries.  Some important facts regarding trauma in dogs will be outlined below 
and common myths will be dispelled with current recommendations for treatment of these 
patients.      
 
MYTH: Fractures are the most common injury in dogs suffering from blunt trauma.   
 
FACT #1:  Thoracic injuries are the most common injury in dogs suffering from blunt 
trauma.  Extremity injuries such as superficial abrasions and lacerations, as well as fractures 
and luxations, occur in approximately 40% of dogs with blunt trauma.  However, thoracic and 
abdominal injuries are more common and occur in 70% and 50% of dogs, respectively.  Head 
trauma also occurs in 30% of dogs with blunt trauma.  The most common thoracic injuries 
include pulmonary contusions and pneumothorax, each occurring in approximately 50% of 
dogs.  Other thoracic injuries include hemothorax, rib fractures, pneumomediastinum, 
diaphragmatic hernia, pulmonary bullae, and flail chest.  The most common abdominal injury is 
hemoabdomen, followed by abdominal hernias and rupture of the urinary tract.      
 
MYTH: The most life-threatening injury will always be the most obvious one.   
 
FACT #2: Often the more subtle but serious consequences of trauma such as shock will 
remain undetected if the focus is on the obvious more superficial injuries.  It is very 
important to triage animals that present with multiple traumatic injuries.  Many traumatized dogs 
will present with multiple injuries that need to be prioritized.  In general, injuries in order from 
most to least critical include arterial bleeding (rarely will animals live long enough following the 
traumatic event for you to see these cases in practice), followed by injuries to the respiratory, 
cardiovascular, neurologic, abdominal, musculoskeletal, dermatologic, and ophthalmologic 
systems.     
 
MYTH: It is better to just go with the flow when it comes to trauma patients.   
 
FACT #3:  You can never be too prepared!  There is good evidence to suggest that injured 
patients benefit from preparedness of the hospital and staff and a team approach to emergency 
cases.  If you know ahead of time that a trauma case is coming in, be sure to have your “ready 
area” prepared with all the supplies that might be necessary.   
 
MYTH: It is not necessary to wear gloves when handling trauma emergencies since we do not 
have to worry about contracting transmissible diseases from dogs.   
 
FACT #4: Exam gloves should always be worn for the safety of the patient and 
technician.  This is to avoid contamination of open wounds with bacteria from our hands.  
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Additionally, some injured patients are covered in blood and it may be blood from the injured 
animal or that from the injured person who handled the dog.     
 
MYTH:  Obtaining a history is not important during obvious emergencies such as trauma. 
 
FACT #5: It is very important to obtain a sufficient history even during a trauma 
emergency.  When time is of the essence, use the simple acronym “AMPLE” to help remember 
to ask the important questions. 
A Allergies Reactions to medications?  Reactions to blood products previously given? 
M Medications List all medications the animal is given including nutraceuticals.  When 

were they given last?  When are the next doses due? 
P Past Are there any past medical or surgical conditions? 
L Last When was the last meal, urination, bowel movement?  When was the 

animal last observed healthy? 
E Events What are the events that led to the animal presenting to the clinic including 

any visits to other veterinary clinics and treatments that were administered 
there? 

 
MYTH:  Technicians should stand back during trauma emergencies to let the veterinarian 
assess the dog.   
 
FACT #6:  While the veterinarian must have ready access to the dog to complete the 
primary survey, technicians can assist with other assessments.  In addition to vital signs 
(i.e., temperature, pulse, respiratory rate), a blood pressure (oscillometric or Doppler) should 
be measured.  Also, a pulse oximetry (SpO2) measurement should also be obtained on the lip, 
tongue, or ear (or rectally if a reflectance probe is available), to assess the dog’s oxygenation.  
Alternatively, the technician can stand close by and administer flow-by oxygen to the dog while 
the veterinarian completes his/her exam.         
 
MYTH:  Arrhythmias are rare in trauma patients; therefore, ECG monitoring is unnecessary.   
 
FACT #7: An ECG is helpful for assessing dogs with tachycardia, pulse deficits, or a 
history of heart disease and for enabling moment-to-moment monitoring of heart rate 
during emergent fluid resuscitation.  If available, ECG leads should be applied and the heart 
rate, rhythm, and any abnormal heartbeats recorded.  Ventricular arrhythmias are the most 
common arrhythmias seen in injured dogs and can occur up to 24-hours after the traumatic 
event.  They can occur due to myocardial injury (i.e., traumatic myocarditis), metabolic acidosis, 
electrolyte disturbances (i.e., hypokalemia, hypomagnesemia), pain, hypovolemia, splenic 
disease (e.g., torsion), or heart disease.   
 
MYTH:  Lab work is unnecessary in trauma patients as most of them are young and otherwise 
healthy.   
 
FACT #8:  While a CBC and biochemistry profile are likely unnecessary in most young 
and otherwise healthy animals sustaining trauma, a minimum database should be 
performed using blood obtained from the catheter hub after the stylet is removed.  An 
expanded laboratory database is not always necessary can be performed later based on 
history, physical examination findings, and results of the minimum database.  Perform a PCV 
and total solids (TS) to identify blood loss. BUN (Azostick®) may be measured to establish if 
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azotemia is present.  Glucose (glucometer) should also be measured. Lactate should also be 
measured (if possible) and used to gauge the response to fluid therapy and shock resuscitation.          
 
MYTH:  Pain relieving medications should be withheld from trauma patients because they might 
become more unstable or difficult to monitor.   
 
FACT #9:  Traumatic injuries are painful and analgesia must be given promptly.   Unless 
an animal is unconscious/comatose (unresponsive to verbal or painful stimuli), analgesia is 
recommended.  Although opioids have mild respiratory suppressive tendencies, these effects 
are not clinically significant.  Veterinary studies have also shown that the respiratory rate and 
pattern of dogs with traumatic injuries improves after analgesia administration.  Therefore, mu-
agonist opioids are the drug of choice for traumatic injuries and can be titrated to effect (given in 
small bolus amounts) to avoid side effects such as vomiting, nausea, panting, or profound 
sedation.  These opioids can also be reversed with naloxone to perform a neurologic 
assessment should the animal’s mentation deteriorate.   
 
MYTH:  Radiographs should be performed ASAP in patients with trauma to assess injuries.   
 
FACT #10:  Radiographs should only be performed after a complete physical examination 
to identify the area in question and NOT UNTIL the patient is adequately stabilized! 
Remember that thoracic injuries occur in almost every trauma patient; therefore, thoracic 
radiographs should be obtained on all animals with traumatic injuries, but not until the patient is 
stable.  Radiographs of fractures are not essential in the first 6-12 hours of care and should be 
delayed until the patient is stable.       
 
MYTH:  Loss of detail on an abdominal radiograph is the best way to detect intra-abdominal 
fluid.   
 
FACT #11:  Focused assessment using sonography for trauma (FAST) is a simple and 
rapid ultrasound exam that can be performed in animals in an emergency setting to 
detect intra-abdominal free fluid suggestive of hemorrhage or bladder rupture and is 
more sensitive than abdominal radiographs.  It can be used with a scoring system (score 0-
4) to evaluate for the presence of fluid (anechoic) in four areas.  With the patient in lateral 
recumbency (preferably right lateral), use the ultrasound probe to assess for fluid 1) just caudal 
to the xiphoid process, 2) on the midline over the urinary bladder, and at the 3) left and 4) right 
flank regions.  FAST can be performed on initial presentation and serially thereafter to monitor for 
the presence of abdominal fluid.  A thoracic FAST exam can also be performed to evaluate the 
chest for evidence of pleural effusion (i.e., hemothorax), an absent glide sign (i.e., pneumothorax), 
B-lines (i.e., pulmonary contusions), or a step-sign (i.e., thoracic wall injury).    
 
MYTH:  The modified Glasgow Coma Scale (MGCS) score is not helpful for predicting outcome 
in dogs with head trauma.     
 
FACT #12:  Retrospective and prospective studies in dogs with head trauma suggest that 
the MGCS score measured at hospital admission is predictive of survival to discharge.  
The MGCS score is measured based on three categories (motor activity, brainstem reflexes, 
and level of consciousness) with each category assigned a maximum score of 6, for a total 
maximum score of 18.  A retrospective study determined that a MGCS score ≤ 11 was 84% 
sensitive and 73% specific for predicting non-survival to hospital discharge in dogs after head 
trauma.  Dogs with head trauma are also more likely to die if they require hypertonic saline (for 
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treatment of traumatic brain injury) or endotracheal intubation (due to an absent gag reflex).  
These changes likely reflect the severity of traumatic brain injury in dogs with head trauma.       
 
MYTH:  All trauma patients require their entire “shock volume” (blood volume) delivered during 
the first hour after arrival to the hospital.   
 
FACT #13: Not all patients in shock will require replacement of a full blood volume to 
treat their shock.  Clinical signs of poor perfusion (shock) include tachycardia, poor pulse 
quality, hypotension, prolonged capillary refill time, pale mucous membrane colour, 
hypothermia, and cool extremities.  The volume of fluid required for treating shock is based on 
the patient’s weight and estimated blood volume (dogs: 80-90 mL/kg).   The dog’s response to 
fluid resuscitation determines the approximate volume that is administered.  The recommended 
regimen for fluid resuscitation during shock is to divide the total volume to be given over one 
hour into smaller volumes and use frequent monitoring to assess the patient’s response.  By 
dividing the total fluid volume into 1/4 volumes and monitoring every 15 minutes, it is easier to 
determine when emergent fluid resuscitation is complete. If the clinical signs of shock resolve 
after the first 15 minutes, there is no need to proceed with another bolus of fluid. 
 
MYTH:  Fluids should be withheld from canine patients with head trauma, pulmonary 
contusions, or hemorrhage.   
 
FACT #14: While it is important to be cautious about over-hydration and excessive 
increases in hydrostatic pressure in patients with pulmonary contusions, cerebral edema 
(e.g., traumatic brain injury), or hemorrhage, fluids are still needed to ensure adequate 
cerebral perfusion, pulmonary perfusion, and replace blood volume, respectively.  
Therefore, it is best to perform fluid resuscitation as outlined above, in terms of administered 
fluid in boluses over 15 minute periods and re-assessing after each bolus to determine if further 
emergent fluid resuscitation is needed.  Small volume resuscitation with hypertonic saline (3-7% 
NaCl) might also be considered (4-6 mL/kg IV bolus over 15-20 minutes), in addition to the 
isotonic crystalloids fluid resuscitation, especially in patients with traumatic brain injury (to 
decrease intracranial pressure).       
 
MYTH:  Colloids are indicated in trauma patients, especially if they are bleeding.   
 
FACT #15:  While colloids can be helpful to maintain intravascular volume in patients 
with hypovolemic shock, they are generally not indicated unless the patient is 
hypoproteinemic and unresponsive to conventional crystalloid therapy.  The clear majority 
of trauma patients will have their perfusion parameters corrected with isotonic crystalloid 
therapy given in ¼ shock volume boluses.  If a trauma patient receives its entire shock volume 
over 1 hour and remains hypovolemic (i.e., demonstrating signs of shock), the patient is most 
likely bleeding.  A FAST exam should be performed to identify the location of hemorrhage (e.g., 
abdomen, chest, long bone fracture site) and consideration should be given at that time to 
performing a whole blood or packed red blood cell and plasma transfusion.  Should blood 
products not be available, then synthetic colloids can be considered in the meantime.  However, 
it is important to remember that synthetic colloids are associated with coagulopathies in dogs 
and cats and should be given sparingly (< 20 mL/kg/day) and to effect (in 5-10 mL/kg bolus 
increments).    
 
MYTH:  Any dog with traumatic hemoabdomen should have an exploratory laparotomy 
performed immediately to identify and resolve the cause of the hemorrhage.   
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FACT #16:  Few (< 15% of dogs) trauma patients will require an abdominal exploratory to 
investigate and resolve a hemoabdomen.  It is recommended to always attempt medical 
management first including cage rest, analgesia, isotonic crystalloid therapy to maintain 
perfusion, and whole blood or packed red blood cell and plasma transfusions if needed.  
Indications for a blood transfusion include evidence of poor perfusion despite administration of 
an entire shock volume of crystalloids, as well as other transfusion triggers such as tachycardia, 
tachypnea, and lethargy.  A PCV < 25% in an injured animal can also suggest that a transfusion 
might be required, considering that it is generally an acute drop from a normal PCV.  Should a 
patient remain hemodynamically unstable despite medical management and blood transfusions, 
an emergency laparotomy is indicated. 
 
MYTH:  Diuretics are often helpful for patients with pulmonary contusions.   
 
FACT #17: Because contusions are the result of vessel damage and not increased 
hydrostatic pressure, diuretics are not effective.  Pulmonary contusions occur in 
approximately 40-50 % of all animals sustaining blunt trauma and are characterized by damage 
to the pulmonary vasculature and subsequent leakage of blood and plasma into the interstitium 
and alveoli followed by massive infiltration with inflammatory cells 24 hours later.  Care of 
patients with pulmonary contusions is primarily supportive and includes oxygen therapy, pain 
management, and management of shock and concurrent injuries. Clinical signs usually resolve 
in approximately one week; however, in most cases the need for oxygen supplementation is 
only required for 2-3 days. 
 
MYTH:  Non-steroidal anti-inflammatory drugs (NSAIDs) are appropriate analgesics for all 
trauma patients.   
 
FACT #18:  While NSAIDs are excellent analgesics for many trauma patients, they should 
not be given during the first 12-24 hours of trauma or if any contraindications are noted.  
Absolute contraindications for NSAID administration include hypotension, shock, hypovolemia, 
dehydration, hemorrhage, azotemia, and liver failure.  It is recommended to wait 12-24 hours 
after the traumatic event to confirm that the dog is stable before giving an NSAID.   
 
MYTH:  Steroids are indicated for management of shock in trauma patients.   
 
FACT #19:  Steroids (glucocorticoids) are not recommended for trauma patients and 
might be detrimental in patients with head trauma.  Although steroids have been previously 
recommended for resolution of shock, they are no longer recommended.  Large clinical trials in 
people with head trauma have demonstrated a detrimental effect when people are treated with 
glucocorticoids.  And because NSAIDs are such effective analgesics and administering NSAIDs 
and steroids concurrently is contraindicated, steroids are not recommended.   
 
MYTH:  Trauma patients have a guarded prognosis for recovery from their injuries.   
 
FACT #20:  The severity of the injuries and organ systems affected often determine the 
likelihood of survival following trauma; however, in general, the prognosis is very good 
with over 85% of animals surviving after blunt or penetrating trauma.  Dogs with 
polytrauma, traumatic brain injury, cardiac arrhythmias, body wall hernias, severe soft tissue 
injuries, vertebral fractures, or recumbency at admission have a higher mortality.   
 
References available from the author on request.   
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Practical Approach to Toxin Ingestions 
Marie K. Holowaychuk, DVM, Diplomate ACVECC 
 
Toxin ingestions continue to be a common cause for owners to call veterinary clinics for advice 
or bring their pets in emergently.  Many common pet toxins are readily available around the 
house, yard, and garage.  Recognizing these toxins and understanding the underlying 
mechanism of action, clinical signs, and recommended treatment is necessary to appropriately 
manage poisoned patients.  These cases are often challenging because not all poisoned 
patients are acutely ill, and not all acutely ill patients have ingested a toxin.  However, every 
patient presenting with a history of toxin ingestion should be treated as having a potentially life-
threatening problem.  
 
History 
Although it is recommended to “treat the patient, not the toxicant”, a correct diagnosis can have 
a major impact on the outcome and treatment plan of a poisoned patient.  Identification of the 
toxin might enable the use of specific antidotes or treatments that will significantly aid in the 
patient’s recovery.   
 
Be sure to obtain a thorough history by asking the following questions: 

o Did your pet eat anything unusual (e.g., snail bate, rat poison, garbage, etc.)? 
o Has your pet eaten any plants or grass containing fertilizer? 
o Is anyone in the household taking specific medications for illness or allergies? 
o Are you currently working on your house or automobile (with paints, solvents, antifreeze, 

petroleum)? 
o Are there other unusual things your pet might have ingested in the house, outside, on a 

walk, or in the garage? 
o Does your pet have access to your neighbour’s yard or anyone else’s house where they 

might have ingested something unusual?   
 
Diagnosis 
If the toxin is unknown, there are other ways that a suspected toxin can be identified including 
clinical signs, laboratory screens for specific types of toxins, laboratory tests, and in-house tests 
(e.g., ethylene glycol).  It is very important that samples of blood, urine, bait, vomitus, or tissues 
be collected and saved for possible analysis.  Many human and veterinary (e.g., OVC Animal 
Health Lab) laboratories offer toxin screens for groups of toxins including tremorgenic 
mycotoxins, ochratoxins, convulsants, or anticoagulants, in addition to other individual toxins.  
Always instruct owners to collect any vomitus that their pet might bring up.  Additionally, it is 
very important that owners also bring in with them any packaging, containers, pill bottles, plant 
material, or ingredient lists from any potential toxins ingested.          
 
 
Decontamination 
Prompt decontamination is the first step in the management of patients that have ingested 
toxins and can be life-saving in many cases.  Once absorbed from the eyes, skin, or 
gastrointestinal (GI) tract, many toxins lack a specific antidote and are associated with severe 
systemic effects that can be difficult to treat.  
 
Ocular decontamination:  Flush the eyes with 0.9% NaCl or eye wash solution.  At home, 
owners can mix 2 teaspoons of salt with 1L of water or use their own contact lens cleaner or eye 
wash solutions.  For patients with toxins on their skin and coat, steps must be taken to remove 
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the toxin so that further absorption does not occur.  Brush dry or powdered toxins off the animal 
with a stiff-bristled brush.  After that, bathe the patient with tepid water using dish soap.  
 
Gastrointestinal decontamination:  Ingestion is the most common route of poisoning in small 
animals.  GI decontamination techniques are used to prevent or limit the absorption of ingested 
toxins and include emesis, gastric lavage, whole bowel irrigation, and activated charcoal 
administration.  Recently, the use of GI decontamination has become controversial due to the 
lack of evidence that it has any significant impact on patient outcome.  Often, the time between 
toxin ingestion and GI decontamination is beyond the time at which it might be useful.   
Therefore, patients that receive GI decontamination should be selected carefully by considering 
the following questions: 1) Is the ingested toxin likely to cause significant systemic effects? 2) Is 
GI decontamination likely to change the outcome? 3) Do the risks of GI decontamination 
outweigh the benefits for the patient? 
 
Inducing emesis can be a quick and effective way to rid the body of the toxin (Table 1).  If an 
owner suspects their pet has ingested a toxin and calls your clinic before coming in, you must 
consider the risks and benefits of instructing the owner to administer an emetic at home (e.g., 
H2O2).  Removal of the toxin from the stomach is most effective within 1 hour of ingestion, is 
useful up to 2 hours after ingestion, and is of limited benefit more than 6 hours after ingestion, 
unless large amounts of a toxin have been ingested (e.g., chocolate, garbage).  Decreased GI 
motility can be present in some individual patients making the induction of emesis 2-6 hours 
after ingestion of the toxin still beneficial.  If radiographs reveal the presence of a large amount 
of gastric contents, consider inducing emesis in that patient if there are no other 
contraindications.  Remember to save the vomitus (gastric contents) for possible toxicological 
analysis if the toxin is unknown.      
 
Induction of emesis is contraindicated for corrosive and caustic materials, as well as for 
petroleum distillates (e.g., kerosene, gasoline, lighter fluid) and other volatile materials that 
could produce catastrophic results if aspirated.  Vomiting should never be induced in patients 
that have altered consciousness, seizures, or are likely to seizure.  Additionally, vomiting should 
be avoided in patients that are weak, systemically ill, or have underlying cardiac or respiratory 
disease.  Finally, emesis should not be induced in patients that have already vomited, unless a 
large amount of gastric contents remains visible on radiographs.     
 
If the owners live far away or cannot come in to the hospital immediately and the ingested toxin 
is considered immediately life-threatening, they can induce vomiting at home by administering 
hydrogen peroxide.  Hydrogen peroxide can be administered using a syringe turkey baster, but 
owners must be cautious not to cause aspiration.  The 3% concentration is recommended as 
more concentrated solutions will cause severe mucosal and esophageal irritation.  The dose 
can be repeated once in dogs if vomiting has not occurred within 15-20 minutes.  Hydrogen 
peroxide is typically avoided in cats due to their high risk of developing hemorrhagic gastritis or 
esophagitis, as well as its low success rate in inducing emesis.  If it is used in cats, it is not 
recommended to repeat the dose if the first dose is not effective.  Syrup of ipecac, although 
once used, is no longer recommended for inducing emesis, due to the risk of cardiotoxicity.  
Other emetics such as table salt, dishwashing detergent, mustard salts, or copper sulfate should 
NEVER be used.    
 
Emetics for veterinary use include apomorphine for dogs and alpha-2 agonists for cats.  
Apomorphine is a centrally acting agent that can be injected or the oral tablet can be instilled 
subconjunctivally.  Apomorphine tablets are compounded in most instances; therefore, the dose 
will differ between clinics and pharmacies.  Most veterinarians will crush/dissolve the tablet in 3 
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mL of 0.9% NaCl and instill drops into the eye until emesis occurs.  After effective emesis, the 
conjuctiva should be thoroughly flushed to reduce nausea and ocular irritation.  Apomorphine 
can cause CNS depression that is reversible with the administration of naloxone (0.04 mg/kg, 
IV).  The emetic effects of the drug tend to last longer with IM or SQ dosing and are not 
reversible with naloxone administration. 
 
A recent study investigated the use of an apomorphine ocular insert and found comparable 
success rates for induce emesis (84%) compared to IV apomorphine (91%).  Adverse effects 
(e.g., sedation) appear to be more common with IV apomorphine, in comparison to ocular 
apomorphine (e.g., ocular irritation).  Apomorphine (ocular or IV) might take closer to 20 minutes 
after administration until induction of emesis.  The percentage recovery of ingested toxins is 
approximately 50% in dogs that receive hydrogen peroxide or apomorphine.      
 
Table 1: Products Commonly Used to Induce Emesis in Dogs and Cats 
Product Dosage 
3% hydrogen peroxide 1-2 mL/kg  

Dogs: Do not exceed a total dose of 50 mL 
Cats: Do not exceed a total dose of 10 mL 
Dose can be repeated ONCE in dogs 

Apomorphine Dogs: 0.02-0.04 mg/kg IV or IM; 0.08 mg/kg SQ; 2-6 mg tablet, 
crushed and dissolved subconjunctivally or placed 
subconjunctivally and flushed out after emesis occurs 

Xylazine  Cats: 0.5-1 mg/kg IM or SQ 
Dexmedetomidine Cats: 5 µg/kg IM or SQ 

 
Alpha-2 adrenergic agonists (e.g., xylazine, dexmedetomidine) cause emesis in cats.  Both 
drugs also cause sedation and respiratory depression after emesis has occurred.  These signs 
can be reversed with yohimbine (0.5 mg/kg, IM or SQ) or atipamezole (50 µg/kg or equal 
volume to dexmedetomidine, IM or SQ).  Retrospective studies in cats suggest that 
dexmedetomidine might be slightly more efficacious than xylazine; however, overall an emesis 
rate of approximately 50% is expected.    
 
Productive emesis requires the presence of food or liquid in the stomach, especially for retrieval 
of small volumes of toxin.  Therefore, offering food or water to the patient if they have not 
recently eaten, in conjunction with the emetic, is often helpful in producing emesis. 

 
If a patient has swallowed a caustic agent that could cause ulceration to the GI tract (e.g., acid, 
alkali) then dilutional therapy, rather than emesis, is indicated.  This involves the ingestion of 
small amounts of water (or milk in people) either by voluntary consumption or nasoesophageal 
intubation.  Care should be taken not to give large volumes of diluent as this might promote 
vomiting.  Therapy directed at neutralizing the acid or alkali is not recommended as the 
exothermic chemical reaction could burn the mucosa.   
 
Gastric lavage (GL) involves orogastric intubation, removal of gastric contents, and lavage with 
water.  Clinical studies in people have shown that GL has no clear benefit over activated 
charcoal administration alone.  However, GL is indicated in veterinary patients when the amount 
of toxin ingested is potentially harmful, it was ingested within one hour of performing GL, and 
emesis cannot be achieved due to altered mentation or other neurologic signs.  If the patient 
has already vomited after ingestion of the toxin, GL is unlikely to recover a significant amount of 
toxin, unless a large amount of toxin was ingested or the vomiting has been unproductive in 
emptying the stomach.   
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Risks of GL include those associated with general anesthesia, aspiration, and gastrointestinal 
tract trauma.  The incidence of esophageal or gastric perforation secondary to GL is unknown in 
veterinary medicine, but rarely occurs in people.  It is contraindicated to perform GL in animals 
that have ingested caustic or volatile substances, due to the risk of esophageal ulceration, 
esophageal or gastric perforation, and aspiration.  If the animal has ingested a small volume of 
toxin, such as a small number of tablets or capsules, then GL is unlikely to be rewarding and 
activated charcoal administration alone should be considered instead. Realistically, few 
poisoned patients benefit from GL.  However, orogastric intubation does offer the additional 
advantage of easy introduction of activated charcoal in uncooperative patients.   
 
Activated charcoal is still appears to be superior to emesis and GL in people, but it’s use has 
declined in recent years due to an increase in hemodialysis and plasmapheresis.  Activated 
charcoal acts by adsorption (i.e., binding of the toxin to an unabsorbable carrier) resulting in 
elimination of the toxin in the feces.  The absorption of many ingested toxins is decreased by 
activated charcoal if the charcoal is given within 1-2 hours of toxin ingestion.  Activated charcoal 
can be beneficial up to 24 hours post-ingestion when decreased gastric motility is present, if 
there is a large volume of toxin, for toxins that undergo enterohepatic recirculation, or for 
delayed (or sustained) release medications.  Contraindications of activated charcoal 
administration include oral administration in patients with abnormal mentation or severe 
dehydration; after ingestion of corrosive, caustic, or hydrocarbon agents; with salt toxicosis 
(e.g., ingestion of homemade play dough, table salt, or paint balls) due to exacerbation of 
hypernatremia; or with a possible gastrointestinal tract perforation or need for endoscopy or GI 
surgery.  It should also be noted that not all toxins are absorbed by activated charcoal such as 
acids, alkali, chloride, cyanide, detergents, ethanol, ethylene glycol, fluoride, iron, isopropyl 
alcohol, methanol, nitrate, paraquat, potassium, sodium, and xylitol.   
 
Activated charcoal is available in granular and suspension formulations.  The granular 
formulation is dosed 1-4 g/kg and mixed with 50-200 mL of water to make a slurry; the 
suspension dose if 6-12 mL/kg.  Techniques for administering activated charcoal include 
voluntary consumption, syringe feeding, and nasogastric or orogastric intubation.  Many dogs 
will voluntarily consume activated charcoal when offered it in a bowl, especially if it is mixed with 
a small amount of canned food.  Another technique for oral administration involves placing the 
sleeve of a disposable gown over the dog’s head, leaving the mouth and nose protruding, then 
slowly dribbling the activated charcoal into the side of the mouth via syringe, allowing the dog to 
swallow on its own.  With the eyes covered, the dog tends to stop fighting the advancing tip of 
the syringe and accepts the process better.  This technique is also useful for keeping white dogs 
clean. 
 
Catharsis involves the use of an orally administered, osmotically active, non-absorbable 
substance to speed the transition of a toxin through the GI tract.  The most common cathartic 
used is sorbitol, which is often combined with activated charcoal in commercially available 
suspensions (e.g., Toxiban with sorbital, Vet-a-Mix).  There is little evidence for the benefit of 
catharsis as a part of GI decontamination; however, a single dose of sorbitol is often used with 
few side effects.  Sorbitol is contraindicated if the toxin itself is a cathartic, if severe diarrhea 
and/or dehydration are present, if GI obstruction is suspected, or if the patient has kidney 
disease.  Multiple doses are not recommended as cathartics may cause excessive fluid and 
electrolyte losses. 
 
Monitoring 
It is essential that all patients given activated charcoal have their clinical hydration assessed.  
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Both forms of activated charcoal (with or without sorbitol) can cause dehydration with some 
anecdotal reports of severe hypernatremia and altered mentation.  As such, all patients given 
activated charcoal should be monitored for rare adverse effects such as severe dehydration and 
hypernatremia.  Clinical signs can include ataxia, decreased or altered mentation, tremors, 
seizures, or comatose mentation.  If patients are demonstrating these clinical signs, electrolytes 
(specifically sodium) should be measured and IV fluids administered to normalize dehydration 
and electrolyte disturbances accordingly.   
 
Enhanced Removal/Elimination 
Some techniques for enhancing removal of toxins are often only available at referral or teaching 
hospitals.  Examples include hemodialysis, hemoperfusion, peritoneal dialysis, and precipitating 
or chelating therapy.   
 
However, the use intravenous lipid emulsion (IVLE) therapy has received attention as a 
potential antidote for a variety of lipophilic toxins in human and veterinary medicine and can be 
administered in general practice.  Potential toxicants that respond to IVLE therapy include local 
anesthetics (e.g., lidocaine, bupivacaine), permethrin, muscle relaxants (e.g., baclofen), some 
anti-depressants, calcium-channel blockers, and avermectin parasiticides (e.g., ivermectin).  
The mechanism of IVLE therapy as an antidote is undetermined; however, one hypothesis 
suggests the possibility of a "lipid sink" in which lipid emulsions provide a separate plasma 
compartment for lipophilic agents to partition into.   
 
The standard dosing protocol using 20% IVLE is 1.5 mL/kg over 5-15 minutes followed by 0.25 
mL/kg/min over 1-2 hours.  IVLE can be administered through a peripheral catheter (i.e., central 
venous catheter is not required). This dose can be repeated in several hours if clinical signs of 
toxicity return.  Prior to repeating the dose, a peripheral blood sample should be evaluated for 
evidence of lipemia.  Additional doses should not be administered if the serum is lipemic.  
Similar to gastrointestinal decontamination, administration of a lipid emulsion should be 
reserved for patients with a serious intoxication in terms of the clinical signs and supportive care 
required.  Those patients expected to have an uncomplicated recovery from their toxin ingestion 
(e.g., minimal clinical signs) do not require IVLE.     
 
Animal Poison Hotline 
Any time an animal has ingested a potential toxin, the owner should be encouraged to contact 
an animal poison hotline to obtain a consultation with a veterinary toxicologist.  These hotlines 
are available 24 hours per day, 7 days each week.  It is toll free to call, but a consultation fee 
will be charged to the client.  They will obtain a case number, which can be called by the 
veterinarian for additional follow-up and information.  The two most commonly used animal 
poison hotlines are as follows:  
 
Pet Poison Helpline    ASPCA Animal Poison Control Center 
1-855-764-7661     1-888-426-4435 
www.petpoisonhelpline.com    www.aspca.org/pet-care/animal-poison-control  
$59 USD per incident fee    $65 USD per incident fee  
 
 
References available from the author on request.   
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Management of Heat Stroke in Dogs 
Marie K. Holowaychuk, DVM, Diplomate ACVECC 
 
Heatstroke is an acute, progressive, life-threatening emergency characterized by a non-
pyrogenic increase in body temperature that results in direct thermal injury to organs.  Heat 
stroke occurs secondary to exposure to high environmental temperatures (i.e., classic 
heatstroke) or strenuous exercise (i.e., exertional heatstroke). 
 
Heat-induced illness in people is categorized as: 1) heat stress (discomfort after exposure to a 
hot environment [especially during work]); 2) heat exhaustion (mild to moderate illness including 
intense thirst, weakness, discomfort, anxiety, dizziness, fainting, headache); and 3) heat stroke 
(severe illness characterized by a core temperature > 40oC [104oF] and neurologic signs [i.e., 
delirium, convulsions, coma]).  Due to the consequences to various organ systems in the body, 
heat stroke can also be described as a form of hyperthermia associated with a systemic 
inflammatory response leading to a syndrome of multiple organ dysfunction in which 
encephalopathy predominates. 
 
The pre-optic area of the anterior hypothalamus determines the temperature “set-point” in the 
body.  Changes in blood or ambient temperatures are detected by thermoreceptors located 
peripherally (i.e., skin, mucous membranes) and centrally (i.e., spinal cord, abdominal visceral 
organs, great vessels).  In dogs with fever, the temperature “set-point” is increased and the 
body aims to achieve the increased body temperature (i.e., ability to regulate the body 
temperature is maintained).  Conversely, in dogs with hyperthermia, the temperature “set-point” 
remains the same and there is an imbalance between heat production and heat loss (i.e., the 
ability to regulate the body temperature is lost).  Thermoregulation normally occurs via: 1) 
convection, 2) conduction, 3) evaporation, and 4) radiation.  When ambient temperatures are 
less than body temperature, convection and radiation account for 70% of heat loss.  Conduction 
and evaporation become more important to ensure heat loss during warm environmental 
temperatures; however, evaporation can become inefficient during high humidity.  
 
Acclimatization occurs via salt retention (activation of RAAS), water conservation (release of 
ADH and aldosterone), tachycardia and increased cardiac output, increased GFR, plasma 
volume expansion, and increased expression of heat shock proteins (HSPs).  This process is 
partially complete in 10-20 days and fully complete within 60 days.  HSPs are ubiquitous 
proteins over-expressed during heat that act as molecular “guardians” or “chaperones” to aid in 
removal of denatured proteins.  There is a higher expression in the canine brain compared to 
human brain, which offers dogs more protection against the neurologic effects of heat-induced 
injury.   
 
In response to thermoreceptor activation, dogs will exhibit panting, sweating (footpads), 
decreased activity levels, cutaneous vasodilation, reduced heat production, increased cardiac 
output, increased minute ventilation, and splanchnic vasoconstriction.  Endogenous factors that 
are associated with decreased heat loss include: brachycephalic syndrome, laryngeal paralysis, 
obesity, cardiovascular disease, neurologic dysfunction, older age, and dark or dense hair coat.  
Exogenous factors that result in decreased heat loss include: lack of acclimatization, 
confinement and/or poor ventilation, increased humidity, water deprivation, negative inotrope 
drugs (e.g., β-blockers), and phenothiazines (e.g., acepromazine).  Endogenous factors that 
increase production include: strenuous exercise, fever, hormonal hyperthermia (e.g., 
hyperthyroidism), seizures, or eclampsia.  Exogenous factors that increase heat production 
include: ingestion of amphetamines, metaldehyde, macadamia nuts, organophosphates, 
cocaine or other stimulants; administration of diuretics or tricyclic antidepressants.   
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During hyperthermia in dogs, activation of thermoreceptors will lead to cutaneous vasodilation 
(to dissipate heat) and splanchnic vasoconstriction (due to shunting of blood flow to the 
periphery).  This enhances heat dissipation, but the abnormal blood flow and thermal injury will 
ultimate damage organ systems.  Ultimately, organ injury occurs due to direct thermal injury, 
cytokine release, hypovolemia/poor perfusion, and thromboembolism.   
 
On a microscopic level, hyperthermia causes cellular damage (core temperature > 41oC) that 
can facilitate the leakage of endotoxin from the intestine to the systemic circulation (core 
temperature > 42-43oC) as well as the movement of interleukin-1 or interleukin-6 proteins from 
the muscles to the systemic circulation. The result is excessive activation of leukocytes and 
endothelial cells, manifested by the release of proinflammatory and anti-inflammatory cytokines 
(e.g., tumor necrosis factor alpha, interleukin-1, interleukin-6, and interleukin-10) as well as 
activation of coagulation (with decreased levels of proteins C and S and antithrombin, which are 
natural anticoagulants) and inhibition of fibrinolysis. The inflammatory and coagulation 
responses to heat stroke, together with direct cytotoxic effects of heat, result in injury to the 
vascular endothelium and microthrombosis. 
 
Clinical consequences of heat stroke in dogs include hypovolemic shock, pulmonary edema 
(i.e., acute lung injury, acute respiratory distress syndrome), neurologic abnormalities (i.e., 
increased intracranial pressure), seizures, liver failure +/- encephalopathy, endotoxemia, sepsis, 
disseminated intravascular coagulation (DIC), arrhythmias, and acute kidney injury (AKI).  
Studies investigating client-owned dogs with heat stroke demonstrate DIC in 50% of dogs, 
arrhythmias (usually ventricular) in 25% of dogs, and AKI in one-third of dogs.  Approximately 
50% of dogs with heat stroke present with stuporous-comatose mentation and one-third of dogs 
with heat stroke will have at least 1 seizure-like episode. 
 
A study documenting necropsy findings in client-owned dogs with heat stroke demonstrated 
abnormalities within the GI tract (melena, intestinal hyperemia, transmural hemorrhage, 
mucosal necrosis), liver (hepatocellular injury, congestion, hepatocyte necrosis), kidneys 
(swelling, hyperemia, interstitial hemorrhage, tubular necrosis, thromboembolism), 
cardiovascular system (venous pooling, myocardial hemorrhages, pericardial effusion), lungs 
(fibrinogen deposition and microembolization of the lungs, pulmonary edema and hemorrhage, 
pleural effusion), and brain (neuronal necrosis, meningeal edema/hyperemia/hemorrhage).   
 
Clinical signs of heat stroke  
In the early stages of heat stroke, dogs will demonstrate an elevated body temperature (usually 
> 40oC), excessive panting, tachycardia with bounding pulses, and brick red mucous 
membranes.  During the later stages of heat stroke, body temperature can be variable and 
petechial hemorrhages or ecchymoses, tachycardia with weak pulses or pulse deficits, and 
ventricular arrhythmias can be noted.  Other notable signs during the later stages can include 
bloody diarrhea or melena, dark urine, and neurologic signs such as ataxia, cortical blindness, 
stuporous/comatose mentation, and seizures.   
 
Laboratory changes are numerous and can include hemoconcentration (elevated PCV), 
thrombocytopenia, nucleated RBCs, inflammatory leukogram, hypoglycemia, azotemia, 
elevated liver enzymes (ALT>ALP), elevated CK, and hypernatremia.  A urinalysis can reveal a 
variable USG, myoglobinuria, or casts depending on the degree of AKI.  A blood gas can reveal 
a respiratory alkalosis (consistent with hyperventilation) or a metabolic acidosis (secondary to 
hyperlactatemia associated with decreased perfusion).  It is typical for clotting times (i.e., ACT, 
PT, aPTT) to be mildly to markedly prolonged.   
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Treatment recommendations 
The mainstays of treatment include: 1) rapid cooling, 2) volume replacement to optimize 
perfusion, and 3) management of secondary organ injury and complications.  It is imperative 
that owners start external cooling on the way to the hospital, as studies demonstrate a reduction 
in mortality in dogs that are cooled by their owners prior to hospital admission.  External cooling 
can be achieved by spraying the dog with lukewarm water, driving to the hospital with the 
windows down or air conditioning on, and making sure that water is available for the dog to 
drink.   
 
Once the dog arrives at the hospital, it is important to ensure the airway is patent (especially in 
brachycephalic or laryngeal paralysis dogs), provide oxygen therapy, place an IV catheter for 
fluid expansion, obtain initial lab work, and obtain blood and urine samples for baseline lab 
values (i.e., CBC, chemistry, coagulation times, urinalysis). 
 
External cooling should be continued by spraying the dog with lukewarm water, draping a 
cold/wet towel over the dog, applying ice packs or ice slush to the inguinal, axillary, and neck 
regions, and placing a fan in front of the dog.  Cooling should be continued until a rectal 
temperature of 39.5oC is achieved.  Any lower than that and the patient is likely to exhibit 
shivering and develop hypothermia.  Internal cooling can be achieved with administration of cold 
(refrigerated) IV fluids; however, peritoneal lavage, bladder lavage, gastric lavage, and cool 
water enemas are not advised due to patient discomfort and limited benefit compared to 
external cooling methods.  Ice water baths are poorly tolerated and do not easily allow for 
patient monitoring; therefore, they are not recommended.   
 
Hemodynamic resuscitation is arguably the most important component of heat stroke patient 
management.  There are many circulatory consequences due to relative (distributive shock) and 
absolute (hypovolemic shock) hypovolemia that result in pooling of blood in the cutaneous 
circulation, volume loss via evaporation or insufficient intake, volume loss via GI distress, and 
septic shock.  Volume expansion is necessary to improve blood flow, tissue perfusion, and heat 
dissipation.  Fluid resuscitation should be in the form of room temperature or refrigerated 
buffered isotonic crystalloids (e.g., Plasmalyte-A, Normosol-R, LRS) administered in boluses of 
20 mL/kg IV over 15 minutes until normal perfusion is achieved (i.e., normal HR, blood 
pressure, pulse quality, CRT, lactate).  Thereafter, the fluid plan should account for restoration 
of dehydration, provision of maintenance needs, and inclusion of ongoing losses due to panting, 
hyperthermia, or GI losses.  Hypertonic saline can also be considered for signs of intracranial 
pressure and/or neurologic deficits (i.e., altered mentation, cranial nerve deficits, altered 
postural reflexes) at a dose of 5 mL/kg IV over 10-15 minutes.  Colloid therapy (i.e., Voluven®, 
Vetstarch®) can also be considered at doses of 5 mL/kg IV over 10-15 minutes in patients with 
hypoproteinemia that are not responsive to isotonic crystalloid therapy.   
 
Ancillary treatments are numerous and dependent upon which complications and/or organ 
dysfunction are documented.  In general, systemic antibiotics are indicated to prevent sepsis 
secondary to bacterial translocation.  Ampicillin 22 mg/kg IV q 8 h is appropriate as a first-line 
antibiotic.  The spectrum can be broadened with enrofloxacin 10 mg/kg IV q 24 h if the dog 
develops septic shock or neutropenia.  Clavamox with or without enrofloxacin are typically 
dispensed as outpatient antibiotics for 5-7 days after discharge.  Gastrointestinal protectants 
can be administered if GI hemorrhage is noted.  In that case, pantoprazole 1 mg/kg IV q 12 h or 
omeprazole 1 mg/kg PO q 12 h are recommended.   
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Dextrose supplementation can be administered to patients with hypoglycemia.  Dilute 0.5-1 
mL/kg of 50% dextrose to a concentration of 12.5% (1:4 dilution in any isotonic crystalloid) and 
administer it as a slow IV push (over 1-2 minutes).  Recheck the blood glucose 10-15 minutes 
after the bolus; if it is low, repeat the bolus and add 2.5-5% dextrose to the IV fluids.     
 
Antiarrhythmics are indicated in dogs with sustained ventricular tachycardia, ventricular 
tachycardia > 160 bpm, multiforme/multifocal ventricular premature contractions, or R on T 
phenomena.  Lidocaine 2 mg/kg IV over 5 minutes is recommended and can be repeated to 
effect up to a maximum of 8 mg/kg total dose or until side effects are noted (e.g., tremors, 
seizures, hypersalivation, vomiting).  A constant rate infusion of lidocaine might be indicated and 
is typically dosed at 25-75 mcg/kg/min IV.  Magnesium sulfate (0.3 mEq/kg IV diluted 1:10 in 
0.9% NaCl and given over 20-30 minutes) can also be given for ventricular arrhythmias.  Should 
ventricular arrhythmias persist > 24 hours, consideration can be given to prescribing Sotalol 1-2 
mg/kg PO q 12 h once the dog can tolerate oral medications.   
 
Mannitol can be considered in dogs with persistent alterations in mentation or neurologic deficits 
despite hypertonic saline administration or for those dogs in which hypertonic saline is 
contraindicated (i.e., hypernatremia, severe dehydration).  Additionally, mannitol might help to 
stimulant urine production in dogs with oliguria or anuria.  A dose of 0.5-1 g/kg IV over 15 
minutes can be given, but ensure that the mannitol is warmed and given through a filter to 
prevent administration of precipitates.   
 
Recommendations regarding blood transfusions have become much more conservative in 
recent years and are based on human recommendations. Platelet transfusions are not 
recommended unless the patient with severe thrombocytopenia is demonstrating acute life-
threatening hemorrhage (i.e., intracranial, spinal cord, lungs).  Likewise, although prolonged 
clotting times are commonly documented, plasma transfusions are not indicated except during 
active hemorrhage (decreasing PCV/TS) with a concurrent coagulopathy.   
 
Other controversial treatments that are not recommended include applying alcohol to the 
footpads to enhance evaporative losses, NSAID administration (due to the risk of kidney and GI 
injury), anti-pyretic administration, or steroid administration.    
 
Monitoring 
Close monitoring of dogs with heat stroke is imperative as signs of organ dysfunction and 
complications can be see for up to 7 days after the hyperthermic event.  Parameters to consider 
monitoring include body weight (i.e., to assess hydration), urine output (normal: 1-2 mL/kg/hr), 
ECG (for ventricular arrhythmias), oxygenation (SpO2 > 94%), perfusion (i.e., blood pressure, 
lactate < 2 mmol/L), and serial lab work to assess organ function and clotting times.   
 
Prognosis 
The prognosis for heat stroke in dogs is guarded with mortality rates approaching 50%.  Most 
deaths occur within the first 24 hours and the risk of death increases in dogs with DIC, AKI 
(serum creatinine > 133 µmol/L after 24 hours), hypoglycemia (BG < 2.5 mmol/L), 
coagulopathies (prolonged PT or aPTT), seizures, obesity, thrombocytopenia, presence of 
rubricytes or metarubricytes, and admission to the hospital more than 90 minutes after 
recognition of clinical signs.  Nucleated RBCs are seen in 90% of dogs with heat stroke, likely 
secondary to thermal or hypoxic bone marrow injury.  The number of nucleated RBCs is 
increased in non-surviving dogs with heat stroke or those with AKI or DIC.  A nucleated RBC 
count of 18 per 100 WBC is 91% sensitive and 88% specific for predicting non-survival after 
heat stroke in dogs.     
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Owner education 
Advising owners about the risk of heatstroke during the warmer months is key to preventing this 
serious and sometimes fatal disease.  During acclimatization periods to hot/humid weather, 
dogs should not be permitted to run or play outside.  Dogs should never be left in cars on hot 
days, even if just for 5 minutes.  If signs of heatstroke are seen, dogs should be offered water, 
immediately cooled, and taken to a veterinarian for assessment as soon as possible.    
 
References available from the author on request.   

2018 OVMA Conference 104 

5004 hOLOWAyChuK - MANAgEMENT OF hEAT STrOKE IN dOgS



	

	

RECOVER Guidelines and Recent Updates with CPR 
Marie K. Holowaychuk, DVM, Diplomate ACVECC 
 
Since 1992, the International Liaison Committee on Resuscitation (ILCOR) has developed 
evidence-based guidelines for human cardiopulmonary resuscitation (CPR) based on extensive 
reviews of the literature.  These guidelines are updated every 5 years, published in Circulation, 
and provide a foundation for training healthcare professionals and laypersons.  Fortunately, 
standardized evidence-based CPR guidelines for veterinary patients became available in 2012 
when the first veterinary-specific guidelines for CPR were published in the Journal of Veterinary 
Emergency and Critical Care.   
 
Key Points: 
§ Early delivery of high quality chest compressions with minimal interruption is extremely 

important. 
§ Chest compressions should be delivered in uninterrupted cycles of 2 minutes with most 

patients in lateral recumbency at a compression rate of 100-120/min, compression depth of 
1/3 – 1/2 of the width of the chest, and allowing for full elastic recoil of the chest between 
compressions.  

§ Early intubation and ventilation is highly valuable with a ventilation rate of 10 breaths/min, 
tidal volume of 10 mL/kg, and inspiratory time of 1 second delivered simultaneously with 
compressions. 

§ Mouth-to-snout ventilation is an acceptable alternative if intubation supplies are not available 
and should be delivered in repeated rounds of 30 chest compressions followed by 2 rapid 
breaths in cycles of 2 minutes.  

§ After each 2-minute cycle of basic life support (BLS), the compressor should be rotated to 
prevent fatigue, which can decrease the quality of chest compressions. 

§ Algorithms related to CPR, emergency drugs and doses, and post-cardiac arrest care are 
available to guide rescuers during CPR. 

§ Post-cardiac care is focused on respiratory optimization to maintain normoxemia and 
normocapnia, hemodynamic optimization to achieve normotension or mild hypertension, 
neuroprotective interventions based on the neurologic status of the patient, and intensive 
monitoring.  

 
Reassessment Campaign on Veterinary Resuscitation (RECOVER) 
The primary goal of the RECOVER initiative was to develop consensus guidelines for CPR in 
dogs and cats, based on a systematic review of the literature focusing on studies that include 
veterinary species.  An advisory committee, which was overseen by the RECOVER chairs with 
the assistance of administrative support, was composed of liaisons from ILCOR, JVECC, 
EVECCS, AVECCT, Animal Rescue, and Private Practice, as well as experts from AVECC, 
ACVA, and Industry.  Representatives of AVECC and VECCS Leadership were also included.  
Specific clinically relevant questions were posed and worksheets were designed for groups to 
collect evidence from the literature to answer the specific question(s).  Worksheet domains 
included five topics: 1) Preparedness and prevention, 2) Basic life support, 3) Advanced life 
support, 4) Monitoring, and 5) Post-cardiac arrest care.   
 
Preparedness and prevention:  The location, storage, and content of resuscitation equipment 
should be standardized and regularly audited.  Availability and clear visibility of cognitive aids 
such as checklists, algorithm charts, and dosing charts (separated into categories based on 
indication and provided in volume of drug administered according to body weight) in areas in 
which CPR might take place, such as procedure areas, anesthesia induction rooms, surgery 
suites, and intensive care units is recommended.   
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CPR training:  CPR training should include both didactic components targeted at cognitive 
performance and opportunities to practice hands-on skills with quality feedback.  Refresher 
training at least every 6 months is recommended to reduce the risk of decay of skills.  
Structured assessment after CPR training is recommended and structured debriefing after a real 
resuscitation effort or simulated CPR is also recommended to allow participants to review and 
critique their performance and the performance of the team.   
 
Team dynamics:  Veterinarians or technicians can be considered leaders of a CPR team, but 
specific leadership training is recommended for individuals who might need to lead a CPR 
attempt.  Clear, directed orders given to one team member by another, after which the receiving 
team member repeats the order back to the requestor to verify the accuracy of the receiver’s 
perception, are helpful. 
 
Basic Life Support (BLS) includes the recognition of cardiopulmonary arrest (CPA), 
administration of chest compressions, airway management, and provision of ventilation.  It must 
be provided immediately upon diagnosis or suspicion of CPA, specifically in patients that are 
apneic and unresponsive.   
 
Delay in starting CPR: Aggressive administration of CPR in patients suspected of being in 
CPA is recommended, as the risk of injury due to CPR in patients not in CPA is low.  No more 
than 5-10 seconds should be used to assess patients that are apneic and unresponsive, before 
starting CPR. The use of pulse palpation, Doppler, ECG, or end-tidal CO2 (EtCO2) to support a 
diagnosis of CPA before initiating CPR in an apneic and unresponsive patient is not 
recommended.    
 
Chest compressions should be initiated as soon as possible upon recognition of CPA and if 
multiple rescuers are present, airway and ventilation management should not delay 
commencement of chest compressions.  Chest compressions should be done in either left or 
right lateral recumbency in both dogs and cats.  In most large and giant breed dogs, chest 
compressions should be delivered with hands placed over the widest portion of the chest in 
support of the “thoracic pump theory”.  In keel- (narrow, deep) chested dogs (e.g., Greyhounds), 
chest compressions should be performed with the hands positioned directly over the heart in 
support of the “cardiac pump theory”.  In dogs with barrel-chested conformations (e.g., English 
bulldogs), sternal compressions in dorsal recumbency could be considered in support of the 
“cardiac pump theory”.  Circumferential or lateral compressions can be considered in cats and 
small dogs in support of the “cardiac pump theory”.  Compression rates of 100-120/min are 
recommended in dogs and cats using deep chest compressions of 1/3 – 1/2 the width of the 
thorax in most patients and allowing for full chest wall recoil between compressions.   
 
Ventilation:  Rapid intubation of dogs and cats in CPA is recommended with the animal in 
lateral recumbency so that chest compressions can be continued during the procedure.  Once 
the endotracheal tube (ETT) is in place, the cuff should be inflated so that ventilation and chest 
compressions can occur simultaneously.  The ETT should be secured to the muzzle or 
mandible to prevent dislodgement.  A ventilation rate of 10 breaths/min with a tidal volume of 10 
mL/kg and a short inspiratory time of 1 second are recommended.  In patients in which 
endotracheal intubation is not possible, mouth-to-snout ventilation can be accomplished by 
holding the patient’s mouth tightly closed, placing the rescuer’s mouth over the patient’s nares 
making a seal with the snout, and blowing into the nares.  A series of chest compressions at a 
rate of 100-120/min should be performed, followed by a brief interruption of chest compressions 
during which 2 breaths are delivered quickly, and the cycle is repeated.   
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Cycles of CPR:  Chest compressions should be performed in 2-minute cycles without 
interruption in intubated patients when several rescuers are present.  After each 2-minute cycle 
of compressions, the compressor should rotate to reduce lean due to fatigue, which reduces 
compression efficacy.    
 
Interposed abdominal compressions in dogs and cats with CPA are reasonable when 
sufficient personnel trained in its use are available.   
 
Advanced Life Support (ALS) encompasses the components of CPR performed after BLS has 
been initiated and until return of spontaneous circulation (ROSC) is achieved.  It includes 
therapy with vasopressors, positive inotropes, and anti-cholinergics; correction of electrolyte 
abnormalities, acid-base disturbances, and volume deficits; and prompt defibrillation (if available 
and indicated).   
 
Vasopressor and vagolytic therapy:  The use of low-dose (0.01 mg/kg IV) epinephrine 
administered every 3-5 minutes early in CPR is recommended, but high-dose (0.1 mg/kg IV) 
epinephrine can be considered after prolonged (> 10 minutes) CPR.  To minimize under- or 
over-dosing, this drug should be administered during every other compressor cycle.  The use of 
vasopressin (0.8 U/kg IV) as a substitute or in combination with epinephrine every 3-5 minutes 
can be considered.  Routine use of atropine (0.04 mg/kg IV) during CPR can be considered and 
is most likely to be of benefit in dogs and cats with asystole or pulseless electric activity (PEA) 
associated with high vagal tone.     
 
Defibrillation is the recommended primary treatment for ventricular fibrillation (VF) and 
pulseless ventricular tachycardia (PVT), but is not yet widely available at most veterinary 
practices.  Instead, a precordial thump, achieved by striking the patient with the heel of the 
hand directly of the heart, can be considered in patients with VF or PVT when defibrillation is not 
available, but is unlikely to be effective.   
 
Other drug therapy:  Amiodarone or lidocaine (if amiodarone is not available) can be 
considered in cases of VF/PVT resistant to electric defibrillation.  Routine use of magnesium 
sulfate is not recommended for cardiac arrhythmias during CPR, although it can be considered 
for treatment of torsades de pointes, a very rare form of ventricular tachycardia.  In cases of 
opioid toxicity, naloxone should be used and should also be considered in patients with recent 
opioid administration.  Administering reversal agents during CPR should also be considered for 
patients that have received reversible anesthetic/sedative medication.  IV calcium should not be 
used routinely during CPR, but can be considered in patients with documented moderate to 
severe hypocalcemia.  Bicarbonate therapy (1 mEq/kg) can be considered after prolonged CPA 
(> 10-15 minutes).  The routine use of corticosteroids during CPR is not recommended.     
 
Intratracheal administration of epinephrine, vasopressin, or atropine can be considered for 
patients when IV or IO access is not possible.  Unfortunately, the optimal delivery method and 
dose is not known.  A long catheter (e.g., urinary, red rubber) advanced to or beyond the level of 
the carina results in more effective drug administration compared to direct instillation into the 
ETT.  If the intratracheal route is used, drugs should be diluted with saline or sterile water and 
administered via a catheter longer than the ETT and doses 2-10X the standard IV dose should 
be administered.   
 
Supplemental oxygen administration:  The use of room air is acceptable during CPR, but the 
use of 100% oxygen is more reasonable.   
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IV fluid administration:  During CPR in euvolemic (e.g., healthy spay/neuter) or hypervolemic 
(e.g., congestive heart failure) dogs and cats, routine administration of IV fluids is not 
recommended.  Patients with preexisting hypovolemia (e.g., recent trauma, Addisonian crisis, 
GDV) are likely to benefit from increased circulating volume during CPR; therefore, 
administration of IV fluids in these patients is reasonable.   
 
Monitoring patients during CPA: EtCO2 monitoring is likely a valuable adjunct for verification 
of correct ETT placement in conjunction with direct visualization, auscultation, or observation of 
chest excursions in dogs and cats with CPA, but should not be used as the sole measurement 
of correct ETT placement.  EtCO2 is an early indicator of ROSC and measure of efficacy of 
CPR, allowing rescuers to use EtCO2 to adjust their treatment to maximize perfusion during 
CPR.  Limited data suggests that higher EtCO2 values (> 15 mmHg in dogs, > 20 mmHg in cats) 
are associated with increased rate of ROSC.   
 
ECG is a valuable monitoring tool during CPR.  Evaluation of the ECG during inter-cycle pauses 
(i.e., between compressors) is recommended to obtain an accurate rhythm diagnosis and to 
guide ALS therapy.  However, chest compressions should not be stopped during a complete 2-
minute cycle of CPR to allow ECG interpretation.  For patients in VF, rapid assessment of the 
ECG to determine if VF has resolved immediately after defibrillation is reasonable, but should 
minimally delay resumption of chest compressions for another cycle.   
 
Similarly, palpation of the pulse to identify ROSC during inter-cycle pauses in CPR is 
reasonable as long as it does not delay resumption of chest compressions.  Routine monitoring 
of electrolytes, especially during prolonged CPR, can be considered in all patients and is 
recommended in patients with CPA that are known or suspected (e.g., urethral obstruction, 
Addisonian crisis) to have electrolyte derangements.  Central or mixed venous blood gas 
analysis to evaluate effectiveness of CPR can be considered, but arterial blood gas analysis 
during CPR is not recommended.   
 
Monitoring patients after ROSC:  Post-resuscitation monitoring should be sufficient to detect 
impending reoccurrence of CPA and should be sufficient to guide therapy appropriate for the 
patient’s condition.  Minimum post-resuscitation monitoring should include continuous ECG, 
intermittent blood pressure monitoring, and assessment of oxygenation (i.e., pulse oximetry) 
and ventilation.  Other parameters that could be measured include blood glucose, lactate 
concentration, and body temperature.        
 
Post-cardiac arrest care:  The routine use of large volumes of IV fluids post-arrest is not 
recommended except in the case of strongly suspected or confirmed hypovolemia (e.g., recent 
trauma, Addison’s disease, GDV).  Fluid therapy should instead be adjusted according to 
veterinary small animal emergency and critical care recommendations and should be avoided in 
patients with congestive heart failure.  The use of vasopressor and/or positive inotropic support 
to reach hemodynamic goals is reasonable in dogs or cats with persistent hypotension and/or 
cardiovascular instability.  It is also reasonable to assume that hypertension in the immediate 
post-cardiac arrest (PCA) period in dogs and cats is beneficial.   
 
It is reasonable to target normocapnia (PaCO2 = 32-43 mmHg in dogs and 26-36 mmHg in cats) 
in the PCA period.  Oxygen supplementation should be titrated to maintain normoxemia (PaO2 = 
80-100 mmHg, SpO2 = 94-98%), especially early after resuscitation, but both hypoxemia and 
hyperoxemia should be avoided.        
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Hypothermia and rewarming:  If mild incidental hypothermia (rectal temperature < 37oC) is 
present after ROSC, it is reasonable not to rapidly rewarm the patient.  A slow rewarming rate of 
0.25-0.5oC/hour is reasonable and rewarming rates of > 1oC/hour should be avoided.  
 
Corticosteroid administration routinely during PCA care is not recommended.  However, 
administration of hydrocortisone (1 mg/kg IV q 6 h) can be considered in cats or dogs that 
remain hemodynamically unstable despite administration of fluids and inotropes/vasopressors 
during PCA care.   
 
Hyperosmotic therapy:  Hypertonic saline and mannitol can be considered for dogs and cats 
with neurologic signs consistent with cerebral edema (e.g., coma, cranial nerve deficits, 
decerebrate postures, abnormal mentation), but the diuretic effects of mannitol should be 
recognized and fluid therapy adjusted to prevent development of hypovolemia.  
 
Recent updates in human CPR:  When the human guidelines were updated in 2015, there 
were some changes to the recommendations that might be reflected in upcoming veterinary 
CPR guidelines. 
• Chest compression rates should never exceed 120/min in adults due to the association 

between rapid compression rates and inadequate compression depth. 
• Chest compression depth should be at least 2 inches (5 cm) but not > 2.4 inches (6 cm). 
• Pre- and post-defibrillation pauses in chest compressions should be as short as possible. 
• Any unconscious patient with absent or abnormal (agonal) breathing should have CPR 

started immediately.   
• Delivery of one breath every 6 seconds is emphasized over 10 breaths per minute.   
• There is insufficient evidence to recommend the use of artifact-filtering algorithms for 

analysis of ECG rhythms during CPR.   
• It might be reasonable for the use of audiovisual feedback devices during CPR for real-time 

optimization of CPR performance.   
 
Recent updates in veterinary CPR:  There are a very small number of studies published in the 
veterinary literature since the 2012 RECOVER guidelines were published.  Key findings include: 
• An increase in the use of EtCO2 monitoring during CPR and post-ROSC. 
• The recommendation for a template for standardized reporting of veterinary in-hospital CPR 

in dogs and cats to allow consistency across variables for studies on outcome.  Core 
elements suggested for the template include: suspected cause(s) and location of arrest, first 
ECG rhythm identified, the occurrence of ROSC of more than 30 seconds or more than 20 
minutes (sustained ROSC), survival to discharge, functional capacity at discharge, and 
reason for patient euthanasia if chosen by the owner.   

• The most recent study reporting survival times in dogs and cats after CPR at a US 
veterinary teaching hospital demonstrates 58% ROSC, 32% sustained ROSC, 10% alive at 
24 hours, and 5% discharged alive.  Presence of an IV catheter before CPA and presence 
of palpable pulses during CPR were associated with ROSC, whereas increased time from 
CPA to CPR, longer duration of CPR, and neurologic cause of arrest were associated with 
not achieving ROSC.  Initial arrest rhythm, animal body weight, number of people present, 
and ventilation or compression rate were not associated with ROSC.  More than 1/3 of 
patients undergoing necropsy exams post-arrest had histologic evidence of changes 
secondary to CPR.     

 
References available from the author on request.    
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LOGICAL USE OF PCR ASSAYS IN DIAGNOSIS OF INFECTIOUS DISEASES IN 
CATS  
 
Michael R. Lappin, DVM, PhD, DACVIM 
The Kenneth W. Smith Professor in Small Animal Clinical Veterinary Medicine 
 
INTRODUCTION   
 
There are multiple laboratories currently providing molecular diagnostic tests for a variety of 
infectious diseases of cats. Conventional and real time (fluorogenic) assays are both commonly 
used. Assuming the laboratories are following strict quality control measures, most of the 
assays are likely to have excellent analytical sensitivity and specificity when used to assess 
samples that are optimally collected, handled, and stored. However, samples from field cases 
that must be transported to a distant laboratory are potentially subjected to variable conditions 
which may affect assay performance. It is difficult to assess clinical utility of molecular 
diagnostic assays for some infectious agents because of limited knowledge of positive and 
negative predictive values. In addition, for many assays currently offered, the protocols utilized 
are not available for peer review.  Lastly, while many laboratories may offer a molecular 
diagnostic assay for the same organism, the assays are generally not standardized between 
laboratories.  The following is a brief discussion of the clinical utility of some of the most 
commonly used molecular diagnostic assays for feline infectious diseases.  Emphasis will be 
placed on the pros and cons of using panels of PCR assays. 
 
RESPIRATORY DISEASE AGENTS 
 
Feline herpesvirus 1 (FHV-1) is a common differential diagnosis for cats with clinical evidence of 
rhinitis, stomatitis, conjunctivitis, keratitis, and facial dermatitis. FHV-1 can be documented by 
direct fluorescent staining of conjunctival scrapings, virus isolation, or polymerase chain 
reaction. Herpesvirus DNA can be amplified from conjunctiva, nasal discharges, and pharynx of 
healthy cats and so the positive predictive value of conventional PCR assays is low. Currently 
used PCR assays also detect vaccine strains of FHV-1, further lessening the positive predictive 
value of the assays. Quantitative PCR may ultimately prove to correlate to the presence or 
absence of disease but failed to correlate to presence of conjunctivitis in one study in our 
laboratory. The negative predictive value of the assays are also in question because many cats 
that are likely to have FHV-1 associated disease are negative. This may relate to clearance of 
FHV-1 DNA from tissues by a hypersensitivity reaction. Tissue biopsies have greater sensitivity 
than conjunctival swabs but do not necessarily have greater predictive value.  FHV-1 DNA can 
be amplified from aqueous humor of some cats but whether this indicates FHV-1 associated 
uveitis is unknown. 
 
Feline calicivirus (FCV) is a common differential diagnosis for cats with clinical evidence of 
rhinitis, stomatitis, and conjunctivitis.  Less commonly, FCV is associated with polyarthritis and 
lower airway disease in kittens. Reverse transcriptase (RT) PCR assays can be used to amplify 
the RNA of calicivirus.  However, these assays have the same problems with predictive value as 
those to detect FHV-1 DNA.  For example, in one study in our laboratory, presence of FCV RNA 
failed to correlate to the presence or absence of stomatitis in cats.  
 
Chlamydia felis is a common differential diagnosis for cats with clinical evidence of conjunctivitis 
and rhinitis; it is not a common cause of lower airway disease.  The organism is difficult to 
culture and so detection of microbial DNA by PCR assays can be useful clinically.  However, not 
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all PCR positive cats are clinically ill and so the positive predictive value of the assays can be 
low.   
 
Mycoplasma spp. are normal commensal organisms of the mucous membranes of multiple 
species including cats.  Mycoplasma felis has been associated primarily with conjunctivitis but is 
suspected as a primary cause of rhinitis in cats as well. There are multiple Mycoplasma spp. of 
cats and the pathogenic potential for most is unknown.  If other primary diseases are present, 
even non-pathogenic Mycoplasma spp. may be associated with the disease process.  
Mycoplasma spp. culture can be difficult and antimicrobial susceptibility is not provided by most 
laboratories and so Mycoplasma spp. PCR assays have at least some clinical utility.  Genus 
specific primers should probably be used because the pathogenic potential of all Mycoplasma 
spp. are not known.  However, because Mycoplasma spp. are common flora, the positive 
predictive value of the assays appears to be very low. 
 
Bordetella bronchiseptica in the dog is a well-defined primary pathogen.  However, the organism 
can be isolated from many clinically normal cats.  Thus, the positive predictive value of serologic 
test results, culture, and PCR assay are low.  Bordetella bronchiseptica is easily grown and 
culture is superior to PCR for this agent because antimicrobial susceptibility testing can be 
performed on isolates.   
 
SELECT BLOOD BOURNE AGENTS 
 
There are multiple Bartonella spp. that infect cats and their fleas.  Bartonella henselae and B. 
clarridgeaie are cultured or amplified most frequently.  Blood culture, PCR assay on blood, and 
serologic testing can be used to assess individual cats for Bartonella infection.  Cats that are 
culture-negative or PCR-negative and antibody-negative and cats that are culture-negative or 
PCR-negative and antibody-positive are probably not a source of flea, cat, or human infection.  
However, bacteremia can be intermittent and false-negative culture or PCR results can occur, 
limiting the predictive value of a single battery of tests.  With PCR, false positive results can 
occur, positive results do not necessarily indicate that the organism is alive, and most PCR 
positive cats are healthy.  Thus, testing healthy cats for Bartonella spp. infection is not currently 
recommended in the United States.  Testing should be reserved for cats with suspected clinical 
bartonellosis.  If the results of Bartonella serologic and PCR assays are negative in a clinically ill 
cat, the organism is not likely the cause of the clinical syndrome unless the infection was 
peracute and serological testing alone was used as the diagnostic test.  If the results of 
Bartonella tests are positive, the agent remains on the differential list, but other causes of the 
clinical syndrome must also be excluded.  In a recent study in our laboratory, results of a 
Bartonella spp. PCR assay failed to correlate to the presence or absence of stomatitis in one 
group of cats.  The organism can be amplified from the blood of approximately 20% of healthy 
cats with fleas and so the positive predictive value of PCR assay results are low as with 
serology. 
 
Cats can harbor Mycoplasma haemofelis, ‘Candidatus M. haemominutum’, and ‘Candidatus M. 
turicensis’, common causes of fever and hemolytic anemia.  Collectively these agents are called 
the hemoplasmas and used to be called Haemobartonella felis.  Results of PCR assays are 
more sensitive than those of cytology and the organisms have not been cultured and so PCR 
assays should be considered in the evaluation of cats with unexplained fever or anemia that are 
cytologically negative.  In addition, the ACVIM recommends screening cats for use as blood 
donors by PCR assays for hemoplasmas.  Real time PCR assays can be used to monitor copy 
numbers during and after treatment but do not have greater sensitivity, specificity, or predictive 
value than conventional PCR assays. Many cats are carriers of the relatively non-pathogenic 
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‘Candidatus M. haemominutum’ and so positive test results may not always correlate to the 
presence of disease. 
 
In North American, cats can been shown to be infected by an E. canis like organism and A. 
phagocytophilum.  The organisms are usually not detected cytologically and are difficult to 
culture.  Additionally, serologic tests are not standardized amongst laboratories and some E. 
canis like organism infected cats have been seronegative.  Thus, PCR assays can play an 
important role in the identification of these infections.  However, cats seem to more resistant to 
these organisms than dogs as many surveys performed in regions where dogs have endemic 
infections have been negative to date. 
 
Feline leukemia virus (FeLV) serum antigen tests are very accurate and most clinically ill cats 
with FeLV infection are seropositive.   However, newer PCR assay technologies may be 
clinically useful in the diagnosis of regressive infections, sequestered infections, or screening of 
blood donor cats. 
 
Feline immunodeficiency virus (FIV) serum antibody tests for FIV are very accurate and most 
cats with FIV infection are seropositive.  PCR assays are rarely needed for the diagnosis of FIV 
infection but may be of benefit to attempt to distinguish a vaccinated cat from a naturally 
infected cat.  However, accuracy of FIV PCR assays varies greatly between laboratories. 
 
Feline coronavirus RT-PCR is used most frequently to detect coronaviruses RNA in feces.  
However, positive test results do not differentiate FIPV (feline infectious peritonitis virus) from 
FECV (enteric coronavirus).  RNA of both FIPV and FECV can be amplified from the blood of 
cats and so positive test results do not always correlate with the development of FIP.  However, 
amplification of coronavirus RNA in effusions appears to aid in the diagnosis of the effusion form 
of feline infectious peritonitis and the assays can be used to confirm the presence of 
coronavirus RNA in tissues to aid in the diagnosis of non-effusive disease. 
 
SELECT GASTROINTESTINAL AGENTS 
 
The diagnosis of Giardia spp. infection is easy to make in cats with small bowel diarrhea with 
the combination of fecal flotation techniques, fecal antigen test, and wet mount examination.  
Fecal PCR assays can be falsely negative most likely from PCR inhibitors and thus, should only 
be used when the genotype of Giardia is to be determined.   
 
While Cryptosporidium spp. infection is common in cats, it is unusual to find C. felis after fecal 
flotation in cats.  Acid-fast staining of a thin fecal smear is cumbersome and insensitive.  
Antigen assays titrated for use with human feces are inaccurate when used with feline feces.  
Thus, PCR may be aid in the diagnosis of cryptosporidiosis in cats and has been shown to be 
more sensitive than IFA.  Cryptosporidium spp. PCR assays are indicated in IFA negative cats 
with unexplained small bowel diarrhea and when the genotype of Cryptosporidium is to be 
determined.  However, C. felis infection in cats is common and so positive tests results to not 
always prove that the agent is the cause of the clinical disease. 
 
Kittens with large bowel diarrhea from Tritrichomonas foetus infection generally have cytological 
evidence of infection on wet mount examination.  In addition, the organism is readily cultured 
from feces.  However, PCR assay may be more sensitive than culture and results return more 
quickly.  However, amplification of T. foetus DNA in feces does always prove that the agent is 
the cause of the clinical disease as there are many cats that are chronic carriers. 
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Enterotoxin genes of Clostridium perfringens and DNA of Salmonella spp. and Campylobacter 
spp. can be amplified from feces of healthy cats and those with disease associated with the 
infections, limiting the diagnostic utility of the assays.   If Salmonella spp. infection is suspected 
based on clinical findings, I prefer culturing the feces so that antimicrobial susceptibility testing 
be performed.    
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MANAGEMENT OF CHRONIC STOMATITIS IN CATS 
 
Michael R. Lappin, DVM, PhD, DACVIM 
The Kenneth W. Smith Professor in Small Animal Clinical Veterinary Medicine 
College of Veterinary Medicine and Biomedical Sciences 
Colorado State University, Fort Collins Colorado 
 
Stomatitis (caudal mucositis) is a common and often debilitating disease of cats.  Lesions can range 
from mild inflammation to severe deep ulcerations and proliferative tissue affecting the gingiva, fauces, 
buccal mucosa and tongue.  Treatments are primarily symptomatic with variable success rates.  Most 
cats must be treated life-long and many undergo multiple tooth extractions in an attempt to maintain the 
cat’s appetite and control the oral pain.  Despite aggressive therapy, some cats with severe caudal 
stomatitis do not respond and are euthanized to due weight loss, pain and poor quality of life.    
 
Histological evaluation of affected tissues generally reveals infiltrations of lymphocytes and plasma 
cells. The cause of the syndrome is unknown in most individual cats, but most likely is a combination of 
a precipitating infectious agent or agents and an abnormal, hyperactive, immune response. The 
patterns of tissue cell responses suggest a viral trigger for most cats.  Autoimmune reactions and 
dietary hypersensitivities are also proposed causes. It is likely different forms of the syndrome have 
different causes.  
 
Feline calicivirus is the viral agent that has been implicated most frequently; feline herpesvirus 1 may 
also be associated with the syndrome in some cats. In one of our recent studies, we could amplify the 
RNA of calicivirus from approximately 40% of biopsies obtained from cats with chronic lymphocytic 
plasmacytic-stomatitis (Dowers et al, 2009). However, FCV reverse transcriptase PCR results on oral 
swabs obtained from cats with and without stomatitis did not correlate to the presence of disease in one 
small study (Quimby et al, 2007). Stomatitis is more common in cats infected with feline leukemia virus 
or feline immunodeficiency virus and may relate to activation of other infections as immune suppression 
develops.    
 
Bartonella henselae is a gram-negative organism that causes cat scratch disease in people. Up to 80% 
of the cats in serologic surveys have serum antibodies suggesting previous or current infection. 
Approximately 40% of cats tested are blood culture positive and the infection can be persistent. When 
first discovered in the blood of cats, the organism was felt to cause subclinical infection. However, 
recently B. henselae has been associated with fever, uveitis, neurologic disease, gingivitis, and 
lymphadenopathy in some experimentally infected or naturally infected cats. The organism is harbored 
inside erythrocytes and endothelial cells of cats where it is likely to partially evade the immune 
response, possibly explaining persistence of infection. It is possible that this persistent infection induces 
aberrant immune responses resulting in the clinical manifestations. Cat scratch disease in people is 
associated with a multitude of possible immune-mediated manifestations like fever, uveitis, and 
lymphadenopathy.  
 

There is conflicted evidence linking Bartonella spp. exposure to gingivostomatitis in cats. Serum 
antibodies can persist for months to years after infection is eliminated and so do not denote current 
Bartonella spp. infection.  In a study of cats with caudal stomatitis in our laboratory, the positive and 
negative predictive value of Bartonella spp. antibodies in cats with and without stomatitis was poor 
(Quimby et al, 2007). Use of culture to grow the organism from blood or polymerase chain reaction 
(PCR) to amplify Bartonella spp. DNA from blood can be used to document infection. Documentation of 
infection by culture or PCR versus documentation of exposure by detection of serum antibodies is likely 
to be superior for use in epidemiologic studies as it confirms infection. However, healthy cats can be 
positive as well limiting the positive predictive value in cats with stomatitis or other clinical 
manifestations of potential bartonellosis.  
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A complete blood cell count, serum biochemical panel, urinalysis, FeLV antigen test, and FIV antibody 
test should be completed to evaluate for systemic diseases associated with stomatitis. A dental 
examination should be performed and abnormal teeth repaired or removed. Biopsy for histopathological 
examination should be performed, particularly if a mass is present. Squamous cell carcinoma can 
sometimes appear similar to severe proliferative stomatitis.  As mentioned previously, diagnostic tests 
for feline calicivirus, feline herpesvirus 1, and Bartonella spp. have low predictive value and so whether 
to perform these tests are controversial.   
 
There is no one therapeutic protocol that is effective for every cat (Table 1). After abnormal teeth are 
repaired or removed during the initial diagnostic workup, antibiotics are generally used to control 
secondary infections, and potentially disease from B. henselae.  Clindamycin is an excellent antibiotic 
for stomatitis owing to effects against anaerobes and penetration into bone. If administered cold, the 
liquid formulation available in the United States is often well-tolerated. I use doxycycline frequently in 
mild cases of feline gingivostomatitis because of efficacy against normal flora, effect against B. 
henselae, and an anti-inflammatory effect. Doxycycline can be liquefied in tuna flavoring and 
administered once daily. For those owners that cannot afford the formulation fee, doxycycline tablets or 
capsules can be administered followed by water or other liquids, administered coated in butter, or 
administered within pill delivery treats to avoid esophageal retention, esophagitis, and potential for 
strictures. Azithromycin is an alternate drug with effect against bartonellosis that is also anti-
inflammatory. This antibiotic is expensive but can be administered q72hr which is beneficial for cats 
with extremely painful mouths.  The biggest problem with this antibiotic for the treatment of 
bartonellosis in cats is the rapid selection of resistant strains and so many Bartonella researchers 
suggest avoiding this antibiotic for this purpose in cats.  Pradofloxacin is a newer generation quinolone 
for cats that is a suspension and effective for the treatment of anaerobic infections.   This antibiotic is 
preferred by many Bartonella researchers as it is also unlikely to select resistant strains.  Long-term or 
pulse antibiotic therapy are required in some cats.  
 
Analgesic therapy is indicated for most cats. Those with mild disease are usually administered 
buprenorphine for the first three days after the initial diagnostic workup.  Those with severe disease 
may benefit from the administration of non-steroidal anti-inflammatory agents (NSAIDS).    
 
Anti-inflammatory therapy is often used non-specifically. If used, oral administration of prednisolone is 
preferred, but injectable projects are often needed because of the difficulty associated with 
administering oral drugs. For some cats, NSAIDS are more effective in controlling pain and also the 
inflammation. I generally use meloxicam in cats with this syndrome. If used chronically, I follow both 
renal tests as well as the PCV as gastrointestinal bleeding can occur without vomiting. 
 
Resistant cases may respond to administration of cyclosporine at up to 7.0 mg/kg, PO, daily or every 
other day. Trough blood levels should be checked 2 weeks after starting cyclosporine to make sure that 
excessive blood levels are not achieved which may activate infectious diseases. The cytotoxic agent, 
chlorambucil has been tried with variable responses in some cats but can be difficult to administer.  
Some cats respond to gold salts; 8-10 weeks of an induction period are required, followed by monthly 
maintenance therapy.   
 
In the United States, human interferon alpha products are commonly available. In one recent study, low 
dose oral interferon therapy (10U/kg, PO, daily) improved quality of life in cats with FIV infections. The 
effect of oral interferon is thought to be from mediation of inflammatory cytokines and the cytokine may 
have beneficial effects in cats with other causes of stomatitis as well. Feline omega interferon injected 
into the affected tissues followed by SQ and oral therapy has been effective in some cats and is 
available in some countries. 
 
Coating the affected tissues with bovine lactoferrin by mixing with milk has about a 15% positive 
response rate. Bovine lactoferrin can be purchased from Emerson Ecologics in the United States.  Use 
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of a hypoallergenic diet and omega 3/omega 6 fatty acid supplements is beneficial for some cats since 
the syndrome may result from a dietary hypersensitivity.   
 
CO2 laser ablation has been effective for the treatment of some cats but this form of therapy does not 
have universal acceptance by veterinary dentists in the United States.  
 
Up to 80% of affected cats have a positive response to extraction of all teeth in the area of the 
inflammation. Care should be taken to make sure all dental tissues are removed.  It is the opinion of 
many veterinary dentists in the United States that this form of therapy should be considered early in the 
course of the syndrome in severely affected cats. The concern is that ineffective medical management 
prior to tooth extractions can lessen the efficacy. 
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Medical treatments frequently attempted for feline idiopathic stomatitis. 
 
Drug     Dosage        
Azithromycin    10 mg/kg, PO, q24hr 
AZT     5 mg/kg, PO, q12hr (FIV cats only) 
Bovine lactoferrin   175 mg, PO mixed with milk q12-24hr 
Buprenorphine   0.01 – 0.03 mcg/kg, sublingual, q 6-8hr (or extended action SQ) 
Chlorambucil    2 mg/cat, PO, twice weekly 
Cyclosporine    2-7.5 mg/kg, PO, q24-48hr 
Dexamethasone   0.5-1 mg/cat, PO, q48-72 
Doxycycline     10 mg/kg, PO, q24hr 
Gold salts    1 mg/kg, IM, weekly for 8-10 weeks and then monthly 
Interferon alpha   10 U/kg, PO, daily 
Meloxicam    Maximum of 0.1 mg/cat, PO, q24-72hr based on effect 
Methylprednisolone acetate  7.5-10 mg/cat, SQ, q3-4 weeks 
Metronidazole    10 mg/kg, PO, q8-12hr 
Omega interferon   Intralesional 
Prednisolone    0.5-2 mg/kg, PO, q12-48hr      
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MANAGEMENT OF SELECT CAUSES OF COUGH IN CATS 
 
Michael R. Lappin, DVM, PhD, DACVIM 
The Kenneth W. Smith Professor in Small Animal Clinical Veterinary Medicine 

 
There are a number of causes of cough in cats.   The purpose of this lecture and proceedings is 
the update attendees on some of the most common diagnostic procedures and treatments for 
select causes of cough in cats. 
 
Bronchial diseases.  Bronchial obstruction can develop due to inflammatory infiltrates 
(eosinophils, neutrophils, or macrophages) or hypertrophy of bronchial tissues.  The result is 
obstructive airway disease.  Obstructive airway disease is characterized by increased airway 
resistance with resultant expiratory dyspnea.  Bronchitis is inflammation of the airways.  Asthma 
generally implies a reversible bronchoconstriction related to hypertrophy of smooth muscle in 
airways, hypertrophy of mucous glands, and infiltrates of eosinophils.  Asthma in cats is 
primarily due to Type I hypersensitivity reactions; the etiology is generally undetermined.  Cats 
with bronchitis not due to asthma generally have infiltrates of neutrophils or macrophages as 
well as hypertrophy of mucous glands, hyperplasia of goblet cells, excessive mucous, and 
ultimately fibrosis secondary to chronic inflammation.  Calicivirus is the most common viral 
disease of cats leading to acute bronchial disease.  Bordetella bronchiseptica, Mycoplasma 
spp., and possibly, Chlamydia felis are the bacteria capable of inducing bronchial disease.  If 
disease occurs due to C. felis occurs, it is mild.  Heartworm associated respiratory disease can 
result in bronchitis.  Bronchitis may also result from Aelurostrongylus abstrusus, Eucoleus 
aerophila, Troglostrongylus brevior or Toxocara cati infestation.  
  
Cats with bronchitis can be of any age; chronic bronchitis usually develops in middle-aged to 
older cats.  There is no obvious breed or gender predilection.  Primary presenting complaints 
include cough, dyspnea, and wheezing.  Some cats will have a terminal retch following cough.  
Physical examination abnormalities include cough, dyspnea, and crackles, and wheezes in the 
pulmonary tissues.  Increased bronchovesicular sounds may be the only abnormality noted on 
auscultation.  If dyspnea occurs, it commonly has a pronounced expiratory component.  Open 
mouth breathing or panting commonly occur during periods of stress.   
 
CBC is generally normal with the exception of eosinophilia in some cats with allergic bronchitis.  
Thoracic radiographs reveal primarily a bronchial pattern.  Overinflation and air trapping is seen 
in some dyspneic cats with chronic disease.  Air bronchograms are commonly seen in cats with 
bronchitis due to bacterial infection.  Cytology of transtracheal wash samples generally reveal 
increased mucous with the primary cell types being eosinophils, neutrophils, or macrophages.  
Bacteria may or may not be visualized.  Aerobic and Mycoplasma culture as well as antibiotic 
susceptibility testing should be performed regardless of the type of inflammatory cell and 
whether or not bacteria are seen. 
 
Cats with radiographic evidence of bronchitis should be assessed for dirofilariasis using adult 
antigen detection tests and antibody tests.  Fecal flotation (Toxocara), Baermann examination of 
feces (Aelurostrongylus), and fecal sedimentation (Paragonimus) should be performed in cats 
with bronchitis particularly if indoor-outdoor and from parasite endemic areas. 
 
The ISCAID Antimicrobial use Guidelines for Treatment of Respiratory Tract Disease in Dogs 
and Cats suggest that cats with radiographic evidence of bronchitis that are D. immitis and 
lungworm negative have airway secretions collected by transoral airway washing or 
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bronchoalvelolar lavage.   Cytology should be performed and if primarily neutrophilic 
inflammation is detected, aerobic culture and antimicrobial sensitivity should be performed. 
 
Non-dyspneic cats are generally treated with broad spectrum antibiotics while awaitng 
diagnostic test results (Table 1).  The ISCAID group recommends using doxycycline initially due 
to efficacy for the primary bacterial respiratory pathogens.  I generally do not use oral 
theophylline (phosphodiesterase inhibitor) or terbutaline (beta 2 agonist) unless necessary.  
Feline terbutaline pharmacokinetics varies from people; serum levels are extremely high in cats.  
This drug should be avoided in cats with cardiac disease or disease resulting in hypertension 
like renal failure and hyperthyroidism.  Phosphodiesterase inhibitors often cause anorexia and 
behavior change in cats.  Inhalational albuteral given via inhaler may work more quickly and oral 
or injectable bronchodilators in cats with dyspnea.  Cats with neutrophilic TTW cytologic results 
and positive bacterial cultures are treated with appropriate antibiotics for 2 - 4 depending on 
radiographic severity of disease and response to therapy.  Some cats with acute bronchitis will 
have the disease resolve and not recur.  Most cats with chronic bronchitis will require life-long 
anti-inflammatory therapy and perhaps, bronchodilator therapy.   
 
If an eosinophilic component is present on TTW cytology, glucocorticoids will likely be required.  
Oral, repositol, or inhalational glucocorticoids can be administered.  I generally attempt oral 
prednisolone therapy initially.  For difficult to medicate cats, administration of 
methylprednisolone acetate every 2-3 weeks adequately controls some cats with asthma or 
allergic bronchitis.  Titrate the dosage of glucocorticoid to the lowest dose required to control 
clinical signs of disease.  Use of inhalational steroids can be very effective and if fluticasone are 
used, minimal systemic side-effects occur.  In dyspneic cats, delivery of glucocorticoids by 
inhalation may work more quickly than those delivered orally or by injection.  Chambers for the 
delivery of inhalational drugs can be purchased at www.aerokat.com.  Use of omega 3 fatty acid 
supplementation may lessen requirements for glucocorticoids.  Since allergic bronchitis can be 
related to dietary hypersensitivity, a hypoallergenic diet trial should be tried in cats with recurrent 
or persistent disease.  Cats that become refractory to prednisolone will often respond to 
methylprednisolone, dexamethasone, or triamcinolone.  Some cats with allergic bronchitis 
asthma will have seasonal exacerbations.  Removal of potential irritants in the environment 
including clay litter, cigarette smoke, hairspray, and carpet cleaners should be considered in all 
cases of bronchial inflammation. 
 
Parasitic diseases.  Parasites leading to cough or dyspnea in cats include Toxocara cati, 
Toxoplasma gondii, Aelurostrongylus abstrusus, Eucoleus aerophila, Troglostrongylus brevior 
and Paragonimus kellicotti.  Aelurostrongylus abstrusus has an indirect life cycle with rodents as 
intermediate hosts; the organism occurs across north America.  It is difficult to prove respiratory 
cough due to roundworms; demonstration eggs in the feces of coughing kittens supports a 
presumptive diagnosis.  There is no effective primary treatment for the migrating phase of the 
parasites.   
 
Diagnosis of the primary respiratory parasites is based on demonstration of the organism in 
transoral airway washing samples, bronchoalveolar lavage samples, or in feces.  Most of the 
agents are intermittent shedders and so fecal examination techniques may have to be repeated 
multiple times.  The Baermann funnel technique will increase the odds of finding larva.   
 
Fecal sedimentation techniques are superior to flotation techniques for demonstration of 
Paragonimus kellicotti.  Serologic tests are available to help support a diagnosis of 
toxoplasmosis.   
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Lungworms generally respond to selemectin, moxidectin, or emodepside.  Ivermectin at 0.4 
mg/kg, SQ, once or fenbendazole at 25 mg/kg, PO, daily for 5 days, repeated again in 5 days is 
have also be used.  Since eosinophilic pneumonitis occurs with these agents, prednisolone is 
often administered at 1.0-2.0 mg/kg, daily, PO concurrently.  Praziquantel can be used for the 
treatment of Paragonimus kellicotti.  Clindamycin administered at 10-12 mg/kg, BID, PO for 4 
weeks can be effective for the treatment of toxoplasmosis.  
 
Dirofilariasis.  In general, it can be assumed that the incidence of heartworm disease in cats in 
a given area to be approximately 10% of the incidence in dogs.  Worm burdens are usually low 
(1-2 worms) but morbidity and mortality tends to be greater than in dogs.  Cough is common 
and bronchial disease can occur prior to development of adult heartworms (heartworm 
associated respiratory disease).  Many cats have aberrant signs including sudden death, 
vomiting and central nervous system abnormalities.  Cats are usually microfilaria negative and 
commonly antigen negative due to low worm burdens or single sex infections.  Multiple different 
antibody tests are currently available; these assays are thought to be more sensitive than 
antigen testing and do not cross react with other parasites.  It is important to test cats with both 
antibody and antigen tests.  Demonstration of pulmonary arterial distension, tortuosity and 
blunting by thoracic radiography is an important diagnostic procedure.  Occasionally, worms can 
be detected by echocardiography.  Heartworm infection in cats is generally self-limiting in 1-2 
years and so most cats should be managed symptomatically with glucocorticoids.  Infected cats 
should be placed on preventative to avoid new infections.  To date, melarsamine is not 
recommended for treatment of cats.   
 
Pneumonia.  Pneumonia is inflammation of the lung parenchyma; bronchopneumonia is 
pneumonia that has begun in the terminal bronchioles.  Bacterial pneumonia is rarely a primary 
disease.  Occasionally, Bordetella bronchiseptica or Mycoplasma spp. will induce pneumonia 
directly due to their adverse effects on mucociliary apparatus function.  Yersinia pestis can 
cause pneumonia in infected cats and is directly zoonotic.  Febrile cats with cough in the 
Southwestern states should be handled carefully.  Toxoplasma gondii causes interstitial 
pneumonia.   Most cases of bacterial bronchopneumonia are secondary to immunosuppressive 
diseases or previous inflammatory insults including viral infection, aspiration, and irritant 
inhalation.  Owners should be carefully questioned concerning potential exposure to other 
animals and clinical signs associated with immunosuppressive diseases or aspiration. 
 
Most cats with bacterial pneumonia will be clinically ill.  Common complaints include depression, 
anorexia, dyspnea, productive, moist cough with a terminal retch, and exercise intolerance.  
Some cats with bacterial pneumonia will present only with cough.  Physical examination findings 
commonly include fever, crackles and wheezes, and muffled lung sounds in cases with 
consolidated or abscessed lung lobes.  Many cats will have increased tracheal sounds, a 
tracheal cough, and pharyngeal inflammation due to transport of inflammatory cells up the 
mucociliary apparatus to the mouth. 
 
The initial diagnostic plan for cats with suspected bacterial pneumonia should include a CBC, 
biochemical panel, urinalysis, thoracic radiographs, FeLV antigen test, and FIV antibody test.  
Neutrophilic leukocytosis with or without a left-shift is common but not present in all cases.  
Monocytosis is common in chronic pneumonia.  Assessment of the biochemical panel and 
urinalysis will often detect underlying immunosuppressive diseases.  Thoracic radiographs 
usually reveal a mixed alveolar, bronchial, and interstitial pattern.  Aspiration pneumonia 
generally has radiographic lesions that are most pronounced in the right middle lung lobe.  If 
interstitial pneumonia is noted, T. gondii IgM and IgG serology should be considered.  
Particularly if the cat has a history of hunting or eating raw meat.  Feline plague is caused by 
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Yersinia pestis, a gram-negative coccobacillus found most commonly in mid- and far-western 
states, particularly New Mexico and Colorado.  Rodents are the natural hosts for this bacterium; 
cats are most commonly infected by ingesting bacteremic rodents or lagomorphs or by being 
bitten by Yersinia infected rodent fleas. Humans are most commonly infected by rodent flea 
bites, but there have been many documented cases of transmission by exposure to wild animals 
and infected domestic cats.  Infection can be induced by inhalation of respiratory secretions of 
cats with pneumonic plague, bite wounds, or by contaminating mucous membranes or abraded 
skin with secretions or exudates.  Bubonic, septicemic, and pneumonic plague can develop in 
cats and humans; each form has accompanying fever, headache, weakness, and malaise.  
Since cats are most commonly infected by ingestion of bacteremic rodents, suppurative 
lymphadenitis (buboes) of the cervical and submandibular lymph nodes is the most common 
clinical manifestation.  Exudates from cats with lymphadenopathy should be examined 
cytologically for the presence of large numbers of the characteristic bipolar rods.  The diagnosis 
is confirmed by fluorescent antibody staining of exudates or PCR (available at Centers for 
Disease Control, Fort Collins, CO).   
 
Esophageal diseases are commonly evident on evaluation of thoracic radiographs.  Laryngeal 
paralysis commonly predisposes to aspiration pneumonia and is characterized by inspiratory 
stridor; this disease is rare in cats. Following documentation of pulmonary disease on thoracic 
radiographs, a transoral airway washing or bronchoalveolar lavage for cytology, aerobic 
bacterial and Mycoplasma culture, and antibiotic susceptibility testing should be performed.  
PCR assay for T. gondii DNA can be performed on the washings or BAL as well.  Transthoracic 
aspiration of consolidated lung lobes should be considered for anaerobic culture and antibiotic 
susceptibility testing.  Bronchoscopy for bronchoalveolar lavage and biopsy is superior to TTW 
and is sometimes required. 
 
The combination of increased numbers of neutrophils and macrophages on cytologic 
assessment of secretions obtained by TTW and positive bacterial culture confirms the diagnosis 
of bacterial pneumonia.  Bacterial culture is commonly positive in healthy cats and so the 
presence of bacteria without inflammatory cells does not document pneumonia.  Treatment 
consists of airway hydration, antibiotic therapy, physical therapy, expectorants, and 
bronchodilators.   
 
Following correction of underlying conditions, the most important treatment of bacterial 
pneumonia is hydration.  The mucociliary apparatus functions best in a well-hydrated animal 
and is essential for the clearance of infection.  Affected cats should receive parenteral fluid 
therapy until able to maintain hydration orally.  Airway hydration can be accentuated by 
nebulization or by placing the animal in a closed bathroom while running hot water through the 
shower. 
 
Antibiotic therapy should be based on culture and antibiotic susceptibility testing.  Septic cats 
should be treated initially with parenteral antibiotics like a quinolone combined with clindamycin 
or ampicillin.  Plague usually responds to doxycycline or a quinolone.  Oral antibiotics should be 
administered for 2 – 4 weeks or for at least 2 weeks following resolution of radiographic 
evidence of disease.   
 
Saline nebulization has some mucolytic effects and will aid mucociliary apparatus function.  
Nebulization is generally administered 3-4 times daily.  Mucolytic agents such as acetylcysteine 
are generally not used during nebulization of cats due to severe bronchoconstriction.  If 
acetylcysteine is used, a topical beta-2 agonist like isoetharine should also be nebulized.  
Nebulization can be administered through most oxygen cages.  Electric air pumps and hand-
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held nebulizers that give a particle size of 5 microns can be rented from many human home 
respiratory care companies.  There are also veterinary products now available.  Nebulization 
can be performed by attaching the nebulizer to a closed box with holes placed on the opposite 
side to allow escape of CO2. 
 
Oxygen therapy is indicated due to acute dyspnea in some cats with bronchopneumonia.  If a 
oxygen cage is not available, oxygen can be administered via nasal tube.  Positive end 
expiratory pressure aids in the treatment of some pulmonary conditions but is not practical in 
most clinical settings. 
 
Passive physical therapy is indicated for the treatment of bacterial pneumonia.  Gentle 
percussion using a cupped hand is the technique most commonly used but is not tolerated by 
many cats.  Playing with the cat to encourage mild exercise may be beneficial. 
 
Bronchodilator treatment may be of benefit in the treatment of bacterial pneumonia.  I generally 
use this therapy if above treatments are not rapidly resolving the disease.  Phosphodiesterase 
inhibitors improve mucociliary apparatus function and may strengthen muscles of respiration.  
Bronchodilators can be indirect antitussives. 
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DIAGNOSIS AND TREATMENT OF CATS WITH UPPER RESPIRATORY TRACT 
INFECTIONS 
 
Michael R. Lappin, DVM, PhD, DACVIM 
The Kenneth W. Smith Professor in Small Animal Clinical Veterinary Medicine 
 
There are many causes of bacterial, viral, and fungal causes of upper respiratory infections (URI) in cats.  
The primary objective of this presentation is to update attendees on new developments in the diagnosis 
and prevention of the primary bacterial and viral causes of disease.  These proceedings also list some 
treatment recommendations. 

 
Bacterial causes.  Almost all cats with mucopurulent or purulent nasal discharge have a bacterial 
component to their disease.  Primary bacterial disease is rare but may be associated with Bordetella 
bronchiseptica, Mycoplasma spp. and Chlamydia felis.  In one recent Morris Animal Foundation 
sponsored study, we showed Mycoplasmas to be more common that FHV-1 and were associated with 
illness.  Recently it was shown that Bartonella spp. are not causes of rhinitis in cats.  Both B. 
bronchiseptica and Mycoplasma spp. can be associated with bronchitis in cats.  Chlamydiosis in general, 
is a mild infection resulting only in conjunctivitis.  If primary infections are suspected, doxycycline 10 
mg/kg, PO, once daily (or divided BID) or topical administration of tetracyclines (conjunctivitis) are usually 
effective. Cats with acute disease only need to be treated for 7 to 10 days.  Most cases of bacterial rhinitis 
are secondary to other diseases including trauma, neoplasia, inflammation induced by viral infection, 
foreign bodies, inflammatory polyps, and tooth root abscessation.  Thus, if routine antibiotic therapy fails, 
a diagnostic workup should be performed.   
 
My laboratory completed a study of cats with upper respiratory disease complex that had two major 
objectives; to identify organisms associated with feline rhinitis in a natural setting and to compare the 
efficacy and safety of pradofloxacin and amoxicillin for the treatment of suspected bacterial rhinitis in cats 
residing in a humane society in north-central Colorado.  Forty humane society cats with suspected 
bacterial upper respiratory infections were studied.  Nasal discharges were collected for performance of 
infectious disease diagnostic tests prior to random placement into one of three treatment groups.  Cats 
were administered amoxicillin at 22 mg/kg q12hrs, pradofloxacin at 5 mg/kg q24hrs, or pradofloxacin at 
10 mg/kg q24hrs; all drugs were administered by mouth.  Cats failing to initially respond to either 
pradofloxacin protocol were crossed to the amoxicillin protocol and cats that failed amoxicillin were 
crossed to one of the two pradofloxacin protocols.   
 
The organisms most frequently isolated or amplified by polymerase chain reaction assays (PCR) pre-
treatment were feline herpesvirus-1 (75%), Mycoplasma species (62.5%), Bordetella species (47.5%), 
Staphylococcus species (12.5%) and Streptococcus species (10.0%).  
 
The initial treatment was amoxicillin for 15 cats, pradofloxacin at 5 mg/kg for 13 cats, and pradofloxacin at 
10 mg/kg for 12 cats. Of the amoxicillin-treated cats, clinical signs resolved in 10 cats (66.7%) and five 
cats were switched to pradofloxacin (10 mg/kg for one cat and 5 mg/kg for four cats) after which clinical 
signs resolved in four.  Of the pradofloxacin-treated cats (5 mg/kg), clinical signs resolved in 10 cats 
(76.9%) and three cats were switched to amoxicillin after which clinical signs resolved in all three.  Of the 
pradofloxacin-treated cats (10 mg/kg), clinical signs resolved in 11 cats (91.7%) and one cat was 
switched to amoxicillin after which clinical signs resolved.  Overall, 73.7% of amoxicillin-treated cats 
resolved and 83.3% of pradofloxacin-treated cats resolved.  However, differences in response rates 
between groups were not statistically different (P = 0.2919), potentially because of the relatively small 
sample size.  Drug toxicity was not noted and all cats were reported to tolerate the administration of the 
drug.  We concluded in the manuscript that pradofloxacin can be a safe, efficacious therapy for some cats 
with suspected bacterial upper respiratory infections (Spindel 2008). 
 
In a separate study, our research group collaborated with researchers in the Department of Small Animal 
Internal Medicine, Veterinary Teaching Hospital, LMU, in Munich, Germany.  In that study, we focused 
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primarily on Chlamydia felis and Mycoplasma spp. with the purpose of finding a potentially effective 
therapy that could be used rather than doxycycline.   
 
In this placebo-controlled, double-blind clinical trial, 39 cats with signs of bacterial upper respiratory 
infections or conjunctivitis were entered.  The cats were randomly entered into 1 of 2 treatment groups: 
treated orally with either 5 mg/kg pradofloxacin q24hr or 5 mg/kg doxycycline q12hr for 42 consecutive 
days.  Changes in health status and clinical scores were evaluated. The presence of C. felis and 
Mycoplasma spp. DNA was determined by quantitative polymerase chain reaction (PCR) and nested 
PCR of conjunctival swabs, respectively. 
 
Prior to treatment, DNA of C. felis and Mycoplasma spp. was amplified from samples from 23 and 20 
cats, respectively.  Clinical signs improved markedly within the first week for cats of both groups.  
Complete elimination of Mycoplasma spp. DNA was achieved in both groups.  During treatment with 
either drug, C. felis DNA copy number declined quickly, all cats administered doxycycline became C. felis 
DNA negative and 4 cats treated with pradofloxacin remained C. felis DNA positive. 
 
In this study, it was concluded that both pradofloxacin and doxycycline have good efficacy against C. felis 
and Mycoplasma spp., resulting in a marked improvement of clinical signs.  The study showed evidence 
that the pradofloxacin protocol studied may eliminate Mycoplasma spp. infections.  However, since C. 
felis DNA was still amplified from samples from some cats after treatment with pradofloxacin, infection 
might not always be eliminated using this protocol. 
 
Since bacterial rhinitis leads to chondritis and osteomyelitis, antibiotic therapy should be continued for 
weeks in cats with chronic disease. Drugs with an anaerobic spectrum that also penetrate bone and 
cartilage well are often effective.  Clindamycin or amoxicillin-clavulanate are frequently used.  Amoxicillin-
clavulanate has the advantage of killing most Bordetella isoloates.  Clindamycin has the advantage of 
effective against Mycoplasma spp. and the drug can be used once daily for routine bacterial infections in 
cats. Azithromycin (10 mg/kg, PO, q 24-72 hr) or fluoroquinolones can be used for cats with chronic 
disease.  For cats that are difficult to treat, cephalosporin injections can be considered.  However, this 
drug class is ineffective for Mycoplasma spp. and most Bordetella isoloates and so should not be a first 
line therapy unless the cat is impossible to treat orally. 
 
Viral diseases.  Herpesvirus 1 (rhinotracheitis; FHV-1) and calicivirus (FCV) are the most common viral 
causes of sneezing and nasal discharge in the cat.  If oral ulcers are present, calicivirus is most likely.  If 
corneal ulcers are present, herpesvirus 1 is most likely.  FHV-1 has now also been associated with 
chronic stomatitis, facial dermatitis, and endogenous uveitis.  Viral rhinitis with or without secondary 
bacterial infection can be recurrent.  FHV-1 can be documented by direct fluorescent staining of 
conjunctival scrapings, virus isolation, or polymerase chain reaction.  Since FHV-1 DNA can be detected 
in conjunctival cells of approximately 25% of healthy cats, the positive predictive value of these tests in 
diseased cats is low. Quantitative PCR may ultimately prove to correlate to the presence or absence of 
disease.  Currently used PCR assays also detect vaccine strains of FHV-1.  RT-PCR assays can be used 
to amplify the RNA of FCV.  However, these assays have the same problems with predictive value as 
those to detect DNA of FHV-1.    In one of our upcoming publications, we showed that PCR assay results 
for FHV-1 or Mycoplasma failed to correlate to treatment responses to either an anti-viral drug or an 
antibiotic.   Thus, performance of these PCR assays have low positive predictive value. 
 
Feline viral rhinitis with or without secondary bacterial infection can be recurrent.  There are no 
consistently effective primary therapies.  For FHV-1, lysine at 250-500 mg, PO, BID may be helpful in 
some cats and has been shown to be safe but should be given as a dose, not fed with food.  Lysine has 
been shown to be ineffective for prevention of upper respiratory tract infections in 2 separate shelter 
studies and so should probably not be used for this purpose. 
 
Administration of human alpha 2b interferon at 50 U, PO, daily may help some cats with suspected 
chronic calicivirus or FHV-1 infection.  This can now be formulated for practitioners by prescription at 
some pharmacies (www.roadrunnerpharmacy.com/) in the USA.  Topical administration of alpha 
interferon in saline to the eyes of cats with conjunctivitis or the nose may aid in the management of some 
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cats.  Lysine and alpha interferon are unlikely to lead to a cure, but hopefully will lessen clinical signs of 
disease.  Intranasal administration of modified live, intranasal FHV-1 and FCV vaccines may lessen 
disease in some chronically infected cats.  If there is a positive response to intranasal vaccination in a cat 
with chronic disease, I will use this form of immunotherapy up to 3 times per year (Fenimore et al, 2015).  
The intranasal vaccine has been shown to potentiate cell-mediated immunity to FHV-1 better than 
parenteral vaccination.   
 
Acyclovir is an anti-herpesvirus drug for use in people but can be toxic to cats and so should not be used.  
Famciclovir is safer and more effective than acyclovir and is now being used for long-term therapy.  One 
dose that has been used is 1/2 tablet of a generic 250 mg tablet (125 mg), PO, q8-12 hr.  The drug is safe 
at up to 90 mg/kg, PO, q8hrs and so the dose should be increased if the initial response is suboptimal 
and FHV-1 is still suspected.  Topical cidofovir (product for humans) can be used for the treatment of 
FHV-1 conjunctivitis twice daily and was effective in a controlled research project.  The drug was easier to 
administer (twice daily) than idoxuridine or other anti-FHV-1 ocular therapies and does not cause as 
much irritation.  This drug is available in some compounding pharmacies (www.rxfixer.com).  However, it 
is now known that famciclovir is excreted in high levels in the tears for 4 hours after a dose and so topical 
treatment with anti-FHV-1 drugs may not be needed if famciclovir is prescribed at 90 mg/kg, PO 2-3 times 
daily.  Administration of one dose of famciclovir (125 or 500 mg) on admission to an animal shelter was 
ineffective in lessening clinical signs of disease. 
 
Feline leukemia virus and feline immunodeficiency virus can induce immunosuppression predisposing to 
bacterial rhinitis.  However, there is no universally effective treatment.   Interferon alpha as described can 
be tried.  In addition, AZT at 5 mg/kg, PO, twice daily can be tolerated and improved clinical parameters 
in some cats with FIV.  Both FIV and FeLV have been associated with nasal lymphoma and so if upper 
respiratory tract signs occur in retrovirus positive cats, this neoplasm should be excluded. 
 
Fungal diseases.  Cryptococcus neoformans, C. gattii, and Aspergillus spp. are the most common 
causes of fungal infection in cats.  Aspergillosis in cats carries a grave prognosis. 
 
Cryptococcosis is the most common systemic fungal infection of cats and should be considered a 
differential diagnosis for cats with respiratory tract disease, subcutaneous nodules, lymphadenopathy, 
intraocular inflammation, fever, and CNS disease.  Infected cats range from 6 months to 16 years of age, 
and male cats are over represented in most studies.  Infection of the nasal cavity is reported most 
frequently (56.3 to 83.0% of cases) and commonly results in sneezing and nasal discharge.  The nasal 
discharge can be unilateral or bilateral, ranges from serous to mucopurulent, and often contains blood.  
Granulomatous lesions extruding from the external nares, facial deformity over the bridge of the nose, 
and ulcerative lesions on the nasal planum are common.  Submandibular lymphadenopathy is detected in 
most cats with rhinitis. Definitive diagnosis of cryptococcosis is based on antigen testing or cytologic, 
histopathologic, or culture demonstration of the organism.  Cats with cryptococcosis have been treated 
with amphotericin B, ketoconazole, itraconazole, fluconazole, and 5-flucytosine alone and in varying 
combinations.  Good to excellent treatment responses in cats were seen with fluconazole (96.6%), 
itraconazole (57.1%), and ketoconazole (34.6%).  Because of toxicity, I no longer use ketoconazole.  I 
generally use fluconazole at 50 mg/cat per day because it has the least side-effects and or the azoles, 
has the best penetration across the blood-brain and blood-ocular barriers. If life-threatening infection is 
occurring or the cat is failing to respond to the azole, drugs liposomal amphotericin B should be used.  
Care should be taken if voriconazole is used as it has been associated with neurotoxicity in cats.  Nasal 
and cutaneous cryptococcosis generally resolve with treatment; CNS and ocular disease are less likely to 
respond to treatment.  Treatment should be continued for at least 1 to 2 months past resolution of clinical 
disease.  People and animals can have the same environmental exposure to Cryptococcus spp.  but 
zoonotic transfer from contact with infected animals is unlikely.   
 
Parasitic diseases.  While nasal mites (Pneumonyssoides) and a nasal worm (Eucoleus) occur in dogs in 
the United States, there are no significant nasal parasites in cats of the USA. 
 
Many cats with mucopurulent nasal discharges that appear to have an infectious cause often have an 
underlying problem.  Thus, a complete workup is suggested in this cats.  The most common diseases 
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associated with chronic recurrent bacterial infections include nasopharyngeal polyps, allergic rhinitis, 
neoplasms, canine tooth root abscesses, and foreign bodies.    
 
Prevention of upper respiratory tract infections.  The American Association of Feline Practitioners 
(www.catvets.com) recommends that all healthy kittens and adult cats without a known vaccination 
history should be routinely vaccinated with an intranasal or parenteral vaccine that contains FHV-1, FCV, 
and feline panleukopenia virus (FVRCP).  Multiple modified-live products and killed products are available 
and the products available in the United States.   
 
In general, modified live FVRCP vaccines are recommended for kittens housed in environments at high 
risk for exposure to feline panleukopenia virus (FPV).  Modified live FVRCP vaccines for intranasal 
administration can induce protection against FHV-1 as soon as four days after administration and so this 
route of administration may be preferred for kittens housed in environments at high risk for exposure to 
FHV-1.  In a recent study, we showed that protective FHV-1 titers were induced more quickly after 
administration of an inactivated FVRCP when compared to a modified live FVRCP vaccine for SQ 
administration.  Modified live products should not be administered to clinically ill, debilitated, or pregnant 
animals.   Administration of intranasal FVRCP vaccines can induce transient, mild sneezing or coughing 
and so the owners should be informed.  However, intranasal vaccines can also induce transient immune 
stimulation caused cross protection against alternate pathogens (Bradley et al, 2014).  For kittens thought 
to have no more than routine risk of exposure to FPV, FCV, or FHV-1, it is currently recommended that 
FVRCP vaccines should be administered starting no sooner than 6 weeks of age with boosters every 3-4 
weeks until 16 weeks of age. Older kittens and adult cats with unknown vaccination history should be 
administered two killed or two modified-live FVRCP doses 3 to 4 weeks apart.  For kittens thought to have 
high risk of exposure to FPV, like those housed in animal shelters or pet stores, the AAFP panel currently 
recommends parenteral administration of modified live FPV containing vaccines as early as 4 weeks of 
age, particularly during an outbreak.  However, intranasal administration of modified live FVRCP vaccines 
instead of or in addition to parenteral administration of modified live FVRCP vaccines may be superior for 
protection against FCV and FHV-1 in these environments (Reagan et al, 2014).   
 
A recently published study in my laboratory showed that both a modified live SQ FVRCP vaccine and the 
Elanco inactivated FVRCP vaccine could induce protection against FHV-1 on challenge at day 7.  
However, the inactivated vaccine was superior to the modified live vaccine for lessening respiratory signs.  
This vaccine is now available in a 0.5 ml formulation that is easy to administer and has 2/3rds less total 
protein than other FVRCP vaccines which may correlate to less side-effects. 
 
The current AAFP Advisory Panel recommends a booster FVRCP vaccine one year later.  However, a 
recent study showed that while there was no difference in FPV immunity, the relative efficacy of FCV and 
FHV-1 vaccines were lower at 1 year after initial vaccination than at 4 weeks after initial vaccination.  The 
author concluded that the first FCV and FHV-1 booster vaccination after the completion of the initial 
series should be administered earlier than one year.   
 
Based on several challenge studies, it appears that there is no need to administer FVRCP vaccines no 
more frequently than every third year after the one year booster vaccine; it is possible the duration of 
immunity is much longer.  Serological test results for antibodies against FPV, FCV, and FHV-1 can be 
used to aid in the determination of vaccine needs.   
 
Some variants of FCV induce systemic vasculitis in cats (virulent calicivirus) and clinical signs can be 
severe in some cats previously vaccinated with FVRCP vaccines.  A killed, virulent FCV containing 
vaccine line is now available in the USA (Elanco).  This product contains two strains of FCV; serum 
antibodies from cats given this vaccine neutralized more FCV strains in vitro than antibodies from cats 
vaccinated with a products containing a single FCV stain.  Thus, cats vaccinated with this, or similar 2 
strain containing vaccines, may have better cross-protection.  These calicivirus strains are available in the 
inactivated FVRCP vaccine that is a 0.5 ml dose and is available as a non-adjuvanted product. 
 
The currently available B. bronchiseptica vaccine for intranasal administration can be administered as 
early as 4 weeks of age, has an onset of immunity as early as 72 hours, and has a minimum duration of 
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immunity of 1 year.  Many cats have antibodies against Bordetella bronchiseptica, the organism is 
commonly cultured from cats of crowded environments, and there are sporadic reports of severe lower 
respiratory disease caused by bordetellosis in kittens and cats of crowded environments or other stressful 
situations. However, the significance of infection in otherwise healthy pet cats appears to be minimal. For 
example, in client-owned cats in north central Colorado, the organism was rarely cultured from cats with 
rhinitis or lower respiratory disease (approximately 3%).  In addition, because the vaccine is administered 
by the intranasal route, mild sneezing and coughing can result.  Bordetella vaccination should be 
considered primarily for use in cats at high risk for exposure and disease, such as those with a history of 
respiratory problems and living in humane shelters with culture proven outbreaks. Since the disease is 
apparently not life-threatening in adult cats, is uncommon in pet cats, and responds to a variety of 
antibiotics, routine use of this vaccine in client-owned cats seems unnecessary. 
 
Killed and modified live C. felis containing vaccines are available.  Infection of cats by C. felis generally 
only results in mild conjunctivitis, is easily treated with antibiotics, has variable prevalence rates, and the 
organism is of minimal zoonotic risk to people.  In addition, use of FVRCP vaccines that also contained C. 
felis was associated with more vaccine reactions in cats when compared to other products.  Thus, 
whether C. felis vaccination is ever required is controversial. The use of this vaccine should be reserved 
for cats with a high risk of exposure to other cats and in catteries with endemic disease. Duration of 
immunity for Chlamydia vaccines may be short-lived, so high-risk cats should be immunized before a 
potential exposure. 
 
Stress relief.  Many of the cats with chronic recurrent signs of disease are likely to be infected by FHV-1 
or FCV.  Stress reactivation of feline viral infections is thought to be common, in particular for FHV-1.   All 
the principles of stress relief for management of feline interstitial cystitis also apply to cats with recurrent 
signs of URI.  In a recent study accepted for publication, we showed that use of a facial pheromone 
diffusor could lessen recurrent signs of FHV-1 in a mild stress model in experimentally inoculated cats. 
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ESOPHAGEAL DISEASES: MUCH, MUCH MORE THAN JUST MEGAESOPHAGUS 
 
Michael D Willard, DVM, MS, DACVIM 

 
Esophageal Weakness 
Acquired esophageal weakness is usually (but not always) easy to distinguish from obstruction 
radiographically, especially when a barium contrast radiograph is performed.  However, the 
severity of the radiographic lesion (i.e., the degree of dilatation) does not always correlate well 
with the clinical severity.  Acquired esophageal weakness is typically difficult to resolve because 
it is hard to find the underlying cause.  Myopathy, neuropathy, myasthenia gravis, 
dermatomyositis, dysautonomia, esophagitis, Addison's disease, Spirocerca lupi, tick paralysis, 
central nervous system disease, or infiltrative non-obstructive esophageal tumors are possible 
causes.  Generalized myopathies and neuropathies often affect the esophagus because it is 
composed of striated muscle in the dog.  Signs of lower motor neuron disease in these patients 
are sometimes seen and can include loss of muscle mass, weakness, an inability to bark, or a 
change in the quality of the bark.  Some clients report that their animal has laryngitis, which may 
seem likely because these pets typically have repeated respiratory infections due to aspiration 
pneumonia.  Treatment of the myopathy or neuropathy should resolve the problem, but 
symptomatic therapy for the esophageal dilatation is indicated.  
   
Generalized myasthenia gravis usually presents as weakness during exertion which resolves 
after resting; however, generalized myasthenia can present in a variety of ways, including 
apparent lameness or permanent weakness.  Electromyography and assay for circulating 
antibodies to acetylcholine receptors are the most definitive tests.  Localized myasthenia in the 
dog is a syndrome in which the esophagus is the only muscle which is obviously weak.  Up to 
25-30% of dogs with acquired esophageal weakness have this syndrome.  Third degree heart 
block may also be seen in some patients with megaesophagus due to myasthenia.  This is 
diagnosed in dogs with esophageal weakness by detecting serum antibodies to acetylcholine 
receptors.   The antibodies are relatively stable and require little special handling other than 
refrigeration.  If myasthenia is strongly suspected but the titer is negative, it can be valuable to 
repeat the titer as they sometimes seroconvert later.  You cannot perform an edrophonium 
response test to diagnose localized myasthenia.  Myasthenia gravis will sometimes 
spontaneously resolve.  Treatment for myasthenia gravis that does not spontaneously resolve 
may include anti-acetylcholinesterase drugs and/or cytotoxic agents.  Azathioprine and 
mycophenolate seem to be effective drugs for this purpose.  In general, we try to avoid steroids 
as they seem to be associated with more problems.  In really severe cases, we can place a 
percutaneous gastrostomy tube to support the patient and lessen aspiration while waiting for the 
drugs to have an effect.  However, a gastrostomy tube will not prevent all aspiration as the dog 
is still swallowing saliva which can be regurgitated and aspirated. 
 
Hypoadrenocorticism may be responsible for causing esophageal weakness, even when the 
serum electrolytes are normal.  This is especially true in standard sized, black poodles, but it 
can occur in any breed.  Treatment for hypoadrenocorticism is steroids, which can make the 
esophagus start functioning again.  However, if your diagnosis is wrong and you give steroids 
because you suspect the dog may have hypoadrenocorticism, all you are doing is making 
aspiration pneumonia and subsequent death that much more likely. Therefore, testing is much 
preferred to steroid trials. 
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Idiopathic megaesophagus (i.e., either congenital megaesophagus or acquired megaesophagus 
for which a cause cannot be found) can only be treated with symptomatic therapy, which usually 
consists of feeding the animal 3-4 meals of gruel from an elevated platform and making the pet 
remain in the near vertical position from 5-10 minutes after eating.  Near-vertical means just 
that.  It is useless for the dog to just lift its head up while eating; it should be standing on its back 
legs.  The Bailey chair is a very useful device.  You can find out more about it on the web 
(http://www.caninemegaesophagus.org/support.htm).  If necessary, use a portable ladder or put 
the dog in a large trash can to help it remain vertical during this time.  This approach is a time-
honored treatment, but it does not always work.  Some animals with idiopathic esophageal 
weakness are controlled as well (or better) if they are fed free-choice dry food from an elevated 
platform.  Some can even be fed from the floor.  Free-choice feeding encourages the pet to eat 
small amounts of food throughout the day, thus avoiding intermittent large meals which are 
more likely to be retained and further dilate the esophagus.  If there is any esophageal motility 
remaining, the dry food may be easier for the esophagus to propel then gruel.  It is difficult to 
predict which feeding regime will work best for a particular patient, and both of these feeding 
regimes may need to be tried.  While most dogs with idiopathic megaesophagus die from 
aspiration, there are enough of them that respond well that it is very much worth trying.  A 
reasonable percentage of dogs with idiopathic, congenital megaesophagus will spontaneously 
improve and have normal or near normal function.  You cannot predict response to therapy or 
spontaneous remission; all you can do is support the patient and see what happens. 
 
Some individuals have tried using cisapride in selected patients with idiopathic esophageal 
weakness that do not respond well to nutritional modification.  Theoretically, cisapride would not 
be expected to work in these animals because cisapride primarily works on smooth muscle and 
canine esophagus is striated muscle.  Furthermore, cisapride is expected to tighten up the lower 
esophageal sphincter, thus making it harder for food to pass out of the esophagus and into the 
stomach.  Perhaps cisapride helps patients when gastroesophageal reflux is part of the 
problem. 
 
More recently, achalasia-like disease has been diagnosed in some dogs with megaesophagus. 
Diagnosis requires fluoroscopy. If diagnosed, it can be treated with balloon dilation or injection 
with Botox. Sildenafil might (?) be helpful. 
 
Esophagitis 
Esophagitis is much more common than many clinicians are aware.  The difficult partly arises 
from the fact that esophagitis can present with clinical signs that lead one to believe the dog is 
vomiting instead of regurgitating.  Furthermore, mild esophagitis may only cause minor signs 
(mild regurgitation of mucus and phlegm) while severe esophagitis can cause so much pain that 
patients refuse to swallow water or even saliva.  Because there can be so wide a range of 
clinical signs, it is easy to forget that esophagitis is a differential for a patient.  It is critical to 
identify that esophagitis is present as delayed diagnosis can have serious clinical 
repercussions.  Substantial inflammation of the esophageal mucosa causes muscular weakness 
by interrupting the reflex arcs within the esophagus and/or between the esophagus and the 
brain.  However, this weakness is not always reflected by finding megaesophagus.  Most 
patients have very minor esophageal distention and yet can have major signs.  Likewise, barium 
exophoras can have relatively minor changes and not reflect the severity of the esophagitis.  
Esophagoscopy typically shows an edematous, reddened, bleeding esophageal mucosa, + 
structure formation, making it the diagnostic method of choice to find esophagitis.  However, in 
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rare cases, there may be more subtle changes with thickening and discoloration (especially at 
the lower esophageal sphincter of cats). 
 
Adding to this problem is the fact that there is such a wide range of causes of esophagitis.  
Severe esophagitis may be caused by anesthetic procedures in which animals are placed in 
dorsal recumbency and then have gastric acid pool in their esophagus for relatively long periods 
of time.  However, gastroesophageal reflux from any cause can be responsible.  Hiatal hernias 
occasionally are responsible for such reflux.  Rare animals ingest caustic substances (e.g., lye), 
and some cats will like caustic disinfectants off their fur.  However, a surprisingly large number 
of animals are administered caustic substances by veterinarians.  In particular, tetracyclines, 
NSAIDs, ciprofloxacin and clindamycin are recognized as having substantial potential to cause 
esophagitis.  Pills and capsules are notorious for lodging in the esophagus of cats, and it is 
therefore not surprising that doxycycline is a recognized cause of esophageal stricture in cats.  
Esophagitis may also be secondary to any cause of protracted vomiting.  In particular, 
parvovirus enteritis may cause such intense vomiting that esophagitis results.  If a vomiting 
animal has the character of its vomitus change, which seems to suggest regurgitation, consider 
the possibility that esophagitis has occurred secondary to the persistent vomiting.  Gastrinomas 
(a tumor which secretes gastrin and results in massive gastric acid secretion) also causes 
esophagitis because of the vast and unending amounts of acid the esophagus is exposed to as 
the dog continually vomits.  Gastroesophageal reflux may be potentiated by or even caused by 
esophagitis (which may be caused by reflux in the first place).  Thus, there may be a positive 
feedback loop which can be hard to break (i.e., esophagitis causes more reflux which causes 
more esophagitis which causes more reflux which causes ...).  Rarely there can be spontaneous 
inflammation, as seen with eosinophilic esophagitis in dogs.  Brachycephalic dogs seem to have 
an increased incidence of gastroesophageal reflux, esophagitis and perhaps hiatal hernia.  
Finally, esophageal foreign bodies typically cause varying degrees of esophagitis.  The 
esophagus is far more susceptible to pressure necrosis from a foreign body than are the 
stomach or intestines. 
 
You should seek to prevent further gastroesophageal reflux by keeping the stomach as empty 
as possible by using prokinetics such as metoclopramide or, preferably, cisapride.  Studies in 
people show that cisapride is clearly more effective than metoclopramide.  The only real 
advantage of metoclopramide is that it can be given by injection; a useful fact in animals that are 
regurgitating profusely.  Most importantly, gastric acid secretion should be abolished.  H-2 
receptor antagonists are poor drugs for achieving this goal. Omeprazole, lanosprazole, 
pantoprazole and esomeprazole are non-competitive inhibitors of gastric acid secretion.  
Therefore, these drugs can be noticeably more effective and for much longer than the H-2 
blockers.  Omeprazole is given at 1 mg/kg PO bid. Giving it twice daily is particularly important. 
 
Sucralfate is of uncertain value in patients with esophagitis.  Unless there is some gastric acid 
reflux into the esophagus (which you are desperately trying to stop in the first place), it is 
doubtful that the sucralfate is of much use in healing the esophagitis. However, it can help 
alleviate pain.  Sucralfate should be administered as a slurry. In patients with severe pain that 
refuse to even swallow their saliva can receive viscous lidocaine (OTC). 
 
A combination of omeprazole and cisapride seems to be the most effective medical treatment 
regime.  Glucocorticoids have been thought to help retard fibrous connective tissue proliferation 
and cicatrix, but their effectiveness is uncertain (and they might predispose to infection).  
Placing a PEG tube seems to have some real advantages in patients with very severe disease 
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such that they will not eat or cannot refrain from regurgitating.  First, we will then know that the 
cisapride and omeprazole tablets will reach the stomach.  Second, we will also know that the 
animal will receive its caloric and protein needs, and hopefully with less irritation to the 
esophagus than would have occurred otherwise. 
 
Esophageal Stricture 
If there is severe esophagitis, cicatrix may form and obstruction develop subsequently.  
Diagnosis of stricture is best accomplished by esophagoscopy IF the operator is familiar with 
such obstructions.  It is surprisingly easy to pass a slender endoscope through a stricture and 
never recognize the stricture.  It is also surprisingly easy to miss a partial obstruction due to a 
stricture with a barium esophagram.  If you suspect a stricture and must use a barium 
esophagram to make the diagnosis, use barium mixed with solid food.  Balloon-dilatation or 
bougienage is recommended if a stricture has occurred.  Many animals need to have 2-6 
dilatation procedures (all the while being treated for esophagitis), although some only need one 
procedure and some need more than 15.  Do not try to resect the stricture unless you have had 
prior dilatation procedures fail.   
 
Cicatrix (i.e., scarring) may occur after an episode of severe esophagitis from any cause 
(including foreign objects).  It is particularly easy to miss this problem on a barium swallow if 
only liquid barium is used.  If radiographs using liquid barium are nonrevealing, repeat the study 
using barium mixed with food, which is more likely to stop at a partial obstruction.  Endoscopy is 
very good at finding these lesions; however, you must keep in mind the size of the patient as 
you evaluate the esophageal lumen.  A partial stricture will be very obvious in a 10 lb dog or cat 
but may not be apparent in an 85 lb animal.  Balloon-dilatation or bougienage is usually 
effective; it is also more likely to be successful than surgery and resection of the affected area.   
 
For particularly difficult cases, stents may be placed in the esophagus.  These must be sutured 
in place.  The major point to remember is that if an animal starts to have problems days to 
weeks after anesthesia, consider strongly the possibility that an esophageal stricture has 
developed secondary to esophagitis.  BE-tubes are the latest technique used for difficult 
strictures.  In this technique, the owners balloon the stricture twice daily at home with an 
indwelling tube that doubles as a balloon and a feeding tube. 
 
Hiatal Hernias 
Hiatal hernias may be more common than suspected.  Shar Pei's seem to have a relatively high 
incidence of hiatal hernias. They can be difficult to diagnose unless you know how to look for 
them.  Sometimes seen on plain radiographs and simple barium contrast radiographs, the more 
occult cases sometimes need more aggressive diagnostics.  Sometimes one must manually put 
pressure on the abdomen during film exposure to try to push the stomach through the hernia 
and into the chest so that it can be diagnosed radiographically.  Endoscopic diagnosis is not 
always straightforward.  You may need to put the endoscope into the stomach and retroflex it in 
order to see the abnormality.  Even when found, the big question is whether the hiatal hernia is 
causing a problem or is an “innocent bystander”.  In particular, if you have an older dog or cat 
(i.e., > 1-2 years old) that just started having clinical signs, you should strongly consider that the 
hiatal hernia is a fortuitous finding that is not responsible for the clinical signs. 
 
Esophageal Foreign Bodies 
Esophageal foreign bodies usually consist of bones but may be rawhide treats, food, dental 
chew toys, toys, balls, rocks, wood, etc.  They usually lodge at the thoracic inlet, base of the 
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heart, or lower esophageal sphincter.  A history of a patient that begins to regurgitate (as 
opposed to vomit) acutely is very suggestive of acquired esophageal obstruction due to a 
foreign object.  These patients may continue to drink water, but they typically refuse solid food 
because the food bolus cannot pass by a partial esophageal obstruction and causes pain 
whenever it tries to.  A casual, careless history that fails to raise the suspicion of regurgitation 
will typically lead the clinician to suspect an acute gastritis.  However, the realization that the 
patient is regurgitating (as opposed to vomiting) should be a "red flag".  Too often, a pet which 
has ingested a foreign object is treated conservatively while we wait and see if the supposed 
gastritis spontaneously resolves.  This is problematic because foreign bodies can erode and 
perforate the esophagus much quicker than they would stomach or intestines. 
 
Plain radiographs should be performed first.  Bones are a common cause of obstruction, and 
plain films that are made with proper technique and then carefully evaluated are diagnostic in 
most cases.  Remember that poultry bones are not as radiodense as the patient's bones, which 
means that excellent radiographic technique is required to see them.  Foreign bodies in the 
esophagus can perfectly mimic pulmonary or mediastinal masses; you often cannot tell the 
difference with plain radiographs.  If poor contrast in the region of the esophagus, pleural 
effusion or pneumothorax are seen, one must seriously consider esophageal perforation and 
mediastinitis.  If plain films are not diagnostic, then contrast films can be performed.  Barium 
provides better contrast, but iodide is safer if there is an unsuspected perforation.  Esophageal 
perforation may occur at variable times after ingestion of a foreign object.  Even a blunt object, if 
tightly lodged in the esophagus, can cause ischemia and perforation in 2-3 days.  The prognosis 
for animals with esophageal perforation and severe mediastinitis is guarded to poor, depending 
upon their condition at the time of diagnosis.   
 
Endoscopy is almost always the preferred method of removing foreign objects, but fluoroscopic 
and surgical techniques can be effective if the operator is well trained.  Rigid endoscopes allow 
much more control of the foreign object and are preferred to flexible scopes for removal of these 
foreign objects.  It is especially useful to be able to pull the object into a rigid endoscope and 
then withdraw it and the scope as a unit, thus protecting the esophagus.  The main 
disadvantage of rigid endoscopes is that they are often not long enough in larger dogs.  Finesse 
is required; brut force can easily lacerate/perforate the esophagus.  If a large object or a bone 
cannot be easily dislodged, do not force it lest you perforate a previously intact esophagus; 
instead, you can use rigid equipment to “chew” it up and hopefully dislodge it.  If that fails, 
passing a large Foley catheter behind the foreign object and inflating the balloon often helps; it 
distends the esophagus (thus freeing the foreign object) and then is used to pull the object out.  
If you cannot pull a foreign object out of the esophagus, you can try to push it into the stomach.  
However, do not push bones or other foreign objects into the stomach unless you are sure that 
it is smooth on the aborad side and will not further damage the mucosa.  Finally, be careful if 
you insufflate the esophagus lest you rupture a weakened area in the mucosa and/or cause a 
fatal tension pneumothorax.   
 
References available from the author(s) on request 
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CANINE PANCREATITIS 
 
Michael D Willard, DVM, MS, DACVIM 
 
Diagnosis 
History and physical examination are, as always, critically important; but, they are not that 
helpful for diagnosing pancreatitis.  Rather, they are more useful for finding other problems that 
may be mimicking pancreatitis.  Regarding signalment, Schnauzers and Yorkies are famous for 
acute pancreatitis, but these breeds get a lot of other diseases that cause vomiting.  
Furthermore, acute pancreatitis can be found in any breed of dog.  Canine pancreatitis is 
classically considered to present with acute vomiting and anorexia.  Abdominal pain is 
frequently present, but it is easy to miss during physical examination, and fever is occasionally 
seen.  However, we are recognizing more and more and more cases in which a) vomiting is not 
as severe as we have come to expect, and b) in which we are initially strongly drawn to other 
diagnoses.  To some extent, many of us are no longer sure what a “typical” case of canine 
pancreatitis is.  Some dogs (especially those with pancreatic abscesses) may have relatively 
mild, intermittent, unimpressive vomiting and continue to eat a reasonable amount of food.  
Many of the severely ill patients may present in classic systemic inflammatory response 
syndrome (SIRS) which is what used to be called septic shock (until we found out that you can 
have the same thing occur with any cause of massive inflammation).  Many dogs with very 
severe acute pancreatitis present as though they had an acute, septic abdomen.  Some have 
substantial amounts of abdominal fluid.  If acute pancreatitis is associated with or due to 
pancreatic carcinoma (rare), you may rarely see a dog that has widespread subcutaneous fat 
necrosis causing sterile abscesses that are typically painful and cause cutaneous discoloration.  
Most cases of canine pancreatitis seem to be temporally related to either ingestion of fat or 
lipemia associated with diabetic ketoacidosis.  Trauma and drugs can also cause canine 
pancreatitis.  Drugs that are suspected of causing pancreatitis in people and animals include 
azathioprine, sulfonamides, tetracycline, and potassium bromide.  
 
CBC's often show an inflammatory leukogram, but 1) this is a very nonspecific finding and may 
be due to any number of problems and 2) not all animals with acute pancreatitis have a notable 
leukocytosis.  Degenerative left shifts and substantial toxicity of circulating WBCs can be seen if 
the patient is in SIRS.  Likewise, thrombocytopenia due to DIC is often found in severely 
affected patients.  However, some animals with clinically severe pancreatitis have absolutely 
normal leukograms.  There are no findings on CBC that definitively diagnose or definitively 
eliminate pancreatitis 
 
Serum biochemical panels are not as helpful as we would like.  Serum lipase and amylase 
activities are insensitive (each is about 50%) and nonspecific (again, about 50%) for 
pancreatitis. We no longer request them in dogs or cats.  Dogs with acute pancreatitis and even 
pancreatic abscesses have had normal serum lipase activities.  We have also identified dogs 
with drastically increased serum lipase activities that have intestinal foreign objects or gastritis, 
but no gross evidence of acute pancreatitis.  Lipase is produced by the canine gastric mucosa 
which explains why inflammation or damage to the stomach can result in excessive serum 
lipase activity.  Canine TLI is slightly more specific than amylase and lipase, but it is still not a 
sensitive test (approximately 35%).  Therefore, it too has very poor negative predictive value.  
We have seen plenty of dogs with pancreatitis that had normal serum TLI's.   
 
The immunoreactive canine pancreatic lipase assay (i.e., cPLI or Spec cPL) appears to be the 
most sensitive (approximately 80-85%) test for pancreatitis available.  There are a few false 
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negative results with this test, but it is clearly much more sensitive than any other blood test 
available. The real question is how specific it is for clinically important disease (i.e., lesions of 
the pancreas that are causing clinical disease as opposed to microscopic lesions that are 
clinically silent).  To some extent, you can best think about cPLI like “ALT for the pancreas”. The 
biggest advantage is that if the cPLI test is negative, it is much less likely that pancreatitis is the 
real problem and you need to look very hard for extra-pancreatic disease in the dog. 
 
Blockage of the main pancreatic duct due to swelling due to generalized pancreatitis, an 
intrapancreatic granuloma, or an abscess that subsequently blocks the pancreatic duct may 
cause extrahepatic biliary tract obstruction (EHBO) with a notable increase in serum alkaline 
phosphatase and serum bilirubin.  Pancreatitis is probably the most common cause of EHBO in 
the dog.  Thus, while EHBO is very suggestive of acute pancreatitis (assuming that the patient 
does not have a mucocoele, which is usually easy to detect with ultrasound), relatively few dogs 
with acute pancreatitis develop EHBO.  Furthermore, there are reasons for this triad of signs 
besides acute pancreatitis and extrahepatic biliary tract obstruction (e.g., cholangitis-
cholangiohepatitis).  Ultrasonographic evaluation of the abdomen (discussed below) is 
particularly helpful in these patients. 
 
Plain abdominal radiographs help eliminate other diseases which may mimic acute pancreatitis.  
Not finding evidence of other abdominal disease (e.g., foreign object) is helpful in eliminating 
obstruction and narrowing the list of differential diagnoses.  Occasionally, one finds radiographic 
signs which specifically suggest acute pancreatitis.  A sentinel loop (i.e., a dilated, air-filled 
segment) in the descending duodenum, and/or lack of serosal detail in the upper right 
abdominal quadrant, and/or lateral displacement of the descending duodenum on the ventro-
dorsal projection, and/or a mass medial to the descending duodenum (on the ventro-dorsal 
projection) and/or a mass just behind the liver and just below the pylorus (on the lateral 
projection) are somewhat suggestive of acute pancreatitis.  These findings are only meaningful 
if present; many (probably most) dogs and cats with acute pancreatitis do not have any of these 
radiographic findings.  Probably the most greatest value of abdominal radiographs is that they 
help eliminate other diseases that could be causing signs similar to those caused by 
pancreatitis. 
 
Abdominal ultrasonography often finds abnormalities that suggest or are consistent with 
pancreatitis as well as eliminate other potential causes of vomiting and abdominal pain.  
Ultrasonography has been suggested to be about 40-70% sensitive in finding canine 
pancreatitis.  One may sometimes detect hypoechogenicity surrounded by hyperechoic fat in 
the region of the pancreas that is due to pancreatitis.  At other times, a markedly thickened 
pancreas may be found.  Both findings are very specific evidence of pancreatitis.  Evidence of 
EHBO (i.e., dilated bile ducts, not just a big gall bladder) is very suggestive of pancreatitis.  
Rarely, you will find dilated bile ducts due to inflammatory biliary tract disease, but this is not 
nearly as common a cause as is biliary tract obstruction.  Any dog with extra-hepatic biliary tract 
obstruction (that does not have a mucocoele) and that is vomiting/anorexic should be assumed 
to have pancreatitis until proven otherwise.  It is very important to note that the ultrasonographic 
appearance of the pancreas can change dramatically within a few hours, so repeating 
abdominal ultrasound later on the same day or early the next day can sometimes be most 
revealing. 
 
Diagnosing pancreatitis during laparotomy  is the least desirable method of diagnosis.  Some 
patients present exactly like acute septic peritonitis but are ultimately diagnosed as having non-
septic pancreatitis.  There is nothing wrong with doing an exploratory laparotomy in a patient in 
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which septic abdomen is a major consideration, only to find out that the patient has non-septic 
pancreatitis.  We very rarely have reason to biopsy a normal appearing canine pancreas, and 
what grossly appears to obviously be pancreatitis in the dog seldom requires a biopsy unless 
carcinoma is a concern.  However, you should never simply look at what appears to be an 
obviously neoplastic mass in the pancreas and make a diagnosis of carcinoma without 
biopsying it, no matter how extremely terrible it appears.  Pancreatitis is much more common in 
dogs than pancreatic carcinoma, no matter how bad the pancreas looks or how many adhesions 
are present.  If you biopsy the pancreas, it is important to obtain a biopsy that goes deeper than 
the superficial necrotic surface or adhesions.  Cytology can be useful for making a presumptive 
diagnosis; however, I have seen at least one case in which cytology of a pancreatic mass was 
read out as carcinoma by two accomplished cytologists and yet multiple biopsies all came back 
as necrotic pancreatitis.  Anecdotally, there appears to be more risk of causing iatrogenic 
pancreatitis with surgery in the dog than in the cat.  Maintaining excellent mesenteric perfusion 
during anesthesia and performing the surgical biopsy with reasonable care and good technique 
minimizes the risks.  Laparoscopic biopsy of the pancreas might be safer than surgical biopsy, 
but that is just anecdotal at this time.   
 
Chronic pancreatitis (i.e., chronic pancreatitis with intermittent, relatively mild recurrences) can 
be challenging to diagnose.  Dogs with episodic vomiting due to recurrent bouts of pancreatitis 
may not have any other signs of disease, and they invariably are admitted to your clinic for a 
work up after the last bout has run its course or is on the mend.  Episodes of vomiting and 
anorexia due to recurrent pancreatitis can be random and unpredictable.  In such patients, the 
previously mentioned diagnostics may be attempted, especially when acute exacerbations 
occur.  Very rarely, upper gastrointestinal barium contrast radiographs may rarely reveal 
duodenal abnormalities (e.g., dilatation, stricture) which suggest that recurrent bouts of acute 
pancreatitis have caused scarring of the pancreas which in turn have compromised the 
maximum size of the duodenal lumen.  Ultrasonographic changes are nice if they are present, 
but they can be minor making it difficult to accurately interpret them.  Feeding an ultra-low fat 
diet for 3-4 times longer than what was previously the longest interval between episodes may 
sometimes be helpful in making a presumptive diagnosis.  If episodic vomiting/anorexia does 
not recur while feeding such an ultra-low fat diet for an interval so long that you would have 
been sure to experience another episode, then we can often assume (rightly or wrongly) that the 
signs were due to pancreatitis (or perhaps some other dietary-responsive disease).  Anytime 
you find exocrine pancreatic insufficiency (diagnosed with TLI) in a breed that is not commonly 
affected with pancreatic acinar atrophy (e.g., German shepherd, rough-coated Collie), then 
chronic pancreatitis becomes a major concern. 
 
Pancreatic abscesses in dogs (as opposed to cats) are almost invariably sterile.  Affected dogs 
typically can have a much more chronic, smoldering course (e.g., vomiting for a month or more, 
mild loss of appetite) than most dogs with more typical acute pancreatitis.  We have even found 
a few dogs which had pancreatic abscesses that were completely asymptomatic.  Abdominal 
pain may be present or absent.  CBC and serum biochemistry findings are unpredictable.  
Diagnosis requires ultrasound.  Treatment may be surgical marsupialization, percutaneous 
ultrasonographic drainage or just observation. 
 
Therapy 
As of this writing, there is not a single, well-designed, robust, prospective, stratified study on the 
treatment of canine acute pancreatitis.  Therefore, all any of us has is opinions, period.  
Nothing per os (NPO) has been the classic therapy for pancreatitis for many years.  While it is 
true that they feed people with pancreatitis earlier than we feed dogs, you must remember that 
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human pancreatitis is unassociated with dietary fat.  People get pancreatitis from alcohol, 
trauma, gall stones and MOF (multiple organ failure).  Canine pancreatitis is associated with 
dietary fat (as well as surgical trauma when poor technique is used around the pancreas).  An 
initial study in Australia suggests that it is safe and perhaps beneficial to feed dogs with acute 
pancreatitis per os or with an esophagoscopy tube as soon as they can tolerate it (i.e., they do 
not get worse, even if they are still vomiting).  I recommend that a) you feed a diet with as low a 
fat content as possible, and b) if the feeding is associated with worsening of the vomiting, that 
you stop it and either try again in a day or two, or go to jejunostomy feeding.  Do not try to get 
full caloric intake into the patient; rather, start with small amounts to see if the patient will hold 
down the food.  Obviously, if feeding is associated with worsening of the vomiting or general 
condition, stop the feeding.  I generally start feeding potato or rice (i.e., no fat) and gradually 
work my way up to commercial diets with low fat content. Try hard to avoid parenteral nutrition. 
 
Fluid therapy is critical, and subcutaneous administration of fluids is clearly inferior to IV fluids 
for all but mildly affected animals.  IV fluid administration is often sufficient, even in dogs in 
which a pancreatic granuloma has temporarily blocked the main bile duct.  Adequate pancreatic 
circulation is probably crucial for healing damaged pancreatic tissue; therefore, it is probably 
better to provide a little too much fluid rather than a little too little fluid unless the patient has 
congestive heart failure or oliguric renal failure.  The abdominal viscera is not "first in line" to 
receive circulation when the patient is dehydrated (which most dogs with pancreatitis are when 
they come to your office).  Obese and fat dogs (which describes a lot of dogs with pancreatitis) 
do not necessarily have skin tenting when they are dehydrated.  Likewise, although you might 
expect dry, tacky oral mucus membranes, a nauseated animal may be salivating enough to 
make the mucus membranes moist even though it is dehydrated.  If a vomiting dog is not eating 
or drinking, then it is dehydrated regardless of how well hydrated it appears on physical 
examination.  However, if you give substantially too much crystalloid and dilute the serum 
protein concentrations, this could be detrimental. 
 
One should monitor the serum albumin concentration during fluid therapy in these patients.  If 
the serum albumin concentration decreases significantly (i.e., to < 2.0 gm/dl), then the plasma 
oncotic pressure likewise decreases which diminishes the effective perfusion at the capillary 
level.  Since perfusion is so critical to treating dogs with pancreatitis, one should probably 
become concerned whenever the serum albumin concentration falls below 2.0 gm/dl.  It is very 
hard to administer enough plasma to significantly raise the plasma albumin concentration.  Half 
of the albumin in the plasma that you administer will end up in the extravascular compartment 
instead of the intravascular compartment.  Hetastarch is a better choice because it will stay in 
the circulation and raise the plasma oncotic pressure for much longer than plasma. Be careful 
with hetastarch; it occasionally is associated with worsening of clinical signs. It is best to give 
small amounts repeatedly than just give a large amount.  Human albumin can be used 
effectively, but it occasionally causes anaphylactoid reactions that can kill the patient; therefore, 
it is not recommended.  Canine albumin is safer, but it does not last as long as hetastarch.  
Plasma might be more effective than hetastarch because plasma might also restore circulating 
protease inhibitors and replenish AT III (which is a treatment for DIC).  This is a very contentious 
point.  One retrospective study has shown that plasma did not help treat dogs with pancreatitis; 
however, this study suffers from the problems inherent in all retrospective studies.   
 
If the patient cannot tolerate early refeeding (i.e., the vomiting becomes worse), then 
jejunostomy feeding is another option.  It is safer, less expensive, and less dangerous than 
parenteral nutrition, and has been associated with a better prognosis.  In particular, it should be 
considered if an exploratory laparotomy was performed when the pancreatitis was diagnosed 
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because a J-tube can be placed at that time.  Alternatively, one can place a jejunostomy tube 
via laparoscopy, through a G-tube, and via the nose (naso-jejunostomy). 
 
Antiemetics are useful in patients that are vomiting repeatedly or that feel so nauseated that 
they feel terrible.  I prefer to only use antiemetics for short periods of time because I want to see 
if the patient is improving enough so that it no longer needs the antiemetic to stop vomiting.  
However, if the patient is vomiting multiple times per day or obvious feels terrible due to the 
nausea, then maropitant (1 mg/kg SQ) appears to be very useful.  Maropitant might also have 
the advantage of providing some analgesia because it blocks Substance P binding.  Dolasetron 
(0.3-1.0 mg/kg qd) and ondansetron (0.25 mg/kg qd) can also be effective. 
 
H-2 receptor antagonists have been used to “prevent gastric ulceration and erosion”.  It is 
doubtful that ulceration/erosion is a common problem in all but the sickest patients.  
Furthermore, if one desires to protect the gastric mucosa, the proton pump inhibitors are far 
superior to the H-2 receptor antagonists.  Pantoprazole (1 mg/kg IV qd) or omeprazole (1-2 
mg/kg PO bid) are the most commonly used drugs.  I suspect that they provide more benefit by 
being antidyspepsic in nature (thereby making the patient feel better) than they do by preventing 
ulcers, but that is a guess. 
 
Antibiotics have been used to “prevent” secondary bacterial infection of the inflamed pancreas, 
which is supposed to be "fertile ground" for infection.  However, there is minimal evidence that 
bacterial infection is of any significance in routine canine pancreatitis.  Antibiotics do not hurt 
these patients, but it is very questionable how helpful they are.  However, dogs in SIRS due to 
pancreatitis may be a different story.  Any dog in SIRS from any reason is potentially at 
increased risk of infection due to severely compromised mesenteric circulation. 
 
Corticosteroids are very controversial in the treatment of pancreatitis.  While they increase 
serum amylase and lipase activities, they do not cause pancreatitis.  It is possible (this is 
controversial) that they may be useful in treating patients that are in Systemic Inflammatory 
Response Syndrome (i.e., SIRS, which used to be called “septic shock”) due to the pancreatitis.  
At this time, there are good data showing that it is probably reasonable to give physiologic 
doses because dogs in SIRS typically can have what has been termed “Critical illness related 
corticosteroid insufficiency” (CIRCI), that is to say that they are relatively hypoadrenal.  This is a  
very controversial statement.  If steroid therapy for pancreatitis is contemplated, it should 
probably be reserved for the severely ill dog which is not responding to fluid resuscitation.   
 
If DIC appears to be a major problem, aggressive administration of fresh frozen plasma to 
replace clotting factors and anti-thrombin III concentrations is probably more effective than 
heparin. 
 
Analgesics are critically important.  One must remember that dogs are clearly much “tougher” 
than people, and they often hide their pain well.  Unless there is some good reason to the 
contrary, it is best to routinely assume that dogs with acute pancreatitis are in pain and will 
benefit from analgesic.  In the very mildest of cases, butorphanol is sufficient.  In moderate 
cases, methodone is reasonable.  As the pain becomes more severe, we progress to constant 
rate infusions of fentanyl.  Is the most severe cases, we administer a constant rate infusion of 
fentanyl, lidocaine and ketamine.   
 
References available from the author upon request 
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CHRONIC SMALL BOWEL DISEASE 
 
Michael D Willard, DVM, MS, DACVIM 
 
Dogs With Chronic Small Bowel Diarrhea That Is Not Associated With Hypoalbuminemia 
Unless something is very obvious, typical initial tests include eliminating parasites (giardia can 
be hard to eliminate, but the fecal ELISA has a high sensitivity for the parasite) and possibly 
hypoadrenocorticism. The later has become an important differential, and is easily screened for 
with a resting serum cortisol. Next, pancreatic insufficiency is best eliminated with a TLI (i.e., 
trypsin-like immunoreactivity) test. 
 
Once parasites, protein-losing enteropathy, and maldigestion are eliminated (i.e., you have 
determined that the patient has a non-PLE malabsorptive disease), the question is whether to 
recommend therapeutic trials or a major diagnostic work up.  If a) the patient has a clearly 
normal serum albumin concentration (i.e., it is not near the lower limit of normal), b) is not 
rapidly losing weight, c) ultrasound does not demonstrate loss of layering in the intestines, d) 
there is nothing in the history that suggests a high likelihood of an infiltrative disease, and e) the 
patient can tolerate a possible delay of 4-8 weeks without undue risk, then therapeutic trials are 
reasonable.  If therapeutic trials are performed, they must be designed such that even if they 
fail, useful information is obtained and the clinician is further ahead than previously.  Always ask 
yourself: "If this therapy fails, will I really know more about what the patient  probably has, or will 
I be as confused as I was before treating it?". 
 
Dietary Trials 
An elimination diet for dietary responsive disease is often useful for non-protein-losing 
malabsorptive disease.  There is no such thing as a commercial diet which is an appropriate 
elimination diet (i.e., is hypoallergenic and appropriate to look for non-allergic intolerance) for all 
dogs.  We often see cases in which the right thing was done (i.e., an elimination diet was used); 
but, it was done in such a poorly planned or implemented fashion that the effort was wasted.   
 
I prefer to start with a hydrolyzed diet, especially an ultra hydrolyzed diet.  Hydrolyzed diets do 
not work in all dogs, but they tend to have a higher rate of success than novel protein diets. It is 
important to note that while hydrolyzed diets have a high rate of success, there are some 
animals that respond to a novel protein diet and not to a hydrolyzed diet.  While uncommon, this 
definitely occurs.  I recommend starting with a hydrolyzed diet because it has such a high rate of 
success, but failure with a hydrolyzed diet does not signal the end of dietary trials. 
 
If a novel protein diet will be used, the next questions are a) whether to use a commercial diet or 
a home made diet, and b) what has the patient been eating.  Regardless of which type of diet is 
chosen, one must very carefully investigate the history and see what the patient has eaten in 
the past (i.e., go back to 2 months before the diarrhea started).  If the owner cannot remember 
everything, then send them home and have them dig through their receipts, etc. Not only do you 
need to know about the protein sources; you need to know the carbohydrate sources, too.  In 
particular, corn, rice and wheat have a lot of protein in them and can be responsible for the 
dietary intolerance.  .   
 
Home-made elimination diets sometimes work when commercial diets do not; however, this is 
currently very uncommon because of the plethora of novel protein diets on the market.   
 
Which ever elimination diet is used, one must be prepared to feed it and it alone for an absolute 
minimum of 3-4 weeks before its efficacy can be accurately determined.  Very rare cases need 
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to be feed a diet for 6-8 weeks before they respond, but this is probably well less than 5% of 
cases.  In general, if the diet is not benefiting the patient after 3 weeks, it is usually best to go to 
another diet.  If a diet seems to be effective (i.e., weight gain plus resolution of diarrhea) then 
continue it for at least another 3-4 weeks to be sure that it was the diet that made a difference 
as opposed to the patient having some transient improvement due to any number of causes.  
 
Some animals have such an incredible propensity to developing dietary hypersensitivity, that 
you may have to employ one or two other strategies.  First, you may make the first diet a 
“sacrificial” diet – once the patient responds, you switch to a second diet (usually hydrolyzed).  A 
more common strategy is to rotate elimination diets every 12-14 days (usually a hydrolyzed diet 
and then a novel protein diet and then repeat the sequence).  
 
In extreme cases, you may finally decide that the patient is dietary responsive simply because it 
does not respond to anything else (i.e., anthelmintics, antibiotics, steroids, 
immunosuppressives, diets, probiotics, whatever else). Do not fall into the trap of using 
increasingly stronger and stronger immunosuppressives and anti-inflammatory drugs.  If you 
arrive at this point, diet is the most likely cause.  In such cases in which I have tried everything 
(including 5 or 6 carefully chosen diets) I have literally told the client to just try a new diet 
(literally ANY new diet) every 3 weeks until something works.  Believe it or not, this strategy has 
worked for me. Although it is a rare situation, I have seen cases in which diets that made 
absolutely no sense what-so-ever work. 
 
Antibiotic Therapy 
Antibiotic-responsive enteropathy (ARE) seems to be a relatively common problem in dogs.  It 
can best be described as a syndrome in which there are substantial numbers of bacteria in the 
upper small intestines AND the host responds to them in such a manner as to cause intestinal 
dysfunction.  These bacteria are not usually obligate pathogens.  Rather, they can be of any 
species.  E. coli seems especially important, but other species (e.g.,  Staphylococcus, 
Streptococcus, Corynebacterium, etc), and anaerobic bacteria (e.g., Clostridium and 
Bacteroides) might be important.  These bacteria are probably commensals or they may 
represent contamination from ingested material which is not eliminated by normal host defense 
mechanisms.  The signs they produce, if any, seemingly depend upon at least two factors:  a) 
which bacteria are present and b) how the host responds to them.   
 
Antibiotic-responsive enteropathy is hard to definitively diagnose with laboratory tests.  
Histopathology and cytology of the intestinal mucosa are extremely insensitive at detecting 
ARE.  Serum cobalamin and folate concentrations have been used for diagnosis, and finding 
both a low serum cobalamin and an increased serum folate concentration has been considered 
to be relatively specific for ARE.  However, serum cobalamin and folate concentrations are now 
known to be relatively insensitive and non-specific for detecting ARE.  There are many dogs 
with chronic GI disease that respond to antibiotic administration but which have normal 
cobalamin and/or normal folate concentrations.  It would seem that treatment for ARE is justified 
regardless of whether the serum cobalamin and folate concentrations are normal or abnormal, 
leading one to ask whether there is any benefit to measuring them to diagnose this disorder.  
Finding hypocobalaminemia or low serum folate levels is beneficial when looking for otherwise 
occult gastrointestinal disease.  Supplementing cobalamin can clearly make cats feel better and 
diarrhea diminish.  In fact, it is never wrong to give any sick cat cobalamin injections, regardless 
of blood values of the vitamin.  Severe hypocobalaminemia has been suggested to be a poor 
prognostic sign.  While the value of supplementing cobalamin to cats is clear (in fact, it is almost 
never wrong to give any sick cat supplemental cobalamin), the clinical value of administering 
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cobalamin to dogs with low serum cobalamin concentrations is uncertain. However, cobalamin 
is inexpensive and safe; there is nothing to lose by administering it. 
 
Culture of the small bowel was once considered the “gold standard” test for ARE, but this test is 
fraught with problems.  First, it is technically hard to do it correctly.  Samples must be obtained 
without contaminating them with oral secretions.  Then they must be processed correctly in an 
expedient manner so as not to lose any anaerobic bacteria while not allowing the numbers of 
aerobes to increase.  Many investigators have snap frozen fluid samples to culture them later, 
but such freezing appears to kill large numbers of bacteria, especially anaerobic bacteria.  We 
now know that culture only detects about 30% of the bacteria in the gut; the other 70% cannot 
be cultured.  This makes one seriously question the value of culture unless one is searching for 
a specific pathogen, and even then there are culture-less methods (e.g., PCR) that may be 
better.  Finally, as has already been said, just culturing bacteria from the small bowel does not 
allow one to make a diagnosis of a bacterial disease of the small intestines.  Large numbers of 
bacteria (i.e., > 107 CFU/ml) can be present in dogs without any evidence of any clinical 
disease.  For these reasons, we very rarely culture the small intestine of dogs with chronic GI 
disease.  However, there are rare patients that appear to have ARE and yet are resistant to 
treatment with commonly used antibiotics.  Seemingly, these dogs may have one or two very 
resistant bacteria in their GI tracts, and culture may be required to determine what antibiotic will 
be effective.  However, we have only seen this scenario twice, and we believe it to be very rare. 
 
Because of the apparent difficulty in diagnosing ARE with lab tests, empirical antibiotic therapy 
is often chosen as a means to diagnosis instead of laboratory tests.  The obvious drawbacks to 
this approach are a) clinical “response” of the patient to the administered antibiotics may be due 
to the antibiotics or may be due to something else, b) if the patient did not respond to the 
antibiotic, it may be that you used the wrong antibiotics, and c) even if the patient does have 
ARE, there may be yet another disease present (e.g., a tumor causing a partial intestinal 
obstruction) which predisposed the patient to the ARE. 
 
Because any bacteria can be present in the upper small intestine, the species of bacteria in the 
upper small intestine may change from week to week, and we seldom know which bacteria we 
are treating, broad spectrum antibiotics designed to lessen bacterial numbers seem to be 
indicated.  You can never sterilize the GI tract (and you don’t want to do that, anyway).  
However, because clinical signs are due to a combination of large numbers plus an altered host 
response, simply lessening the numbers of bacteria is often beneficial.  Oral aminoglycosides 
were generally considered a poor choice to treat ARE because anaerobic bacteria (which have 
been suggested to be more of a problem) are resistant to aminoglycosides.  However, this 
opinion is not clearly correct as there are occasional patients that clearly improve when given 
amikacin orally.  Tetracycline is often effective; but, giving tetracycline is inconvenient.  
Oxytetracycline must be administered alone (i.e., without any food) and yet be washed down 
with water to ensure that the capsule to tablet does not stick in the esophagus and cause 
esophagitis. Doxycycline might be beneficial, but it has not been used for ARE enough to know 
if it is effective.  Tylosin powder has been used extensively and is revered by many clinicians.  
Some clinicians like metronidazole; however, I have not been impressed with the efficacy of 
metronidazole for small bowel ARE.  Metronidazole seems to have real benefit in many GI 
disorders, probably because it is so effective in eliminating many anaerobic bacteria.  For 
patients that are EXTREMELY ill (i.e., emaciated and not likely to be alive in 8 weeks) in which 
we need to know as soon as possible whether or not it will respond to antibiotics (i.e., that 
patient is so ill that you cannot take a chance of being 2-3 weeks from now and not having a 
response to therapy), I use a combination of enrofloxacin and metronidazole.  I did not say that I 
used this combination for long periods of time.  I use this combination when I absolutely MUST 
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know whether or not I will have a clinical response within the next 2-3 weeks or take a chance 
on losing the patient.  Some patients that do not respond to tylosin powder will respond to 
metronidazole plus enrofloxacin. 
 
Regardless of which drug is used, such a therapeutic trial should be performed for at least 3 
weeks before a decision is made as to its efficacy.  Remember, you must not only suppress the 
numbers of bacteria, but you must also allow the intestinal mucosa time to heal.   
 
Relationship Of Dietary-Responsive Diarrhea and Antibiotic-Responsive Diarrhea 
Years ago it was discovered that concurrently feeding a high quality elimination diet can 
substantially enhance the efficacy of the antibiotic therapy.  Therefore, we now routinely use 
both in our therapeutic trials. In fact, there are probably many dogs that will respond to either an 
elimination diet or antibiotic therapy.  Combining the two is often clearly more effective. 
 
If the patient appears to respond to an elimination diet or antibiotics or both, then it appears best 
to continue everything unchanged for an additional 2-4 weeks to be sure that the patient 
responded to this therapy (as opposed to the patient having some fortuitous, transient response 
to who-knows-what).  If the patient is still doing well after the additional 2-4 weeks, then you 
either a) stop the antibiotics “cold turkey” and see if they diet alone is sufficient to control signs 
or b) slowly wean the antibiotics to their lowest effective dose (e.g., once a day or even once 
every other day).  It depends on how ill the patient was initially. 
 
If the patient has ARE, then it has a predisposition to this problem (because its gastrointestinal 
immune system is a bit on the weak side). What ultimately happens depends upon how 
frequently the clinical signs occur when you stop the antibiotics. If the signs occur once every 
few months, then it obviously makes sense to only treat when the patient is symptomatic.  If the 
signs consistently recur within a few days of stopping the antibiotics, then you need to look at 
other strategies. In some cases, the patient is on antibiotics for the rest of its life (not what 
anyone wants to do). In other cases, we can look at probiotics or fecal transplantation.   
 
Inflammatory Bowel Disease 
The relationship of ARE to IBD is unclear, but it seems very possible that bacterial antigens or 
dietary antigens or both could be responsible for either initiating and/or perpetuating the 
intestinal inflammation we call IBD.  The term “dysbiosis” has been suggested as the bridge 
between ARE and IBD – that is to say that having bacteria that are somewhat prone to cause 
problems (i.e., usually enterics such as E. coli) as opposed to having overt pathogens. 
 
It may be a good idea to routinely treat all dogs with chronic small intestinal disease for dietary-
responsive diarrhea as well as antibiotic-responsive diarrhea, even if you have histologic 
evidence of IBD or other disease.  I will treat for ARE almost every time I diagnose a dog with a 
malabsorptive disease since there is no test for ARE that is reliable in ruling this disorder out, 
including cobalamin and folate determinations.  
 
Probiotics 
Other options that are becoming increasing more interesting are prebiotic and probiotic therapy.  
In particular, these therapies are being looked at as possible alternatives to protracted antibiotic 
therapy.  A few basic principals are important.  First, it is often best to have multiple species of 
bacteria (and better you to have multiple strains of the multiple species). Second, you want 
large numbers of bacteria per dose (1,000,000,000 bacteria per dose has been suggested). 
While the benefits of probiotics have clearly been shown in acute diarrheas (i.e., they shorten 
the duration of acute diarrheas in both puppies and kittens), the benefit of probiotics in patients 
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with chronic diarrhea is less clear cut.  Personally, I believe that they can help, but I believe that 
I have seen it take 4-6 weeks for probiotics to have a beneficial effect in dogs with chronic 
diarrheas. Nobody knows if concurrent antibiotic therapy hurts or does not hurt probiotic 
therapy. Therefore, until this question is clearly answered, I recommend that you do one or the 
other, but not both simultaneously. 
 
Fecal Transplantation 
At this time, fecal transplantation is the latest “treatment du jour”. While it is incredibly effective 
in people with antibiotic-resistant Clostridium difficile pseudomembranous colitis, its use in other 
problems (especially in dogs and cats) is a bit uncertain.  It seems likely to have a definite place, 
but just what that “place” is or how large that “place” is, remains to be seen. 
 
Biopsy 
If a) the patient is so sick that you cannot chance a 3 week therapeutic trial that may fail, b) 
there is loss of layering as seen by ultrasonographic examination of the bowel, c) well done 
dietary and antibiotic therapeutic trials have failed, or d) the patient is hypoalbuminemic, then 
advanced testing is the next step. In areas in which certain infections are present (e.g., 
histoplasmosis, heterobilharzia, pythiosis), serology or PCR analysis is strongly recommended. 
If these are not reasonable differentials for the diarrhea, then intestinal biopsy is typically the 
next step.  
 
Intestinal biopsy may be accomplished two ways:  endoscopy and surgery.  CBC, serum 
chemistry profile, and urinalysis occasionally point out systemic manifestations of the disease 
which will aid in correctly diagnosing and prognosing the problem (e.g., hypoalbuminemia due to 
histoplasmosis), but are also useful as a preanesthetic work up before endoscopy.  Ultrasound 
is useful to look for enlarged mesenteric lymph nodes, focal intestinal/gastric lesions, and loss of 
mucosal layering.  Focal enlargements may suggest a tumor (e.g., alimentary lymphoma or 
carcinoma), as may lymphadenopathy.  However, animals with severe IBD may also have 
mesenteric lymphadenopathy (as may dogs with histoplasmosis or pythiosis).  If the lymph 
nodes are enlarged, it is reasonable to aspirate them percutaneously with ultrasound guidance.  
Mesenteric lymph nodes are typically reactive, making it more difficult to interpret cytology from 
them.  However, finding obvious sheets of lymphoblasts or fungal organisms (e.g., 
histoplasmosis) allows diagnosis.  Sonographic examination of the intestines is important (i.e., 
you may make a diagnosis), but it does not detect intestinal mucosal disease in many patients 
that are afflicted with such disease.  If loss of mucosal layering is seen, then severe infiltration is 
likely (either inflammatory or neoplastic), but normal-appearing mucosa may have marked 
disease present.  Most of the time, ultrasound’s major use is to help you decide whether to 
perform intestinal biopsy using endoscopy or laparotomy.  If there is an obvious lesion where an 
endoscope cannot reach, it is best to perform laparotomy instead of endoscopy. 
 
While endoscopy is highly desirable, it is only beneficial if the endoscopist can do it so well that 
the tissue samples produced allow one to be confident of the diagnosis. Said another way, the 
cheapest way to do anything is to do it right the first time.  If I have to chose between a 
mediocre endoscopy and a great surgery, then the great surgery will be the best choice.  If you 
can do great endoscopy, then that is my first choice. But, unfortunately, a lot of endoscopy is 
very marginal. 
 
Reference available from the author by request 
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PROTEIN-LOSING ENTEROPATHIES IN DOGS 
 
Michael D Willard, DVM, MS, DACVIM 
 
Basic Approach To Hypoalbuminemia 
When concerned with protein loss of any cause, one should measure serum albumin 
concentrations as opposed to the serum total protein concentration.  Do not use human clinical 
pathology laboratories because their technology sometimes does not detect canine albumin; 
this means that they routinely report serum albumin concentrations of < 1.5 gm/dl in clinically 
normal dogs.  If the patient has hypoalbuminemia (especially less than 2.0 gm/dl), the next step 
is to examine the skin for obvious lesions which can cause protein loss.  Cutaneous lesions 
sufficient cause such hypoalbuminemia are obvious; you should be able to just look at the 
patient and know if this is the problem or not.  Next, hepatic function testing (e.g., resting and 
post-prandial serum bile acid concentrations) and a urinalysis are requested. Never consider 
“panhypoproteinemia” as a good criteria to determine if protein-losing enteropathy is or is not 
present.  It is insensitive and non-specific.  If there is any doubt regarding the amount of protein 
being lost in the urine, then a urine protein:creatinine ratio will quantify the magnitude of urinary 
protein loss.  Severe hypoalbuminemia (i.e., < 2 gm/dl) in an animal with diarrhea suggests a 
protein-losing enteropathy (PLE); however, diarrhea (even when severe) in no way is sufficient 
to eliminate hepatic disease as the cause of the hypoalbuminemia.  Hepatic disease can at 
times cause such profuse diarrhea that it perfectly mimics intestinal disease.  To further 
complicate matters, a very substantial number of dogs and cats with protein-losing enteropathy 
do not have vomiting or diarrhea; remember the diarrhea is nothing more than excess water in 
the feces.  As long as the colon can absorb the excess water, the feces appear normal.  That is 
why some dogs with PLE are asymptomatic while others (maybe 10-15%) have ascites as the 
only sign of a protein-losing enteropathy.  This seems to be especially true of dogs with primary 
intestinal lymphangiectasia.  
 
In general, once severe, exudative cutaneous disease, protein-losing nephropathy, and hepatic 
insufficiency are eliminated, then PLE is becomes a diagnosis of exclusion in patients with a 
serum albumin < 2.0 gm/dl.  Fecal examinations for parasites are obviously appropriate in all 
such patients.  Although parasites are an uncommon cause of PLE in adult animals, pets in 
select environments (e.g., confined areas where patients can reinfect themselves) may incur 
substantial parasitic loads. In the southern US, we have seen adult large breed dogs literally 
exsanguinated by hookworms.   
 
Hypocholesterolemia 
The serum cholesterol can be very helpful in determining the cause of hypoalbuminemia. Most 
dogs with either protein-losing enteropathy or hepatic insufficiency sufficient to cause 
hypoalbuminemia also have hypocholesterolemia.  In contrast, most dogs with protein-losing 
nephropathies sufficient to cause marked hypoalbuminemia typically also have 
hypercholesterolemia.  In patients with low urine specific gravities and large amounts of 
proteinuria, it is not hard to figure out what is happening. However, a patient with a 1.034 urine 
specific gravity and a 1+ protein and a urine protein:creatinine ratio of 1.34 may be confusing.  
 
Fecal Alpha-1 Protease Inhibitor Testing 
Fecal concentrations of alpha-1 protease inhibitor can be used as a means of confirming PLE if 
there is confusion because of concurrent hepatic or renal disease.  The major use for this test in 
clinical medicine seems to be the hypoalbuminemic patient in which you strongly suspect PLE 
(e.g., based upon it having severe diarrhea or having hypocholesterolemia), but which also has 
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PLN and/or hepatic disease.  However, there are several nuances about this test, especially 
collecting samples, that make it potentially difficult to interpret.  We seldom need this test in 
clinical practice. Finally, contrary to what the textbooks say, PLE may be associated with a low, 
normal or increased serum globulin concentration – personally, finding “panhypoproteinemia” is 
not very helpful in my patients. 
 
Diagnostic Approach To The Dog With Protein-Losing Enteropathy 
Hypoalbuminemia has been reported to be a poor prognostic sign in patients with chronic GI 
disease; however, there may be one or more subset(s) of patients that respond well to 
appropriate therapy if diagnosed in a timely fashion.  Therefore, diagnosing PLE is not 
necessarily cause for despair.  Aggressive diagnostics are typically an appropriate 
recommendation in PLE patients.  Although therapeutic trials can be chosen in place of classic 
diagnostic tests in many of the more common alimentary tract diseases (e.g., dietary allergy, 
dietary intolerance, antibiotic-responsive enteropathy, parasites), such an approach is generally 
ill-advised if the serum albumin concentration is less than 2.0 g/dl.  This is true because 
hypoalbuminemic patients tend to be more ill, and perform an antibiotic and/or dietary 
therapeutic trial for 3-6 weeks in order to ascertain if it is being effective may allow the patient to 
become markedly worse if the serum albumin concentration is falling rapidly. Furthermore, 
failure to respond to a dietary trial for lymphangiectasia does not eliminate it. And, if you live 
where histoplasmosis or heterobilharzia or pythiosis exists, doing therapeutic trials with anti-
inflammatories or immunosuppressive drugs may be very ill advised. 
 
Any GI disease can cause protein-losing enteropathy if it is severe enough.  Many acute GI 
diseases cause protein-losing enteropathy (e.g., parvoviral enteritis); however, these diseases 
typically are comparatively easier to treat than the chronic GI disease causing protein-losing 
enteropathy.  Therefore, the focus in this lecture is PLE in animals with chronic GI disease.  The 
major causes of protein-losing enteropathy in adult dogs tend to be intestinal lymphangiectasia, 
alimentary tract lymphoma (LSA), intestinal fungal infections (i.e., histoplasmosis and pythiosis), 
and severe inflammatory bowel disease (IBD.  Other causes include alimentary tract 
ulceration/erosion, severe disease of intestinal crypts, antibiotic-responsive enteropathy, and 
parasites.  The major causes of protein-losing enteropathy in juvenile dogs tend to be parasites 
and chronic intussusception.  Cats with protein-losing enteropathy usually have IBD or 
alimentary tract lymphoma. 
 
Diagnosis Of Cause of Protein-Losing Enteropathy  
Once protein-losing enteropathy has been diagnosed, intestinal biopsy is usually the ultimate 
means of establishing a diagnosis.  Biopsy can be done via laparotomy, laparoscopy, or 
endoscopy.  Feeding a small, fatty meal (use canned food, not dry, and add in cream or corn oil) 
the night before the procedure might (?) make it easier to diagnose lymphangiectasia.  Flexible 
endoscopy, when done by someone who is trained in how to take diagnostic tissue samples and 
submit them, is usually more than adequate to obtain diagnostic samples.  However, if 
endoscopy will be used to biopsy the small intestines, it is preferable to first ultrasound the 
abdomen to make sure that there are no focal infiltrates that are out of reach of the endoscope, 
or which might be more easily diagnosed by ultrasound-guided fine needle aspiration.  
Furthermore, there are ultrasonographic changes (streaks in the submucosa) that can be nearly 
diagnostic for lymphangiectasia (i.e., about 95% confidence). Feeding fat the night before an 
ultrasound exam is clearly indicated as it has been shown to increase the sensitivity of 
ultrasound for making this diagnosis.  Radiographs and barium series are seldom as sensitive 
as ultrasound.  If flexible endoscopy will be done, one should biopsy the duodenum and ileum 
and, if at all possible, the proximal jejunum.  There have been numerous cases in which 
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lymphangiectasia, IBD or LSA were obvious in the ileum but not in the duodenum.  It is not 
necessary to enter the ileum with the endoscope to obtain a good tissue sample of the ileal 
mucosa. 
  
Laparotomy and laparoscopy are good means of obtaining diagnostic samples, but it is 
surprisingly easy to procure non-diagnostic samples with these techniques (i.e., “full-thickness 
sample” is not synonymous with “diagnostic sample”).  Endoscopy does have the advantage of 
allowing one to visualize mucosal lesions that are “invisible” when looking at the serosa.  In 
some cases, the diagnosis can only be obtained by biopsying these focal lesions.  If full-
thickness biopsies are obtained in severely hypoalbuminemic animals, then serosal patch 
grafting will minimize the risk of suture line leakage.  A nonabsorbable or a poorly absorbable 
suture (PDS) should also be used.  
 
Intestinal lymphangiectasia seems particularly common in Yorkshire terriers and Soft-Coated 
Wheaten terriers, but may occur in any breed.  Sometimes these dogs have distinct 
ultrasonographic findings: “streaks” in the mucosa that represent dilated lymphatics.  While 
histopathology is obviously the desired means of diagnosis, one can sometimes make a 
definitive diagnosis based upon grossly visible endoscopic findings (i.e., numerous, erratic, 
grossly engorged lacteals seen as large white blebs on the mucosa).  These lesions are “fragile” 
and apparently may be destroyed by biopsying them (both endoscopically and surgically) if the 
endoscopist or surgeon is not careful.  It is important to note that lymphangiectasia can be a 
relatively localized disease in the intestines, being present in only the ileum or only the jejunum 
or only the duodenum; therefore, it is important to biopsy as much of the intestinal tract as 
possible.  Furthermore, if one biopsies the intestines and cannot find a cause of PLE, 
sometimes lymphangiectasia can be tentatively diagnosed by eliminating IBD, lymphoma, 
parasites, intussusception, fungal infections, etc. 
  
Diagnosis by means of endoscopic biopsy is certainly possible if the endoscopist is trained in 
taking high quality tissue samples.  However, recent work has demonstrated that poor quality  
mucosal biopsies (e.g., primarily villus tips or substantial “squash” artifact) makes is much more 
difficult or even impossible to find the lesions.  If one is taking high quality tissue samples (i.e., 
total length of the villi plus subvillus mucosa down to the border of the mucosa and muscularis 
mucosa), it typically takes about 6-7 tissue samples to have 90-99% confidence in finding 
lymphangiectasia.  However, it can take 5-7 times as many tissue samples to have the same 
assurance if you are obtaining poor quality tissue samples that primarily consist of villus tips. 
 
When doing endoscopy, it is important that ileal biopsies be taken in addition to the typical 
duodenal biopsies.  We are finding that ileal biopsies often reveal lesions not found on duodenal 
biopsies.  This is true for lymphangiectasia as well as lymphoma and other lesions.  With basic 
training, an endoscopist  should be able to obtain ileal biopsies endoscopically at least 85%+ of 
the time.  Typically, ileal biopsies are often of higher quality than duodenal biopsies. 
 
Therapy For Lymphangiectasia – Ultralow Fat Diet 
Therapy for intestinal lymphangiectasia revolves around an ultra-low fat diet. Please note that 
“low fat” is NOT acceptable; it needs to be ULTRALOW FAT (i.e., less than 2 grams fat/100 
kcal).  Feeding homemade diets that are highly digestible and ultra-low in fat (e.g., white turkey 
meat plus potato or rice) is fine, but now there are commercial ultralow fat diets that are often 
very successful in these patients.  Dogs that are in the earlier stages of lymphangiectasia often 
show a marked increase in serum albumin concentration (i.e., an increase of 0.5 gm/dl or more) 
within 7-14 days of starting such a diet.  Dogs that are diagnosed later in the course of the 

2018 OVMA Conference 148 

7004 WILLArd - PrOTEIN-LOSINg ENTErOPAThIES



 

 

disease may not have such a dramatic response, which is one reason why failure to respond to 
an ultralow fat diet is not grounds for eliminating lymphangiectasia as a diagnosis. 
 
Supplementation with medium chain triglyceride oil (MCT) used to be recommended. Don’t use 
it. It is unnecessary and expensive. Pancreatic enzymes were often added to the diet to ensure 
digestion of the medium chain triglyceride oil. It too is no longer recommended.     
 
Therapy For Lymphangiectasia – Dealing With Lipogranulomas  
Lipogranulomas in the intestinal wall and mesentery appear to be very important to the ultimate 
prognosis of the patient.  We hypothesize that most patients that fail to respond to appropriate 
dietary therapy do so because of formation of very large or excessive numbers of 
lipogranulomas that so completely obstruct the intestinal lymphatics that even an ultra-low fat 
diet cannot prevent lacteal rupture.  Therefore, once a diagnosis of lymphangiectasia is made 
(either by histology, grossly at endoscopy, or tentatively by response to an ultra-low fat diet), we 
routinely use anti-inflammatory therapy designed to prevent granuloma formation and/or 
enlargement.  Prednisolone (NOT prednisone) is commonly used, but I do not like prednisolone 
simply because of all the side effects it has in these patients.   
 
I like cyclosporine, but be aware that it is critical that you measure blood levels of the drug if the 
patient is not responding within 10 days.  Not only is there a major difference between patients 
in how much cyclosporine they absorb, but the bioavailability of the same product may change 
as the intestine heals. Remember that hyporexia is the main sign of overdose.  
 
Because cyclosporine is so expensive, many clinicians opt for prednisolone but add in 
chlorambucil or azathioprine. If you use azathioprine (2.2 mg/kg PO), be very careful not to 
overdose the patient lest hepatic failure, acute pancreatitis, and/or bone marrow suppression 
occurs. Be careful to give the correct dose, meaning that you should be willing to have the drug 
recompounded, if necessary. Most people give azathioprine daily for 7 days and then every 
other day.  I often give azathioprine every other day from the start to lessen the chance for 
toxicity, but it takes 4-5 weeks for it to work if you start giving it every other day.  
 
Chlorambucil is safer and probably more effective than azathioprine, and I recommend it 
instead. Given at 4-6 mg/M2 PO daily or every other day, it can take 3-5 weeks for it to take 
effect. Even though it is an alkylating agent, it seems to be much safer than azathioprine. 
  
If the serum albumin is very low (e.g., < 1.3 gm/dl), one is often tempted to administer a plasma 
transfusion while waiting to see what effect the diet will have.  However, it is exceedingly difficult 
to increase the serum albumin concentration by transfusing patients that are losing protein with 
plasma because so much of the albumin is quickly lost out the gut.  You would probably have to 
give at least two and possibly three units of plasma to a 15 lb dog in order to raise the serum 
albumin from 1.0 gm/dl to 1.6 gm/dl, and sometimes you would have to give more.  However, 
any benefit will probably be so short lived that it is not cost-effective.  If it is critical to raise the 
plasma oncotic pressure, then administering hetastarch may be preferred because it costs less 
than plasma, and it stays in the intravascular compartment longer than albumin. 
 
These patients may be a increased risk for hypomagnesemia which may potentiate the problem 
of hypocalcemia.  At this time, we do not know how important it is to supplement magnesium to 
patients, but severe hypomagnesemia can be resolved by a constant rate infusion of 
magnesium sulfate.   
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Intestinal Crypt Lesions 
Lesions of the intestinal crypts have been recognized as being associated with PLE in dogs.  
We have identified two different lesions of the small intestinal crypts that can cause PLE.  One 
type is characterized by crypts (usually duodenal) that are filled and somewhat distended with 
proteinaceous fluid and necrotic inflammatory cells.  While such dilated crypts can be found in 
many animals, including clinically normal dogs, finding large numbers of them in multiple tissue 
samples seems to be consistently associated with PLE.  We do not know if this is a cause-and-
effect relationship, or if the dilated crypts are simply a marker for some other process but are not 
causing the protein loss themselves.  Several of these patients have responded to therapy with 
elemental diets, total parenteral nutrition, prednisolone, azathioprine, and/or metronidazole.  We 
have seen this lesion associated with IBD as well as lymphangiectasia (especially in Yorkshire 
terriers). 
  
A second type of crypt lesion that appears to be less common than the first, is characterized by 
focal accumulations of mucus causing massive distention of the intestinal crypts.  This has been 
reported once before, and we have seen a few such cases.  The most important aspect of 
diagnosis seems to be the fact that the lesion may be very focal, almost appearing as ulcers 
when looking at the intestinal mucosa through an endoscope.  Therapy similar to that used on 
animals with the other form of crypt lesion may be helpful.  We have used cyclosporine, but do 
not know if it is helpful, or if the clinical response is due to the other drugs that the patient is 
receiving. 
 
These lesions have not been commonly reported.  Recent work has shown that these lesions 
are extremely easy to miss if poor quality endoscopic biopsies are performed.  While 7-12 high 
quality tissue samples (i.e., full length of villi plus subvillus mucosa down to the level of the 
muscularis mucosa) will find these lesions 90-99% of the time, about 7 times as many tissue 
samples will be needed if poor quality samples primarily consisting of villus tips are submitted. 
 
Chronic Intussusception And Other Causes Of Protein-Losing Enteropathy 
Chronic intussusception is a relatively important, and often missed cause of PLE in juvenile 
animals.  The classic history is one of acute enteritis (e.g., parvoviral enteritis) which does not 
resolve as expected.  The patient feels somewhat better, but continues to have diarrhea, and 
the serum albumin concentration gradually diminishes.  It can be very hard to palpate an ileo-
colic intussusception; abdominal ultrasound is clearly the preferred way to diagnose 
intussusception.  Therapy is surgical. 
 
Although uncommon, nematodes may cause PLE in adult animals if there are large numbers of 
them.  Whipworms and hookworms in particular may occasionally be responsible for PLE in 
older dogs.  However, giardiasis has been reported to cause PLE in people.  
 
We believe that we are starting to recognize antibiotic responsive enteropathy (now commonly 
called dysbiosis) as a cause of protein-losing enteropathy in dogs.  We now have several 
patients that appeared to have marked increases in their serum albumin concentration 
associated with antibiotic therapy.  However, because dietary change is often performed 
simultaneously with antibiotic therapy in these patients, cause-and-effect is not clearly 
established.  However, since we believe that bacteria (i.e., ARE or dysbiosis) is probably the 
ultimate cause of IBD, it makes sense that treating ARE may resolve some cases of protein-
losing enteropathy.  
 
References available from the author(s) on request 
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CHRONIC LARGE BOWEL DIARRHEA IN DOGS 
 
Michael D Willard, DVM, MS, DACVIM 
 
Distinguishing Small Bowel Diarrhea From Large Bowel Diarrhea 
The first question in a patient with diarrhea is whether it is acute or chronic disease.  Most acute 
diarrheas are self limiting and only need supportive therapy to help them resolve faster.  If the 
diarrhea becomes chronic, then you know that this is not a self resolving disease; therefore, 
diagnosis is necessary in order to resolve the problem.  When faced with a chronic diarrhea, the 
next question is whether the patient has large intestinal disease or small intestinal disease.  It is 
important to realize that diarrhea is simply increased fecal water.  Severe, life-threatening small 
bowel disease may cause minimal or no diarrhea if the colon can absorb enough water to make 
the feces firm or solid by the time they are evacuated.  In particular, if the patient has been in a 
cage and unable to exercise (a potent stimulus for defecation), the feces may be normal despite 
significant intestinal disease.  It is only when the colon's water absorbing capacity is exceeded 
that diarrhea occurs.  Even when small bowel disease does cause diarrhea, the weight loss 
from nutrient malabsorption may precede diarrhea by months.   
 
Use the history to help differentiate large bowel from small bowel disease. Weight loss, 
especially in the face of a reasonable appetite, strongly suggests nutrient loss from the small 
intestine.  Hepatic disease can closely mimic intestinal disease in this regard, but the intestines 
are usually a better place to start looking.  Weight loss (or loss of body condition as reflected in 
the hair coat) is probably the most important area to look at in differentiating large bowel from 
small bowel disease.  Any animal with chronic small intestinal disease that is clinically significant 
should have weight loss or loss of condition.  Any animal with chronic diarrhea and no loss of 
weight or condition has large bowel disease until proven otherwise.  Some animals with severe 
large bowel disease will have weight loss, but these have more severe causes (usually 
infiltrative) of diarrhea and therefore usually also have hematochezia, mucus, hypoalbuminemia 
and/or marked tenesmus. 
 
Red blood in the feces (hematochezia) comes from the large bowel or the ileum.  This finding is 
specific but insensitive for large bowel diarrhea.  Mucus in the feces comes from the large 
intestine or ileum.  This finding is specific but insensitive for large bowel diarrhea.  Tenesmus 
and dyschezia suggest large bowel disease; however, any animal with chronic diarrhea can 
have anal irritation causing mild tenesmus.  Vomiting can occur with either large or small bowel 
disease. 
 
Causes Of Large Bowel Diarrhea 
The most commonly diagnosed chronic large bowel diseases causing diarrhea in dogs in our 
practice are so-called irritable bowel syndrome (IBS) (which is NOT the same as irritable bowel 
disease in people),  fiber-responsive colonic dysfunction (which is probably a subset of irritable 
bowel syndrome), dietary intolerance (by which I am referring to allergic as well as non-allergic 
dietary problems), clostridial colitis (which might be better called “tylosin-responsive colitis”), 
parasites, fungal infections (i.e., histoplasmosis and pythiosis) and schistosomiasis (i.e., 
heterobilharzia).  The most commonly diagnosed large bowel diseases in cats in our practice 
are fiber-responsive disease, dietary intolerance, antibiotic-responsive colitis and inflammatory 
bowel disease (IBD), especially lymphocytic-plasmacytic infiltrates.  Fortunately, colonic 
histoplasmosis is much less common in cats than it is in dogs. 
 
Parasites 
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The first concern in a diagnostic work up is parasites.  Whipworms can be very difficult to 
demonstrate on fecal flotation.  Direct fecal examination will be more useful than fecal flotation if 
the flotation solution is not dense enough to ensure that the whipworm ova will float.  Also, 
remember that whipworms can be periodic egg shedders.  Whipworms can be very easily 
missed by fecal flotation; therefore, it is appropriate to treat any dog with chronic large bowel 
disease with fenbendazole.  I have seen several cases of whipworms that were diagnosed 
during colonoscopy because fecal examinations were non-diagnostic. Tritrichomonas is 
primarily a problem of cats, but very, very rarely will be seen in dogs. 
 
If the diarrhea persists after eliminating parasites from consideration, the next question is 
whether to try a therapeutic trial or perform tests.  If the patient is hypoalbuminemic, lost 
substantial weight, or is a Boxer or a French Bulldog, then extensive diagnostics aimed at 
infiltrative diseases, especially histoplasmosis, pythiosis, heterobilharzia, histiocytic ulcerative 
colitis, and cancer are indicated.  Otherwise, a therapeutic trial (e.g., dietary therapy or empirical 
antibiotic therapy) plus modest diagnostics (e.g., fecal examination) may be particularly helpful.  
It is worth noting that many of the more common diseases affecting the colon are better 
diagnosed with a therapeutic trial than with an extensive diagnostic work up that includes blood 
tests and endoscopy/biopsy.  The main therapeutic trials are usually a fiber-supplemented diet, 
an elimination diet, anthelmintics, and/or antibiotics (e.g., tylosin or amoxicillin).  Good 
therapeutic trials are better at diagnosing some of the more common large bowel disorders of 
dogs than are endoscopic examinations and biopsies. 
 
Clostridial Colitis 
Clostridial colitis might better be called “antibiotic-responsive colitis”.  It is a very important 
disease in the dog, but we are not sure how important or common it is in the cat.  We think that 
it is caused by toxigenic strains of Clostridium perfringens.  However, even when a toxigenic 
strain of Clostridium perfringens is established in the colon, it does not generally produce 
disease unless there is sufficient toxin being produced due to upregulation of toxin production in 
the bacteria.  Toxigenic strains upregulate the amount of enterotoxin produced when they 
sporulate, and it is this toxin which damages the colonic epithelium and produces diarrhea.  
 
Diagnosing clostridial colitis is not as “easy” as it was a few years ago.  One cannot reliably 
diagnose clostridial colitis by finding spores in the feces on fecal cytology, performing 
quantitative cultures for Clostridium perfringens, or assaying for clostridial enterotoxin in the 
feces.  Looking for fecal spores is an especially easy screening procedure, and the spores can 
be detected with a variety of stains.  However, just as the disease can wax and wane 
unexpectedly, the presence and number of spores may likewise vary.  Biopsy is not that helpful; 
there may or may not be histologic changes in the colonic mucosa in animals with clostridial 
colitis.  Besides, the histologic lesions seen with clostridial colitis are nonspecific, and cannot be 
reliably differentiated from IBD or dietary allergy/intolerance.  We used to think that the most 
definitive method of diagnosing clostridial colitis was to assay the feces for the presence of 
toxin; however, this is relatively expensive and is no more sensitive or specific than other tests.   
 
Many of us currently just treat for the disease and observe the clinical response.  Typically, the 
patients are treated with tylosin and a high fiber diet simultaneously (even if they have been 
shown to not respond to a high fiber diet in the past).  While this approach can cause a problem 
when there are two things happening concurrently (e.g., clostridial colitis PLUS dietary 
intolerance), it seems to currently be one of the better ways to diagnose clostridial colitis.  
Response to amoxicillin or tylosin may be one of the best ways to presumptively diagnose 
clostridial colitis.  Many patients with clostridial colitis do not respond to metronidazole. 
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Tylosin is an antibiotic that seems to be consistently effective against Clostridium perfringens.  
This is a wettable powder that is used to treat poultry.  Animals that respond to tylosin and a 
high fiber diet usually do so within 3-7 days.  The initial dose of Tylan is 10-40 mg/kg bid (20 
mg/kg seems to be a good place to start).  Most patients that respond can be slowly weaned off 
the drug and maintained on a high fiber diet alone.  It is important to note that you will not 
eliminate Clostridium perfringens from the patient, and very rarely, some patients seem to need 
to be tylosin for life. Tylosin tends to have an unpleasant taste and needs to be mixed into the 
food, and sometimes it is better to put it into capsules and give it that way instead of putting it on 
the food.  Amoxicillin is also effective in almost all animals with clostridial colitis.  Many animals 
with chronic clostridial colitis that cannot be completely removed from tylosin therapy can be 
well controlled with one treatment of amoxicillin or tylosin every 2-3 days.   
 
Metronidazole is very effective against anaerobic bacteria in general, but metronidazole is 
inconsistently effective in animals with clostridial colitis, possibly because metronidazole does 
not reliably achieve therapeutic levels throughout the feces.   
 
Some dogs that are tylosin responsive also respond to fiber supplementation, which makes 
sense because fiber will usually remain relatively intact until it reaches the colon where it may 
have profound effects on the microenvironment of the colonic bacterial flora.  The goal is not 
necessarily to eradicate Clostridium perfringens from the animal (you probably can’t do that 
even if you wanted to); rather, it is to prevent the bacteria from elaborating and releasing its 
toxins.  The preferred long term therapy of clostridial colitis is to maintain the animal on a high 
fiber diet which controls signs and not have to give antibiotics; however, not all animals can 
achieve this level of control. 
 
Fecal Transplantation 
Fecal transplantation has seemingly been beneficial in some cases of clostridial colitis.  It is 
reasonable to try, although at this time there is not a consensus as to the best way to perform 
this procedure. 
 
Dietary-Responsive 
We will use the term “dietary-responsive” to include both dietary allergy (an immune process) 
and dietary intolerance (a non-immune process).  Dietary-responsive disease is more common 
than many suspect, especially in cats with chronic large bowel disease.  You cannot count on 
finding eosinophils in the blood or the colonic mucosa of animals with dietary allergies; most 
patients with dietary intolerance have minimal histologic changes or have nonspecific 
lymphocytic and/or plasmacytic and/or eosinophilic infiltrates.  Because the histologic findings 
are nonspecific, it is typically preferable to try elimination diets prior to performing colonoscopy.  
The biggest problem in these patients is finding an effective diet.  We often see cases in which 
the right thing was done (i.e., an elimination diet was used), but was so poorly planned or 
implemented that the effort was wasted.  Hydrolyzed diets are a good place to start; many (not 
all) dogs with dietary hypersensitivity respond to hydrolyzed diets. If the patient does not 
respond to a hydrolyzed diet, then a novel protein diet should be tried.  It is critically important to 
carefully investigate the history and see what the patient has eaten in the past.  However, 
sometimes it is difficult to find a diet that is "right" for a particular patient.  This might be because 
you do not know if the problem is an allergy or an non-allergic intolerance.  In some cases, all of 
our well-planned hypoallergenic diets failed but a chance try at some commercial brand works.  
It is easy to do a poor job of feeding a “hypoallergenic” diet and thereby make the client so 
discouraged with dietary therapy that they end up requesting costly work ups when a good 
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dietary trial done at the beginning would have worked.  Also, if you do a thorough work up and 
do not find a reasonable cause of the diarrhea, it is probably a dietary intolerance or allergy, and 
you will have to simply try diet after diet until you finally find the right one. 
 
Histiocytic Ulcerative Colitis 
Histiocytic ulcerative colitis, also known as “Boxer colitis” is being seen more commonly now 
than it was 5-10 years ago.  First described about 30 years ago, it was a horrible, progressive 
disease of young Boxers (and sometimes related breeds, such as the French Bulldog) that 
invariably had a terrible prognosis.  The signs are those of severe large bowel disease (lots of 
hematochezia and fecal mucus) plus weight loss.  Diagnosis is made histologically by finding 
PAS-filled macrophages in the mucosa.  Recently, it has been discovered that this is an 
antibiotic-responsive disease caused by enteroadherent strains of E. coli.  Initially, enrofloxacin 
seemed to be particularly effective but any number of antibiotics would work.  Unfortunately, 
there has been an upsurge in antibiotic resistance of the E. coli responsible for this disease.  
Most strains are no longer sensitive to enrofloxacin.  Therefore, it is recommended that mucosal 
samples (not fecal samples) be taken for bacterial culture and sensitivity analysis.  The biggest 
problems are that a) many people (clients and veterinarians) are reluctant to biopsy the dogs 
because they assume that any disease so severe must have a bad prognosis, and b) many 
pathologists have never seen it and miss it, even when it is fairly obvious to the experienced 
eye.  It is best to biopsy the dog instead of giving empirical enrofloxacin therapy since other 
treatable diseases may be present (e.g., histoplasmosis) that also can be successfully treated if 
therapy is begun in a timely fashion.  If antibiotics are given, it is important to treat for several 
weeks (at least 8) to ensure eradication of the bacteria lest resistant strains be selected for and 
allowed to cause a relapse that is more difficult to control than the initial presentation.  Unlike 
some diseases, failure to eradicate the infection with the first choice of antibiotics is almost 
uniformly associated with subsequent resistance to the antibiotic(s) used initially. 
 
New Or Less Common But Important Diseases 
Recently, we have seen miniature Dachshunds with what is initially diagnosed as multifocal 
inflammatory polyps.  However, FISH analysis shows that these are bacterial in origin 
(something now shown by special histologic stains).  At least some of them respond 
exceedingly well to aggressive antibiotic therapy.  However, relatively few have been seen so 
far, so broad-sweeping statements are not appropriate. 
 
Histoplasmosis can be a very important cause of large bowel diarrhea in dogs (and rarely in 
cats). The urine antigen test is reasonably sensitive and specific, but I have seen false negative 
and false positive results. It is safest to perform a colonic biopsy to rule this out. Be aware that 
in its early stages, it can closely mimic more mild colonic diseases such as dietary-responsive, 
fiber-responsive, and clostridial colitis. 
 
Protothecosis seems to be recognized more frequently over the last several years. It typically 
causes a severe colitis, but it is easy for pathologists to miss it as many have not seen it before. 
I’ve even seen cases where it was erroneously diagnosed as “coccidiosis”. 
 
Reference can be obtained from the author 
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SEPARATING	FACTS	FROM	FEARS	
Chris	Doherty,	DVM	
OVMA	Economic	Analyst	
	
W.	Edwards	Deming,	a	famed	American	statistician	once	said:	
	
“Without	data,	you’re	just	another	person	with	an	opinion.”	
	
The	OVMA	Economics	Department	has	collected	and	analyzed	extremely	large	quantities	of	data;	this	
data	can	then	be	used	in	order	to	assess	various	claims	and	myths	that	are	propagated	within	the	
industry.	
	
The	OVMA`s	Evidence	Based	Veterinary	Management	casts	aside	anecdotes	and	hyperbole,	and	
employs	research,	statistics,	and	fact	to	help	veterinarians	make	the	best	decisions	for	their	career	and	
their	practice.	
	
Myth	1	–	The	public	has	lost	trust	in	the	veterinarian	
	
Reality:	False	
	
OVMA	conducts	an	annual	Pet	Owner	Survey,	in	which	pet	owner	attitudes	and	perceptions	are	
assessed.	Over	the	years,	trust	and	satisfaction	with	veterinarians	has	remained	consistent.	However,	in	
order	to	impartially	assess	this	important	metric,	in	2014,	OVMA	commissioned	Leger	Marketing	to	
conduct	a	survey	of	pet	owners,	at	arm`s-length.	
	
Leger	found	that	pet	owners	had	a	very	positive	opinion	of	veterinarians,	seeing	them	as	thorough,	
trustworthy,	and	genuinely	having	their	pet`s	best	interests	at	heart.	
	
Seventy-three	per	cent	indicated	that	they	have	always	and	continued	to	trust	their	veterinarian;	a	
further	16	per	cent	indicated	that	their	trust	in	their	veterinarian	had	increased	over	the	past	twelve	
months.	Only	seven	per	cent	indicated	their	trust	had	decreased.	
	
Ninety-four	per	cent	trusted	that	their	veterinarian	had	their	pets`	best	interests	at	heart.	
	
Obviously,	these	figures,	taken	in	tandem	with	the	persistently	positive	findings	from	OVMA’s	Pet	
Owner	Survey	show	that	the	public	has	a	great	deal	of	trust	in	veterinarians.	
	
Myth	2	–	Veterinarians	have	priced	themselves	too	high	
	
Reality:	False	
	
Each	year,	the	OVMA`s	Practice	Owners	Economic	Survey	assess	client	numbers,	revenue,	expenses,	
staffing	levels,	and	fees	at	veterinary	practices	around	the	province.	
	
From	the	2016	Practice	Owners	Economic	Survey,	the	average	Examination	Fee	was	$78.86.	
	
Using	this	fee	as	a	sentinel,	and	comparing	those	practices	above	and	below	the	average,	allows	us	to	
assess	the	correlation	between	a	higher	fees	and	number	of	clients,	as	well	as	net	income.	
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Examination	Fee	 Average	Net	Income	per	FTE	
DVM	

Average	Number	of	Current	Clients	per	
FTE	DVM	

Below	Average	(<$78.86)	 $150,665	 817	
At	or	Above	Average	
(≥$78.86)	 $160,508	 843	

Table	1.	Average	net	income	and	number	of	current	clients	per	FTE,	stratified	by	charging	below	or	
at/above	average	examination	fee	of	$78.86.	
	
Those	hospitals	that	had	an	examination	fee	at	or	above	the	average	of	$78.86	had	a	higher	net	income	
per	Full	Time	Equivalent	(FTE;	working	1,750	annual	hours)	DVM,	as	well	as	a	higher	number	of	current	
clients	(seen	within	the	past	12	months)	per	FTE.	
	
In	addition,	the	OVMA’s	annual	Pet	Owner	Survey	has	found	that	the	importance	of	price	has	been	
declining	over	recent	years,	particularly	among	clients	who	go	to	the	veterinarian	multiple	times	per	
year.	
	
In	2014,	“Services	Reasonably	Priced”	was	nearly	as	important	to	pet	owners	in	selecting	a	veterinarian	
as	was	“Interest	in	My	Pet’s	Well-Being”;	however,	over	recent	years,	they	have	moved	in	opposite	
directions,	with	price	falling	behind	“Excellent	Medical	Knowledge”	for	pet	owners	who	visit	the	
veterinarian	multiple	times	per	year.	
	
Price	is	an	important	factor	for	pet	owners.	But	to	claim	that	veterinarians	have	priced	themselves	too	
high	or	out	of	the	market	is	verifiably	incorrect.	
	
Myth	3	–	Veterinary	medicine	is	on	the	precipice	of	a	major	technological	disruption	
	
Reality:	False,	but	worth	paying	attention	to	
	
The	2017	OVMA	Pet	Owner	Survey	introduced	questions	pertaining	to	attitudes	and	perceptions	of	
various	emerging	technologies.	
	
Pet	owners	were	asked	how	likely	they	were	to	use	technologies	ranging	from	home	diagnostic	tests	to	
pet	trackers	and	health	apps.	
	
Home	diagnostic	tests,	such	as	blood	and	urine	testing,	were	very	likely	to	be	used	by	only	five	and	nine	
per	cent	of	pet	owners,	respectively.	
	
There	was	more	interest	in	wearable	technologies,	particularly	a	pet	GPS	tracker,	yet	43	per	cent	of	pet	
owners	were	still	very	unlikely	to	use	even	this	technology.	
	
The	technology	in	which	there	was	the	most	interest	from	pet	owners	was	veterinary	telemedicine.	
Thirty-four	per	indicated	they	would	be	willing	to	use	a	paid	service	through	telephone,	email,	online	
chat	or	text,	to	connect	with	a	veterinary	professional	(not	their	own	veterinarian	or	veterinary	hospital)	
in	seeking	answers	to	pet	health	questions.	
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While	there	is	not	currently	strong	willingness	among	pet	owners	to	use	emerging	veterinary	
technologies,	there	is	some	interest	in	telehealth.	It	is	worth	monitoring	technological	advances	and	pet	
owner	sentiments	moving	forward.	However,	there	is	little	evidence	to	suggest	that	veterinary	medicine	
being	on	the	precipice	of	a	major	technological	disruption.	
	
Myth	5	–	Pet	Meds	Express	and	Chewy	are	going	to	eat	our	lunch	
	
Reality	–	Probably	not,	but	we	can’t	be	complacent	
	
The	OVMA’s	Pet	Owner	Survey	has	been	tracking	usage	of	online	pharmacies	and	diet	retailers	for	many	
years.	
	
While	these	online	retailers	have	been	more	successful	in	the	United	States,	they	have	met	with	limited	
uptake	north	of	the	border.	
	
This	is	not	to	imply	that	veterinarians	can	sit	on	our	laurels.	Actively	pushing	back	against	these	
competitors	before	they	gain	a	significant	toe-hold	in	Canada	is	advised.	
	
For	pharmaceuticals,	discussing	the	risks	of	online	purchases	(improper	storage	and	transportation,	
counterfeit	or	incorrect	substance,	lack	of	manufacturer	guarantee)	with	clients	can	ensure	they	
continue	to	perceive	the	value	in	purchasing	medication	from	the	veterinary	hospital.	
	
For	diets,	utilizing	the	OVMA’s	webstore,	and	taking	advantage	of	the	auto-ship	features	and	home	
delivery	can	minimize	the	market	space	available	for	companies	like	Chewy	to	move	in	to	if/when	they	
come	to	Canada.	
	
Myth	6	–	Millennials	are	killing	off	industries,	including	ours	
	
Reality	–	False	
	
Millennial	pet	owners	do	have	some	unique	preferences	and	characteristics,	but	at	their	core,	act	quite	
similar	to	all	other	pet	owners.	
	
Using	the	2017	OVMA	Pet	Owner	Survey,	pet	owners	can	be	split	out	by	age.	Millennials	are	defined	as	
those	aged	18	to	37.	
	
While	millennial	pet	owners	claim	to	have	an	increased	sensitivity	to	price,	their	spending	habits	are	not	
drastically	changed.	
	
However,	where	millennials	do	show	a	strong	distinction,	is	in	their	preference	for	wellness	plans.	While	
older	pet	owners,	further	along	in	their	careers	and	more	financially	established,	may	be	able	to	easily	
afford	an	annual	visit	for	their	dog,	for	a	millennial	that	has	a	thinner	bank	account,	having	this	expense	
broken	into	more	manageable	monthly	payments	is	an	attractive	proposition.	
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EPILEPSY – A FAST AND FURIOUS SUMMARY OF WHAT YOU REALLY 
NEED TO KNOW! 
 
Andrea Finnen DVM, Diplomate ACVIM (Neurology) 
 
 
GENETIC (IDIOPATHIC) EPILPESY 
Seizures are a clinical manifestation of abnormal neuronal activity in the brain and can 
have many causes. Based on the type of seizure, seizure pattern, patient info, neurological 
examination and results of diagnostics, patients are divided into 4 categories: 
 

1. Idiopathic (genetic, primary) epilepsy 
2. Symptomatic epilepsy 
3. Probably symptomatic (cryptogenic) epilepsy  
4. Reactive seizures (not considered epilepsy) 

 
There is no “Recipe” to use for each patient that presents with seizures and there are 
many factors involved in the treatment plan such as; age, breed, underlying cause of 
seizures (if present), concurrent medical conditions and medications, cost, side effects, 
and owner compliance. Each epileptic is different and the drug or drugs chosen will 
depend on many factors.  
 
When a patient presents with seizures as the first occurrence the following should be done: 
 

1. Physical Examination including systolic blood pressure  
2. Neurological Examination 
3. Rule out reactive seizures: CBC/Biochemistry/Urinalysis/(TT4 in cats)  

 
 
WHO Gets it?  
Rather than list the numerous breeds that are reported to have genetic epilepsy, here’s 
who should be worked up when presenting with seizures: 

- Pug     -  Cats of any breed  
- Yorkshire Terrier   -  Sight hounds  
- Chihuahua    -  Bichon Frise 
- Maltese    -  Any breed 6+ years at first seizure 

 
WHO’s Bad?  
These are breeds that are notoriously bad epileptics and difficult to treat: 

- Husky    -  Australian Shepherd  
- Border Collie   -  Leonberger 
- German Shepherd 

 
WHEN to start treatment? 

1. After the 2nd generalized seizure (IF <6 months interval) 
2. Seizure frequency is increasing 
3. After a cluster or episode of status epilepticus  
4. Symptomatic epilepsy  
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FIRST LINE DRUG options: c 
- Phenobarbital: 2.5mg/kg PO q12   
- Zonisamide: 5-10mg/kg PO q12 (higher dose when on Phenobarbital)  
- Levetiracetam (Focal): 20mg/kg PO q8-12  
- KBr: 30-40mg/kg/day 

 
 
EMERGENCY: 
What is an Emergency? When a patient presents in status or a cluster (3 or more in 24 
hours).  
 

DO! DON’T! 
Treat with Diazepam if actively seizing a Put in a cage and do nothing! 
Start CRI of Diazepam if hospitalizing b Give Diazepam boluses and nothing else 
Start long term therapy c Start KBr g 
Propofol CRI if refractory to Diazepam d Give Propofol if not ready to intubate  
Phenobarbital IV boluses e Give 16mg/kg in one dose! h 
Lube eyes! Monitor T°, HR, BP Put in a back cage because noisy 
Refer for work up if indicated Treat without work up/assume IE 
Keep for 24 hours seizure-free Send home if true emergency  
Send home Diazepam for IR use f Send Diazepam home in syringes i  

 
 
PHENOBARBITAL:  
Phenobarbital is an excellent drug if used properly – it works well and it’s cheap. 
Counsel your clients on the side effects and what to expect. Monitor these patients so 
you can intervene if a problem develops.  

 
- ALP WILL INCREASE even up to 10+ times the normal range  
- Worry if ALT increases or Albumin decreases – evaluate bile acids 
- Monitor their weight and start a management plan ASAP  
- Don’t just keep increasing if seizures continue – add something else!  
- Start early for best results – don’t wait until seizures are once a month! 

 

 
 

NOTE: IDEXX Laboratories Reference Range: 43-172umol/L 
 
 
TIDBITS ON CATS: 

- Cats don’t get genetic (idiopathic) epilepsy – work them up! 
- Phenobarbital is best first line drug: 7.5mg AM 15mg PM for most 
- Oral Diazepam is not an appropriate long term treatment 
- Hepatotoxicty: Diazepam +/- YES Phenobarbital NO  
- DO NOT USE KBr 

 

IDEAL	
100-120	

Therapeutic	
>85	

Toxic	
>150	

43	 172	
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INDEX 
a – Initial dose 0.5-1.0mg/kg IV or IR (intra-rectal), do not give IM  
b – CRI 0.5-1.0mg/kg/hr x 4 hours then ½ dose for 2-4 hours 
c – FIRST LINE DRUGS 
d – Propofol bolus 2mg/kg IV to effect then CRI 0.1-0.6mg/kg/min  
e – Phenobarbital 2-5mg/kg IV slow, repeat q1-2hrs to a max of 16-20mg/kg/day  
f – At home protocol: Diazepam 0.5-1mg/kg IR q20min x 3 doses 
g – KBr has ½ life too long, will reach steady state in 3 months, *exceptions exist* 
h – PLUM reports Phenobarbital 16-20mg/kg IV as loading dose – TOO MUCH!  
i – Diazepam adsorbs to plastic - Keep in glass and protect from light 
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TRILOSTANE – WHAT I HAVE LEARNED WITH 10 YEARS OF USING IT 
Doug Mason DVM, DVSc, Diplomate ACVIM (small animal internal medicine) 
 
 
Trilostane 
 
Indications: For the treatment of either pituitary dependent or adrenal dependent Cushing’s 
disease in dogs and cats.  Can also be used for atypical Cushing’s disease in dogs (not all 
cases).  Has been considered for Alopecia X in Pomeranians or Alaskan Malamutes with adult 
onset alopecia.  This drug will not shrink an adrenal tumor (consider mitotane for this effect). 
 
Action: Competitive inhibitor of 3-beta hydroxysteroid dehydrogenase thereby reducing the 
production of cortisol, aldosterone, and adrenal androgens, which is reversible and dose 
dependent.   
 
Pharmacokinetics: Metabolized in the liver to multiple metabolites including ketotrilostane 
(active metabolite that is 4.9 times better at inhibiting cortisol secretion). 
 
Contraindications:  Should be used cautiously in patients with either liver or renal impairment. 
Should not be used in animals that are pregnant.     
 
Human dangers:  Should not be handled by women who are pregnant or young children.  If the 
capsule is opened accidentally then it is recommended to wear gloves for cleanup.      
 
Adverse effects:  Rare cases of adrenal necrosis resulting in Addison’s disease have occurred.  
Occasionally as the drug is started lethargy, anorexia, vomiting, diarrhea have occurred, which 
is secondary to the withdrawal of corticosteroids.  Also, hyponatremia and hyperkalemia can be 
found on lab work.   
 
Drugs that interact with trilostane:  
 ACE inhibitors (increase effect of hyperkalemia) 
 Ketoconazole (may increase effect of trilostane) 
 Mitotane (may potentiate effect of trilostane) 
 Spironolactone (increased effect of hyperkalemia) 
 
Dosage:  In dogs start at 2.2 mg/kg orally once daily.  We will discuss when twice daily dosing is 
recommended in the lecture.  In cats start at 10 mg orally once daily. 
 
Monitoring:  ACTH stimulation test and electrolytes after 10 to 14 days, then 3 months and then 
every 6 months thereafter if stable.  The ACTH stimulation test should start 4 hours after the 
drug is administered (for once daily dosing it is recommended to be giving in the morning) 
 
Commercially available as Vetoryl as 5, 10, 30, 60, and 120 mg capsules 
Compounded trilostane is available but in one study content ranged from 39% to 152% of stated 
amount.  If another dosage was desired it would be better to submit Vetoryl to be compounded 
into the appropriate size than using compounded drug.   
 
References – available from the author upon request 
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APOQUEL vs. CYTOPOINT 
 
Douglas J. DeBoer, DVM, Diplomate ACVD 
 
The two “new kids on the block” for allergic dermatoses are oclacitinib (Apoquel) and lokivetmab 
(Cytopoint). Though these treatments have similar indications, there are some substantial 
differences in their modes of action, administration, contraindications, safety profiles, and other 
details that require careful consideration of their “pros and cons” when selecting them for 
different patients. 
 

APOQUEL CYTOPOINT 
Small-molecule, targeted drug that inhibits 
JAK1 signaling at receptors on neurons and 
immune cells, thus blocking the action of IL-
31 and (to a lesser extent) some other 
cytokines. 

A protein (monoclonal antibody) that binds to 
and eliminates IL-31 from serum/tissues. 
Very targeted; cannot affect any other cell 
processes. 

Indication: short-term for allergic dermatitis of 
any kind (flea, food, environmental); long-
term for AD. 

Indicated only for canine atopic dermatitis 

Oral, once daily for maintenance SQ injection, once every 4-6+ weeks 
Dogs only, >1 year of age Dogs of any age. Cytopoint is a canine 

protein; NEVER use in cats – it will cause an 
immunologic reaction. 

Works in ~70% of dogs. Note that Apoquel 
failure does not correlate with Cytopoint 
failure. 

Works in ~70% of dogs. Note that Cytopoint 
failure does not correlate with Apoquel 
failure. 

Works on allergic itch. Itch caused by other 
conditions such as infection may not respond. 

Works on allergic itch. Itch caused by other 
conditions such as infection may not respond. 

Anecdotally, may be less effective against the 
otitis component of allergy in some dogs. 

Anecdotally, may be less effective against the 
otitis component of allergy in some dogs. 

Not an all-in-one miracle drug. Must be used 
along with other elements of multimodal 
therapy such as infection and parasite 
control. 

Not an all-in-one miracle treatment. Must be 
used along with other elements of multimodal 
therapy such as infection and parasite 
control. 

OK when used along with most other 
medications or ASIT. Not studied (CAUTION) 
with other immunomodulatory drugs, 
corticosteroids, etc. 

OK when used along with any other 
medications or ASIT. 

Label cautions with severe infections and 
with pre-existing neoplasia. 

No label cautions for comorbidities. 

Conventional drug metabolism through liver, 
then excretion. Not known to have any 
specific organ toxicity. 

Eventually broken down into amino acids, 
which are recycled and used again for other 
protein synthesis. Not really possible to have 
any organ toxicity. 

Short-term adverse effects may include rare 
instances of vomiting; longer-term, 
demodicosis and mild anemia have been 
reported anecdotally. 

No short-term adverse effects seen. Longer-
term, no adverse effects, but rare dogs 
develop anti-drug antibody which renders 
further treatments ineffective. 

Monitoring not critical, but good to monitor 
blood counts 1-2x yearly. 

No monitoring necessary or recommended. 
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OPPORTUNISTIC FUNGAL INFECTIONS IN DOGS TREATED WITH STRONG 
IMMUNOSUPPRESSIVES 
 
Michael D Willard, DVM, MS, DACVIM 
 
Immunosuppressive drugs (e.g., cyclosporine, azathioprine, mycophenolate, leuflonamide) are 
being used more and more commonly for various immune-mediated disoders.  In particular, 
immune-mediated hemolytic anemia, immune-mediated thrombocytopenia, and immune-
mediated polyarthritis often do not respond to glucocorticoid therapy.  While glucocorticoid 
therapy was typically sufficient for these diseases 2 or 3 decades ago, over the last 10 years, 
we have found ourselves using these drugs almost routinely when faced with these disorders. 
The reason for this change in therapeutic requirement is uncertain, but something seems to 
have changed. 
 
We have noticed an increased incidence of opportunistic fungal infections in dogs that are being 
treated with these drugs. Over 10% of our cases treated with these drugs have developed such 
an infection. Another study in Wisconsin found several cases, but the frequency there was much 
less than in Texas (i.e., < 2%).. 
 
Probably the most important point is that these infections often initially present as small red 
spots that resemble “ant bites”. It is very easy to miss them on physical examination or ignore 
them if they are detected.  Initially they very much look like nothing important; however, if 
missed or ignored, they can “blossum” into life threatening infections.  Fine needle aspirate 
cytology can typically reveal fungal hyphae; actual biopsy is seldom needed. 
 
If diagnosed when the lesion is relatively small, the disease typically responds well to systemic 
anti-fungal drugs (e.g., intraconazole, fluconazole).  If not diagnosed until the lesion is much 
larger, the prognosis can be very poor. 
 
The major point to be made is that a very careful physical examination is important in dogs 
receiving cyclosporine, and ANY cutaneous lesion, no matter how small or apparently 
insignificant, should be examined. 
 
References 
 
Dowling SR, Webb J, Foster JD, et al; Opportunistic fungal infections in dogs treated with 
ciclosporine and glucocorticoids: eight cases, J Small Animl Pract 57(2): 105-109, 2016. 
 
McAtee, BB, Cummings KJ, Cook A, et al, Opportunistic invasive fungal infections associated 
with cyclosporine use in dogs with immune-mediated diseases, J Vet Int Med, accepted for 
publication, 2017. 
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Practicing Veterinary Medicine Mindfully 
Marie K. Holowaychuk, DVM, Diplomate ACVECC 
 
Mindfulness is “paying attention in a particular way, on purpose, in the present moment, and 
non-judgmentally” (Jon Kabat-Zinn).  In other words, there is self-regulation of attention focused 
on immediate experience or senses and orientation to one’s experiences in the present 
moment, characterized by curiosity, openness, and acceptance.  Rather than attempting to 
change things or assess the situation, mindfulness aims at becoming aware and accepting 
thoughts, feelings, and sensations as they arise.  It can also be described as “the state of 
present attention in which one observes thoughts, feelings, emotions, and events at the moment 
they occur without reacting to them in an automatic or habitual way” (Daniel Siegel).     
 
Principles of Mindfulness 
Mindful practice refers to our ability to be aware, in the moment, on purpose, with the goal of 
providing better care for our patients and taking better care of ourselves.  It involves the practice 
of intentionally paying attention to all that arises in the moment while incorporating specific 
attitudes.  These include: non-judging (seeing things as neither “good” nor “bad”), non-striving 
(“being” rather than “doing” or “trying”), acceptance (seeing things the way they are, even if they 
are undesirable), patience (understanding and accepting that things unfold in their own time), 
trust (following a “gut feeling” or intuition), letting go (decreasing attachment), generosity 
(unselfishly giving to others), gratitude (feeling deeply thankful), compassion (feeling another 
person’s suffering and having the desire to alleviate it), beginner’s mind (being open to seeing 
everything “as if for the first time”), integrity (being true to the innermost self), and kindness 
(showing concern for others).   
 
Although the term mindfulness is of Buddhist origins, it is considered ubiquitous – a natural part 
of being human.  During moments of mindfulness, we are fully present in the moment, and often 
experience the vividness of small details, as well as the fullness of the experience.  
Unfortunately, during most of our lives we live mindlessly on autopilot with our awareness 
elsewhere.  Typically, we are either planning for the future, thinking about the past, or feeling 
trapped by conceptualizations or assumptions, as well as our unconscious physical, emotional, 
and cognitive patterns.  We are essentially partially absent to the events that make up our lives.   
 
Mindfulness is both a process (mindfulness practice) and its outcome (mindfulness awareness).  
The practice can include formal exercises that are practiced daily with time specifically set aside 
from them; examples include a body scan, yoga, meditation, mindful walking, and mindful 
eating.  Alternatively, informal exercises are practiced throughout the day to heighten 
awareness and fully experience the present moment, each moment at a time.  These can be 
practiced by focusing on the physical sensations, sounds, visual stimuli, conversations, walking, 
driving, breathing, or whatever is occurring in the present moment.   
 
Mindful awareness is a state of being in which a person has an open awareness of all that 
arises in each experience, moment by moment.  This includes a non-judgmental awareness of: 
1) internal events (e.g., physical sensations, thoughts, emotions, reactions), 2) external events 
(e.g., sights, sounds, other people), and 3) the interplay between internal and external or 
internal aspects of the mind and other internal aspects of the self (e.g., thoughts and emotions).   
 
Benefits of a Mindfulness Practice 
A mindfulness practice can result in measureable changes to various areas of the brain 
including the prefrontal and insular cortices, which are responsible for planning and complex 
cognitive behavior, personality expression, decision making, moderating social behavior, self-
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awareness, and interpersonal experience.  Changes in the limbic system, which controls 
emotions, behaviors, motivations, and long-term memories, have also been noted in those who 
practice mindfulness.   
 
Probably the most important benefit is stress reduction, which has significant physiologic and 
psychologic benefits.  There is a complex interplay between the mind (brain) and body, which 
has led to extensive research in mind-body medicine.  Stress has numerous negative effects on 
the body including accelerated cell aging, altered prefrontal cortex functioning, immune 
suppression, and increased cortisol release, which has neurotoxic effects.  Stress can also lead 
to psychological distress, disrupted personal relationships, and depression.  Professionally, 
increased stress can lead to decreased job satisfaction, decreased attention and concentration, 
compromised memory and decision-making, altered self-regulation, and burnout.   
 
A mindfulness practice has been shown to decrease anxiety and depression; help to manage 
substance abuse; improve physical conditions such as chronic pain, cancer, cardiovascular 
disease, and rheumatoid arthritis; enhance immune function; and manage hypertension.  
Mindfulness practice also has positive effects on brain function and structure, as demonstrated 
by alterations in brain circuitry and complex brain function during neuroelectric and 
neuroimaging (e.g., functional MRI) studies.  Cortical structures associated with attention, 
memory, executive functions, and affective regulation are altered demonstrating that 
mindfulness fosters attentional and emotional self-regulation, as well as behavioral flexibility.    
 
Mindfulness training has been shown to help nurses cope more effectively with stress by 
improving their ability to remain focused and calm during stressful situations.  Nurses that 
complete mindfulness training demonstrate improve clinical performance, ability to cope with 
negative emotions, awareness of thoughts and feelings during stressful events, and ability to 
respond to the needs of patients.  Medical students, physicians, and nurses also demonstrate 
improved self-awareness and self-care, as well as reduced risk of professional burnout when 
mindfulness training is completed.   
 
Developing a Mindfulness Practice 
Reading and learning about mindfulness can be a good starting point for many people.  Practice 
can consist of listening to guided mindfulness meditations from iTunes or YouTube, joining a 
meditation group (e.g., www.meetup.com), attending courses, going to CE trainings or 
conferences, and participating in silent retreats.  A daily formal practice at a set time (ideally 10-
20 minutes) can also be helpful and could consist of performing a body scan, seated meditation, 
walking meditation, or yoga practice.   
 
Meditation 
Meditation is a way of training the mind to intentionally self-regulate and focus attention in the 
here and now and on self-inquiry.  As such, meditation is an example of a formal mindfulness 
practice that can be incorporated into each day.  It can be regarded as “exercise for the brain” 
and has increased benefits the more that it is practiced.  Some terms used to describe 
meditation include concentration, altered state of awareness, suspension of logical thought 
processes, and maintenance of a self-observing attitude.  There are many types of meditation 
such as mindfulness, mantra, loving-kindness, transcendental, and self-inquiry.  Meditation can 
be guided (i.e., practiced while listening to a recording) or breath-focused (i.e., paying attention 
to or counting the breath), which are usually the easiest forms to practice when starting to 
meditate.  
 

2018 OVMA Conference 165 

8006 hOLOWAyChuK - PrACTICINg vETErINAry MEdICINE MINdFuLLy



	

Although technology can be a hindrance to mindfulness by acting as a constant distraction or 
stimulus, it can also provide applications to help build and foster a regular a meditation practice.  
Popular applications with packages that can be purchased include Headspace, Calm, and 
Aware, which also offer free introductory programs for people who are new to mindfulness and 
meditation.  Additionally, Insight Timer is a free application that has a timer that can be used to 
practice meditation for whatever duration is chosen, as well as multiple guided practices.    
 
Yoga 
Regular yoga practice has physical benefits including enhanced musculoskeletal strength, 
flexibility, and balance, as well as mental benefits including an easier ability to enter deep states 
of relaxation and to remain composed when faced with challenging situations.  When practiced 
mindfully, by letting go of any judgments of the body or postures and accepting what the body 
can do in the present moment, yoga is a form of meditation as it connects the mind with the 
body and breath.  It ultimately brings a moment-to-moment (or posture-to-posture) awareness.  
During yoga practice, a person learns to consciously listen to and respect the body’s signals, 
since not listening to the body can result in injury.  Likewise, the practice of sitting/staying with 
discomfort or unease during difficult postures can be incorporated into daily life (off the mat) 
when faced with challenging situations.  When beginning a yoga practice, it is best to start with 
classes that move through the postures at a slow pace.  As such, hatha, restorative, or yin 
classes are recommended, since they do not flow too quickly through the different postures and 
allow for time to get into each posture mindfully to avoid injury.  Also, it is important to recognize 
that every yoga teacher and class is different, so be sure to try a few classes before deciding 
that yoga is not a beneficial or enjoyable practice.   
 
Informal Mindfulness Practice 
An informal practice can also take place throughout the day or for 3-5 minutes between 
appointments, during breaks, or while commuting to or from work.  Examples of ways to 
implement an informal daily practice include: 
• Noticing when you are on autopilot and redirecting your awareness to the present moment. 
• Using the breath throughout the day to anchor awareness in the present moment. 
• Practicing mindful presence by listening attentively to whomever is speaking. Taking in not 

just the words, but the sound of his or her voice and the visual images that are conjured up.  
Expanding awareness to include a “complete picture” of the sounds, sights, smells, physical 
sensations, and emotions that arise during the conversation.  Noticing when the mind has 
wandered to thoughts, judgements, expectations, or assumptions and bringing it back to the 
present moment.   

• Using the senses to anchor awareness into the body (e.g., awareness of the soles of the 
feet on the ground, sounds in the environment, wind on the skin, and smell of the air).   

• Walking mindfully (i.e., noticing the feeling of the feet touching the ground). 
• Bringing mindful awareness to as many activities as possible throughout the day such as 

taking a shower, washing the dishes, brushing teeth, preparing a meal, eating, driving, doing 
the laundry, among others.   

• Noticing what activities seem to induce “automatic pilot” and deciding to STOP: stop, take a 
deep breath, observe the moment, process and proceed.   

 
Web-based resources: 
www.mindsightinstitute.com     www.mindandlife.org 
www.investigatehealthyminds.org    www.dharma.org 
www.contemplativemind.org     www.headspace.com 
https://www.veterinaryteambrief.com/article/be-mindful-about-reducing-stress 
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Vascular Disorders with Neurological presentation 
 

Dr. Carolina Duque DVM. MSc. DVSc. ACVIM (Neurology) 
 

The use of magnetic resonance imaging has proven that canine vascular 
disorders can present frequently with neurological manifestations. Some 
conditions are primarily and directly related to involvement of the central nervous 
system such as fibrocartilaginous embolic disease. Others are systemic disorders 
that will result in vasculitis, hypertension, protein losing disease and lead to 
dysfunction of the nervous system secondary to the systemic pathology.  Contrary 
to other causes of neurological disorders (eg; degenerative, inflammatory and 
neoplastic) the severity of clinical signs related to vascular disease tends to be 
worse at the time of presentation and improves over time. 
 
CAUSES 
 
Causes of vascular pathology resulting on secondary CNS involvement in dogs 
include: 
 
Common  
 
Secondary hypertension 
Hyperadrenocorticism 
Renal disease 
Cardiac disorders (hypertrophic cardiomyopathy, mitral valve disease 
 
Uncommon  
 
Primary Hypertension 
Pheochromocytoma 
Lupus 
Polycythemia 
Multiple Myeloma 
Feline Infectious peritonitis 
Neoplasia- intravascular lymphoma, hemangiosarcoma 
Impaired coagulation- warfarin toxicity, disorders of coagulation cascade 
DIC 
 
Primary CNS vascular disorders frequently identified include: 
 
Common 
 
Fibrocartilaginous embolic myelopathy (FCEM) 
Cerebrovascular accidents without apparent systemic cause; In this category it is 
uncertain if a systemic cause precedes the onset of vascular disease affecting the 
intracranial cavity but often a clinical cause cannot be proven with physical 
examination, blood pressure measurement, thoracic radiographs, abdominal 
ultrasound and urinalysis in 50-60% of cases. 
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Cerebrovascular accidents can be classified as ischemic or hemorrhagic.  
Ischemic events result from occlusion of the circulation and lack of glucose and 
oxygen to the tissue. Hemorrhagic events are the result of bleeding from a rupture 
vessel. According to the time of duration a vascular event is considered 
cerebrovascular event if the abnormal perfusion persists over 24 hrs. If the 
duration of the clinical signs resolve within 24 hrs the episode is considered a 
transient ischemic attack (TIA). 
 
DIAGNOSTIC TESTS 
 
For both ischemic and hemorrhagic events: 
 
Physical exam 
Thoracic auscultation 
Serial blood pressure measurements 
Complete blood count 
Serum biochemistry profile 
Urinalysis 
Abdominal Ultrasound  
 
For ischemic events: 
 
In addition to initial diagnostics consider 
 
Urine protein creatinine ratio (UPC)  
Endocrine testing (eg; thyroid panel, testing for cushing’s disease) 
Echocardiography and electrocardiography 
D-Dimers 
Neuroimaging (MRI is gold standard with angiography and diffusion weighted 
images). CT is ideal for acute hemorrhage. 
 
For hemorrhagic events: 
 
In addition to initial diagnostics consider 
 
Buccal mucosal bleeding time 
Prothrombine time (PT) 
Activated partial thromboplastin time (APTT) 
 
TREATMENT 
 
Ischemic events are far more common in veterinary medicine than hemorrhagic 
events.  
 
During ischemic events two distinct regions can be distinguished, the core where 
ischemia is severe and infarction develops rapidly, and the surrounding penumbra 
containing more moderate decrease of cerebral blood flow that allows longer 
duration of ischemic stress to be tolerated.  The factors causing the evolution of 
the penumbra to irreversible injury are complex. In the penumbra neurons are still 
viable but at risk of becoming irreversibly injured. Tissue within the penumbra is 
the target for therapy in acute ischemic stroke. 
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The therapeutical window is considered to be 6 hours before irreversible damage 
occurs. The potentially salvageable penumbra is the target of thrombolytic and 
neuroprotective therapy.  
 
Extracranial stabilization 
 
Maintain blood pressure above 70 mm Hg. If hypertension is present up to 180 
mm Hg this may represent a compensatory mechanism and should not be 
lowered aggressively.  
Maintain oxygenation 
Provide supportive care for the recumbent patient preventing decubital ulcers, 
urine scolding and corneal ulceration. 
 
Intracranial stabilization 
 
Intracranial edema Treat with Nacl 5-7% solution 4 ml/kg bolus followed by CRI 
over 12 hrs of the same volume or Mannitol (0.25-1 g/kg IV over 20 min).  
In a rapidly deteriorating animal hyperventilation can be used to temporarily 
reduce intracranial pressure with a target PaCO2 of less than 35 mm Hg. 
 
Possible therapies…. 
 
Intravenous tissue plasminogen activator may be use if patient presents within 3 
hrs of onset but carries risks of intracranial hemorrhage so MUST be use with 
caution.  
Calcium channel blockers and sodium channel modulators 
Antiplatelet therapy (aspirin 0.5 mg/kg/day). Clopidrogel 1mg/kg/day dogs. 
Surgical decompression if a hematoma is expanding rapidly and causing a space-
occupying lesion in the intracranial cavity. 
Hypertension. Enalapril 0.5 mg/kg every 12 hrs. 
 
Most cases of ischemic stroke recovered within several weeks with only 
supportive care. Dogs with concurrent medical conditions may have shorter 
survival times and higher chances of experiencing another vascular accident.  
Hemorrhagic strokes are associated with higher mortality but are fortunately less 
common. 
 
References available from the author on request. 
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“To Brace or Not to Brace”:  Orthopedic Bracing Applications for Small Animals 
Janice Olynich B.A., C.P.(c) 
PawsAbility, Toronto, Ontario 
 
Introduction 
 
As a sub-specialty within the field of veterinary medicine, animal rehabilitation has grown in 
prominence in recent years.  In major cities, most large specialty clinics now have rehab 
departments, and many general practice veterinary clinics have a staff member trained to 
provide guidance to clients who are managing a pet with an orthopedic injury.  Along with this 
rise in awareness of the benefits of rehabilitation has come an increased appreciation for the 
ways in which the use of orthopedic braces can positively impact the lives of small animals.  
Devices are often used in conjunction with other modalities of treatment, such as physiotherapy, 
hydrotherapy, and chiropractic care, and they round out the spectrum of services that are 
available to effectively increase an animal’s mobility. 
 
Veterinary Assessment & Diagnosis  
 
When an orthotic device is being considered for use with a particular injury or condition, the first 
step is always a veterinary assessment and diagnosis.  Options for surgical repair, and other 
modalities of treatment, need to be presented and considered alongside any options for orthotic 
intervention.  
 
Evaluating Braces:  How Shape Capture and Fabrication Influence Function 
 
In evaluating potential assistive devices, there are two important factors to consider which can 
greatly impact the effectiveness of the support.  The first is how the device is made and the 
second is what material the device is made from.   
 
A shape capture process that involves taking a cast of the limb (a negative impression) and 
transferring this to a positive form (a plaster cast) is more effective in capturing shape and 
contour detail than simple measurements.  In the cast modification process, areas that are load-
tolerant can be given more pressure and load-intolerant areas can be given more space.  A 
device built from this modified cast is advantageous because it provides precise and effective 
support.  Challenges such as suspension and rotation control are also more easily managed 
when the contours of the limb have been accurately captured. 
 
In addition, working from a positive form allows for the use of materials that are highly structural.  
The most rigid and durable materials include high-temperature thermoplastics and composites 
used in combination with thermo-setting resins.  These types of materials can only be formed 
over a cast and their structure could not be created from measurements or on the actual limb. 
 
In contrast, taking circumferential and length measurements gives a limited picture of the 
affected limb.  The ability to discern prominent bones from soft tissue is lost, and with it the 
potential to provide significant support.  Since there is a need to stretch around all contours, the 
most common material that is used with these braces is neoprene or something similarly soft.  
With a soft material, the only way to offer some support is to circumferentially tighten straps as 
much as possible and to rely on metal or plastic struts that are sewn into the material.  These 
types of braces lack the ability to give any defined or controlled range of motion, and they do not 
have the potential to use the ground reaction force as part of their system of control.  Since 
there is little structure, there is also a greater likelihood of slipping and rotation of the brace. 
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Differences in the Provision of Bracing Services:   
 
There are other important factors that influence how well a brace can fit and function, such as 
who is responsible for shape capture; modifying the cast; making the device; and fitting the final 
product. 
 
The ideal scenario is the one that has the best continuity.  This would mean that the person 
taking the cast is also the one modifying that cast.  They would have had their hands on the limb 
and would know how the tissue and the structure felt.  They would also be the ones to fit and 
evaluate a test-design and to ultimately fit the final product.  Depending on where a client is 
located, this system may not be available.  An alternate type of service involves the referring 
veterinarian taking the cast and sending it off to a central service for modification and 
fabrication.  Test-fitting is not often part of this process, and when the final product arrives it 
would be up to the veterinarian to evaluate the fit of the brace and educate the client on it’s use.  
If adjustment is needed, the brace would then need to be sent back for modification. 
 
Since so much of a brace’s function depends on the fit, the system that provides the most 
consistency, with multiple opportunities to check and adjust the fit, is the one that has the 
greatest potential for positive results. 
 
Rationale for Using Orthopedic Braces 
 
Post-Surgical Support: 
 
One common use for orthopedic braces is for immediate post-surgical support.  These devices 
are worn 24 hours a day, in place of a bandage and splint system, and they have many potential 
benefits.  With this type of application, the skin can be checked every day to ensure that no 
pressure sores are developing, and if there is an area of concern it can be permanently adjusted 
in the padding of the brace.  The allowable range of motion can transition from complete 
immobilization at the start, to a controlled amount of flexion/extension further along in the 
recovery period. The use of the support can also be stepped down over time before ultimately 
being phased out completely.  Common applications include supporting the carpus after an 
arthrodesis, and supporting the tarsus after a calcaneal tendon repair, or other reconstruction. 
 
This type of bracing system can also be used for injuries and conditions that don’t yet require 
surgical intervention but do require the immobilization of the joint for a period of weeks or 
months.  With this type of scenario, the brace that is made for the immobilization period can 
often also be used as post-surgical support if surgery does end up being required. 
 
Long-term Management of Orthopedic Conditions: 
 
When a brace is being considered for long-term management, it is likely for one (or more) of the 
following reasons:   Surgery has been completed but it was unsuccessful and there is still 
instability present in the joint; age and/or other medical issues make surgery more of a risk than 
a benefit; or there is no surgical solution for the presenting condition. 
 
In the case of a surgical repair where some instability remains, a brace can offer a way to 
provide support and contribute to improved use of the limb.  Common applications include stifle 
braces; tarsal braces; and carpal braces.   
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These same devices are also used for management of some joint instabilities when surgery is 
not advised.  Whether due to advanced age, or other health issues, there are many reasons 
why conservative management would be considered.   
A final area of consideration is conditions that do not have a direct surgical solution.  This area 
includes neurological conditions which result in proprioceptive and functional deficits. In these 
situations, braces can often be critical in maintaining mobility and preventing injury to the limb.  
Some examples include the use of carpal braces and tarsal braces for maintaining foot and joint 
positions when there has been a peripheral nerve injury; and the use of boots and flexion-assist 
straps to ensure foot protection and ground clearance in the case of a progressive hind limb 
neuropathy.   
 
Congenital limb differences can also be included in this area.  Though they are technically 
prosthetic applications, the devices are very much like braces with additions on the bottom to 
equalize leg length.  In the affected limb there may be entire bones that are missing and joints 
that are unstable as a result. The orthopedic device acts to support what is there, and also adds 
to the functional length, thus making it possible to use the leg more effectively.  Factors such as 
residual limb length, and the stability of proximal joints, must both be taken into consideration 
when deciding whether there is the potential for fitting. 
 
Conditions That Require Additional or Alternate Management 
 
While braces can be helpful for many conditions, they are best used to address specific issues 
related to joint instability and positional support.  Deficits related to strength, such an older dog 
needing help to go from sitting to standing, or to climb stairs, are issues which are not likely to 
be helped with a brace but could be assisted with a lifting harness, and also 
physiotherapy/hydrotherapy.   A condition which is beyond the scope of bracing, such as hind 
limb paralysis, can be managed with a hind end wheelchair.  In cases where some limb function 
remains, protective boots with flexion-assist straps can be used to encourage use of the limbs 
while the body weight is being managed by the wheeled support. 
 
Conclusion 
 
While surgery remains the standard of care for many orthopedic injures and conditions, 
orthopedic bracing offers benefits for post-surgical care; for cases where surgery is not 
indicated; or where no surgical solution exists.  When bracing applications are chosen 
appropriately and when braces are made to fit expertly, there is great potential for improved 
comfort and mobility. 
 
 
References available from the author on request. 
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CANINE AND FELINE FOREIGN BODIES – TO CUT OR NOT TO CUT? 
Jinelle A. Webb, DVM, MSc, DVSc, Diplomate ACVIM (Small Animal Internal Medicine) 
Mississauga-Oakville Veterinary Emergency Hospital, Oakville, Ontario 
 
Introduction 

However much we try, our dogs and cats like to eat things that they should not. Dogs and cats 
with gastrointestinal foreign bodies most commonly present with vomiting and decreased 
appetite, although some may present with lethargy and abdominal pain. Esophageal foreign 
bodies often cause regurgitation, cervical discomfort, and in some cases respiratory distress. If 
not removed rapidly, foreign bodies of the esophagus and intestine can be associated with a 
high morbidity and mortality. Gastric foreign bodies are also best removed quickly, to avoid 
entrance into the small intestine and possible obstruction. Diagnosis of foreign bodies involving 
the esophagus and gastrointestinal tract can usually be made via physical examination, 
radiography, and/or ultrasonography. Objects can be removed endoscopically or surgically. 

Diagnosis 

Commonly ingested foreign bodies in dogs include bones, rawhide, toys, balls, greenies, fish 
hooks, coins, towels, socks, underwear and nylons. Commonly ingested foreign bodies in cats 
include needles, string, toys, elastics, plastic and hair. In many cases, the owner has witnessed 
ingestion of the foreign material, or has returned home to find last night’s garbage strewn all 
over the kitchen. However, sometimes the pet has ingested something out on a walk, or eaten 
something in the house that is not noticed as missing. Foreign body ingestion should always be 
a differential diagnosis in the acutely vomiting or inappetent pet, regardless of age and history.  

Common clinical signs associated with esophageal foreign bodies include retching, regurgitation 
of food and water, ptyalism, anorexia, restlessness, and cervical pain. Less common presenting 
complaints include dyspnea, cough and lethargy. Clinical signs of gastrointestinal foreign bodies 
may be less pronounced than with esophageal foreign bodies, and may be intermittent. Clinical 
signs can include vomiting, hematemesis, anorexia, lethargy, abdominal pain, or the foreign 
body may be an incidental finding. Physical examination may reveal pytalism and cervical 
discomfort in pets with an esophageal foreign body. Gastrointestinal foreign bodies may have a 
normal abdominal palpation, or there may be a suspicious region felt or painful area noted.  

Diagnostic Imaging 

Radiography can be suggestive or diagnostic in many cases of esophageal and gastrointestinal 
foreign bodies, especially if metallic. Esophageal foreign bodies are usually visible on plain 
thoracic radiographs. An opacity is noted within the esophagus, most commonly in the distal 
esophagus or at the level of the carina. The upper esophageal sphincter is often visible on 
radiographs and can be mistaken for an esophageal foreign body; it should be noted that 
esophageal foreign bodies are uncommon in this region. In equivocal cases, a contrast agent 
can be administered, however there is risk of aspiration of the contrast medium if an esophageal 
foreign body is present. It is therefore safer to perform esophagoscopy if there is a suspicion of 
an esophageal foreign body. Ultrasonography is rarely useful in cases of esophageal foreign 
bodies unless cervical in location. 

In many cases, gastric foreign bodies (other than metallic) can be challenging to definitively 
diagnose on both radiographs and ultrasound examination, as there is often gas and food 
material present in the stomach that can cause shadowing and masking of objects by overlying 
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opacities. Barium administration can outline some gastric foreign bodies, but often does not 
provide a definitive diagnosis. However, both radiographs and ultrasound can strongly suggest 
the presence of a gastric foreign body. If food and/or gas are present, then imaging can be 
repeated after a period of fasting, however owners should be counselled that this could allow a 
potential object to enter the small intestine. 

Radiography can be useful in some cases of small intestinal foreign bodies. Plain radiographs 
can reveal a suggestive gas pattern indicating obstruction, and bunching of intestines can be 
noted in linear foreign bodies resulting in intestinal plication. Abdominal ultrasonography 
remains the most useful non-invasive method for diagnosis of small intestinal foreign bodies. In 
most cases, a shadowing object is noted within the small intestine, typically causing some 
degree of intestinal dilation at the site of obstruction. The presence of free abdominal air on 
radiographs or ultrasound indicates gastrointestinal perforation, the need for immediate surgical 
intervention, and a guarded prognosis. 

The administration of contrast material in cases of suspected esophageal and gastrointestinal 
foreign bodies is often contemplated. Although contrast material can aid in diagnosis in some 
cases, there are complications to using contrast material. As mentioned earlier, administration 
carries the risk of aspiration of contrast material. Contrast administration creates shadowing 
artifact in the stomach and small intestine on abdominal ultrasound, and will therefore reduce 
the ability of this modality to accurately diagnose a gastrointestinal foreign body. It can also 
create complications at endoscopic or surgical removal of a foreign body. If abdominal 
ultrasound is available, this imaging modality is preferred over contrast administration. 
Attempting to feed animals with suspected foreign bodies should not be performed if 
radiography, ultrasonography, endoscopy, or surgery is likely. 

Removal of Foreign Bodies 

The decision on whether to remove the foreign body depends on location, clinical signs, time 
since ingestion, and size, shape and nature of the foreign body. Esophageal foreign bodies 
require immediate removal in all cases, whereas gastrointestinal foreign bodies may pass 
through the entire gastrointestinal tract without issue. Immediate removal is indicated for large 
objects, objects with sharp points or sharp surfaces, irregular objects, and caustic-containing 
material such as batteries or pennies. A discussion about the pros and cons of removal of 
smaller objects should be performed in all cases, so that owners can make educated decisions 
about whether to pursue removal. 

Esophageal foreign bodies 

All esophageal foreign bodies are an emergency requiring immediate removal, and almost every 
esophageal foreign body can be removed endoscopically. Delay of even a few hours can greatly 
increase the chance of esophageal stricture following removal. Foreign material present for an 
extended time in the esophagus, foreign bodies that have sharp points, and foreign bodies that 
expand resulting in pressure necrosis, are all at increased risk of esophageal perforation which 
carries a grave prognosis. Approximately 10% of esophageal foreign bodies cannot be removed 
orally and are pushed into the stomach; the material can either be digested and passed, or 
removed via gastrotomy or endoscopic removal from the stomach.  

Gastric foreign bodies 

The majority of gastric foreign bodies can be removed endoscopically. However, there are 
specific indications for gastrotomy. If a large number of foreign objects are present, then 

2018 OVMA Conference 174 

8009 WEBB - CANINE ANd FELINE FOrEIgN BOdIES - TO CuT Or NOT TO CuT



endoscopic removal will require a longer anesthetic time, and there could be damage to the 
esophagus with a large number of objects being removed individually, therefore gastrotomy is 
indicated. If an object has a very sharp surface (such as a razor blade) or sharp point (such as a 
fish hook), endoscopic removal may pose too high a risk to removal through the esophagus, 
although techniques are available to remove these safely with an endoscope. If a very large 
object, or an object with a very smooth, round surface (such as a smooth rock), is present, then 
gastrotomy may be indicated. If an object is anchored in the stomach but extends beyond the 
proximal duodenum, then endoscopic removal may not be indicated.  

Gastrotomy is a relatively simple procedure to remove foreign material. The stomach should be 
packed off, and stay sutures used to elevate the stomach. Once all material is removed, gloves 
should be changed prior to closure of the stomach. The small intestine should be thoroughly 
evaluated in case there are additional foreign bodies present. Complications associated with a 
gastrotomy performed to remove a foreign object are uncommon but can include dehiscence 
and septic peritonitis. 

Small intestinal foreign bodies 

Enterotomy is indicated when a small intestinal foreign body has been diagnosed. Endoscopic 
removal of small intestinal foreign bodies is rarely successful and therefore very rarely indicated. 
For a single, focal small intestinal foreign body, one enterotomy can be performed, which is 
typically a relatively quick procedure. However, many cases will present with multiple foreign 
bodies, which require several enterotomies. Linear foreign bodies often require multiple 
enterotomies to remove them safely. Some cases may present with longer standing foreign 
bodies, linear foreign bodies, or foreign bodies that result in circumferential pressure necrosis 
(such as a corn cob), In these cases, there may be areas of intestine with substantial damage 
from pressure necrosis or excessive plication, which may require resection and anastomosis. 
Complications are uncommon after enterotomies and resection/anastomosis, but include 
dehiscence and septic peritonitis. As with gastrotomies, once the foreign material is removed, 
the entire gastrointestinal tract should be evaluated for additional foreign material. 

Post-procedure recovery 

Endoscopically removed esophageal or gastric foreign bodies 

Typical medical therapy includes a histamine-2 antagonist or proton-pump inhibitor, sucralfate, 
and feeding gastrointestinal canned dog food. Medical therapy is continued for typically for 3-7 
days, depending on the degree of damage noted. Most cases can be discharged the same day 
or next day. Repeat endoscopy is indicated a few days after esophageal foreign body removal 
in cases with regurgitation to evaluate for stricture formation. 

Gastrointestinal foreign bodies removed surgically 

Post gastrotomy or enterotomy, pets should receive adequate analgesia, appropriate antibiotic 
therapy (cefazolin or similar), a histamine-2 antagonist or proton-pump inhibitor, maropitant, 
sucralfate if indicated, and feeding a gastrointestinal canned dog food. Metoclopramide is 
usually avoided. Feeding should be delayed at least 12-24 hours after gastrotomy or 
enterotomy. Medical therapy is continued for typically for 7-10 days. Most cases can be 
discharged 1-2 days after surgery. Pets should be monitored closely for evidence of pain, fever, 
vomiting, inappetence, and should be seen immediately if any of these symptoms develop. 

References available from the author on request. 
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TIPS AND TRICKS FOR ENDOCRINE TESTING IN THE CAT AND DOG 
Jinelle A. Webb, DVM, MSc, DVSc, Diplomate ACVIM (Small Animal Internal Medicine) 
Mississauga-Oakville Veterinary Emergency Hospital, Oakville, Ontario 
 
Introduction 

There are many forms of endocrine disease in the dog and cat. Understanding the 
pathophysiology behind each disease process helps to interpret endocrine testing, as many 
tests will return equivocal results. Taking a logical and step-wise approach to each case, while 
considering the history and physical examination, will help to reach a correct diagnosis. 

Adrenal disease 

Diagnosing hyperadrenocorticism (HAC) can be a challenge. Only animals with clinical signs of 
HAC should be tested. Testing is not recommended in animals with an increased ALP as the 
sole abnormality, and testing should not be performed in a sick animal. Laboratory screening 
tests include the urine cortisol:creatinine ratio, ACTH stimulation test, and low-dose 
dexamethasone suppression test (LDDS). None of these tests are without false negatives and 
false positives, therefore case selection is important prior to performing a screening test. The 
main use of the serum cortisol:creatinine ratio is in its almost 100% sensitivity, however 75% of 
dogs with non-adrenal illness will have an abnormal result therefore additional testing is 
required if a positive result is returned.  

The LDDS test is generally the preferred screening test for hyperadrenocorticism (HAC), 
whether due to pituitary dependent hyperadrenocorticism (PDH) or a functional adrenal tumour 
(FAT), as it is considered the most reliable test. In a normal dog, cortisol levels should be 
suppressed after administration of dexamethasone for the entire 8 hour test period, typically to 
less than 27 nmol/L. In dogs with PDH, there may be transient suppression at 4 hours, but 
cortisol levels will usually be back to or above baseline levels at 8 hours. Dogs with FAT do not 
usually show any suppression of corticol levels. This test is affected by stress, and therefore it is 
important to try to minimize stress during the test. A negative result likely rules out HAC, but a 
positive result may warrant additional testing to confirm the diagnosis. The LDDS test is less 
expensive to perform than the ACTH stimulation test. Endogenous ACTH measurement is 
theoretically useful, as a low level fits with FAT and a high level fits with PDH. However 
problems with the stability of endogenous ACTH make results unreliable, therefore this assay is 
rarely performed and not recommended. 

The ACTH stimulation test is often used as it is the test used for monitoring after therapy for 
HAC. It is also the diagnostic test for diagnosing hypoadrenocorticism. The sensitivity of the 
ACTH stimulation test is 85% for a dog with PDH and 60% for a FAT, with a sensitivity of 85-
90%. The ACTH stimulation test is best performed in a case with a strong suspicion of HAC, 
and in those cases it has a high specificity. This means that a positive result is consistent with a 
diagnosis of HAC, whereas a negative result does not necessarily rule out HAC (high false 
negatives).  

Due to the lack of availability of synacthen, cortrosyn is now used for performing ACTH 
stimulation testing. This product has a much higher cost than synacthen, and there are 
protocols that allow for multiple uses of one vial. In addition, there is now a different protocol for 
diagnostic and monitoring ACTH stimulation tests, which reduces the cost for dogs having 
monitoring ACTH stimulation tests performed. 
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Protocol for Use of One Vial of Cortrosyn in Multiple Patients 

• Reconstitute Cortrosyn vial which results in a concentration of 100 μg/ml (0.1 mg/ml). 
• Aspirate 0.5 ml (50-μg) and 0.25 ml (25-μg) aliquots into PLASTIC labelled syringes.  
• Freeze the syringes at -20C in a non frost-free freezer for up to 6 months. 
• FOR A DIAGNOSTIC ACTH STIMULATION TEST (prior to diagnosis of HAC or 

hypoadrenocorticism): Administer IM or IV at a dose of 5 μg/kg (round up if needed). 
Administer IV in dehydrated dogs. 

• FOR A MONITORING ACTH STIMULATION TEST (after a diagnosis, while receiving 
trilostane or mitotane): Administer IV at a dose of 1 μg/kg (round up if needed).  

• Cortisol levels should be measured prior to injection of Cortrosyn (0 hour), and at 1 hour 
post administration of Cortrosyn. 

Abdominal ultrasound can be quite useful in confirming a diagnosis of both PDH and FAT, 
especially in cases with concurrent illnesses such as diabetes mellitus, liver disease, or 
hypothyroidism that may affect the ACTH stimulation test or LDDS test. The presence of 
bilaterally enlarged adrenal glands which retain the typical adrenal gland shape supports a 
diagnosis of PDH. The presence of a unilateral adrenal mass with a small contralateral adrenal 
gland supports a diagnosis of a FAT. In rare instances, there have been reported cases of 
bilateral FATs, PDH with a concurrent FAT, or a FAT with a contralateral, non-cortisol producing 
adrenal mass. To complicate things further, benign adrenal nodules are quite common in older 
dogs, and therefore some dogs with PDH (and therefore bilaterally enlarged adrenal glands) will 
also have an adrenal nodule present. These nodules rarely result in distortion of the entire 
adrenal gland, however, whereas a FAT will usually obliterate the adrenal gland. Experience 
with ultrasonography, along with considering the patient’s presentation, differential diagnoses, 
and ACTH stimulation test/LDDS test results can help to navigate these challenging cases. 

Thyroid disease 

The main function of the thyroid gland is to produce active thyroid hormone (thyroxine [T4] and 
tri-iodothyronine [T3]). Stimulus for synthesis and secretion of thyroid hormone comes from the 
hypothalamus and the pituitary gland. Thyrotropin-releasing hormone (TRH) secreted from the 
hypothalamus stimulates secretion of thyroid-stimulating hormone (TSH) from the pituitary 
gland. TSH then stimulates the synthesis and secretion of thyroid hormone. Once secreted, T4 
and T3 are mainly protein-bound. It is the unbound (‘free’) fraction (FT4) that is metabolically 
active. The combination of free and protein-bound thyroid hormone is referred to as total T3 and 
T4 (TT3 and TT4). 
 
Feline hyperthyroidism 
Feline hyperthyroidism is quite prevalent, occurring in almost 10% of geriatric cats. In cats, an 
increased T4 is diagnostic for hyperthyroidism and the test has a sensitivity of over 91%. TT3 
should not be measured, as there is a large overlap between normal cats and cat with 
hyperthyroidism. Occult hyperthyroidism, which is the occurrence of a high normal TT4 in a cat 
with hyperthyroidism, happens quite frequently. Causes can include daily variation in TT4, or 
interaction from other systemic disease or drugs.  
 
If a normal TT4 is found in a cat with a suspicion of hyperthyroidism, the TT4 can be rechecked 
a few days later. Alternatively, the FT4 can be measured if it is an assay validated for cats, as 
the FT4 is elevated in more than 98% of cats with hyperthyroidism. FT4 is not used as the sole 
test for feline hyperthyroidism, as up to 12% of cats with non-thyroidal disease can have an 
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elevated FT4. TSH would be a useful measure, as it should be low in all cats with 
hyperthyroidism. However, an assay to measure feline TSH is often not available, and the 
canine TSH assay results in a falsely low measurement. 
 
Thyroid scintigraphy is a very sensitive test for feline hyperthyroidism, but is not widely used due 
to cost and availability. In cases where surgical intervention of hyperthyroidism is planned, such 
as with the rare cases of thyroid carcinoma, thyroid scintigraphy can locate ectopic or metastatic 
tissue producing thyroid hormone. 
 
Canine hypothyroidism 
Hypothyroidism can occur when there is disease present anywhere along the hypothalamic-
pituitary-thyroid gland axis, although the vast majority of cases suffer from a reduced ability of 
the thyroid gland to synthesis thyroid hormone. Evaluation of thyroid function in the dog is not 
straight-forward. Historically, there are many dogs that have been erroneously diagnosed with 
hypothyroidism. Interfering factors come in to play when performing canine thyroid testing that 
have to be considered.  
 
TT4 concentration is a good initial screening test, because a level well within the normal range 
rules out hypothyroidism. If the TT4 low, additional testing is required to determine if the dog 
truly has hypothyroidism. Time of day, age, breed, room temperature, presence of estrus,  
obesity, malnutrition, systemic disease and certain drugs can affect thyroid results.  
 
Effects of certain drugs on the thyroid axis 
DRUG TT4 FT4 cTSH 
Prednisone/prednisolone ↓ or = ↓ or = ↓ or = 
Phenobarbital ↓ or = ↓ or = ↑ or = 
Potassium bromide = = = 
Sulfonamides ↓ ↓  ↑  
Clomipramine ↓ ↓  =  
Aspirin ↓ ↓ or =  =  
Ketoprofen ↓ =  =  
Carprofen ↓ or = ↓ or = ↓ or = 
Deracoxib = = = 

Adapted from ‘Textbook of Veterinary Internal Medicine Eighth Edition’. 
= : no effect 
 
If the TT4 is low, measurement of FT4 and endogenous TSH (cTSH) can help with the diagnosis 
of hypothyroidism. FT4, especially if measured by equilibrium dialysis, is less affected by non-
thyroidal disease than TT4. Most dogs with hypothyroidism will have low FT4, although a small 
proportion have a low normal FT4. The addition of cTSH will help in many cases, as the cTSH 
should be elevated due to lack of negative feedback. However, for unknown reasons, 
approximately 30% of dogs with hypothyroidism have cTSH in the high normal range.  
 
The TSH and TRH stimulation tests are not recommended due to cost and side effects, 
respectively. Thyroglobulin autoantibodies can be measured, however they can be present in 
dogs with and without thyroid illness. If found in a dog with other evidence of hypothyroidism, 
the presence of autoantibodies supports the diagnosis. 
 
References available from the author on request. 
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Brachycephalic	Airway	Syndrome;	Let	them	Breathe!	
	
Brigitte	A.	Brisson	DMV,	DVSc.	Diplomate	ACVS	
Professor,	Small	Animal	Surgery	
Ontario	Veterinary	College	
University	of	Guelph	
bbrisson@uoguelph.ca	
	
	
Brachycephalic	airway	syndrome	(BAS)	includes	a	variety	of	primary	and	secondary	
abnormalities	that	result	in	upper	airway	obstruction.		Primary	abnormalities	
include	stenotic	nares,	elongated	soft	palate	and	hypoplastic	trachea.		The	increased	
negative	pressure	that	develops	because	of	the	primary	abnormalities	leads	to	
secondary	abnormalities	that	include	everted	laryngeal	saccules,	everted	tonsils,	
pharyngeal	and	soft	palate	edema	/	hyperplasia	and	possibly	mild	or	severe	
laryngeal	collapse.		
	
Most	commonly	affected	breeds	include	French	and	English	Bulldogs,	Boston	
Terrier,	Pug,	Shih-Tzu	and	Lhasa	apso	as	well	as	larger	breeds	including	Boxers,	
Shar-pei	and	mastiffs.		Clinical	signs	associated	with	BAS	include	stridorous	
breathing,	increased	inspiratory	noise	and	dyspnea,	increased	respiratory	effort,	
exercise	intolerance,	vomiting	and	regurgitation,	excessive	salivation	and	in	severe	
cases	collapse	/	syncope.		Excess	stress,	exercise	as	well	as	heat	and	humidity	
frequently	make	clinical	signs	worse,	and	may	lead	to	an	emergency	situation.	
	
Medical	management	may	include	cage	rest,	sedation,	oxygen	supplementation,	and	
use	of	steroid	antiinflammatories.		Limiting	exercise,	promoting	weight	loss	and	
ensuring	a	cool	environment	is	recommended	and	may	be	helpful	in	less	affected	
patients	but	is	rarely	successful	in	patients	with	more	severe	signs.		
	
Dogs	of	predisposed	breeds	should	ideally	be	assessed	for	primary	abnormalities	at	
a	young	age	(as	early	as	3-4	months	of	age	for	stenotic	nares	and	between	4	and	24	
months	for	elongated	soft	palate)	and	prior	to	developing	clinical	symptoms	in	
order	to	prevent	or	reduce	the	development	of	secondary	abnormalities	that	may	be	
irreversible.		At	this	young	age,	stenotic	nares	can	be	corrected	and	the	palate	
assessed	for	length.		If	saccules	are	already	everted	they	should	be	resected	at	this	
time.		If	not	treated	at	a	young	age,	dogs	will	present	at	any	age	with	moderate	to	
severe	signs	of	upper	airway	obstruction	and	sometimes	as	an	emergency.		Though	
surgery	is	recommended	at	an	early	age	to	prevent	or	reduce	secondary	changes,	
advanced	age	is	not	a	contraindication	to	treatment.		
	
Presumptive	diagnosis	is	often	based	on	client	reports,	breed	predisposition	and	
suspicion.		A	physical	examination	can	determine	the	presence	of	stenotic	nares	but	
a	sedated	airway	exam	is	necessary	to	assess	the	palate	and	saccules.		Hypoplastic	
trachea	can	be	diagnosed	by	palpation	and	radiography.		Thoracic	radiographs	will	
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also	serve	to	assess	the	cardiac	silhouette,	the	presence	of	hiatal	hernia	and	rule-out	
concurrent	aspiration	pneumonia.		Current	recommendation	is	to	initiate	treatment	
with	a	promotility	agent	(we	use	metroclopramide	0.5mg/kg	and	maropitant)	and	
to	continue	these	into	the	postoperative	period	in	all	patients	but	especially	those	
with	a	history	of	gagging,	retching,	and	regurgitation.			
	
Oropharyngeal	examination	is	performed	under	heavy	sedation	or	general	
anesthesia.		One	should	assess	laryngeal	function	at	induction	but	laryngeal	
paralysis	is	not	typically	an	issue	in	dogs	with	BAS	unless	secondary	changes	such	as	
laryngeal	collapse	are	suspected	(older,	more	severely	affected	dogs).		Examination	
is	typically	performed	prior	to	intubation.		I	typically	first	assess	for	everted	
saccules,	I	note	the	position	of	the	tonsils	and	then	determine	whether	or	not	the	
soft	palate	is	elongated.		Positioning	is	quite	important	when	assessing	soft	palate	
length	and	one	wants	to	ensure	the	dog’s	head	is	straight	and	that	the	tongue	is	not	
pulled	out	(as	is	often	the	case	when	using	a	laryngoscope).			Using	a	mouth	gag	and	
suspending	the	dog	by	the	maxilla	may	help	ensure	that	the	tissues	lie	in	their	
natural	position.	(Lodato	et	al.	2014)		The	saccules	sit	just	rostral	to	the	vocal	cord	
within	their	respective	crypts.		If	everted,	the	saccules	will	appear	as	glistening	light	
pink	to	white,	edematous,	oval	structures	located	just	rostral	to,	and	somewhat	
obscuring	the	vocal	cord.			Both	saccules	are	typically	everted.		An	elongated	soft	
palate	extends	at	least	a	few	mm	but	typically	more	than	one	cm	beyond	the	tip	of	
the	epiglottis.			The	elongated	soft	palate	of	older	dogs	is	often	thick	and	inflamed.		
The	tonsils	normally	sit	within	the	tonsilar	crypts	but	may	be	inflamed,	enlarged	or	
even	everted	in	dogs	with	BAS.		Dogs	with	laryngeal	edema,	pharyngeal	hyperplasia	
and	laryngeal	collapse	are	best	treated	by	a	board	certified	surgeon	and	should	be	
referred	to	a	facility	with	24h	care	for	postoperative	recovery.			
	
Once	I	have	assessed	the	patient	for	all	abnormalities,	I	typically	begin	by	resecting	
the	everted	laryngeal	saccules	and	then	proceed	to	intubate	the	patient.		Once	
intubated,	I	proceed	with	staphylectomy	if	indicated	and	then	finish	with	the	nare	
resection.				
	
Withholding	non-steroidal	analgesic	(NSAID)	treatment	is	always	wise	after	BAS	
surgery	to	allow	for	use	of	steroids,	if	required,	upon	recovery.		Once	I	have	
confirmed	that	the	patient	has	recovered	well	enough	from	anesthesia	and	seems	to	
be	doing	well,	I	administer	an	NSAID	(*if	steroids	were	not	administered	prior	to	
presentation).		I	also	administer	a	dose	of	antibiotics	(typically	ampicillin	@	
22mg/kg)	perioperatively,	typically	prior	to	cutting	the	tissues.	
	
Corrective	Techniques:	Everted	Laryngeal	Saccules	-	Ventriculectomy	or	
Sacculectomy	
	
Everted	laryngeal	saccules	are	grasped	one	at	a	time	using	Debakey	forceps	and	
resected	by	cutting	them	at	the	base	of	the	crypt	using	a	curved	Metzembaum	
scissor.		The	operator	must	clearly	identify	the	vocal	cord	prior	to	incising	to	ensure	
it	is	not	damaged.		Everted	saccules	are	most	efficiently	removed	in	one	piece	but	if	
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remaining	tissue	is	present,	one	can	attempt	to	remove	a	little	more	tissue	at	the	
base.		Bleeding	is	typically	minimal	and	self-limiting.		Once	resected,	the	palate	
length	is	assessed	once	more	for	length	and	to	determine	the	site	of	resection	and	
the	endotracheal	tube	is	inserted	to	protect	the	airway.	
	
Corrective	Techniques:	Elongated	Soft	Palate	–	Staphylectomy	
	
After	assessing	for	length	and	determining	the	amount	of	excess	tissue,	a	stay	suture	
(typically	4-0	Monocryl	but	sometimes	3-0	Monocryl	depending	on	patient	size)	is	
placed	along	the	patient’s	right	(I	am	right	handed)	palatal	edge	of	the	soft	palate	
(where	the	last	tissue	bite	will	be	taking	when	closing).		A	similar	suture	is	applied	
on	the	patient’s	left	palatal	edge	but	this	one	is	not	cut	and	will	serve	as	the	start	of	
the	suture	line.		Leave	the	tag	long	so	it	also	acts	as	a	stay	suture	that	you	can	use	for	
traction.		With	traction	from	the	two	stay	sutures,	the	soft	palate	is	then	transected	
using	Metzembaum	scissors.		In	a	large	dog,	especially	one	with	a	thick	palate	that	is	
more	likely	to	bleed,	I	cut	about	half	of	the	width	across,	suture	the	tissue	edges	and	
then	cut	the	remaining	half	and	suture.		In	small	dogs,	it	is	easier	to	cut	the	entire	
palate	at	once.		Ensure	not	to	cut	your	stay	suture	and	to	transect	the	palate	evenly	
on	both	sides.		Simple	continuous	pattern	is	used	ensuring	to	appose	the	buccal	and	
nasal	mucosa.			I	try	not	to	include	the	muscle	as	it	helps	to	thin	out	the	palatal	edge.		
Ensure	the	suture	is	nice	and	tight	(no	gaping	of	tissues)	and	that	your	suture	knots	
are	square	and	not	excessively	large.			
	
Gauze	is	used	to	remove	any	hemorrhage	and	the	endotracheal	tube	is	removed	to	
assess	length.			If	still	too	long,	the	suture	line	can	be	cut	as	you	remove	more	palatal	
tissue.		The	goal	is	to	get	the	tip	of	the	soft	palate	to	be	1-2	mm	shorter	than	the	tip	
of	the	epiglottis.			Cutting	the	palate	too	short	can	result	in	nasopharyngeal	reflux.		
Leaving	it	slightly	too	long	can	result	in	the	palate	entrapping	at	the	tip	of	the	
epiglottis	with	continued	obstruction.	
	
Laser	staphylectomy	has	been	described	(Clark	and	Sinibaldi	1994)	and	represents	
an	alternative	to	the	hand-sewn	technique	(Bright	and	Wheaton	1983).		Appropriate	
laser	safety	guidelines	must	be	followed	when	using	a	laser	for	staphylectomy	(or	
any	other	procedure).		Outcomes	have	not	been	shown	to	differ	between	hand-sewn	
and	laser	staphylectomy.	(Riecks	2007)		Reported	advantages	of	laser	ablation	
include	minimal	hemorrhage,	reduced	swelling	and	possibly	a	sterilizing	effect	on	
the	tissues.	(Riecks	2007)	
	
Corrective	Techniques:	Stenotic	Nares	-	Rhinoplasty	
	
Stenotic	nares	are	narrower	than	normal	and	also	can	tend	to	collapse	during	
inspiration	further	obstructing	the	flow	of	air	through	the	nasal	cavities.		The	goal	of	
rhinoplasty	is	to	enlarge	the	nare	opening	by	removing	a	portion	of	the	malformed	
dorsolateral	cartilage	to	increase	air	flow.		
	
Various	procedures	have	been	described	for	rhinoplasty	including	wedge	resection,	
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biopsy	punch	resection,	laser	resection.		The	procedure	I	like	best	is	the	pyramidal	
wedge	resection	with	sutures.			
	
First,	I	ensure	the	patient’s	head	is	appropriately	positioned	(straight)	with	towel	
support	under	the	chin	and	the	mouth	closed.		I	usually	tape	the	head	to	the	table	to	
ensure	the	patient’s	head	does	not	move.			
	
The	left	nostril	is	easier	for	a	right-handed	surgeon	and	so	I	typically	start	there.		
With	Debakey	or	Adson	tissue	forceps,	I	grasp	the	ventro-lateral	free	edge	of	the	
nare	and	pull	it	medially.		Using	a	#11	blade,	I	make	a	first	cut	along	the	medial	
aspect	of	my	proposed	wedge	(just	adjacent	to	where	I	am	grasping	the	free	edge).		
This	cut	is	made	vertically.		The	blade	must	penetrate	the	nare	quite	a	ways	to	
ensure	a	proper	wedge	is	created.			Bleeding	will	immediately	obstruct	the	field.		
Don’t	let	go	of	your	tissue	bite	and	make	your	second	cut	on	the	lateral	aspect	of	the	
tissue	removing	the	wedge	of	tissue.		This	second	cut	is	made	at	a	45	degree	angle	
(dorsomedial	to	ventrolateral).		Release	the	ventro-medial	edge,	dab	and	get	ready	
to	suture	the	edges	back	together.		The	first	interrupted	suture	(4-0	Monocryl)	is	
placed	at	the	most	ventral	aspect	of	the	tissues	to	ensure	proper	apposition	of	the	
tissues.		Once	this	first	suture	is	in	place,	bleeding	will	subside	markedly.		Before	
placing	any	more	sutures,	assess	the	opening	and	determine	if	more	tissue	should	
be	removed.		If	more	tissue	should	be	resected,	remove	the	single	suture	placed	and	
resect	further	tissue	from	the	lateral	margin	of	the	gap	(this	will	not	be	easy!).		Then	
suture	again.		Typically,	2	or	3	simple	interrupted	sutures	are	placed;	one	at	the	
most	ventral	border	(edge	of	tissue),	one	above	and	sometimes	one	suture	is	
required	inside	the	nostril	to	stop	deeper	bleeding.		Suture	ends	are	cut	short	to	
prevent	irritation.			
	
Repeat	the	procedure	on	the	opposite	side	ensuring	that	the	nostrils	are	as	
symmetrical	as	possible.		Note	that	in	many	cases,	rhinoplasty	exposes	pink	nasal	
mucosa	so	the	owners	should	expect	that	this	may	be	the	case.	
	
Excessive	nasopharyngeal	turbinates	have	been	identified	as	a	cause	of	upper	
airway	obstruction	in	certain	breeds	and	some	believe	that	this	should	be	corrected	
in	order	to	significantly	improve	the	upper	airway	obstruction.		Laser	assisted	
turbinectomy	(LATE)	procedure	has	been	described	and	is	more	commonly	
performed	in	Europe	at	this	time.	(Schuenemann	2014	and	2017,	Oechtering	2016)	
	
An	Elizabethan	collar	is	essential	postoperatively	to	prevent	self-trauma.		An	
attempt	can	be	made	to	remove	the	external	sutures	after	10-14	days	but	in	most	
cases	the	patient	is	not	very	cooperative	and	the	sutures	will	fall	on	their	own.	
	
Note	that	patients	undergoing	airway	examination	for	intervention	at	an	early	age,	
may	not	yet	have	everted	saccules	(secondary	change).		In	this	case,	sacculectomy	is	
not	possible.		If	the	remainder	of	the	abnormalities	(palate	and/or	nares)	are	
corrected,	reducing	excessive	upper	airway	pressure,	it	is	possible	the	saccules	will	
never	go	on	to	evert.		However,	I	always	warn	owners	that	it	is	possible	for	the	
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saccules	to	evert	in	the	future	and	for	their	pet	to	become	acutely	clinical	and	
require	an	additional	short	procedure	to	remove	them	at	that	time.	
	
Postoperative	care	includes	continuous	monitoring,	continued	administration	of	
metoclopramide	and	sometimes	antibiotics	(if	aspiration	is	suspected	or	
confirmed),	analgesics	and	possibly	sedatives	as	well	oxygen	supplementation	as	
required.	Dexamethasone	(0.25	mg/kg)	is	administered	to	dogs	with	severe	
laryngeal	swelling	and	expected	poor	anesthetic	recovery	(unless	otherwise	
contraindicated).		In	rare	instances,	tracheal	intubation	and	mechanical	ventilation	
or	temporary	tracheostomy	is	required.		If	a	steroid	was	not	required,	a	NSAID	such	
as	meloxicam	can	be	administered	after	the	initial	recovery.		
	
The	most	common	complication	is	typically	dyspnea	related	to	upper	airway	
swelling	and	inflammation;	this	may	be	severe	enough	to	require	re-intubation.		For	
this	reason,	older	dogs	who	are	expected	to	have	more	severe	secondary	changes	
should	be	sent	to	a	referral	center	when	possible	for	surgery	and	postoperative	
monitoring	in	an	ICU.	
	
Permanent	tracheostomy	may	be	required	in	patients	that	have	severe	laryngeal	
collapse,	markedly	hyperplastic	pharyngeal	tissues	and	do	not	respond	to	standard	
surgical	intervention.		Managing	a	permanent	tracheostomy	site	can	be	challenging	
in	breeds	with	excessive	cervical	cutaneous	folds	and	is	not	for	every	owner.	
	
Postoperative	expectations	should	be	realistic.		We	can	improve	the	airway	but	the	
dogs	remain	brachycephalic!		Though	most	owners	report	a	significant	
improvement	in	clinical	signs	postoperatively,	dogs	typically	continue	to	snore	
during	sleep	and	show	signs	of	stridor	/	stertor	when	conscious.	(Torrez	2006)		In	
one	study,	most	dogs	(84%)	with	laryngeal	collapse	responded	well	to	surgery.	
(Torrez	2006)	In	another	study,	the	presence	of	hypoplastic	trachea	did	not	affect	
outome	in	dogs	undergoing	surgery.	(Riecks	2007)	
	
Reported	complications	following	brachycephalic	surgery	include	airway	swelling	
and	inability	to	extubate,	regurgitation	and	aspiration	pneumonia,	dehiscence	of	
nare	and	or	palate	resection	sites,	voice	change	and	pharyngeal	scarring	due	to	
excessive	trauma	related	to	the	sacculectomy,	and	persistent	upper	airway	signs.	
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Tracheal Collapse – To Stent or Not to Stent? 
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Tracheal collapse (also known as tracheochondromalacia) is a progressive degenerative 
condition of the c-shaped tracheal cartilages that leads to softening of the cartilages and 
dorso-ventral collapse with or without laxity of the dorsal tracheal membrane.  Tracheal 
collapse is classified as a dynamic airway condition because the collapse varies with 
airway pressure changes.  It is typically associated with an intermittent ‘honking’ cough 
but can also lead to severe respiratory distress that requires emergency therapy.  Middle 
aged, toy and miniature breed dogs such as Yorkshire Terriers, miniature and toy 
poodles, Pomeranians, Chihuahua, Maltese and Pugs are most commonly affected but a 
genetic cause has not yet been identified. 
 
Initial diagnosis is typically based on signalment and history along with evidence of 
respiratory difficulty and typically a honking cough.  Clinical signs include wheezing, 
dyspnea, coughing (‘goose honk’ or otherwise), exercise intolerance, cyanosis and 
syncope. Palpation of the cervical region may reveal a palpably soft trachea and might 
induce a coughing episode.  Observation of the patient (phase of breathing) can help 
determine whether the collapse involves the cervical, thoracic or both sections of the 
trachea.  It is important to note that a small percentage of patients have concurrent 
laryngeal paralysis which can lead to inspiratory stridor and compound the upper airway 
obstruction.  Very proximal tracheal collapse can also present like laryngeal paralysis 
with more of a roaring sound than a honking cough.  Careful thoracic auscultation should 
be performed to rule-out cardiac or lung involvement.  
 
History taking is extremely important and should include information such as age at onset 
and progression of signs over time, frequency and severity of signs (including whether 
any episodes of collapse or severe dyspnea have ever occurred) and whether there are any 
inciting causes or situations (exercise, stress, visitors, etc.) that worsen the clinical signs.  
One should also inquire about previous medical management and response to treatment 
as well as environmental factors such as exposure to scented products, dust, cigarette 
smoke, etc. 
 
Confirmation of the diagnosis typically involves radiography (inspiratory and expiratory 
+/- positive and negative airway pressure), fluoroscopy, and tracheo-bronchoscopy.  
Although lateral thoracic radiographs performed at rest are diagnostic approximately 60% 
of patients, fluoroscopic examination (standing or in lateral recumbency) during a 
coughing episode is more likely to document the presence and severity of a dynamic 
tracheal collapse.  Note that inspiratory and expiratory radiographs are best since the 
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cervical trachea tends to collapse during inspiration and the thoracic trachea tends to 
collapse during expiration.  Tracheo-bronchoscopy has been described as the gold 
standard for diagnosing tracheal collapse.  It allows grading of the collapse and is the best 
method to assess mainstem bronchi collapse.  In addition, during tracheoscopy, samples 
can be collected for cytology and bacterial culture.  Tracheal collapse is generally graded 
based on the degree of collapse of the rings and laxity of the dorsal membrane with Grade 
1: 25% decrease in luminal diameter, Grade 2: 50% decrease in luminal diameter, Grade 
3: 75% decrease in luminal diameter and Grade 4: 100% decrease in luminal diameter.  
Though rarely an issue, laryngeal examination should be performed before intubation to 
assess laryngeal function as this will affect treatment and prognosis. 
 
Initial emergency treatment of patients presented for acute collapse or severe 
respiratory distress is critical.  Oxygen is the mainstay of therapy.  Mild sedation may 
also improve breathing by reducing the stress of being in respiratory distress.  If the 
collapse is severe, providing oxygen via a mask or nasopharyngeal canula may not be 
sufficient.  In a crisis, it is best to quickly sedate and intubate the patient in order to 
provide an airway.  If intubation is not successful at improving breathing and 
oxygenation then collapse beyond the endotracheal tube, severe mainstem bronchus 
collapse or small airway disease should be considered.  Administration of a single dose of 
dexamethasone (0.25 mg/kg iv) is typical to reduce airway inflammation and edema. 
 
Unless a patient is unable to be extubated after a crisis, medical management is always 
attempted before considering surgery.  Medical therapy should include weight loss, 
removal of dust, smoke and allergens from the environment, wearing a harness rather 
than a neck collar, keeping the dog in a cool environment during warm, humid weather, 
reducing excitement and exercise.  In winter, providing humidified air may also be 
beneficial.  For dogs that are not very clinical and are exacerbated with exercise and 
stress, this might be sufficient, at least initially.   
 
In more severe cases or those that presented in a crisis, antitussives (hydrocodone, 
butorphanol), sedatives and anxiolytics (acepromazine, trazodone), bronchodilators and 
possibly corticosteroids are often required.  My favorite combination of drugs includes 
hydrocodone (0.25 mg/kg po q6-8hrs but can go as high as 1mg/kg q6-8h; we use the 
liquid suspension) and tracheal elixir (compounded by Chiron; 0.22-0.44 ml/kg q 8hrs- 
also a liquid) +/- trazodone (serotonin modulator; 2-4 mg/kg q12hrs) as needed for 
anxiety or when expected stressful events can be anticipated (travel, visitors, etc.).  I 
typically add prednisone (1-2 mg/kg q24hrs for 5-7 days and then wean over a week or 
two) when coughing.  Some clinicians like using a cortisone inhalant to reduce 
inflammation and cough.  Antibiotics are not typically warranted unless there is evidence 
of pneumonia, or bacterial tracheal infection or if stenting is pursued but in some cases, 
response to antibiotic is noted. Doxycycline is a good empiric choice.   
 
A response rate to medical management of up to 70% has been reported in the literature. 
(White 1994)  If medical therapy controls the clinical episodes, I do not proceed with 
intervention at this time.  If an animal fails aggressive medical management, has a poor 
quality of life, or progressively stops responding to medical management despite maxing 
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out the drug doses, then I consider more invasive options such as tracheal stenting. 
Animals that present in respiratory distress that cannot be controlled medically, especially 
if they have a history of collapse, syncope, or severe exercise intolerance with minimal 
cough are potentially good candidates for immediate stenting.  Patients should be 
assessed for co-morbidities (e.g. heart and lower airway disease) that could affect 
response and prognosis. 
 
No procedure has been shown to truly delay the progression of disease.  Surgical 
extraluminal stenting and interventional intraluminal stenting are considered palliative 
techniques that can improve quality of life but the prognosis remains guarded for patients 
with severe collapse; especially if collapse of the main stem bronchi is present (~50% of 
patients). Owners must also consider the fact that dogs undergoing tracheal stenting will 
typically continue to require medical management for life and that complications can 
develop, some of which are serious.  Stenting is a great option but it is not the answer to 
all of our wishes… 
 
Surgical options described in the literature include plication of the dorsal tracheal 
membrane, alternate ring chondrotomy, tracheal resection and anastomosis, and 
application of extra luminal prostheses.  Of these, extraluminal stenting using rings is the 
surgical technique of choice.  Extraluminal stenting is considered a good option for 
cervical and thoracic inlet collapse but not for intrathoracic or mainstem bronchus 
collapse.  Using a cervical approach with cranial traction, prosthetic rings can generally 
be applied to the level of the second intercostal space.  Risks of iatrogenic trauma to the 
laryngeal nerves and tracheal blood supply can lead to laryngeal paralysis and tracheal 
necrosis.  Rings can be purchased or cut from syringe casings or barrels of appropriate 
size and autoclaved prior to use.  Retrospective evaluation of 90 cases of extraluminal 
polypropylene ring application revealed an overall success rate of 75-85% with 6% 
perioperative mortality rate, 31% immediate postoperative complication rate (24% 
coughing, 16% dyspnea, and 11% laryngeal paralysis).  19% of cases underwent 
permanent tracheostomy, half within 24 hours of the procedure.  Results of this study 
suggested that age was the only prognostic factor with dogs less than 6 years old having 
worse tracheal collapse but a better outcome.  Smaller studies have reported lower 
complication rates but it appears that dogs with cardiac or lung disease, with laryngeal 
paralysis (~30% of cases) and mainstem bronchus collapse (~50% of cases) have a worse 
prognosis.  Dogs with tracheal and mainstem bronchus collapse may still benefit from 
extraluminal stents to correct the tracheal collapse but owners should be warned that 
improvement may be minimal.  If laryngeal paralysis is documented, a laryngeal tie-back 
should also be performed. 
 
Intraluminal tracheal stenting is a newer, minimally invasive, interventional technique 
that consists of placing an inert metal stent within the trachea under fluoroscopic 
guidance using an oropharyngeal approach.  Over the last 10 years, several intraluminal 
stents have been used for this purpose with varied success.  Balloon expandable biliary 
stents and stainless steel, self-expanding stents were used in initial reports.  At present, 
the Vet Stent-Trachea® sold by Infiniti Medical is considered the stent of choice for this 
procedure.  Vet Stents are self-expanding, flexible, woven stents made of nitinol.  Nitinol 
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is a nickel (NI) and titanium (TI) alloy.  It is referred to as a shape memory metal since it 
can be given a shape when warmed, deformed when cooled (flattened and straightened to 
be placed into a delivery system) and it will return to its predetermined shape and size 
when deployed at body temperature.  Newer veterinary stents include the Duality stent® 
which offers a dual diameter to accommodate large tracheal diameter discrepancies 
(cervical vs intra-thoracic). 
 
Unlike extraluminal rings, intraluminal stenting allows treatment of both cervical and 
intrathoracic tracheal collapse without surgical incision.  Because there is little long-term 
(>5 years) follow-up of patients who have undergone intraluminal stenting and because 
complications are relatively frequent and can be serious, tracheal stenting is currently 
indicated as an end-stage option for patients with intrathoracic tracheal collapse who have 
failed medical management or for patients who are not considered good candidates for 
surgery.  It is unclear whether extraluminal rings or intraluminal stents are better for 
patients with cervical collapse alone.  Mainstem bronchus collapse cannot be treated 
using intraluminal stents.  It is important to note that being unable or unwilling to 
administer oral medications for life is not a good reason to recommend stenting since 
most patients who receive a stent still require medical therapy for life. 
 
Intraluminal stents are inserted under general anesthesia using fluoroscopic guidance.  
Laryngeal examination should be performed at induction and if laryngeal paralysis is 
documented (rare), a laryngeal tie-back should be performed.  For stenting, the dog is 
positioned in lateral recumbency on the fluoroscopy table.  A marker catheter is inserted 
in the esophagus to account for radiographic magnification.  In lateral recumbency, and 
after retraction of the endotracheal tube to the level of the larynx, images are collected at 
rest, under positive (and if possible negative pressure) ventilation in order to determine 
the maximal tracheal diameter as well as the length and location of the collapse.  A stent 
that is approximately 10-20 % larger than the tracheal diameter and of appropriate length  
(typically 1cm beyond at either end of the collapse) is chosen and inserted into the 
trachea.  Vet Stents are flexible, self-expanding, nitinol stents.  They are reconstrainable, 
which means that if less than 75-80% of the stent has been deployed it can be recaptured 
within the delivery system to allow repositioning.  Stents cannot be re-captured once fully 
deployed (they can however be removed in the days that follow stenting if absolutely 
required but cannot be reused).  Stents should be placed at least 5mm caudal to the 
cricoid and cranial to the carina to prevent laryngospasm / excessive coughing and 
obstruction of the mainstem bronchi respectively.  Anesthesia for these cases can be 
intense and requires good communication between the clinician performing the procedure 
and the anesthetist. 
 
Although tracheal stenting provides a minimally invasive approach to treating tracheal 
collapse therefore avoiding several of the complications encountered with extraluminal 
stenting, complications associated with the presence of a foreign body within the lumen 
of the trachea are clearly present.  Reported success rates vary from 75-90%.  Most 
complications were minor including coughing, tracheal hemorrhage and 
pneumomediastinum.  Perioperative mortality rates of approximately 10% have been 
reported due to aspiration pneumonia, worsening of clinical signs and incorrect stent 
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placement.  In my experience, dogs that present intubated, that cannot tolerate extubation 
prior to stenting and have aspiration pneumonia have a higher mortality rate than dogs 
undergoing an elective stenting but many will still fair well.  Reported long-term 
complications include stent migration (if too small a stent is implanted), excessive 
granulation tissue formation (20-30% of cases and typically responds to steroid therapy), 
stent shortening (as the stent expands to reach its predetermined diameter) which can 
result in collapse beyond the stented area, stent fracture, and progressive tracheal collapse 
beyond the stented area (due to progression of disease).  Pneumonia and recurrent 
bacterial tracheitis can occur intermittently and is reportedly more likely if a gap exists 
between the stent and the trachea. 
 
The main complication I have encountered is persistent coughing.  The stertour, honking 
cough, wheezing, cyanosis, exercise intolerance, and syncope stop immediately after 
stenting.  However, coughing is significant for at least 3-4 weeks after stenting and for 
some dogs it seems to persist long-term.  I have found that dogs that cough are often in 
smoking households, have mainstem bronchus collapse or their stent is very close to the 
carina or cricoid.  Persistent coughing after stenting is a serious issue since repetitive 
coughing could lead to stent fracture.  For this reason, all dogs undergoing intraluminal 
stenting should continue to receive a cough suppressant (e.g. hydrocodone) for life.  I 
typically also continue the tracheal elixir, at least for the first few months and prescribe a 
tapering dose of prednisone for at least one-month post stenting and then as needed for 
severe episodes of cough.  Some dogs cannot be weaned of steroids and some can but 
eventually require it to be added again.  Broad-spectrum antibiotic therapy is recommend 
for 2-4 weeks after the procedure to prevent infection around the implant.  If 
tracheoscopy was performed, antibiotic therapy is adjusted based on bacterial culture 
results once they are available.  Episodes of worsened cough are likely to occur once or 
twice a year and typically around the change of season (fall and spring).  These usually 
respond to a course of antibiotics and increased steroid therapy.  Adjustments (up and or 
down) in hydrocodone and steroid doses may be required over time. 
 
Owners should be advised that tracheal stenting is a palliative procedure.  Most owners 
are amazed at how incredibly well their pet is doing after stenting.  Tracheal stenting can 
improve respiratory function and quality of life for months to years but will unfortunately 
not prevent progression of disease.  Collapse beyond the stented area is possible and 
could require further stenting in the future.  Dogs with mainstem bronchus collapse may 
still benefit from tracheal stenting but owners should be warned that improvement may 
not be as dramatic.  Tracheal stenting has changed the way we treat severe and non-
responsive tracheal collapse.  The main disadvantages of intraluminal stenting include the 
need for advanced training, access to fluoroscopy and the fact that stents are relatively 
expensive.  Owners should however realize that regular radiographic reassessments 
(every 3 months the first year and every 3-6 months thereafter unless issues arise) with 
continued life-long medical management will be necessary following tracheal stenting. 
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Nephroliths,	Ureteroliths,	and	Ureteral	Obstructions:	Anything	New?	
	
Brigitte	A.	Brisson	DMV,	DVSc.	Diplomate	ACVS	
Professor,	Small	Animal	Surgery	
Ontario	Veterinary	College	
University	of	Guelph	
bbrisson@uoguelph.ca	
	
	
Nephroliths	and	ureteroliths	are	frequently	identified	in	dogs	and	cats.		Though	
nephroliths	are	not	typically	a	condition	that	requires	intervention,	ureteral	
obstruction	represents	a	challenging	and	often	emergent	condition	for	which	
medical	management	is	rarely	successful.		Ureteral	obstruction	may	be	caused	by	
the	presence	of	calculi,	blood	clots/blood	stones,	mucous	plugs	and	debris,	stricture,	
and	more	rarely	neoplasia	or	external	compression.		In	cats,	most	obstructions	are	
caused	by	calculi	(nephroliths	that	have	migrated	or	fragmented),	blood	stones	or	
stricture.	(Kyles	2005)		98%	of	feline	and	over	50%	of	canine	ureteroliths	are	
reportedly	calcium	oxalate.	(Kyles	2005)			
	
The	normal	ureteral	diameter	of	the	cat	measures	0.4mm	and	that	of	the	dog	1.3-2.7	
mm.	(Berent	2011)	As	such,	stones	as	small	as	a	few	mm	in	diameter	can	cause	
intermittent,	partial	or	complete	obstruction	or	even	lead	to	stricture	after	passing	
into	the	urinary	bladder.	In	dogs,	ureteral	obstruction	leads	to	loss	of	renal	function	
(GFR)	quite	rapidly	and	is	reported	to	be	permanently	diminished	by	a	mean	of	35%	
after	7	days	of	obstruction.	(Fink	et	al.	1980)		If	relieved	within	4	days,	the	damage	
appears	reversible	but	if	left	untreated	for	14	days	or	more,	at	least	50%	of	the	renal	
function	will	be	lost	permanently	and	after	40	days	of	obstruction	the	kidney	will	
have	lost	almost	100%	of	its	function	permanently.	(Wilson	1977)			
	
Unilateral	obstructions	are	more	common	(Kyles	2005)	but	often	go	undiagnosed	
due	to	the	overall	sufficient	contralateral	renal	function	leading	to	clinical	signs	once	
one	kidney	is	already	compromised	if	the	second	kidney	also	becomes	
compromised.	
	
Diagnosis	is	typically	based	on	ultrasound	findings	but	it	is	important	to	note	that	
obstruction	can	exist	without	the	presence	of	renal	pelvis	dilation	(especially	in	
cats)	and	that	sometimes	it	can	only	confirmed	with	pyeloureterogram	under	
fluoroscopic	guidance.	
	
The	majority	of	ureteral	obstructions	are	caused	by	calculi	that	cannot	be	dissolved	
medically	and	require	relatively	emergent	treatment	in	order	to	relieve	the	
obstruction	leaving	medical	and	surgical	options	available.		The	mainstay	of	medical	
management	for	ureteral	obstruction	includes	aggressive	fluid	therapy	(based	on	
hydration	status	and	ability	to	handle	fluid	therapy),	analgesia,	and	drugs	aimed	at	
relaxing	the	ureter	by	dilating	it	and	relieving	spasm	(e.g.	prazocin	and	tamsulosin)	
with	the	hope	of	facilitating	the	passage	of	obstructive	calculi.		Despite	appropriate	
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treatment,	only	8-17%	of	cases	appear	to	respond	positively	with	some	movement	
of	the	calculi.	(Kyles	2005)		In	addition,	since	62%	of	cats	were	shown	to	have	
concurrent	nephrolitiasis,	the	medical	passage	of	ureteral	calculi	is	only	temporary	
and	often	followed	by	re-obstruction.		1	year	survival	for	cats	treated	medically	was	
~62%	vs	~91%	for	cats	treated	surgically	(Kyles	2005)	with	14/35	cats	having	
recurrence	of	ureteral	obstruction	within	12	months.	
	
Surgical	options	consisting	of	ureterotomy,	ureteronephrectomy,	
neoureterocystostomy	(for	very	distally	located	stones)	are	highly	complex	and	
associated	with	a	guarded	to	poor	prognosis	relating	to	the	high	complication	and	
mortality	rates.		These	procedures	require	advanced	surgical	skills	and	in	some	
cases	magnification.		Complications	associated	with	ureteral	surgery	include:	
difficulty	localizing	the	obstructive	stone/stricture,	dehiscence	and	leakage	leading	
to	uroabdomen,	postoperative	stricture,	and	continued	or	recurrent	obstruction.		
Perioperative	mortality	rates	reported	for	ureteral	surgery	range	from	18-39%,	
which	is	considered	unacceptably	high	since	novel	alternatives	now	exist.			
	
Less	invasive	surgical	/	interventional	options	such	as	ureteral	stenting	and	
subcutaneous	ureteral	bypass	have	been	described	and	are	now	considered	
standard	of	care	for	ureteral	obstructions	that	are	not	good	candidates	for	standard	
surgery.		
	
Ureteral	stenting				
In	dogs,	ureteral	stenting	is	the	option	of	choice	for	ureteral	calculi	that	cannot	be	
removed	easily	by	ureterotomy.		Ureteral	stenting	is	also	frequently	performed	
following	ureterotomy	or	ureteral	anastomosis	to	reduce	the	risk	of	ureteral	
stricture	from	developing.			
	
Ureteral	stenting	represents	a	viable	option	in	cats	and	has	been	shown	to	compare	
favorably	to	surgical	options	with	good	outcomes.	(Nicoli	2012,	Berent	2014,	
Manasssero	2014)		Complications	such	as	stranguria	or	pollakiuria	(48%),	and	
hematuria	(52%)	were	most	common	in	cats	of	a	recent	study.	(Deroy	et	al.	2017)	
Flank	pain	(23%)	is	also	a	newly	reported	complication.	Stent	encrustation	(26%)	
causing	reobstruction	is	also	reported.	(Deroy	et	al.	2017)	Perioperative	urine	
leakage	(uroabdomen)	occurred	in	18%	of	cats	in	a	recent	study.	(Deroy	2017)		
Stent	migration	is	also	a	possible	complication.	(Berent	et	al.	2014)	
	
Ureteral	stenting	can	be	performed	by	open	laparotomy	(cats	and	dogs)	or	
minimally	invasively	using	either	fluoroscopic	guidance	through	a	nephrostomy	
(antegrade)	approach,	or	via	cystoscopy	(retrograde)	approach	in	female	dogs.			
	
Though	stents	have	established	benefits	in	the	treatment	of	ureteral	obstruction	
(Berent	2011),	superior	outcomes	and	reduced	complications	were	recently	
reported	in	a	retrospective	study	comparing	cats	undergoing	SUB	versus	ureteral	
stenting.	(Deroy	et	al.	2017)			
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Subcutaneous	Ureteral	Bypass	(SUB)				
The	SUB	device	was	developed	to	allow	bypassing	the	compromised	ureter	
completely.		It	consists	of	a	nephrostomy	catheter	and	a	cystostomy	catheter	joined	
subcutaneously	by	an	injection	port.		This	latter	allows	for	sterile	urine	collection	
(for	culture	and	/	or	urinalysis),	flushing	and	contrast	studies	to	be	performed.	The	
SUB	system	is	available	in	two	sizes,	a	smaller	system	for	small	dogs	and	cats	and	a	
larger	system	for	larger	dogs.	(Norfolk	Vet	Products)	
	
SUBs	have	become	the	go	to	option	for	cats	with	unilateral	or	bilateral	ureteral	
obstruction,	ureteral	stenosis	in	which	case	a	stent	cannot	be	passed,	or	when	
stenting	was	not	tolerated	or	a	stent	has	migrated.		In	dogs,	ureteral	stenting	is	the	
preferred	first	option	followed	by	SUB	if	stenting	has	failed	or	is	not	feasible.		
	
Contraindications	to	SUB	placement	include	severe	coagulopathies	and	severe	
hydronephrosis,	though	marked	hydronephrosis	is	still	compatible	with	SUB	
placement.		Though	some	references	indicate	that	a	minimum	renal	pelvis	dilation	
of	5mm	is	required	for	implantation,	the	SUB	can	be	implanted	in	a	kidney	with	
lesser	to	no	dilation.	
	
SUB	placement	is	performed	using	a	laparotomy	approach.		It	is	ideal	to	implant	the	
device	in	urine	that	is	void	of	infection	but	this	is	not	always	possible.		Urine	culture	
is	typically	submitted	preoperatively	but	results	are	not	always	available	due	to	the	
emergent	need	for	surgery.		Intraoperatively,	urine	is	collected	from	the	renal	pelvis	
and	a	contrast	pyelo-ureterogram	is	performed	(using	fluoroscopy)	to	confirm	the	
obstruction	and	it’s	location.		Following	this,	the	nephrostomy	catheter	is	inserted	
under	fluoroscopic	guidance	into	the	kidney	and	either	curled	into	the	dilated	renal	
pelvis	or	advanced	into	the	proximal	ureter.		The	nephrostomy	tube	Dacron	cuff	is	
glued	to	the	renal	capsule.		The	cytstostomy	is	inserted	next	(sutured	and	glued	to	
the	bladder),	followed	by	the	joining	subcutaneous	port.		The	port	is	sutured	in	
place	and	tested	for	patency	and	leakage	under	fluoroscopic	guidance	prior	to	
abdominal	closure.		Extreme	aseptic	technique	is	required	to	prevent	infection	of	
this	system	and	gentle	manipulation	of	the	kidney	is	required	to	prevent	further	
renal	damage.		
	
Postoperatively,	bloodwork	is	monitored	with	the	expectation	of	seeing	a	rapid	
decrease	in	renal	values	related	to	the	relief	of	the	obstruction.	Patients	typically	
remain	in	hospital	on	fluid	therapy	until	electrolytes	and	renal	values	have	
improved,	and	patients	can	be	managed	on	oral	pain	and	other	medications	at	home.		
Renal	values	that	remain	stagnant	or	do	not	drop	back	into	normal	ranges	may	be	
due	to	complications	or	to	permanent	loss	of	renal	function.					
	
Postoperatively,	fluid	therapy	is	continued	as	well	as	antibiotic	therapy	(typically	
marbofloxacin)	for	a	period	of	2-4	weeks	based	on	culture	and	sensitivity	results.			
	
Potential	complications	associated	with	SUB	placement	include:	Inappropriate	
placement,	urine	leakage,	renal	hemorrhage	during	placement	or	postoperatively	
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which	can	lead	to	obstruction	by	a	blood	clot,	dislodgement	of	either	ostomy	
catheter,	kinking	of	the	system,	dysuria,	discomfort	and	intermittent	hematuria	
related	to	the	presence	of	the	cystostomy	catheter,	obstruction	due	to	stones,	
urinary	tract	or	SUB	system	infection	(which	can	be	chronic).	
	
Long-term	SUB	care	includes	reevaluations	at	1	month	and	every	3	months	for	the	
first	year,	followed	by	rechecks	every	3-6	months	thereafter.		At	each	visit,	a	urine	
culture	+/-	cytology	is	performed	and	the	SUB	is	flushed	to	confirm	patency	and	to	
reduce	the	risk	of	future	obstruction.		SUB	flushes	are	typically	performed	using	
aseptic	technique	and	are	performed	under	ultrasound	guidance,	by	a	user,	trained	
in	SUB	maintenance.	
	
Surgical	outcomes	after	SUB	placement	are	quite	good	with	as	many	as	100%	of	
cases	(Horowitz	et	al.	2013)	having	successful	decompression	and	continued	system	
patency	at	average	follow-up	of	19	months	(Deroy	2017)	and	most	showing	
improved	renal	parameters	postoperatively.		
	
Stent	vs	SUB	
A	recent	study	comparing	ureteral	stents	and	SUB	in	cats	treated	for	ureteral	
obstruction	revealed	that	cats	treated	with	SUBs	had	less	complications	and	longer	
survival	times	than	those	treated	with	stents.	(Deroy	et	al.	2017)		Surgical	time	was	
also	longer	for	stents	than	for	SUBs	and	so	was	mortality	rates	(18%	vs	13%).	
(Deroy	et	al.	2017)		Finally,	stents	were	more	likely	to	obstruct	than	SUBs	and	to	
require	further	surgical	intervention	(44%	vs	9%).		Mortality	rates	for	stents	(18%)	
and	SUBs	(13%)	in	a	recent	study	were	similar	to	previous	reports	and	were	mostly	
related	to	lack	of	improvement	in	renal	function	(Deroy	et	al.	2017).		Persistent	
azotemia	is	a	problem	(>40-50%	of	cats	and	25-50%	of	dogs)	but	most	patients	are	
somewhat	improved	post	intervention.	(Berent	2011)	There	is	unfortunately	no	
parameter	that	can	be	used	to	predict	survival	to	discharge	and	actual	response	to	
intervention.	(Horowitz	et	al.	2013)			However,	a	higher	creatinine	at	discharge	was	
associated	with	a	higher	creatinine	at	follow-up.		Since	no	one	clinical	parameter	is	
associated	with	survival	to	discharge,	predicting	patient	survival,	cost	and	outcome	
is	impossible	prior	to	decompression.		(Horowitz	2013).		You	have	to	try	to	know…			
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Managing	Bite	Wounds	
	
Brigitte	A.	Brisson	DMV,	DVSc.	Diplomate	ACVS	
Professor,	Small	Animal	Surgery	
Ontario	Veterinary	College	
University	of	Guelph	bbrisson@uoguelph.ca	

Proceedings	adapted	in	part	and	with	permission	from	Chapter	110	Wounds,	Tanya	Wright	&	Brigitte	A.	Brisson.	
Veterinary	Emergency	&	Critical	Care	Manual	3rd	ed.	(2017)	Mathews	KA	Ed.	LifeLearn,	Guelph,	Ontario,	Canada.	
	
Bite	 wounds	 can	 represent	 a	 particular	 challenge	 with	 regards	 to	 decision-making	 and	 their	
clinical	management.		 In	this	session,	my	approach	to	the	management	of	bite	wounds	will	be	
discussed	 using	 a	 series	 of	 clinical	 cases	 along	with	 some	 tips	 and	 techniques	 for	 bandaging	
open	wounds	and	closing	traumatic	wounds.	
	
Each	 patient	 should	 be	 assessed	 thoroughly	 for	 concurrent	 life-threatening	 injuries	 prior	 to	
addressing	the	wound	itself.	Thoracic	wounds	should	be	covered	to	maintain	negative	pressure,	
which	is	required	for	effective	ventilation.	Rapid	intubation	and/or	chest	drain	placement	may	
be	necessary	for	distressed	patients	with	penetrating	chest	wounds.	 	Venous	access	should	be	
obtained	 and	 intravenous	 fluid	 therapy	 initiated.	 Many	 patients	 require	 aggressive	 pain	
management	 and	 anesthesia	 for	 appropriate	 wound	 exploration	 and	 should	 therefore	 be	
stabilized	first.	Initial	wound	inspection	will	determine	the	extent	of	tissue	trauma	and	whether	
contamination	is	severe.	 If	antibiotics	are	deemed	necessary,	a	swab	of	the	wound	for	culture	
and	sensitivity	 should	be	obtained	prior	 to	antibiotic	administration.	Any	evidence	of	 thoracic	
puncture,	abdominal	penetration	or	cervical	trauma	requires	surgical	wound	exploration.	Other	
soft	 tissue	 wounds	 should	 be	 probed	 and	 most	 should	 be	 surgically	 explored.	 Lavage	 and	
débridement	of	 each	wound	 should	be	performed	prior	 to	deciding	whether	 it	 can	be	 closed	
primarily	or	should	be	treated	as	an	open	wound.	
	
Taking	a	good	history	will	help	with	treatment	plans.		Ask	the	owner	as	to	where,	when	and	how	
the	trauma	occurred.	This	will	aid	in	determining	management	options	and	potential	antibiotic	
selection.	For	example:	road	injury,	farm	injury	(barn,	manure),	dog	fight,	bite	/	puncture,	
gunshot.	Perform	a	general	physical	examination	to	assess	the	patient’s	general	health,	to	
identify	other	concurrent	injuries	and	to	further	evaluate	the	wound.	
	
Recognize	the	type	of	wound	
Ø Laceration:	sharp	edges,	linear	or	jagged	edges.	Minimal	tissue	necrosis	or	compression.	
Ø Avulsion:	tissue	that	has	been	pulled	free	of	its	natural	attachments.	Results	from	tensile	

forces	and	tissue	damage	may	be	mild	to	severe.	
Ø Shearing:	results	from	obliquely	directed	forces,	usually	due	to	high	friction	such	as	a	road	

traffic	injury.	Often	causes	severe	tissue	injury	of	variable	depth	that	can	include	underlying	
bone	and	soft	tissues.	

Ø Puncture	/	bite:	most	commonly	small	wounds	caused	by	teeth.	Characterized	by	extensive	
compressive	forces	and	trauma	to	underlying	tissue,	and	often	involve	disruption	of	tissue	
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planes	and	large	amounts	of	dead	space	even	if	not	evident	on	the	surface.	Bacteria	and	
even	pieces	of	skin	and	hair	are	often	deposited	deep	in	the	wound.	Dog	bites	typically	
create	small	superficial	wounds	with	extensive	crushing	and	shearing	damage	to	the	
underlying	tissues	that	may	or	may	not	be	appreciable	initially	(‘tip	of	the	iceberg’).		
*The	severity	of	injury	is	frequently	underestimated;	extensive	damage	to	underlying	
tissues	can	occur	even	without	actual	skin	penetration.	Fractures	of	limbs,	ribs	or	skull	are	
not	uncommon.	Wounds	to	the	thorax	may	result	in	pneumothorax,	hemothorax,	lung	
laceration,	lung	contusions,	or	flail	chest	and	lack	of	radiographic	evidence	of	penetration	
(e.g.	pneumothorax)	does	not	rule-out	direct	penetration.	Wounds	to	the	abdomen	may	
result	in	organ	trauma	such	as	mesenteric	avulsion	and	body	wall	defects	that	can	lead	to	
organ	herniation.		Failure	to	explore,	debride	and	lavage	wounds	that	contain	severe	
necrotic	tissue,	with	or	without	contamination,	can	lead	to	severe	systemic	disease,	sepsis,	
disseminated	intravascular	coagulation	(DIC)	and	death.	As	such,	it	is	essential	to	fully	
explore	the	extent	of	tissue	injury,	to	determine	if	the	wound	communicates	with	a	body	
cavity,	the	extent	of	associated	muscle	or	bone	injury,	and	the	presence	of	tissue	“pockets”	
or	dead	space.	Bite	wounds	over	the	body	and	neck	should	be	debrided	(remove	necrotic	
tissue),	cultured,	lavaged	and	often	drains	inserted	prior	to	closure.	

	
*	Any	bite	wound	over	the	thoracic	region	should	be	surgically	explored	with	the	
anticipation	of	possible	thoracic	penetration,	severe	muscle	trauma	+/-	rib	fractures,	
pneumo/hemothorax	and	the	need	for	mechanical	ventilation.		Any	bite	wound	over	the	
abdominal	cavity	should	also	be	explored	since	severe	organ	trauma	can	be	present	
despite	minimal	externally	visible	tissue	damage.		

Ø Penetrating	/puncture	wound:	injury	that	occurs	when	an	object	punctures	the	skin	creating	
an	open	wound.	Occurs	secondary	to	sticks,	knives,	bullets	and	others.	Bacteria	can	be	
deposited	deep	into	penetrating	wounds.		Foreign	material	is	also	frequently	retained	(e.g.	
stick	injuries)	and	may	be	difficult	to	identify,	especially	later	down	the	line.	

Ø Pressure	necrosis:	common	complication	of	bandage	applied	too	tightly	(typically	on	limbs),	
and	of	immobilized,	recumbent	animals	(typically	on	bony	prominences;	pressure	sores).	

	
Clinical	signs	include:	hemorrhage,	especially	if	footpads	or	large	vessels	are	lacerated.	Exposed	
tendons,	bone	or	joint	surfaces.	Fractures	and	significant	lameness	from	associated	trauma.	
Dyspnea	from	thoracic	wounds,	especially	penetrating	wounds	if	pneumothorax,	hemothorax,	
fractured	ribs	are	present.	Subcutaneous	emphysema,	from	penetrating	wounds,	
pneumothorax	or	severe	avulsion	of	underlying	tissue	planes.	
	
Depending	on	degree	of	injury	a	balanced	analgesic	protocol	should	be	initiated	as	soon	as	
possible.		If	non-ambulatory,	assessing	neurologic	function	prior	to	sedation	is	advised	(if	
feasible).		Many	patients	will	require	surgical	intervention	and	effective	pre-operative	pain	
management	will	prevent	‘wind-up’	reducing	intra-operative	and	post-operative	analgesic	
requirements,	shorten	hospital	stay	and	generally	results	in	better	outcomes.	Non-steroidal	
anti-inflammatories	should	be	avoided	until	all	concerns	for	ongoing	hemorrhage,	hypotension,	
and	trauma	to	the	urinary	or	gastrointestinal	tract	have	been	ruled-out	and	there	are	no	contra-
indications	based	on	history	or	biochemical	profile.	Where	there	are	no	contraindications	
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NSAIDs	are	excellent	analgesics	for	these	patients.	
	
During	initial	assessment,	protect	the	wound	from	further	contamination	by	applying	a	sterile	
dressing	(i.e.	non-adhesive	gauze	sponges)	and	light	soft	padded	bandage.	If	the	injury	appears	
to	communicate	with	the	thoracic	cavity,	seal	the	wound	by	covering	it	with	a	sheet	of	
commercially	available	medical	adhesive	film	and	if	unavailable	any	type	of	clean	plastic	film	
(e.g.	plastic	bag	or	kitchen	plastic	wrap).		If	hemorrhage	is	present,	local	pressure	or	vessel	
ligation	may	be	necessary.		Digital	pressure	or	by	application	of	a	soft	padded	bandage	is	
preferred.	A	tourniquet	may	be	considered	if	direct	pressure	fails	to	control	active	arterial	
hemorrhage.	An	Esmarch	tourniquet	bandage	may	be	used	over	the	forefoot	or	hindfoot,	and	is	
applied	by	wrapping	elastic	or	soft	rubber	bandage	(e.g.,	Vetrap)	tightly	over	the	foot,	from	
digits	stopping	just	proximal	to	the	wound.	A	window	is	then	created	in	the	bandage	over	the	
wound,	exposing	the	tissues	and	allowing	identification	and	ligation	of	vessels.	The	Esmarch	
bandage	is	then	promptly	removed.	A	tourniquet	is	used	for	the	purpose	of	identifying	and	
ligating	vessels	that	continue	to	hemorrhage	despite	the	application	of	direct	pressure.	Note:	If	
any	form	of	tourniquet	is	used	to	control	hemorrhage	of	a	distal	extremity,	it	should	be	placed	
distal	to	the	elbow	or	stifle	joint	and	its	use	limited	to	<20	minutes	at	one	time.	Use	caution	
and	note	that	nerve	damage	or	ischemic	injury	may	result	from	tourniquet	application.		

	
Thoracic	focused	assessment	with	sonography	for	trauma	(tFAST)	and	abdominal	FAST	
(aFAST)	examinations	are	useful	to	quickly	assess	for	free	thoracic	or	abdominal	fluid.		Once	the	
patient	is	stabilized,	thoracic	radiographs	can	be	performed.		These	are	recommended	for	any	
wound	or	puncture	over	the	neck,	thorax	or	abdomen.	Evaluate	the	pleural	cavity	for	
pneumothorax	(if	communicating	thoracic	wall	wound	or	perforated	lungs),	pleural	effusion	
(hemorrhage	or	pyothorax).	Evaluate	the	lung	parenchyma	for	atelectasis,	consolidation	or	lung	
lobe	torsion.	Evaluate	ribs	for	fractures	and	vertebral	bodies	for	fracture/subluxation	injuries.	
*The	absence	of	pneumothorax	does	not	preclude	penetrating	thoracic	injury	with	
communication	to	the	pleural	cavity.			
	
Abdominal	radiographs	are	performed	to	evaluate	for	free	air	in	the	peritoneal	cavity	
(indicating	perforated	bowel	or	full-thickness	abdominal	wall	wound)	and	lack	of	serosal	detail	
in	the	retroperitoneal	space	(indicating	uroabdomen,	hemoabdomen,	bile	peritonitis,	septic	
peritonitis).		Identifying	the	urinary	bladder	does	not	rule-out	urinary	trauma	but	is	a	good	sign!	
Organ	herniation	may	also	be	identified	on	abdominal	radiographs	(e.g.	abdominal	wall	hernia	
or	pre-pubic	tendon	injury).	Radiographs	of	the	extremities	are	recommended	for	wounds	of	
the	lower	extremities	since	the	underlying	bones	and	ligaments	may	be	injured	(especially	with	
shearing	or	bite	wounds).	It	is	important	to	perform	radiographs	of	a	region	where	there	is	
suspicion	of	associated	bone	or	ligament	injury.	Shearing	injuries	over	the	carpal	or	tarsal	joint	
may	also	warrant	stress	radiographic	views	to	detect	ligamentous	instability;	however,	this	
should	only	be	performed	once	the	animal	is	stable	and	has	sufficient	analgesia.		
703	
Systemic	antibiotics	are	not	routinely	used	in	all	wound	patients.	However,	in	cases	of	
traumatic	(non-bite)	wounds,	systemic	antibiotics	are	indicated	for	patients	who	appear	
systemically	ill,	have	the	potential	to	become	systemically	ill,	or	have	extensive,	deep,	or	
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severely	contaminated	wounds	with	marked	tissue	trauma	within	1	hour	of	admission.	Clean	
and	superficial	lacerations	should	be	managed	with	local	irrigation	and	no	systemic	antibiotics.	
Preferably,	appropriate	bandaging	and	topical	preparations	should	be	used	to	manage	
superficial	contamination	/	infection	instead	of	systemic	antibiotics.		
	
*Bite	wounds,	even	if	they	appear	minor,	are	always	considered	contaminated	and	warrant	
prompt	intravenous	administration	of	broad-spectrum	antibiotics	(ideally	within	one	hour	of	
injury)	to	prevent	infection	in	severely	injured	patients.	Broad-spectrum	antimicrobial	use	is	also	
recommended	for	wounds	over	tendon	or	bone,	open	fractures	or	where	penetration	of	the	
chest,	abdomen,	central	nervous	system,	or	joints	has	occurred	or	is	possible.	Other	indications	
for	antibiotic	therapy	include	patients	who	are	prone	to	infections	because	of	being	
immunosuppressed	or	due	to	co-morbidities.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Do	not	withhold	antibiotics	in	order	to	obtain	bacterial	culture	swabs.		Bacterial	culture	and	
sensitivity	can	be	performed	before,	and/or	after	wound	cleansing	(include	debrided	tissues).		
Cultures	are	always	worth	the	financial	investment	if	the	wound	is	being	closed	primarily	(deep	
thoracic	or	abdominal	wounds)	to	ensure	you	can	adjust	antimicrobial	therapy	accordingly	as	
soon	as	possible.	For	open	wounds,	bacterial	culture	and	sensitivity	is	more	indicated	after	a	
few	days	of	open	wound	management	when	contamination	by	fecal	bacteria	or	resistant	
environmental	bacteria	is	more	likely	or	if	a	wound	does	not	appear	to	respond	appropriately	to	
therapy.		I	usually	culture	a	wound	at	the	time	of	closure	to	ensure	that	antibiotic	can	be	
adjusted	accordingly.		When	collecting	bacterial	swabs,	aim	for	deep	swab	or	tissue	samples	
from	within	the	wound	for	relevant	bacterial	culture	rather	than	superficial	culture	of	the	
wound	and/or	exudate.		Bacterial	culture	and	sensitivity	are	not	typically	indicated	in	wounds	
that	are	responding	well	to	local	wound	therapy	and/or	empirical	antibiotic	treatment	if	they	
are	treated	open	and	expected	to	heal	by	second	intention.	
	

Suggested	empiric	antimicrobial	therapy	(at	initial	presentation):	
1)	Road	injuries	and	traumatic	(non-bite)	wounds	–	First	generation	cephalosporin:	

o cefazolin	22	mg/kg	IV	q6-8h	OR	cephalexin	20-30	mg/kg	PO	q8h	for	3	–	7	days	depending	on	the	
wound.	

2)	Farm/barnyard	injuries	–	Broad-spectrum	antibiotics:	
o ampicillin	22	mg/kg	IV	q6h	OR	ampicillin-clavulanate	12-15	mg/kg	PO	q12h	for	3	–	7	days	depending	

on	the	wound.	OR	
o clindamycin	(10-12	mg/kg	IV	q12h)		excellent	for	gram	+ve	and	anaerobic	infections	combined	with	a	

fluoroquinolone.	
3)	Bite	wounds	(deep)	-	Broad-spectrum	antibiotics	*Aim	to	target	Pasteurella	multocida;	common	
contaminant	of	bite	wounds	in	dogs	and	cats:	

o ampicillin	22	mg/kg	IV	q6h	OR	ampicillin-clavulanate	12-15	mg/kg	PO	q12h	for	3	–	7	days	depending	
on	the	wound.	

4)	Penetrating/deep	wounds		
• clindamycin	(10-12	mg/kg	IV	q12h)		excellent	for	gram+ve	and	anaerobic	infections	combined	with	a	

fluoroquinolone	
	

2018 OVMA Conference 199 

9004 BrISSON - MANAgINg BITE WOuNdS



Initial	wound	management	
After	patient	stabilization,	anesthesia	is	frequently	required	for	initial	wound	exploration	and	
decontamination.			
What	you	will	need:	
• Sterile	water-soluble	lubricant	(i.e.	KY	jelly)	-	use	a	new	tube!	
• Clippers	
• Sterile	gloves	(and	surgery	cap	and	mask)	to	decrease	the	risk	of	iatrogenic	contamination	

with	resistant	hospital	bacteria	which	are	present	in	all	clinics	
• Sterile	surgical	instruments	for	debridement:	tissue	forceps,	Metzenbaum	and/or	Mayo	

scissors,	hemostatic	clamps,	scalpel	blade,	+/-	needle	drivers	and	suture	(monofilament)	/	
skin	staples	

• 35	mL	syringe	with	an	18	gauge	needle	or	intravenous	catheter	
• Lavage	solution	(LRS	is	ideal	but	sterile	saline	will	do)	

	
Apply	sterile	water-soluble	lubricant	to	the	wound	surface	+/-	cover	with	gauze	to	help	protect	
it	from	hair	contamination	during	clipping.	For	large	wounds,	sterile	gauze	can	be	packed	into	
wound	site	for	protection.		Clip	hair	from	around	the	wound	site	and	surrounding	body	regions	
–	clip	liberally	(at	least	5-10	cm	beyond	wound	margin	or	the	entire	circumference	if	on	an	
extremity).		Initial	gross	cleaning.	The	skin	surface	surrounding	the	wound	should	be	cleaned	
with	an	antiseptic	scrub	(i.e.	chlorhexidine	soap	brush).	Direct	contact	with	the	wound	should	
be	avoided.		A	standard	skin	preparation	using	alcohol	and/or	chlorhexidine	can	be	performed	
on	the	skin	surrounding	the	wound	(area	that	will	be	included	in	the	surgical	field	or	bandage)	
but	there	should	be	no	contact	with	the	wound.		
	
Prior	to	proceeding	with	lavage	of	the	wound,	sterile	hemostats	or	other	fine	instrument	and	
tissue	forceps	are	used	to	carefully	probe	the	extent	of	the	wound	to	determine	the	following:	
• Whether	it	communicates	with	a	body	cavity	(i.e.	chest,	abdomen)	–	realizing	that	a	

communication	may	not	be	identified	even	if	it	exists.	
• Depth	and	extent	of	wound	involvement	(assessing	possible	dead	space).	
• Damage	to	underlying	tissue	planes	and	muscles.	
• Presence	of	debris	or	necrotic	tissue	deep	within	the	wound	(may	not	be	appreciated	

without	complete	exploration)	and	flushing	could	push	this	tissue	deeper	into	the	wound.	
*Wound	exploration	is	especially	important	to	perform	for	penetrating	or	puncture/bite	
wounds	where	tissue	damage	may	be	more	severe	than	anticipated.	
704	
Thoracic	cavity	penetration:	Wounds	to	the	neck	/	thorax	may	cause	pneumothorax,	
hemothorax,	lung	laceration,	lung	contusions,	rib	fractures	or	flail	chest.	Thoracic	wounds	often	
require	extensive	debridement	of	devitalized	tissue	(e.g.	subcutaneous	tissue	and	intercostal	
muscles)	and	reconstruction	in	order	to	re-align	fractured	rib	segmnents	and	re-establish	
negative	pressure	in	the	thoracic	cavity.	Small	wounds	over	the	thoracic	cavity	do	not	
necessitate	emergency	exploratory	thoracotomy	unless	the	patient	cannot	be	stabilized	but	all	
thoracic	wounds	should	be	surgically	explored	in	a	timely	fashion	with	the	anticipation	of	
possible	thoracic	penetration	and	the	need	for	mechanical	ventilation.		Thoracic	wounds	often	
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require	extensive	débridement	of	devitalized	tissue	and	reconstruction	in	order	to	reestablish	a	
closed	cavity,	if	you	do	not	feel	comfortable	exploring	and	managing	such	extensive	wounds	
(that	may	require	a	thoracotomy),	these	patients	should	be	referred	as	soon	as	possible	after	
initial	stabilization.		Prior	to	closure,	the	thoracic	cavity,	as	well	as	the	wound	bed,	are	lavaged	
repeatedly	with	warm	sterile	0.9%	saline	solution.	Most	cases	will	require	a	chest	tube	to	
provide	postoperative	drainage	of	inflammatory	fluid	and	help	reestablish	negative	pressure.	
Due	to	extensive	soft	tissue	trauma,	further	drainage	of	the	subcutaneous	and	muscle	layers	is	
also	often	necessary.	Closed	suction	drains	(Jackson-Pratt)	should	be	used	instead	of	Penrose	
drains	to	prevent	potential	entry	of	air	or	environmental	contaminants	into	the	chest	cavity.		
Drainage	is	especially	important	with	bite	wounds	due	to	the	inherent	tissue	contamination	and	
the	frequently	extensive	tissue	trauma.			
	
Abdominal	 cavity	 penetration:	 A	 laparotomy	 is	 indicated	 for	 wounds	 that	 penetrate	 the	
abdomen.	Crushing	and	tensile	forces	may	cause	abdominal	wall	rupture	leading	to	herniation.	
Compromise	to	the	small	or	large	intestine	with	devitalization	of	these	tissues	over	12-72	hours	
after	trauma	is	also	possible.	Areas	of	discoloured	intestines	should	be	resected	along	with	any	
necrotic	or	devitalized	fat	or	omentum.	Tears	or	perforations	of	multiple	abdominal	organs	are	
frequent,	splenic	laceration	and	hemorrhage,	pancreatic	damage,	renal	contusions,	and	bladder	
rupture	 are	 not	 uncommon.	 Full-thickness	 abdominal	wall	wounds	may	 be	 debrided	 and	 the	
body	wall	closed	from	the	laparotomy	approach,	and	the	superficial	(overlying)	tissues	managed	
by	 external	 debridement,	 lavage	 and	 closure	 or	 bandaging	 and	 open	 wound	 care.	 Before	
closing,	 the	 abdomen	 should	 be	 copiously	 lavaged	 with	 warm	 0.9%	 sterile	 saline	 solution.	 If	
abdominal	penetration	was	confirmed	placement	of	an	active	suction	drain	(Jackson	Pratt	drain)	
is	 recommended.	The	drain	can	be	 removed	soon	after	 surgery	 if	 fluid	production	 is	minimal,	
but	ideally	only	once	the	results	of	culture	and	sensitivity	are	available.	Collection	of	abdominal	
drainage	 fluid	 postoperatively	 allows	 for	 diagnostic	 cytology	 and	 bacterial	 culture	 when	
monitoring	 for	evidence	of	post-operative	peritonitis.	Referral	 to	a	 specialist	 is	 recommended	
after	 stabilization	 if	 the	 clinician	 is	 not	 prepared	 or	 comfortable	 with	 managing	 advanced	
abdominal	procedures	and	postoperative	management	of	a	critical	patient.		
	
Wound	Lavage	is	recommended	in	order	to	reduce	contamination.		To	reduce	discomfort	of	
lavage,	warm	solution	to	~	30	max	35°C.	Room	temperature,	and	>	35°C	lavage	solution	is	
uncomfortable.		To	obtain	an	ideal	lavage	pressure	(7-8	psi	of	pressure),	lavage	should	be	
delivered	using	a	35ml	syringe	and	18-gauge	needle.	If	a	large	amount	of	flushing	is	required,	a	
fluid	bag	and	extension	set	can	be	attached	to	the	syringe	via	three-way	stopcock	to	maximize	
efficiency.		The	ideal	lavage	solution	is	a	sterile,	painless,	isotonic	and	balanced	electrolyte	
solution.		Although	0.9%	sterile	saline	is	commonly	used,	lactated	Ringers	solution	(LRS)	is	
considered	the	ideal	solution	for	wound	lavage.	If	antiseptics	are	used	0.05%	chlorhexidine	is	
recommended	as	an	aqueous	solution	(scrubs	containing	detergents	or	alcohol	should	not	be	
applied	directly	to	wounds).		Chlorhexidine	should	not	be	used	in	wounds	that	may	connect	
with	the	meninges	as	it	may	result	in	seizure	activity.	In	grossly	contaminated	wounds	(i.e.	dirt,	
gravel,	etc.),	warm	tap	water	(test	on	palmar	surface	of	wrist	where	a	temperature	difference	
cannot	be	felt),	although	hypotonic	and	non-sterile,	is	effective	for	initial	mechanical	
debridement.	Tap	water	can	also	be	used	as	an	initial	lavage	for	daily	cleansing	of	wounds	
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treated	with	honey	or	sugar.	Final	lavage	prior	to	surgery	(further	decontamination)	should	be	
performed	with	LRS	or	sterile	saline.	Tap	water	is	best	used	for	superficial,	shearing	type	injuries	
and	should	be	avoided	in	wounds	with	deep	pockets	as	drainage	of	water	from	these	regions	
may	be	impaired.	If	bone	segments	or	articular	surfaces	are	exposed,	the	use	of	LRS	or	sterile	
saline	solution	is	preferred.	
	
Debridement	consists	of	removing	non-viable	tissues.		Non-viable	tissue	typically	fails	to	bleed	
when	cut	or	pricked	with	a	hypodermic	needle.	It	is	often	white	(except	for	nerves,	fascia	and	
tendons),	grey,	black	or	green	in	colour.	Some	thrombosed	or	edematous	tissue	may	initially	
appear	non-viable	and	fail	to	bleed	while	still	viable.	When	in	doubt,	or	if	associated	with	
essential	structures	such	as	neurovascular	bundles,	LEAVE	in	place	to	allow	the	tissue	to	declare	
itself	and	re-evaluate	at	subsequent	bandage	changes.		This	is	fine	when	treating	a	wound	open	
but	is	obviously	not	possible	if	the	wound	is	being	closed	primarily.		When	a	wound	is	closed	
primarily,	all	suspect	tissue	(within	reason)	should	be	removed	prior	to	closure.		Surgical/sharp	
debridement	consists	of	removing	necrotic	tissue	using	sterile	scissors,	a	blade,	or	dry	gauze	to	
remove	debris	and	necrotic	tissue	within	the	wound.	
	
All	wound	factors	should	be	evaluated	to	determine	the	most	appropriate	method	for	wound	
management	/	closure.		

• Primary	Closure:	closing	a	wound	that	has	just	occurred	by	suturing	the	fresh	wound	
margins	in	apposition.	Ideally	reserved	for	wounds	that	are	less	than	6	hours,	are	
minimally	contaminated	and	have	little	soft	tissue	injury.	

• Delayed	Primary	Closure:	surgical	closure	of	the	wound	3	to	5	days	following	injury	and	
before	granulation	tissue	has	formed.	This	is	typically	used	for	wounds	that	are	slightly	
older	or	have	contamination	and	cannot	undergo	primary	closure.		Wounds	are	treated	
open	for	a	few	days	with	regular	lavage,	debridement	(i.e.	sugar,	honey,	wet-to-dry)	and	
bandage	changes	to	clean	them	in	preparation	for	closure.	

• Secondary	Closure	(Tertiary	closure):	surgical	closure	of	the	wound	once	granulation	
tissue	is	present	(typically	5	days	or	more	after	wound	has	occurred).	Allows	for	
prolonged	open	management	of	wounds	for	debridement	and	treatment	of	infection.	
If	a	wound	is	contaminated	or	dirty,	primary	closure	should	not	be	performed.	It	is	best	
to	perform	daily	bandaging	until	debridement	is	complete,	then	reassess	and	close	if	
indicated.	

• Second	intention	healing:	when	a	wound	is	left	to	heal	and	close	on	its	own	by	
epithelialization	and	contraction.	Ideal	for	wounds	that	are	heavily	contaminated	or	
bruised	in	an	area	with	loose	enough	skin	for	contraction	to	occur.		This	is	a	common	
method	used	successfully	for	shearing	wounds	of	the	distal	extremities	despite	the	lack	
of	available	loose	skin.	
	

Open	wound	management	(for	wounds	that	do	not	penetrate	a	cavity),	typically	involves	daily	
bandage	 changes,	 repeated	 layered	wound	 débridement,	 and	 lavage	 performed	 using	 sterile	
technique.	 Initial	wound	débridement	 is	typically	performed	using	surgical	 instruments.	This	 is	
often	followed	by	use	of	an	adherent	primary	bandage	 layer	such	as	a	wet-to-dry	bandage	to	
provide	further	mechanical	débridement.	Wet-to	dry	bandages	bandages	are	applied	wet	and	
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removed	when	 dry.	 They	 consist	 of	 applying	 a	 slightly	 humidified	 gauze	 dressing	 (thin	 layer)	
directly	onto	the	wound	bed	and	allowing	it	to	dry	by	covering	with	a	thick	absorptive	layer	of	
bandage	 material.	 Upon	 removal	 embedded	 necrotic	 tissue	 and	 debris	 is	 mechanically	
separated	 from	wound	 bed.	 Because	 they	 adhere	 to	 the	wound	 as	 they	 dry,	 removal	 of	 the	
bandage	results	 in	removal	of	dead	tissue	or	foreign	material.	Adherent	bandages	should	only	
be	used	in	the	initial	débridement	phase	of	wound	healing	(3-5	days).	Once	granulation	tissue	
enters	the	wound,	a	non-adherent	bandage	such	as	a	petroleum	impregnated	gauze	bandage	or	
silver	dressing	 (see	below)	 should	 replace	 the	adherent	 layer	 to	prevent	damaging	 the	newly	
formed	granulation	tissue.	Wet-to-dry	bandages	have	gone	out	of	favour	in	recent	years	due	to	
their	 drying	 effect	 on	 the	wound.	 	 The	 author	 typically	 uses	 sugar	 as	 the	 initial	 debridement	
bandage.	
	
Granulated	sugar	is	easily	available,	inexpensive	and	it	is	an	excellent	topical	dressing	due	to	it’s	
bactericidal	effects.	The	high	osmolality	of	sugar	creates	an	environment	of	low	water	activity	in	
which	bacterial	growth	is	inhibited.	Because	of	it’s	high	osmolality,	sugar	draws	lymph	fluid	and	
macrophages	 to	 the	wound	 bed	which	 helps	 healing	 but	 also	 increases	 water	 activity	 in	 the	
wound	and	if	fresh	sugar	is	not	added	could	eventually	promote	bacterial	growth	once	the	sugar	
becomes	 more	 of	 a	 syrup.	 Granulated	 sugar	 reportedly	 decreases	 inflammatory	 edema,	
accelerates	 sloughing	 of	 devitalized	 tissue,	 provides	 a	 source	 of	 energy	 for	 local	 tissues	 and	
promotes	granulation	tissue	formation	and	epithelialization.	Sugar	is	not	absorbed	systemically	
and	does	not	cause	hyperglycemia.	
	
Excessive	amounts	(~1-2	cm	thick)	of	granulated	sugar	are	poured	into	the	towel-dried	wound	
bed	following	lavage	and	débridement.	The	bandage	should	be	changed	once	to	twice	daily	to	
prevent	 the	 granulated	 sugar	 turning	 into	 syrup,	which	 could	 promote	 bacterial	 growth.	One	
should	aim	to	still	find	a	little	granulated	sugar	in	the	wound	bed	at	the	time	of	bandage	change.	
A	thick	absorbent	layer	is	necessary	to	prevent	strike-through	since	sugar	will	draw	a	lot	of	fluid	
from	the	wound	into	the	bandage.	Because	sugar	bandages	tend	to	adhere	to	the	wound	and	
provide	 some	 degree	 of	 tissue	 debridement	 (see	 wet-to-dry	 above),	 their	 use	 should	 be	
discontinued	 once	 granulation	 tissue	 appears	 in	 the	 wound	 bed.	 Non-adherent	 bandages	 or	
surgical	wound	closure	should	then	be	considered.		
	
Sugar	is	typically	used	for	1-5	days	in	order	to	‘sterilize’	the	wound	bed	before	granulation	tissue	
formation	 occurs	 or	 to	 sterilize	 the	 superficial	 contamination	 of	 granulation	 tissue	 prior	 to	
planned	surgical	closure.	Once	a	bed	of	granulation	tissue	is	present,	the	wound’s	resilience	to	
infection	 increases	 significantly	 leading	 to	 superficial	 bacterial	 contamination	 rather	 than	
infection.	
	
Honey	has	also	been	described	and	studied	as	a	 topical	antibacterial	 treatment	 that	can	help	
control	severe	bacterial	infection	in	large	wounds.	In	addition	to	it’s	hyperosmolar	antibacterial	
effects,	honey	reportedly	releases	hydrogen	peroxide	into	the	wound	which	helps	kill	bacteria	
and	 promotes	 an	 acidic	 environment	 that	 stimulates	 angiogenesis	 and	 growth	 of	 fibroblasts.	
Unpasteurized,	 commercial	 honey	 also	 contains	 nutrients	 and	minerals	 that	 feed	 the	 healing	
wound	bed.	Recent	studies	have	also	shown	that	honey	has	a	broad	spectrum	of	antibacterial	
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activity	and	does	not	promote	bacterial	resistance.	The	author	has	used	bottled,	unpasteurized	
honey	to	treat	wounds	of	the	distal	extremities	and	the	body.	Bottled	honey	tends	to	be	messy	
to	use	and	it	subjectively	appears	to	be	more	painful	than	sugar	at	the	time	of	application.	After	
daily	débridement	and	lavage,	a	sterile	gauze	sponge	or	gauze	roll	is	either	dipped	(sterilly)	into	
the	unpasteurized	honey	or	honey	is	applied	to	the	primary	bandage	layer	and	applied	directly	
to	a	towel-dried	wound	bed.	Secondary,	and	tertiary	bandage	layers	are	then	applied	to	cover	
the	 honey-filled	 primary	 layer.	 Although	 honey	 appears	 on	 paper	 to	 be	 a	 better	 option	 for	
wound	management,	this	author	preferentially	use	sugar	except	when	the	location	or	the	shape	
of	the	wound	makes	honey	easier	to	use	(e.g.	around	an	external	fixator).		
	
More	recently,	a	commercial	honey	dressing	was	introduced	on	the	market	–	Medihoney®.	This	
primary	 dressing	 comes	 in	 various	 forms:	 calcium	 alginate	 (for	 exudative	 wounds)	 and	
hydrocolloid	(for	dry	wounds)	dressings	of	various	sizes	as	well	as	hydrocolloid	paste	that	comes	
in	a	tube.	The	Medihoney®	dressings	are	relatively	inexpensive	compared	to	other	dressings	and	
much	easier	to	use	than	bottled	honey.	They	can	be	maintained	on	less	exudative	wounds	for	
several	 days	 reducing	 the	 rate	 of	 bandage	 change	 and	 the	 costs.	 	 Their	 use	 also	 prevents	
contamination	of	the	honey	jar	during	application.			
	
Once	the	débridement	phase	is	passed	and	granulation	tissue	begins	to	cover	the	wound	bed,	
the	wound	can	either	be	closed	primarily	(delayed	primary	closure),	or	it	can	be	left	to	heal	by	
second	intention.	
	
Silver	dressings	
Silver	 is	 an	 excellent	 antibacterial	 agent	 that	 has	 been	 used	 in	 burn	wound	management	 for	
years.	It	has	a	broad	spectrum	of	antibacterial	activity	that	includes	Pseudomonas	sp.	The	cost	
of	 silver	 dressings	 is	 higher	 than	 other	 dressings.	 Silver	 sulfadiazine	 (original	 brand	 name:	
Flamazine®)	ointment	has	recently	become	more	affordable	and	 is	 therefore	more	accessible.	
This	aqueous	based	ointment	can	be	applied	in	a	thin	layer	on	any	dry	primary	dressing	such	as	
a	non	adherent	 Telfa®	pad.	 It	 is	 ideal	 for	burn	wounds,	 grafts,	 and	 to	 ‘sterilize’	 a	 granulation	
tissue	bed	before	wound	closure.	

	
When	using	topical	antimicrobial	ointments	on	a	Telfa®	pad	(which	is	 ideal)	–	A	sterile	tongue	
depressor	should	be	used	to	remove	a	small	amount	of	material	from	the	tube	and	to	spread	on	
the	 Telfa®	 pad.	 Only	 a	 very	 thin	 layer	 of	 the	 antimicrobial	 is	 required	 for	 efficacy.	 This	 is	
particularly	important	with	the	silver	sulfadiazine	and	gentamicin	creams	since	they	are	costly.	

	
Alternatively,	 more	 expensive	 dressings	 that	 contain	 silver	 such	 as	 Mepilex	 Ag®	 can	 also	 be	
used.	 Mepilex	 Ag®	 is	 an	 absorbant,	 non-adherent	 dressing	 made	 of	 soft	 silicone	 foam	 that	
contains	silver.	 It	 is	antimicrobial	and	can	be	 left	 in	place	 for	up	 to	7	days	depending	on	how	
exudative	the	wound	is.	The	author	has	had	great	success	using	Mepilex	Ag®	on	wounds	after	
the	initial	debridement	period	for	which	she	typically	uses	sugar	or	honey.	Mepilex	Ag®	is	best	
applied	 once	 a	 wound	 has	 begun	 to	 granulate.	 One	 drawback	 of	 using	 Mepilex	 Ag®	 is	 that	
lengthy	 use	 of	 this	 material	 for	 open	 wound	 management	 can	 to	 lead	 to	 over-granulation	
(above	the	level	of	the	skin).	This	is	especially	noticed	in	wounds	where	dressings	are	changed	
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every	 5-7	days.	 In	 these	 cases,	 the	 author	 recommends	 to	 switch	 from	 the	Mepilex	Ag®	 to	 a	
Telfa®	pad	which	tends	to	collapse/reduce	the	granulation	tissue	and	promote	epithelialization.	
	
Stapling	primary	dressings	such	as	Telfa®	pads	and	Mepilex	AG®	to	the	healthy	adjacent	skin	or	
to	 the	bandage	 itself	 has	helped	 the	author	 cover	wounds	during	bandage	 changes,	 ensuring	
that	the	primary	layer	does	not	slip	and	to	create	some	degree	of	tension	on	the	adjacent	skin	
which	may	increase	contraction.	
	
Tie-on	or	Tie-over	bandages	offer	an	interesting	alternative	to	regular	bandaging	methods	for	
wounds	surrounding	the	head,	perineal	region	and	areas	that	cannot	be	bandaged	easily.	The	
application	 of	 tie-on	 bandages	 involves	 placing	 several,	 loose,	 stay	 sutures	 at	 the	 wound	
periphery.	After	applying	the	bandage	material	to	the	wound,	umbilical	tape	or	the	string	from	a	
laparotomy	sponge	can	be	looped	through	the	pre-placed	suture	loops	in	order	to	stabilize	the	
bandage	over	the	wound.	
	
Wounds	can	be	closed	primarily	or	with	delayed	closure	if	appropriate.	For	wound	closure,	
consider	the	following:	
• Freshen	wound	edges:	dead	skin	and	underlying	tissues	should	be	removed	during	staged	

débridements	but	do	not	freshen	the	wound	edges	repeatedly	during	wound	management	
as	this	will	only	serve	to	remove	viable	tissue	that	could	be	used	for	closure.		When	ready	for	
closure,	a	1-2mm	strip	of	epithelium/dermis	should	be	taken	to	allow	fresh	wound	edges	to	
contact.	If	the	wound	is	less	than	36	hours	old,	it	may	not	be	required	to	freshen	the	wound	
edges.	
Plan	wound	closure:	large	or	irregular	wound	will	require	planning	prior	to	closure.	Aim	to	
close	wounds	along	 tension	 lines	of	 skin	where	possible.	 	 This	does	not	 always	hold	 true,	
however,	and	some	hands-on	manipulation	might	be	required	to	find	the	best	closing	plane.	
Using	sterile	towel	clamps	(the	least	traumatic	tool	in	your	surgery	pack	for	skin)	bring	the	
skin	edges	together	in	various	orientations.	The	arrangement	that	creates	the	least	amount	
of	tension	(and	often	the	smallest	dog	ears)	is	the	one	to	pick.	Towel	clamps	can	be	left	in	
place	as	the	remainder	of	the	wound	is	sutured.	

• Undermining	the	surrounding	tissues	may	be	required	to	release	the	skin	and	allow	closure	
of	skin	edges	without	tension.	This	can	be	performed	in	a	360	degree	fashion	with	
combination	of	blunt	and	sharp	dissection.	Attempt	to	preserve	arteries	and	veins,	and	only	
undermine	as	necessary	to	close	the	wound	(minimize	excessive	dead	space).	If	skin	edges	
pull	easily	into	apposition	undermining	is	not	necessary.				

• Eliminate	dead	space	prior	to	wound	closure.	Any	potential	space	left	beneath	the	wound	
will	fill	with	tissue	fluid	and	form	a	seroma	that	could	get	infected	or	prevent	adhesion	of	
the	tissue	layers.	Techniques	to	reduce	dead	space	include	bandaging,	drain	placement,	
walking	sutures.	

• Use	of	drains	is	indicated	if	a	large	amount	of	dead	space	is	present	or	a	wound	is	severely	
contaminated.		Drains	can	be	classified	as	passive	or	active.	The	most	commonly	used	
passive	drain	is	the	Penrose	drain.	Penrose	drains	are	soft	and	pliable,	gravity	dependent	
drains.	They	are	available	in	various	sizes	and	can	be	cut	to	length.	Penrose	drains	are	useful	
for	wounds	where	a	bandage	can	be	applied	but	should	be	avoided	in	non-dependent	areas	
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or	when	entry	of	air	into	the	wound	is	undesirable	(e.g.	chest	wounds).	Passive	drains	should	
never	be	left	uncovered.	Bandages	provide	pressure	which	help	prevent	fluid	accumulation	
and	seroma	formation.	In	addition,	bandaging	protects	drains	against	early	removal	by	the	
patient,	ascending	bacterial	infection	and	contamination	of	the	environment	from	drain	
discharge.	Bandages	also	allow	clinicians	to	monitor	the	quality	and	quantity	of	the	fluid	
produced	by	the	wound.	Drains	typically	remain	in	a	wound	for	2-3	days.	Drain	removal	is	
based	on	decreased	fluid	production	and	change	in	fluid	quality	(e.g.	change	from	
serosanguinous	or	purulent	to	serous	effusion).	If	significant	discharge	is	still	present	after	5	
days,	the	wound	may	require	further	surgical	exploration	and	débridement	to	reduce	
bacterial	contamination,	remove	foreign	bodies	or	necrotic	tissue.		Closed	suction	drains	
can	be	constructed	from	butterfly	catheters	and	red	top	vacutainer	tubes	or	purchased	
commercially	(Jackson-Pratt).	For	a	butterfly	catheter	suction	drain,	the	adaptor	tip	of	the	
butterfly	catheter	(end	opposite	the	needle	end)	is	removed	so	that	the	plastic	tubing	is	
what	remains.	Multiple,	small,	oval	fenestrations	are	cut	into	1	or	2	inches	of	tubing	(the	
part	of	tubing	that	will	be	placed	within	in	the	wound).	The	needle	end	of	the	butterfly	
catheter	which	exits	the	skin	in	a	‘normal’	area	is	stuck	into	the	plastic	top	of	a	large	
vacutainer	tube.	The	vacutainer	tube	is	a	vacuum	environment	and	this	means	that	the	
tubing	will	act	as	a	suction.	As	the	vacutainer	tube	becomes	filled	or	if	4-6h	have	gone	by	
(these	tubes	lose	their	suction),	it	should	be	replaced.	Even	the	largest	of	these	tubes	do	not	
provide	much	suction.		As	such,	these	drains	are	more	suitable	for	smaller	wounds	that	
don’t	have	much	in	the	way	of	necrotic	debris.			
Closed	suction	drains	are	ideal	for	areas	that	are	difficult	to	bandage	or	when	a	closed	
wound	cavity	is	desirable	(e.g.	deep	chest	wounds,	abdominal	wounds	that	communicate	
the	abdomen	and	wounds	containing	metallic	implants).	Collection	of	fluid	into	the	
‘grenade’	portion	of	the	drain,	allows	to	quantify,	and	visually	assess	the	fluid	produced.	
Cytologic	evaluation	and	bacterial	culture	of	the	fluid	collected	can	also	guide	drain	removal	
or	wound	re-exploration.		

• Walking	sutures	can	be	used	to	tack	down	the	dermis	to	the	underlying	fascia.	These	also	
help	decrease	tension	on	the	wound	edges.	After	placement,	the	wound	edges	should	be	in	
close	proximity	and	under	minimal	tension.		If	tissues	are	fragile	and	suture	pulls	out	easily,	
use	cruciate	or	horizontal	mattress	pattern	instead	of	simple	interrupted	suture	pattern	for	
less	stress	on	each	bite.	Massive	skin	wounds	of	the	trunk	and	side	of	thorax	can	be	closed	
using	walking	sutures.	If	a	wound	is	too	large	to	be	closed	completely	using	this	technique,	it	
can	be	closed	enough	to	allow	the	remainder	of	the	wound	to	heal	by	second	intention	or	
with	a	secondary	surgery.			

• Multiple	layer	wound	closure	should	occur	especially	in	larger	wounds	–	i.e.	fascia	to	fascia,	
subcutaneous	tissue	to	subcutaneous	tissue,	etc.		

• Suture	size	will	vary	depending	on	size	of	wound,	size	of	patient	and	tissues	being	sutured.	
Typically,	walking	sutures/muscle	fascia	sutures	are	applied	using	2-0	PDS®	or	Biosyn®		(3-0	in	
patients	<15kg,	or	occasionally	0	in	larger	dogs).	Subcutaneous	tissues	closed	using	3-0	PDS®,	
Biosyn®	or	Monocryl®	(4-0	in	smaller	patients).	Dermal	closure	is	performed	using	3-0	
Monocryl®	or	Biosyn®		(4-0	in	smaller	patients)	and	skin	apposed	using	3-0	to	4-0	Prolene®,	
Surgipro®,	Nylon	or	skin	staples.	If	tissues	are	fragile	and	suture	pulls	out	easily,	use	cruciate	
or	horizontal	mattress	pattern	instead	of	simple	interrupted	suture	pattern	for	less	stress	on	
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each	bite.		
• Additional	wound	closure	techniques.	Releasing	incisions,	advancement	and	rotational	

flaps,	or	punch	grafts	can	be	used	to	close	difficult	wounds.	Several	good	references	exist	to	
guide	surgical	decision-making.	
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Tips and Tricks for abdominal and GI surgery 
 
Brigitte A. Brisson DMV, DVSc, Dip. ACVS 
Professor of Small Animal Surgery 
Department of Clinical Studies 
Ontario Veterinary College, University of Guelph  
 
 
Abdominal exploration is performed through a ventral midline incision along the linea 
alba.  I always clip and prepare the skin from an inch cranial to the xiphoid to beyond the 
level of the pubis to allow a long enough incision to be made; exposure is everything!  
 
When approaching the abdominal cavity, ensure that you expose the linea alba 
sufficiently to ensure you open along the linea (not off midline) but also ensuring that the 
external rectus fascia will be clearly visible during closure to ensure a safe closure.  In 
dogs the subcutaneous fat is quite adherent to the external rectus fascia.  In cats, it is 
more cloud like and moves over easily.  When approaching, use a blade to incise through 
most of the subcutaneous fat along where you believe midline is located.   Then grasp the 
fat on one side of the incision with thumb forceps (along the caudal aspect of the 
incision) and make a small cut in the subcutaneous fat with a scissor.  Then insert one 
scissor blade and extend this incision cranially to elevate the fat on either side of the 
midline exposing the linea alba.   
 
If exposed (incision cranial to the umbilicus), take the time to remove the falciform 
ligament in all patients because it improves visualization; this is especially true in 
overweight patients. To do this, transect the falciform on either side of the linea alba with 
scissors or cautery and ligate or cauterize bleeders.  Then ligate the base of the falciform 
at the level of the xiphoid with 2-0 absorbable monofilament or use cautery and amputate 
the fatty ligament.  Simple avulsion of a portion of the falciform attachment is possible 
but will limit visualization and might lead to postoperative fat necrosis which will 
increase inflammation.  The falciform ligament does not need to be removed for caudal 
abdominal exploration (cryptorchid, bladder surgery) since it’s caudal border extends 
only to the level of the umbilicus.  Once the falciform is removed, insert a Balfour 
abdominal retractor of appropriate size to maintain abdominal wall distraction – this is a 
very helpful instrument for surgeons without assistance! 
 
When exploring the abdominal cavity, make a plan and stick to it.  If you find something 
abnormal, keep exploring and come back to it once you have seen everything; this will 
ensure that all organs are examined.  The ordered exploration is the best method.  Try to 
always perform it in the same order and keep going until completed (even when I find an 
abnormality) so you don’t forget anything.  I begin with the liver, gall bladder and biliary 
tree (I gently express the gall bladder after examining the biliary tree and confirming it is 
not distended suggesting obstruction).  It is always a good idea to look at the diaphragm 
to ensure it is intact.  Then I look at the stomach (from cardia to pylorus), proximal 
duodenum, pancreas (right limb and then left limb which does not require opening the 
omentum), distal duodenum, duodenocolic juntion and ligament, jejunum, ileum, cecum 
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and colon.  If the duodenocolic junction is difficult to pass, I let go the intestines, identify 
the colon and work my way backwards from colon to duodenum instead.  Then, I look at 
the kidneys, adrenal glands (the right adrenal is often palpated and not visualized), (+/- 
ureters), urinary bladder, prostate and inguinal rings. I typically finish with the spleen but 
if the spleen is large, I look at it before running the bowel since I have to get it out of the 
way to see the intestines.  Specific lymph nodes are examined with their associated 
structures (e.g. mesenteric lymph nodes are examined with the small intestines, medial 
iliac lymph nodes are typically examined when looking at the urinary bladder).  I look 
and palpate each structure for thickening, enlargement, irregularity, etc. While exploring, 
make sure to cover any exteriorized organs with moist laparotomy sponges to prevent 
tissues from drying out and try to avoid resting organs on exposed skin to prevent 
contamination. 
 
Before closing, I ensure that all the organs are back to their normal position, this is 
especially important for the spleen and intestines.  Finally, I drape the omentum over the 
caudal abdominal organs, back to its original position.   
 
Abdominal wall closure can be performed using a simple interrupted or simple 
continuous (preferred) pattern.  Studies and clinical experience have shown that a simple 
continuous closure is as strong as a simple interrupted closure but only if it is performed 
correctly.  The key ingredients to a successful continuous closure are: to use the 
appropriate suture material and size, to perform square knots, to apply sufficient suture 
throws to each knot, to include the external rectus fascia in all bites (not exposed 
muscle, fat or peritoneum) and to take bites that are large enough to prevent tissue failure.  
When performing a simple continuous closure, place six (6) throws (3 square knots) at 
the beginning of my suture line and seven (7) at the end since the integrity of the 
continuous closure depends on the knots at the start and at the end of the suture line.  I 
always use PDSÒ (polydioxanone) even in patients that might have delayed healing 
(very old, hypoproteinemic, receiving prednisone or chemotherapy, etc.).  MaxonÒ 
(polyglyconate) is another good suture option for abdominal wall closure.  Although 
chromic gut has been used successfully for abdominal closure, it is considered inferior to 
other available materials for this use due to it’s rapid loss of tensile strength and the slow 
healing of the tissues involved; for this reason it should not be used on the abdominal 
wall.  The same applies to MonocrylÒ (poliglecaprone) especially for longer incisions 
(although Monocryl® has been shown to be acceptable for closing key hole feline spay 
incisions).  Suture size: for a continuous closure, use 3-0 in small cats, ferrets, bunnies; 2-
0 in large cats or small dogs; and size 0 in large dogs.  All suture bites should include the 
external rectus fascia and should include 5-10mm of tissues on each side depending on 
patient size.  The main advantages of the continuous closure are the speed of closure, that 
less foreign material is left in the wound and decreased cost associated with anesthetic 
duration and suture use.  The main disadvantage is catastrophic failure of the entire suture 
line if the suture breaks at any point or if one of the knots become undone; this is not 
likely if performed correctly. 
 
Prophylactic antibiotics?  I typically administer a dose of cefazolin at the time of 
anesthetic induction and after 90 minutes if applicable and do not continue antibiotic 
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therapy unless contamination has occurred.  Procedures of less than 90 minutes where no 
hollow viscus is entered do not require prophylactic antibiotics.  If I know I will be 
entering the lower intestinal tract, I substitute cefazolin with cefoxitin, a second 
generation cephalosporin. 
 
 

§ Liver Biopsy:  Liver biopsies are obtained to confirm or rule-out liver disease. In 
patients with generalized disease or with a grossly normal liver, one or more 
biopsy samples are taken from the edge of the most accessible liver lobes.  In 
patients with focal lesions, a representative sample is collected.  
 
Surgical liver biopsies are often obtained using a ‘guillotine’ or loop biopsy 
technique but can also be performed using a skin punch biopsy instrument.  The 
suture loop is the most common technique used to biopsy the tip or edge of a liver 
lobe.  Preplace a loop in a strand of absorbable suture (I typically use 3-0 or 2-0 
BiosynÒ or PDSÒ and I place a single throw rather than a surgeon’s throw to 
allow complete tightening).  Place the suture loop around the tip of the lobe 
(typically ~1 cm) to be biopsied and tighten the suture slowly in order to cut 
through the liver capsule and crush the liver parenchyma completely. This will 
preserve and ligate larger blood vessels and biliary ducts.  The biggest mistake is 
to not crush the tissue all the way – this can result in hemorrhage or the suture 
loop simply falling off the liver stump.  Place three or four throws to form a 
secure knot.  Cut the biopsy sample using a scalpel blade or Metzembaum scissors 
leaving a very small stump (5mm at the most) of liver beyond the ligature – this 
liver tissue is now ischemic and will necrose.  Evaluate for hemorrhage and 
release the lobe.  A small amount of ‘oozing’ from hepatic capillaries at the cut 
parenchymal edge is normal – it will stop on its own.  If more significant 
hemorrhage is noted, place another encircling or transfixing suture, or, apply a 
small piece of hemostatic sponge (GelfoamÒ) to the cut edge to promote 
hemostasis. 
  
The punch biopsy technique is useful to biopsy a mass or lesion that involves the 
middle portion of a liver lobe.  I use a 6 or 8 mm punch.  This technique is 
generally safe for the diaphragmatic surface of the lobes but is more risky on the 
visceral surface especially close to the hilus (where the vessels are large!).  A 
partial thickness (less than 50% of the lobe thickness), punch biopsy sample can 
be collected.  Apply digital pressure to the hole created in the liver lobe.  If 
bleeding persists, fill the defect with a small piece of absorbable gelatin sponge 
(GelfoamÒ).  I often pre-cut several hemostatic sponge plugs (before the punch is 
wet) and then take my biopsy.  Ideally, the gelatin sponge plugs should be slightly 
larger than the biopsy tract – to do this, two punches could be used or a piece of 
gelatin sponge can be cut with scissors or ripped manually. 

 
Assistance to maintain retraction or stabilize the liver lobe is helpful in deep-
chested dogs or patients with small or friable liver lobes.  Placing a stay suture in 
the stomach to retract it caudally and placing a moist laparotomy sponge cranial 
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to the liver lobes (between the diaphragm and liver) can sometimes help the 
surgeon who works alone. 
 

§ Gastric Biopsy:  Isolate the stomach from the remainder of the abdominal cavity 
using moist laparotomy sponges.  Place two stay sutures (full thickness to ensure 
you engage the submucosa and prevent tearing through) in the less vascular 
portion of the stomach (oriented vertically between the greater and lesser 
curvature); plan to make your incision between these two sutures.  Stab the 
stomach (full thickness) using a scalpel blade and extend your incision to the 
desired length using metzembaum scissors.  I typically make a 1.5-2 cm incision 
because I find that anything shorter is hard to close with a continuous pattern.  
Use metzembaum scissors to cut a 2-5 mm wide elliptical edge of the stomach 
wall for biopsy; ensure that all layers, including the mucosa and serosa, are 
collected.  Wipe the edges with a gauze sponge or suction the lumen.  I don’t 
cauterize or ligate bleeders, they stop when you suture the stomach closed.  Close 
the incision in two layers using 3-0 BiosynÒ or PDSÒ.  Do not use chromic gut 
on the GI tract. I make a simple continuous, full thickness closure and I oversew 
with a Lembert or Cushing pattern. 

 
§ Intestinal Biopsy: Isolate the chosen loop of intestine from the remainder of the 

abdominal cavity using moist laparotomy sponges.  In an ideal world, intestinal 
flow should be obstructed proximally and distally by an assistant.  When doing 
surgery alone, I hold the intestine between my left index and middle finger and 
stab the antimesenteric portion of the intestine with a scalpel blade with my right 
hand.  Then, extend your incision to approximately 1 cm using metzembaum 
scissors.  Use the metzembaum scissor to cut a 2-3 mm wide elliptical edge of 
intestinal wall for biopsy; ensure that all layers, including the mucosa and serosa, 
are collected.  Wipe the edges with a gauze sponge or suction the lumen.  I don’t 
cauterize or ligate bleeders, they stop when the edges are apposed during closure.  
To close, you will have to release the finger grip that stopped intestinal chyme 
from leaking from the incision; prevent leakage and contamination.  Close the 
incision in a single layer making sure to take full thickness bites (~2-3 mm wide); 
the submucosa is the layer of strength and must be included in each bite.  The 
mucosa will evert and can be trimmed if necessary.  Place simple interrupted 
sutures of 3-0 or 4-0 PDSÒ or BiosynÒ on a taper or taper-cut needle 
approximately 2-3 mm apart.  Do not use chromic gut or Monocryl® on the GI 
tract…  Appose each suture tightly without crushing the tissues.  You can close 
the incision longitudinally (along the incision line) if the bowel lumen is large or 
transversely (apposing the incision ends first) if the bowel lumen is small (this is 
usually the case in rabbits and ferrets).  Some degree of tissue eversion always 
occurs during closure; this may lead to adhesions but it is not a significant 
concern in small animal surgery.  Leak test your closure and gently wipe the 
incision with a moistened sterile gauze.  Omentalize all biopsy sites after lavage 
(if applicable) and close the abdomen routinely. 
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Note: closure of enterotomy sites using skin staples and continuous suture lines 
have been shown to be acceptable (Weisman et al 1999 and Coolman ).  I use 
either a simple interrupted or continuous suture pattern for biopsy but only 
interrupted pattern for enterotomy or resection and anastomosis for foreign body 
removal.  
 
An alternative technique is to use a Key’s punch (typically with a sterile tongue 
depressor) to collect a full thickness intestinal biopsy sample.  This approach 
creates a much smaller incision and if collected correctly allows a diagnostic 
sample to be collected.  The biopsy site is closed with interrupted sutures as 
described above and typically requires 1-3 sutures only. 
 

§ Kidney Biopsy:  Kidney biopsies can be performed using a wedge or core (Tru-
cut®) biopsy techniques.  Wedge biopsies result in a large sample but they are 
more difficult to obtain especially without surgical assistance.  Wedge biopsies 
also lead to substantial hemorrhage compared to the core biopsy technique.  To 
obtain a core biopsy sample, a 14, or 18 gauge Tru-cut biopsy needle is used.  
Significantly more glomeruli are available for histopathology with the larger 
gauge needles and this size needle ensures a better sample for analysis.  The 
needle is placed against the renal capsule at one end of the kidney.  The 
instrument is positioned to obtain mostly a cortical sample; do not aim the needle 
towards the renal pelvis or renal vessels.  The instrument is activated and once 
retracted, the surgeon places a finger on the puncture site for several minutes to 
control hemorrhage until clotting occurs.  A suture is rarely required in patients 
with normal clotting function.  

 
§ Pancreatic Biopsy:  Pancreatic biopsies can be performed at the edge of a 

pancreatic lobe or at the level of a specific lesion.  The pancreas is tricky… you 
must know the anatomy of the pancreas.  Biopsies are typically performed away 
from the main blood supply and pancreatic ducts and are therefore most 
commonly obtained from the most caudal edge of the right pancreatic lobe 
because it is also more easily exposed than the left.  Small biopsy samples of a 
specific mass lesion can be obtained by shaving off a small amount of pancreas 
with a blade or by using a cup forceps.  A biopsy sample can also be obtained by 
dissecting a few lobules and ligating the small vessels or ducts associated with it 
(similar to a mini-guillotine biopsy).  Clamshell biopsy forceps can also be used 
to remove a small sample of pancreas at it’s edge. 

 
§ Lymph node Biopsy:  Lymph node biopsies can be obtained by cutting out a 

wedge of tissue and suturing the defect or with the ‘guillotine’ method.  Removal 
of an entire lymph node is also possible.  Lymph nodes are typically vascular and 
often located close to important structures such as mesenteric vessels, etc.  For 
these reasons, I prefer to gently dissect a portion of the lymph node (by removing 
the thin layer of mesentery), and perform a ‘guillotine’ biopsy as described in the 
liver biopsy section.  I use 4-0 or 3-0 absorbable suture for lymph node biopsies.  
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Alternatively, a punch biopsy can be performed as described for the liver, 
ensuring not to disturb the vasculature (e.g. mesenteric vessels). 

 
 
A few tips for abdominal exploration and organ biopsy: 
 

§ Count your gauze squares before entering and closing the abdomen.  Use 
laparotomy sponges instead of 4x4’s if available – they are more difficult to lose! 

 
§ Make a worth while incision – visualization is key (incisions heal from side to 

side not end to end!). 
 

§ Keep abdominal organs moist – cover organs with moist sponges throughout the 
procedure.  Prevent organ contact with the skin as much as possible and isolate 
organs you are going to open from the remainder of the abdomen / organs. 

 
§ Make sure to look at everything! 

 
§ Make a plan – if you want to perform several biopsies, begin with the cleanest 

organ and finish with the most contaminated organ.  
 

§ Create a clean and a dirty field.  Save clean instruments for your closure (after 
changing your gloves)  or use a separate kit to close.  

 
§ Use stay sutures to retract organs – they are less traumatic than forceps. 

 
§ Prevent leaks when entering the stomach, intestine and urinary bladder.  If you 

can’t prevent them, try to control the spillage.  If spillage occurs – make sure to 
clean it up.  If you lavage, suction or absorb the lavage fluid… leucocytes can’t 
eat and swim at the same time! 

 
§ If you have entered a hollow viscus, discard your dirty instruments and close with 

fresh instruments and gloves. 
 

§ Never leave the abdomen without biopsying something relevant to the clinical 
signs! 
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7.  
 
Tips and Tricks on Managing GI Foreign Bodies 
 
Enterotomy or resection-anastomosis? 
Gastric FB’s are removed by gastrotomy.  I have yet to resect a portion of the stomach 
secondary to a FB.  In contrast, intestinal FB’s can cause significant devitalization of the 
affected loop of bowel which may need to be resected.  Therefore, the questions to ask 
when evaluating a patient with an intestinal FB are: 1) whether or not the affected 
intestine is viable (enterotomy vs resection-anastomosis) and 2) if the intestine is not 
viable, how much intestine must be resected.  Unless the tissues are obviously necrotic, 
viability is often difficult to determine.  If I have any doubt as to whether or not the 
intestinal loop is viable, I resect it.  In some instances, I perform an enterotomy to remove 
the foreign body and I reassess viability after the intraluminal pressure has been reduced.  
If I am still unsure about viability using the criteria described below, I proceed with a 
resection-anastomosis.   
 
If the intestine is viable, I perform an enterotomy since the rate of dehiscence with 
resection-anastomosis is reportedly higher than that associated with an enterotomy (Allen 
1992).  The rate of dehiscence is also higher in patients that receive an enterotomy for 
foreign body removal compared to biopsy (Allen 1992, Weisman 1999) and when more 
than one enterotomy or resection-anastomosis is required (Wylie 1994).  
 
Assessment of viability 
Several fancy tests such as fluoresceine dye injection and surface oximetry have been 
used to help determine gastric and intestinal viability in animals and in people.  In daily 
practice, the decision is made using the following subjective criteria: 

§ Colour:  Viable intestinal loops are often red, red-blue, even purple.  If the 
intestinal wall is gray, green, dark purple or black, it should be resected.  In 
addition, the colour should improve after the foreign body is removed and the 
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luminal pressure is released (e.g. from red-blue to red).  Irrigation with warm 
saline may also improve the colour of viable intestine. 

§ Wall thickness: Intestinal wall palpation should reveal a normal or increased 
(swelling) wall thickness compared to the remainder of the adjacent intestine.  
Palpation of a thin intestinal wall is an indication for resection. 

§ Peristalsis: Viable intestinal wall is able to initiate and propagate a peristaltic 
wave.  If peristalsis is not noted, gently pinch the intestine in the affected area, 
this should initiate a peristaltic wave.  Remember that trauma caused by surgical 
manipulation or the presence of a foreign body, inflammation and anesthetic 
drugs can also affect intestinal motility. 

§ Arterial pulses: Arterial and venous thrombosis is a strong indication for 
resection; look for strong arterial pulses in the vessels supplying the affected area.  
Lack of arterial bleeding at the cut edge is an indication for resection.   

 
Where to incise when removing a focal FB via enterotomy? 
Because it is best to incise into a portion of intestine that has not been disrupted or 
compromised by the migrating foreign body, one should strive to perform the enterotomy 
just aboral (distal) to the foreign body.  Make an incision long enough to prevent tearing 
during foreign body extraction.  This is not always possible since large foreign bodies 
often can’t be milked into the normal sized aborad intestine.  In that case, a portion of the 
incision will be made over the affected region of intestine which may increase the risk for 
dehiscence. 
 
Linear foreign body removal: 
Linear foreign bodies usually require emergency surgery and conservative management is 
not recommended.  A gastrotomy is usually required to remove the anchored portion of 
FB at the level of the pylorus (unless anchored at the base of the tongue).  At that point, 
the surgeon should resist the temptation to pull the foreign body out of the intestine since 
this might saw through the mesenteric portion of the intestine.  Multiple enterotomies are 
often required to atraumatically remove the intestinal portion of a long linear foreign 
body.  An alternative technique described to remove linear FB’s in cats (Anderson 1992) 
involves suturing the transected, distal portion of the linear FB to a red rubber tube via a 
gastrotomy or single enterotomy incision.  With this method, the FB and the red rubber 
catheter are manipulated along the intestinal tract into the distal colon where an unsterile 
assistant can retrieve the FB and catheter by rectal palpation.  This technique is 
interesting in that it reduces the number of enterotomy sites and possibly the risk of 
dehiscence but it is more difficult to perform that it appears.  In several instances, the FB 
bunches-up making it difficult to move it along the intestine; this is especially true in 
dogs with large linear FB’s consisting of carpet or fabric.  In addition, transmural 
manipulation of the FB can be quite traumatic to the tissues.  Regardless of the technique 
used to remove the FB, it is common to find several small perforations along the 
mesenteric border once the intestine is no longer plicated.  Perforation was reported in 
40% of dogs treated for linear FB’s (Evans 1994). Debridement and closure of a few 
small perforations is possible if these are accessible but resection-anastomosis of the 
affected intestine is often a better option.   
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Where to cut when performing a resection-anastomosis? 
Transect the intestine in a ‘viable’ area.  Cut the bowel ends at an angle (longer on the 
mesenteric border than on the antimesenteric border) to ensure good blood supply to the 
intestinal anastomosis.  If the tissues at the cut end don’t look healthy, remove more.  In 
an ideal world, all the grossly abnormal intestine should be removed.  This becomes 
difficult in cases with extensive intestinal trauma caused by linear foreign bodies since 
resection of 70-80% of the small intestinal length or more can lead to short-bowel 
syndrome.  Because short bowel syndrome leads to severe diarrhea, bacterial overgrowth 
and weight loss, the surgeon must, in some cases, cut the intestine in a less than ideal 
location to allow for enough intestinal length to remain; this obviously increases the risk 
for dehiscence. 
 
 
Intestinal closure: 

§ Use 3-0 or 4-0 monofilament, absorbable suture such as PDSÒ, BiosynÒ, or 
MaxonÒ on a taper or taper-cut needle and apply 4-5 throws to each knot. Do not 
use chromic gut.  The use of non absorbable, monofilament suture has been 
described in hypoalbuminemic patients or patients anticipated to have delayed 
wound healing but this is not necessary and this author personally never uses it. 

§ Do not pick up the intestinal wall with thumb forceps.  Instead, insert the tip of 
your forceps within the lumen to create counter pressure while puncturing the 
wall with the suture needle.  Any trauma at the anastomosis site will increase the 
risk of dehiscence.  Preferentially use Debakey thumb forceps for their less 
traumatic grasp of tissues. 

§ Include the entire intestinal wall in your suture bites.  Alternatively, include all 
layers but the mucosa. The submucosa is the layer of strength and must be 
included in all bites.  I take full thickness bites and I angle my suture bite to 
include more serosa than mucosa – this helps reduce mucosal eversion.  The 
mucosa can also be trimmed with metzembaum scissors as required.  The goal is 
to have apposition or slight inversion of the mucosa rather than mucosal eversion. 

§ Appositional, simple interrupted pattern or Gambee pattern taking 3-4 mm wide 
bites and sutures placed 3-4 mm apart is the typical closure pattern. All knots are 
extra-luminal.  

§ Resist the urge to place too many sutures as this could lead to ischemic necrosis. 
§ I apply a surgeon’s throw to prevent loosening while I place my second suture 

throw if the knot wants to loosen under tension.  This is typically only necessary 
for the 12, 3, 6 and 9 o’clock sutures.  Tighten the suture enough to appose the 
tissues but do not crush or strangulate.  

§ Other techniques include simple continuous appositional suture pattern and 
stapled anastomoses.   

o Continuous closure is as safe as interrupted if performed correctly, it is 
quicker to perform and typically leads to less mucosal eversion.  Begin by 
tying a strand of suture at the mesenteric junction and one at the 
antimesenteric junction – use the suture ends to stretch-out the lumen.  
Perform two continuous suture lines; one from the mesenteric border to 
the antimesenteric border and one in the opposite direction.  Performing 
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two separate continuous lines instead of one reduces the risk of purse 
string effect on the luminal diameter.  Use absorbable suture only since 
non-absorbable suture loops can become internalized causing entrapment 
of foreign material at this site (Milovancev 2004). This author 
preferentially uses interrupted anastomoses in patients that present for 
foreign body related conditions and have friable intestinal cut edges and/or 
local peritonitis. 

o Skin staples have been used experimentally to perform end-to-end 
anastomoses (Coolman 2000); I have no experience with this technique, 
but it reportedly produces strong anastomoses.  Other specialized stapled 
equipment can be used to perform anastomoses but are very expensive. 

§ When performing an end-to-end anastomosis, I place my first suture at the 
mesenteric border (6 o’clock position) followed by a suture immediately adjacent 
to this one on either side (~5 o’clock and 7 o’clock position); this is where leaks 
occur most commonly.  Then I place a suture at the antimesenteric border (12 
o’clock position), followed by sutures at the 3 o’clock and 9 o’clock positions to 
divide the tissues evenly.  Once this is done, I fill in the gaps until the entire 
circumference is sutured. 

§ The mesenteric rent should be sutured (typically using 4-0 absorbable 
monofilament suture) to prevent incarceration of intestinal loops but care should 
be taken not to include the mesenteric vessels supplying the anastomosed intestine 
in the suture line. 

§ Pressure leak test all enterotomy and anastomosis sites. 
§ Omentalize all enterotomy and anastomosis sites by tacking or at least draping the 

omentum overtop of the enterotomy incision or resection-anastomosis site.  This 
might help prevent or contain small leaks.   

§ Serosal patching can be used as an alternative to omentalization.  It is more 
difficult to perform but can provide superior coverage for tenuous enterotomy 
sites. 

 
How to address discrepancies in luminal size? 
 

§ Increase spacing between sutures on the larger diameter lumen compared to the 
smaller one.  This is effective to treat small diameter discrepancies.  This is the 
author’s technique of choice and is effective for small and large luminal 
discrepancies. 

§ Increase the luminal diameter of the smaller lumen by cutting the smaller lumen 
at a more acute angle than the larger lumen (always making the antimesenteric 
border shorter than the mesenteric border).  This is effective to treat small 
diameter discrepancies. 

§ An incision can be made or a small small wedge of tissue can be removed from 
the antimesenteric portion of the smaller diameter lumen creating a more oval 
opening that fits the larger diameter lumen.  This can be used for moderate to 
large lumen discrepancies. 

§ Apposing the lumens evenly and closing the extra lumen as a cul-de-sac is not 
recommended. 
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Complications: 

§ Dehiscence and septic peritonitis is the most common complication after FB 
removal; this is reported in 3-16% of patients.  Dehiscence has been reported to 
be more common after resection-anastomosis than after enterotomy (Allen 1992).  
The rate of dehiscence is reportedly higher in patients that receive an enterotomy 
for foreign body removal or trauma compared to biopsy (Allen 1992, Weisman 
1999) and when more than one enterotomy or resection-anastomosis is required 
(Wylie 1994).   

§ Mortality has been shown to be higher with linear compared to discrete foreign 
bodies and in animals treated with more than one gastrointestinal incision (Hayes 
2009).  It has also been associated with duration of clinical signs whereby animals 
showing signs for a longer period are more likely to die or be euthanised (Hayes 
2009).  In contrast, another study found no difference in survival for discrete vs 
linear foreign bodies (Hobday 2014). 

§ Patients with linear foreign bodies have also been reported to have more severe 
preoperative signs and intraoperative pathology, longer hospitalization and higher 
cost of care (Hobday 2014). 

§ Abdominal contamination can lead to localized or generalized peritonitis which 
increases the risk of dehiscence (Allen 1992).   

§ Dehiscence typically occurs 2-5 days after surgery.  Reported mortality rates after 
dehiscence are between 50-74%. 

§ Dehiscence is often secondary to an enterotomy being performed when a 
resection-anastomosis should have been performed (questionable intestinal 
viability).  Other causes include poor suture material choice and poor suture 
technique.  Post resection-anastomosis leakage tends to occur at the mesenteric 
border  because it is a difficult area to suture (hidden by mesenteric fat). 

§ Ileus is another common complication after GI FB surgery.  Signs of ileus are 
typically noted within 24 hours of surgery.  Medical management using prokinetic 
drugs and antiemetics is usually successful. 

 
 

Antibiotic use? 
Most gastric and intestinal surgery results in clean-contaminated or contaminated 
procedures, depending on spillage.  Patients with foreign bodies are at risk for intestinal 
bacterial overgrowth due to preoperative obstruction.  I administer perioperative 
antibiotics (first dose at induction and every 90 minutes during the procedure if 
applicable) in all patients with suspected foreign bodies.  In theory, cefazolin (1st 
generation cephalosporin) is indicated for surgery of the stomach and proximal intestine 
and cefoxitin (2nd generation) is indicated for surgery of the lower small intestine and 
colon.  My antibiotic of choice for foreign body patients is cefoxitin – you never know 
what you will find!  I administer antibiotics for a maximum of 24 hours unless severe 
contamination (peritonitis) is present.  If severe contamination exists, I typically continue 
with cefoxitin until the culture results are available.   I often choose ampicillin + 
enrofloxacin in sick patients presenting systemic signs of illness and septic peritonitis. 
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MICs and PDCs, What Do They Mean for You and Me? 
 
Trisha Dowling, DVM, MSc, DACVIM (LAIM) & DACVCP  
Professor, Veterinary Clinical Pharmacology  
Western College of Veterinary Medicine  
 

Concerns over bacterial resistance has heightened the promotion of rational use of 
antimicrobials in veterinary medicine. Antimicrobial stewardship programs call for culture and 
susceptibility (C&S) test results to guide practitioners in choosing optimal antimicrobial therapy, 
but the majority of antimicrobial selections are made empirically. Selection guided by C&S 
testing occurs much less frequently and is done mostly for chronic or recurrent infections. 
Underutilization of C&S reports by veterinary practitioners is due a number of limitations 
including cost and the time delay between sampling and receipt of results. But even when 
results are obtained, practitioners may lack the information necessary to interpret the reports. 

A typical C&S report from a microbiology laboratory provides the identity of the bacterial 
pathogen followed by a list of antimicrobials in alphabetical order with an “S”, “I” or “R” next to 
each. The designations of “S” (susceptible), “I” (intermediate) or “R” (resistant) predict the 
likelihood of a clinical response to treatment: either successful (susceptible) or failure (resistant) 
or something in between (intermediate – could be successful if the dose could be increased).5 
These categories are determined by clinical breakpoints, which are determined for specific 
antimicrobial/bacteria combinations from the minimum inhibitory concentrations (MICs) from 
populations of the specific bacteria, the pharmacokinetic/pharmacodynamic data for a specific 
species of animal, and evidence from clinical use in patients treated with that antimicrobial.6 
The clinical use is specific for the dosage regimen (dose, route of administration, frequency of 
administration) and disease. When any of these factors is altered (e.g., giving the drug orally 
instead of by injection), then the predictive value of the breakpoints no longer holds. The 
organization that sets the standards for conducting and interpreting veterinary antimicrobial 
susceptibility tests is the Clinical Laboratory Standards Institute (CLSI). Unfortunately CLSI has 
set breakpoints for a limited number antimicrobial/bacteria combinations in veterinary species. 
When validated veterinary breakpoints are not available, breakpoints derived from human data 
are often provided on the susceptibility report. This practice is controversial, and some 
veterinary microbiologists state that interpretation from non-veterinary validated breakpoints 
should either not be done or only done with extreme caution. The CLSI recommends that the 
laboratory should at least inform practitioners of the source of the breakpoint as human or 
veterinary species, but such designations rarely appear on C&S reports. Even though results for 
many antimicrobials are based on human breakpoints, this is often the only information 
available to the practitioner. Therefore, the C&S report has to be used in conjunction with 
knowledge of the pharmacokinetics and pharmacodynamics of the antimicrobials and the 
pathophysiology of the disease to decide if a specific drug is a reasonable or unreasonable 
treatment option. 

Pharmacokinetic/Pharmacodynamic Integration 

Concentration-dependent Antimicrobials: For antimicrobials whose efficacy is concentration-
dependent, high plasma concentrations relative to the MIC of the pathogen (Cmax:MIC) and the 
area under the plasma concentration-time curve that is above the bacterial MIC during the 
dosage interval (area under the inhibitory curve, AUC0-24 hr:MIC) are the major determinants of 
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clinical efficacy. These drugs also have prolonged post-antibiotic effects, thereby allowing once 
a day dosing while maintaining maximum clinical efficacy. For fluoroquinolones (enrofloxacin, 
orbifloxacin, marbofloxacin, pradofloxacin), clinical efficacy is associated with achieving either a 
AUC0-24 hr:MIC >125 or a Cmax:MIC>10. For aminoglycosides (gentamicin, amikacin), 
achieving a Cmax:MIC>10 is considered optimal for efficacy. Other antimicrobials that appear to 
have concentration-dependent activity include metronidazole (Cmax:MIC>10-25) and 
azithromycin (AUC0-24 hr:MIC>25). For some pathogens, such as Pseudomonas aeruginosa, 
achieving the optimum PK/PD ratios may be impossible with label or even higher than label 
dosages. In such cases, under dosing is ineffective and merely contributes to antimicrobial 
resistance. 

Time-dependent Antimicrobials: For antimicrobials whose efficacy is time-dependent, the time 
during which the antimicrobial concentration exceeds the MIC of the pathogen determines 
clinical efficacy (T>MIC). Typically, exceeding the MIC by 1-5 multiples for between 40-100% of 
the dosage interval is appropriate for time-dependent killers. The T>MIC should be closer to 
100% for bacteriostatic antimicrobials and for patients that are immunosuppressed. So these 
drugs typically require frequent dosing or constant rate infusions for appropriate therapy. The 
penicillins, cephalosporins, most macrolides and lincosamides, tetracyclines, chloramphenicol 
and the potentiated sulfonamides are considered time-dependent antimicrobials. 

Interpreting the Culture and Susceptibility Report 

Diagnostic laboratories independently choose which bacterial isolates and which antimicrobial 
susceptibilities to report. While it is recommended that laboratories not report isolates that are 
clinically irrelevant (e.g., coagulase-negative staphylococci from canine skin samples), this 
requires oversight by a veterinary microbiologist with an adequate clinical background. 
Unfortunately, not all laboratories have the services of such specialists and the reporting of 
clinically irrelevant isolates leads to unnecessary antimicrobial use. It is also recommended that 
laboratories do selective reporting, where all determined susceptibilities are not automatically 
reported so that practitioners do not choose antimicrobials where they are not appropriate. For 
example, the susceptibility of an E. coli isolate to nitrofurantoin should only be reported for 
isolates from uncomplicated urinary tract infections as that is the only clinical situation where 
nitrofurantoin is an effective treatment. Susceptibilities for “last resort” drugs important in human 
medicine, such as vancomycin and imipenem, should not be routinely reported. 

It is important to recognize intrinsic resistance when interpreting C&C reports. There are certain 
bacteria/antimicrobial combinations where resistance should be assumed (e.g. enterococci and 
cephalosporins). Even if the in vitro test result indicates susceptibility, the laboratory should 
automatically report the result as resistant. Results reported as susceptible should be 
questioned, as they most likely indicate an identification or susceptibility testing error. 
Unexpected resistance results (e.g., penicillin resistant streptococci) should also be identified 
and investigated. While such results might be due to the emergence of antimicrobial resistance, 
more commonly it is due to laboratory error. 

Most C&S reports list the antimicrobials in alphabetical order and there may be a practitioner 
bias to search for the first “S” and select that drug for therapy. Cross resistance to antimicrobials 
often occurs within classes of antimicrobials, which may be hard for the practitioner to visualize 
if the individual drugs are listed in alphabetical order. So to support prudent antimicrobial use, 
it’s preferable to list the drugs in groups according to class and in order of appropriate first line, 
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second line and third line treatment choices. The following table provides the antimicrobials 
commonly found on small animal C&S reports but listed according to their classification and in a 
general preference for order of use, with penicillins and cephalosporins listed before 
fluoroquinolones and aminoglycosides and limited use antimicrobials listed last. Breakpoint 
information is from CLSI performance standards for veterinary isolates. 

Antimicrobial  Breakpoint (Human; Canine, 
Feline) 

Comments 

Penicillins 
Ampicillin Canine: E. coli in dermal, soft 

tissue and urinary tract 
infections; Staphylococcus 
pseudintermedius, 
Streptococcus canis dermal 
and soft tissue infections 
Human: Enterococcus spp. 

Susceptibility to ampicillin predicts 
susceptibility to amoxicillin. Inactivated 
by most b-lactamases but sufficient 
concentrations are achieved in urine to 
overcome low level resistance, so that 
it is recommended as empirical 
treatment for simple UTIs even if 
reported as “R”. 

Amoxicillin/ 
clavulanic acid 

Canine & Feline: E. coli,  
Staphylococcus spp., 
Streptococcus spp. in dermal, 
soft tissue and urinary tract 
infections 

Provides an indication of extended 
spectrum β-lactamase producing 
(ESBL) bacteria, which are typically 
susceptible to this combination but 
resistant to 3rd and 4th generation 
cephalosporins.13  While often used as 
a first line antimicrobial for simple 
UTIs, action is primarily due to high 
urine concentrations of amoxicillin, so 
that it may be more “firepower” than 
necessary. The combination is 
required for effective treatment of 
staphylococcal superficial bacterial 
folliculitis. 

Oxacillin Human: Staphylococcus spp. Used solely to determine methicillin 
resistance in Staphylococcus 
pseudintermedius. Disk diffusion 
testing is not reliable for Staphyloccous 
aureus where cefoxitin disks should be 
used to determine methicillin 
resistance. 

Penicillin Human: Enterococcus spp., 
Staphylococcus spp. 

All beta-hemolytic streptococci are 
susceptible. Clinical use is limited due 
to available formulations. 

Pipercillin Human: Pseudomonas 
aeruginosa 

An anti-pseudomonal penicillin. Clinical 
use is limited due to available 
formulations. 

Cephalosporins 
Cephalothin or 
Cefazolin 

Canine: E. coli, Pasteurella 
multocida, Staphylococcus 
aureus, Staphylococcus 
pseudintermedius, β-hemolytic 
Streptococci spp, dermal, 

Generally predicts susceptibility to 
cephalexin and cefadroxil. Human 
breakpoints for cephalothin are used 
for Enterobacteriaceae for other 1st 
generation cephalosporins but 
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respiratory, soft tissue and 
urinary tract infections 
Human: Enterobacteriaceae 

cefazolin should be tested separately. 
All enterococci are inherently resistant 
to cephalosporins so these isolates will 
always be reported as resistant. 

Cefoxitin Human: Staphylococcus spp. A second generation human approved 
cephalosporin with excellent activity 
against anaerobes. It is an indicator of 
methicillin-resistance in 
Staphylococcus aureus but it is not 
reliable for this for Staphylococcus 
pseudintermedius, so oxacillin is the 
preferred indicator. Provides an 
indication of extended spectrum β-
lactamase producing (ESBL) bacteria, 
which are susceptible cefoxitin but 
resistant to 3rd generation 
cephalosporins. 

Cefpodoxime  Canine: (cefpodoxime) E. coli, 
Proteus mirabilis,  Pasteurella 
multocida, Staphylococcus 
aureus, Staphylococcus 
pseudintermedius, 
Streptococcus canis wounds, 
abscesses 

Generally predicts susceptibility to third 
generation cephalosporins including 
cefovecin and ceftiofur. Can indicate 
ESBL-producing bacteria, which are 
resistant to these cephalosporins but 
still susceptible to amoxicillin-
clavulanic acid. All enterococci are 
inherently resistant to cephalosporins 
so these isolates will always be 
reported as resistant. 

Tetracyclines 
Doxycycline Canine: Staphylococcus 

pseudintermedius dermal and 
soft tissue infections  
Human: Enterococcus spp. 

Frequently active against methicillin-
resistant staphylococci.  

Tetracycline Canine: Staphylococcus spp. 
dermal and soft tissue 
infections 
Human: Enterococcus spp. 

Indicates susceptibility to tetracyclines. 
Staphylococci with reduced 
susceptibility to tetracycline or 
oxytetracycline may be susceptible to 
doxycycline or minocycline. 

Sulfonamides 
Sulfisoxazole Human: Enterobacteriaceae, 

Staphylococcus spp. 
Generally indicates susceptibility to all 
sulfonamides. Enterococci are 
inherently resistant to sulfonamides so 
these isolates will always be reported 
as resistant. 

Trimethoprim/ 
sulfamethoxazole 

Human: Enterobacteriaceae, 
Staphylococcus spp. 

Indicates general susceptibility to 
sulfonamides in combination with 
trimethoprim. Enterococci are 
inherently resistant to 
trimethoprim/sulfamethoxazole so 
these isolates will always be reported 
as resistant. 
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Ormetoprim/sulfa  There is no data on the ability of 
trimethoprim/sulfamethoxazole results 
to predict susceptibility to ormetoprim 
combinations. 

Macrolides/Lincosamides 
Clindamycin Canine: β-hemolytic 

Streptococci spp dermal and 
soft tissue infections 

Also indicates susceptibility to 
lincomycin. If staphylococci are 
reported as susceptible to clindamycin 
but resistant to erythromycin, the D-
test should be done to check for 
inducible resistance that renders 
clindamycin ineffective. Enterococci 
are inherently resistant to clindamycin 
so these isolates will always be 
reported as resistant. 

Erythromycin Human: Streptococcus spp.  Generally predicts susceptibility to 
azithromycin and clarithromycin. 

Phenicols 
Chloramphenicol Canine: Pasteurella multocida 

dermal and soft tissues 
Human: Enterococcus spp.  

Typically has activity against 
staphylococci (including methicillin-
resistant isolates), enterococci and E. 
coli (including ESBL-producing 
isolates). Can only be used for short 
duration of treatment in cats due to 
toxicity. Clinical use is limited due to 
human health concerns.  

Fluoroquinolones 
Enrofloxacin Canine: Enterobacteriaceae, 

Staphylococcus spp., 
Streptococcus spp.  dermal, 
respiratory, soft tissue and 
urinary tract infections 
Feline: Enterobacteriaceae, 
Pseudomonas aeruginosa, 
Streptococcus spp. dermal and 
soft tissue infections 

Generally indicates susceptibility to 
veterinary fluoroquinolones including 
marbofloxacin, difloxacin, and 
orbifloxacin. Ciprofloxacin (human) has 
the greatest activity of all the 
fluoroquinolones against 
Pseudomonas spp. but it has less ideal 
pharmacokinetics than veterinary 
fluoroquinolones. 

Pradofloxacin Canine: Enterobacteriaceae, 
Staphylococcus 
pseudintermedius dermal and 
urinary tract infections 
Feline: Enterobacteriaceae, 
Pasteurella multocida, 
Staphylococcus 
pseudintermedius, 
Staphylococcus aureus, 
Staphylococcus felis, 
Streptococcus canis dermal, 
respiratory and urinary tract 
infections. 

Pradofloxacin differs in that it has 
activity against anaerobic bacteria and 
many pathogens will remain 
susceptible to pradofloxacin while 
testing resistant to other 
fluoroquinolones. 

Aminoglycosides 
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Amikacin Canine: E. coli, Pseudomonas 
aeruginosa, Staphylococcus 
spp., Streptococcus spp. 

Active against Gram negative enterics 
and staphylococci (including 
methicillin-resistant isolates). Less 
active against streptococci but more 
active against Pseudomonas spp. than 
other aminoglycosides. Enterococci 
are inherently resistant to 
aminoglycosides so these isolates will 
always be reported as resistant.10 
Clinical use limited by pharmacokinetic 
properties and toxicity. 

Gentamicin Canine: Enterobacteriaceae, 
Pseudomonas aeruginosa 

Active against Gram negative enterics 
and staphylococci (including some 
methicillin-resistant isolates). Usually 
active against Pseudomonas spp. but 
more susceptible to enzymatic 
resistance than amikacin. Enterococci 
are inherently resistant to 
aminoglycosides so these isolates will 
always be reported as resistant.6,10 
Clinical use limited by pharmacokinetic 
properties and toxicity. 

Limited Use Antimicrobials 
Nitrofurantoin Human: Enterococcus spp., 

Enterobacteriaceae 
Due to PK, is used exclusively for 
uncomplicated UTIs. Usually has 
activity against E coli (including ESBL-
producing isolates), enterococci and 
staphylococci (including methicillin-
resistant isolates). Proteus mirabilis is 
intrinsically resistant. 

Fusidic acid Human: Staphylococcus spp. Topical product for the treatment of 
methicillin-resistant staphylococci. 

Rifampin Human: Staphylococcus spp. Typically active against methicillin-
resistant staphylococci. Use is limited 
due to hepatotoxicity. Should not be 
used as monotherapy as resistance 
rapidly emerges with use. 

Imipenem Human: Enterobacteriaceae, 
Pseudomonas aeruginosa 

Indicates susceptibility to 
carbapenems including meropenem. A 
“last resort” treatment in human 
medicine so use in veterinary medicine 
should be strictly limited. Methicillin-
resistant staphylococci will be resistant 
to imipenem.  

Vancomycin Human: Enterococcus spp., 
Staphylococcus aureus, 
coagulative negative 
Staphylococcus spp. 

“Last resort” treatment for Gram-
positive infections such as enterococci 
and methicillin-resistant staphylococci 
in humans so use in veterinary 
medicine should be strictly limited. 

References available on request. 
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OPTIMIZING ANTIMICROBIAL THERAPY OF MUSCULOSKELETAL INFECTIONS 

Trisha Dowling, DVM, MSc, DACVIM (LAIM) & DACVCP  
Professor, Veterinary Clinical Pharmacology  
Western College of Veterinary Medicine  
 

Concerns regarding bacterial resistance to antimicrobials are increasing the awareness of 
rational use in human and veterinary medicine. Because of the variety of pathogens involved in 
musculoskeletal infections, appropriate samples must be submitted for microbiological culture 
and susceptibility testing. Because of the devastating consequences of soft tissue, bone, joint or 
tendon sheath infections, aggressive antimicrobial therapy must be initiated as soon is there 
sufficient evidence of infection. While awaiting culture results, initial antimicrobial selection can 
be chosen based on the clinical case characteristics and retrospective studies. A successful 
antimicrobial dosage regimen depends on both a measure of drug exposure (pharmacokinetics, 
PK) and a measure of the potency of the drug against the infecting organism 
(pharmacodynamics, PD). In relating the PK and PD parameters to clinical efficacy, 
antimicrobial drug action is classified as either concentration-dependent or time-dependent.  

Concentration-dependent Antimicrobials 

For antimicrobials whose efficacy is concentration-dependent, high plasma concentrations 
relative to the MIC of the pathogen (Cmax:MIC) and the area under the plasma concentration-
time curve that is above the bacterial MIC during the dosage interval (area under the inhibitory 
curve, AUC0-24 hr:MIC) are the major determinants of clinical efficacy. These drugs also have 
prolonged post-antibiotic effects, thereby allowing once a day dosing while maintaining 
maximum clinical efficacy. For fluoroquinolones (enrofloxacin, orbifloxacin, marbofloxacin, 
pradofloxacin), clinical efficacy is associated with achieving either a AUC0-24 hr:MIC >125 or a 
Cmax:MIC>10. For aminoglycosides (gentamicin, amikacin), achieving a Cmax:MIC>10 is 
considered optimal for efficacy. Other antimicrobials that appear to have concentration-
dependent activity include metronidazole (Cmax:MIC>10-25) and azithromycin (AUC0-24 
hr:MIC>25). For some pathogens, such as Pseudomonas aeruginosa, achieving the optimum 
PK/PD ratios may be impossible with label or even higher than label dosages. In such cases, 
under dosing is ineffective and merely contributes to antimicrobial resistance. 

Time-dependent Antimicrobials 

For antimicrobials whose efficacy is time-dependent, the time during which the antimicrobial 
concentration exceeds the MIC of the pathogen determines clinical efficacy (T>MIC). Typically, 
exceeding the MIC by 1-5 multiples for between 40-100% of the dosage interval is appropriate 
for time-dependent killers. The T>MIC should be closer to 100% for bacteriostatic antimicrobials 
and for patients that are immunosuppressed. So these drugs typically require frequent dosing or 
constant rate infusions for appropriate therapy. The penicillins, cephalosporins, most macrolides 
and lincosamides, tetracyclines, chloramphenicol and the potentiated sulfonamides are 
considered time-dependent antimicrobials. 

Soft Tissue Infections 

Soft tissue infections are usually the result of trauma and typically are due to skin flora (initially) 
and opportunists (eg, Pseudomonas) taking advantage of necrotic tissues and antimicrobial 
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therapy that addresses the initial infection. Immunosuppressive diseases, injection site 
infections and contaminated surgical procedures can also result in soft tissue infections. Soft 
tissue infections can be relatively minor and easily treated or can turn into severe cellulitis and 
necrotizing fasciitis and septic shock. In small animals, E coli, Streptococcus canis and 
methicillin resistant Staphylococcus aureus (MRSA) Staphylococcus pseudintermedius (MRSP) 
are frequently isolated from severe and often fatal cases.  

Osteomyelitis 

Osteomyelitis is acute or chronic inflammation of the bone and its structures secondary to 
infection with pyogenic organisms. The infection can be limited to a single portion of bone or can 
involve several regions such as the marrow, cortex, periosteum, the surrounding soft tissue and 
the synovial structures at the ends of the bone. Osteomyelitis can be hematogenous, traumatic 
or iatrogenic in origin. Hematogenous infections are seen almost exclusively in septic neonates 
and typically occur in a joint, epiphysis, or physis. In young animals, the endothelium of 
capillaries in the epiphysis is discontinuous, which allows extravasation of bacteria. Blood 
leukocytes are absent from this area, so tissue macrophages are the sole defense against 
bacterial invasion. Traumatic infections are usually secondary to a laceration or puncture wound 
and can infect bone, joint, tendon sheath and/or bursa and often involve multiple organisms. 
Iatrogenic infections are usually secondary to surgical procedures with or without implants. 
Osteomyelitis associated with implants presents the greatest treatment challenge, so broad-
spectrum prophylactic antimicrobial therapy is indicated with any procedure that requires 
surgical implants.  

The bacteria involved in osteomyelitis have a range of extracellular and cell-associated factors 
that contribute to their virulence. Bacterial adhesins promote attachment to extracellular matrix 
proteins, which is crucial for colonisation of host tissues and implanted biomaterials. 
Staphylococcus aureus expresses several adhesins on its surface, each specifically interacting 
with one host protein component, such as fibrinogen, fibronectin, collagen, vitronectin, laminin, 
thrombospondin, bone sialoprotein, elastin, or von Willebrand factor. Other bacterial factors 
promote evasion from host defences (protein A, some toxins, capsular polysaccharides). A third 
set promotes invasion or tissue penetration by specifically attacking host cells (exotoxins) or 
degrading components of extracellular matrix (various hydrolases). Some pathogens involved in 
osteomyelitis produce biofilm, populations of bacteria that attach to a surface or to each other 
and embedded in a matrix of extracellular polymeric substance. Biofilm bacteria show altered 
phenotypes in terms of growth, gene expression, and protein production. Biofilms act as a 
diffusion barrier, slowing down the penetration of antimicrobials. Chronic osteomyelitis is 
characterised by infected necrotic bone and poor local vascularisation within a compromised 
soft-tissue envelope. Systemic symptoms generally subside, but one or more foci in the bone 
still contain infected tissue or a sequestrum. The infected foci are surrounded by sclerotic, 
avascular bone covered by a thickened periosteum and scarred muscle and subcutaneous 
tissue. This avascular envelope makes systemic antibiotics essentially ineffective. Intermittent 
exacerbations can occur for years and only respond temporarily to antimicrobials. 

Osteomyelitis in dogs and cats is often associated with orthopedic surgical procedures. It is 
most commonly caused by Staphylococcus pseudintermedius, but there are increasing reports 
of MRSA and MRSP infections. With trauma, infections may be polymicrobial, and may include 
mixtures of streptococci, enterococci, E. coli, Klebsiella spp., Pseudomonas spp. and anaerobic 
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bacteria. Hematogenous osteomyelitis is more common in young dogs or cats and only rarely 
occurs in adults. 

In acute osteomyelitis, parenteral treatment should start as soon as culture specimens are taken 
and be administered in high doses for at least 3 weeks and changed if necessary depending on 
susceptibility test results. Antimicrobial therapy alone is adequate for the treatment of most 
cases of acute osteomyelitis, but chronic osteomyelitis requires aggressive and prolonged 
treatment which achieves pharmacodynamically appropriate, local concentrations of bactericidal 
drugs. Apart from antimicrobial therapy, the cornerstones of osteomyelitis treatment include 
debridement and sequestrectomy, open wound drainage, fracture stabilization, and grafting of 
bone deficits. Thorough debridement of bone and soft tissue to remove necrotic debris, purulent 
material, and avascular bone is imperative for treatment success. Wound debridement should 
be combined with appropriate stabilization of unstable fractures and mineralization or removal of 
metallic implants. Stable fractures can heal in the face of infection. Most antimicrobials traverse 
the capillary membrane in normal and infected bone, and concentrations in bone closely parallel 
plasma concentrations. Vascular thrombosis and ischemia of infected bone and synovium can 
limit the delivery of systemic antimicrobials in sufficient concentrations to eradicate the infection. 
Antimicrobial therapy should be with bactericidal drugs, ideally administered parenterally for 2 
weeks with subsequent orally administered drugs for a further 4-6 weeks.  

Septic Arthritis  

Septic arthritis is inflammation of the joint space caused by a variety of opportunist pathogens 
that reach the joint hematogenously, by puncture, or by extension from adjacent infected 
tissues. The normal joint can withstand a large bacterial challenge, but with sufficient virulence 
and pathogenicity, the synovial defenses are overcome and infection is successfully 
established. With colonization of the synovium, a variety of enzymes, free radicals, and other 
inflammatory mediators initiate a marked synovial inflammatory response. In traumatic septic 
arthritis, a variety of Gram-positive and Gram-negative bacteria are typical, whereas S. aureus 
and S. pseudintermedius are the usual isolates from iatrogenic infections.  

Prophylactic Antimicrobial Therapy 

The use of prophylactic antimicrobials in orthopedic surgical patients is routine, but much of the 
use is irrational with respect to choice of antimicrobial, timing, duration, and selection of surgical 
cases requiring prophylaxis. Prophylactic antimicrobials are extensively evaluated in human 
medicine and veterinarians should follow their recommendations: 

1. antimicrobials are only indicated in clean-contaminated, contaminated, or dirty 
procedures, not clean procedures (except with surgical implants are placed); 

2. antimicrobials should be administered pre-operatively and intravenously, ideally within 1 
hour of incision;  

3. antimicrobials should target the predicted bacterial contaminants;  
4. antimicrobials should be restricted to a single dose, unless there is contamination of the 

surgical site or known pre-existing infection;  
5. dosing can be repeated intra-operatively if more than 2 drug half-lives have passed after 

the first dose.  

There is limited data on the most appropriate choices for prophylaxis in veterinary patients. 
Factors such as cost, elimination half-life, safety, and antimicrobial resistance favour the use of 
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older, relatively narrow-spectrum drugs. The use of newer, broad-spectrum drugs (e.g., third 
generation cephalosporins), should be avoided in surgical prophylaxis to limit emergence of 
bacteria resistant to these antimicrobial agents. In the only published veterinary controlled trial 
of prophylactic antimicrobial therapy in dogs undergoing elective orthopedic surgery, 
prophylaxis decreased postoperative infection rate, but potassium penicillin G was as 
efficacious as cefazolin.  

Systemic Antimicrobial Therapy 

For most musculoskeletal infections caused by beta-lactamase producing staphylococci, 
cephalosporins, clindamycin, amoxicillin-clavulanic acid or ampicillin-sulbactam will be effective. 
But increasing rates of MRSA and MRSP infections are limiting the efficacy of these choices. 
Newer human macrolide antimicrobials (azithromycin, clarithromycin) may be efficacious. 
Clindamycin and metronidazole are used for anaerobic infections. Chloramphenicol and 
doxycycline are often the only reasonable systemic choices for methicillin-resistant 
staphylococci. The aminoglycosides and fluoroquinolones typically have good activity against 
staphylococci, along with excellent activity against Gram-negative pathogens. While amikacin 
usually has good activity against Pseudomonas spp. and methicillin-resistant staphylococci, it 
has poor activity against streptococci compared to gentamicin. Because of nephrotoxicity and 
ototoxicity related to duration of treatment, the aminoglycosides are often reserved for treatment 
of musculoskeletal infections by local delivery techniques. The fluoroquinolones have excellent 
broad-spectrum antimicrobial activity, good safety profiles and the availability of injectable and 
oral formulations make them popular choices for treatment musculoskeletal. However, 
resistance in MRSA and MRSP is increasingly limiting the utility of these antimicrobials. 

Local Antimicrobial Drug Delivery 

Antimicrobial Impregnated Beads 

Polymethylmethacrylate (PMMA) is a synthetic polymer product marketed in the powder form in 
North America. Antimicrobials in powder form can be added to the polymer to make non-
biodegradable antimicrobial impregnated implants for the treatment of osteomyelitis. 
Antimicrobials used to make PMMA beads must be heat stable, as the combination of the liquid 
monomer and the powder polymer produces an exothermic reaction. Release of an 
antimicrobial from PMMA is bimodal. There is a rapid release during the first 24 hours after 
implantation followed by a continuous sustained release that can last from weeks to years. 
Amikacin PMMA beads are useful in the treatment of MRSA and MRSP infections. 

Honey 

Honey is becoming popular as a wound treatment due to the increasing incidence of 
antimicrobial resistant pathogens. Honey has an antibacterial effects against bacteria including 
Pseudomonas. Some strains of MRSA (methicillin resistant Staphylococcus aureus) and VRE 
(vancomycin resistant enterococci) are also susceptible to honey. Honey is antimicrobial 
because it is hyperosmotic, has a low pH (3.6), and produces hydrogen peroxide. Hydrogen 
peroxide is produced from honey as a result of a reaction of the enzyme glucose oxidase 
(created by the bee) with the glucose. This reaction occurs after the honey has been diluted in 
the wound. Honey also appears to have significant anti-inflammatory activity. For wound 
management, honey should be 'medical grade', which ensures that it has been sterilized by 
gamma irradiation and has a standardized antibacterial activity; only these honey products can 
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be registered as medical devices. Honey produced as a food often is not well filtered, and may 
contain various particles in it and may contain viable spores, including clostridia (eg, Cl. 
botulinum). Large amounts of honey need to be applied to a wound to achieve adequate 
potency. Although it is viscous or even solid at room temperature, honey becomes very fluid at 
body temperature and even more fluid if diluted with proportionally small volumes of exudate. It 
is therefore very important that sufficient honey is applied to a wound and it is kept in place to 
be efficacious. 

Mupirocin 

Mupirocin (Bactroban®) is an antimicrobial ointment used in the topical treatment of 
staphylococcal infections. It binds to bacterial transfer RNA synthetase and inhibits bacterial 
protein synthesis and cell wall formation. With topical application, there is virtually no systemic 
absorption. But it does penetrate inflamed tissues very well and is active in the presence of 
purulent debris. It can be used topically in the treatment of staph pyoderma in dogs and other 
animals. 

Silver Sulfadiazine  

Flamazine® (1% cream) is approved in humans for the treatment of leg ulcers, burns, skin 
grafts, incisions and other clean lesions, abrasions, minor cuts and wounds. It is especially 
indicated in the treatment and prophylaxis of infection in serious burn victims because of its 
activity against Pseudomonas. After exposure to silver sulfadiazine, structural changes in the 
bacterial cell membrane occur, including distortion and enlargement of the cell and disruption of 
the cell wall membrane. In people, up to 10% of the sulfadiazine may be absorbed and 60-85 % 
of the absorbed sulfadiazine is excreted in the urine. This product may cause reactions in 
animals sensitive to sulfonamides (eg, Dobermans). 

Nanosilver 

Acticote™ wound dressings utilize nanotechnology to release nanocrystalline silver crystals. 
Because of the extremely small size of the nanocrystalline silver molecules, Acticoat™ silver is 
quickly absorbed into the dressing and delivers an extremely high concentration of ionic silver, 
effectively killing a broad range of bacteria. Bacterial killing occurs by 30 minutes after 
inoculation with the dressing, while it takes 2 to 4 hours for silver nitrate and silver sulfadazine to 
achieve the same result. Acticoat™ can be used as a protective covering over skin grafts; it is 
ant-inflammatory and facilitates wound healing. In human clinical trials, nanocrystalline silver for 
wound management is cost effective, reduces infection, decreases the frequency of dressing 
changes and pain levels, decreases matrix metalloproteinase activity, wound exudate and 
bioburden levels, and promotes wound healing in chronic wounds. 

References available upon request. 
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Surgical	Site	Infections:	Make	Them	Stop!	
Ameet	Singh		DVM,	DVSc,	Diplomate	ACVS	
	
Introduction	
Despite	modern	advances	in	surgical	technique	and	the	use	of	perioperative	antimicrobial	
prophylaxis,	surgical	site	infections	(SSIs)	remain	a	frustrating	complication	in	small	animal	
surgery.		In	fact,	the	incidence	of	SSIs	may	be	on	the	rise	as	more	advanced	procedures	are	
being	performed	in	older	patients.		It	is	not	practical	to	think	that	SSIs	can	be	completely	
eliminated;	however,	important	strategies	for	identification	of	high-risk	patients	and	
prevention	exist	in	order	to	reduce	their	impact.		Of	further	challenge	in	the	prevention	and	
treatment	of	SSIs	in	veterinary	medicine	is	the	rise	of	multidrug	resistant	bacteria	that	are	
difficult	to	treat	and	may	have	important	zoonotic	consequences.	
	
Definition	of	a	Surgical	Site	Infection	
It	is	important	to	standardize	definitions	of	SSIs	to	allow	for	objective	identification	and	
future	comparative	evaluations.		The	United	States	Centers	for	Disease	Control	(CDC)	and	
Prevention	has	developed	a	system	for	defining	SSIs,	and	can	readily	be	applied	to	
veterinary	patients	(TABLE	1).		Even	though	this	definition	system	allows	for	subjective	
diagnosis	of	SSIs	by	the	attending	clinician,	it	is	recommended	that	a	wound	sample	be	
obtained	in	all	cases	for	bacterial	culture	and	sensitivity	to	guide	antimicrobial	treatment.		
This	system	categorizes	infections	into	incisional	versus	organ	space	and	further	classifies	
incisional	infections	into	superficial	and	deep.		Examples	of	each	category	would	be	
osteomyelitis	following	tibial	plateau	leveling	osteotomy	(deep	incisional)	and	pyothorax	
following	a	thoracic	procedure	(organ	space).			
	
Table	1.	SSI	definitions	

Category	 Criteria	

Superficial	SSI	 -	Within	30d	
-	Skin	and/or	subcutaneous	tissues	
-	1	or	more	of:	
Pus	
Bacteria	
Diagnosis	by	a	surgeon		
Heat,	redness,	pain	OR	localized	swelling	AND	incision	reopened	by	surgeon	UNLESS	
culture	negative	

Deep	SSI	 -Within	30d,	1	yr	if	implant	
-Deep	soft	tissues	of	the	incision	
-1	or	more	of:	
Pus	
Spontaneous	dehiscence	of	deeper	incision	OR	incision	is	deliberately	opened	when	
patient	has	fever,	localized	pain	OR	tenderness	UNLESS	culture	negative	
Abscess	or	other	evidence	of	infection	on	imaging	or	histology	

Organ/Space	
SSI	

-Within	30d,	1	yr	if	implant	
-Any	area	other	than	the	incision	that	was	encountered	during	surgery	
-1	or	more	of	
Pus	
Bacteria	
Abscess	or	other	evidence	of	infection	on	exam,	re-operation,	histology	or	imaging	
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Incidence	
Nosocomial	or	healthcare-associated	infections	pose	a	tremendous	challenge	in	veterinary	
and	human	medicine.		SSIs	are	one	of	the	leading	causes	of	nosocomial	infections	in	humans	
and	account	for	~40%	of	these	infections	in	surgical	patients.		Similar	scrutiny	and	
quantification	of	SSIs	have	not	been	performed	in	small	animal	surgery,	however,	various	
studies	have	provided	SSI	rates	of	0.8-18%	of	surgical	procedures.		A	recent	study	at	the	
Ontario	Veterinary	College	Health	Sciences	Center	(OVCHSC)	which	enrolled	~1000	
consecutive	dogs	or	cats	undergoing	surgery	revealed	an	overall	SSI	rate	of	2.9%.		
Orthopedic	surgical	procedures	had	a	significantly	higher	rate	of	SSIs	compared	with	soft	
tissue	and	neurologic	procedures.			
	
Impact		
SSIs	can	have	a	significant	impact	for	the	patient,	pet	owner,	and	veterinary	care-givers	
including	prolonged	hospitalization,	increased	treatment	costs,	additional	surgery,	poor	
cosmesis,	risk	of	drug	side	effects	and	patient	death.		Additional	important	consequences	
include,	pet	owner	frustration	and	grief,	veterinary	care-giver	frustration	and	grief,	negative	
public	perception	and	potential	liability.		Fortunately,	SSIs	are	a	rare	complication.		
However,	their	economic	and	emotional	impact	for	the	pet	owner	and	veterinarian	should	
not	be	overlooked.	
	
Biofilm-Theory	of	Infection		
It	has	been	well	described	that	bacteria	prefer	a	community-based	lifestyle	as	this	provides	
a	survival	advantage	compared	to	a	nomadic	existence.		Bacterial	biofilms	are	defined	as	a	
community	of	bacterial	cells	enclosed	within	a	self-produced	polymeric	matrix	
(predominantly	carbohydrates)	adherent	to	a	living	or	non-living	surface.		Bacterial	
biofilms	are	of	great	importance	as	they	account	for	>80%	of	infections	in	humans.			
Within	a	biofilm,	bacteria	are	protected	from	the	host	immune	response	and	antimicrobials.		
Furthermore,	bacteria	embedded	within	a	biofilm	undergo	a	lifestyle	change	and	reduce	
their	metabolism	and	growth	rates,	which	provides	an	additional	survival	advantage	as	
many	antimicrobials	target	actively	growing	bacteria.		It	has	been	shown	that	biofilm	
bacteria	can	be	up	to	1000x	more	resistant	to	antimicrobials	compared	with	their	free-
living	counterparts!		Within	a	biofilm,	bacteria	are	also	able	to	communicate	with	each	
other,	termed	quorum	sensing.			
We	now	assume	that	chronic	and	implant-related	infections	are	the	result	of	biofilms.		
Further	evaluation	of	the	biofilm-forming	ability	of	common	pathogens	found	in	veterinary	
medicine	is	required	in	order	to	optimize	treatment	and	prevention	strategies.	
	
Risk	Factors	for	SSI	
Each	time	a	surgeon	creates	a	wound,	it	will	become	contaminated	with	bacteria.		However,	
only	a	small	number	of	incisions	will	turn	into	SSIs.		Several	risk	factors	have	been	identified	
in	veterinary	patients	for	development	of	SSIs:	

• Degree	of	bacterial	contamination	in	the	wound	(Table	2)	
• Clipping	of	surgical	site	prior	to	induction	of	anesthesia	
• Duration	of	surgery	–	risk	doubles	for	every	hour	of	surgery	time	
• Duration	of	anesthesia	–	30%	greater	risk	for	each	additional	hour	
• Propofol	
• Presence	of	an	endocrinopathy	(particularly	diabetes	mellitus)	
• Number	of	people	in	operating	room	–	30%	greater	risk	for	each	additional	person	
• Tibial	plateau	leveling	osteotomy	
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• Orthopedic	surgery	
	
Table	2	–	National	Research	Council	risk	index	for	SSI	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Strategies	for	SSI	Prevention	
Because	of	the	tremendous	impact	that	SSIs	can	have,	both	on	patients	and	pet	owners,	
practitioners	should	focus	on	preventive	strategies.		These	are	based	on	reducing	the	risk	
and	improving	the	ability	of	the	patient	to	eliminate	bacterial	contamination.		The	strategies	
discussed	have	been	adopted	from	human	surgical	practice	as	these	measures	have	not	yet	
been	validated	in	veterinary	medicine.	
	
Preoperative	Strategies	
These	strategies	focus	on	managing	patient	risk	factors,	patient	preparation	and	
appropriate	presurgical	hand	asepsis	of	the	surgical	team.		Patient	factors	(e.g.	distant	
infections,	treatment	of	endocrinopathy,	obesity)	should	be	addressed	prior	to	surgery	for	
elective	procedures.		Preparation	of	the	patient	and	surgical	site	is	an	important	
consideration	as	this	should	reduce	potential	opportunistic	pathogens	while	not	creating	an	
environment	that	will	enhance	or	favor	SSIs.		Presurgical	hand	asepsis	of	the	surgical	team	
is	a	long-standing	practice.		Recently,	the	use	of	alcohol-based	rubs	has	been	shown	to	be	
more	effective	than	scrubbing	techniques.		If	standard	scrubbing	is	performed,	it	is	
important	to	use	the	sponge	side	only	as	the	use	of	brushes	can	be	more	damaging	to	the	
skin.		Antimicrobial	prophylaxis	is	an	important	and	controversial	subject.		Prophylaxis	in	
clean-contaminated,	contaminated	and	dirty	procedures	is	indicated,	however,	use	in	clean	
procedures	requires	further	study.		The	goal	of	prophylaxis	is	to	reduce	intraoperative	
contamination	to	a	level	where	the	patient’s	defenses	can	easily	remove	bacterial	burden.		
Selection	of	antimicrobials	for	prophylaxis	should	be	based	on	the	most	common	pathogens	
likely	to	be	encountered	and	should	be	administered	prior	to	incision	so	that	bactericidal	
concentrations	in	the	serum	and	tissues	are	present.			
	
Perioperative	Strategies	
As	surgical	time	has	been	shown	to	be	a	risk	factor	for	SSI	in	veterinary	medicine,	efficiency	
is	an	important	consideration.		Also,	adherence	to	Halsted’s	principles	(gentle	handling	of	
tissue,	strict	aseptic	technique,	sharp	dissection	of	tissues,	appropriate	hemostasis,	removal	

Class	 Description	

Clean	 Non-traumatic,	uninfected	
No	break	in	aseptic	technique	
No	inflammation	encountered	
Elective,	primarily	closed,	no	drains	

Clean-Contaminated	 Controlled	entry	into	hollow	viscus	
Minor	break	in	aseptic	technique	

Contaminated	 Open,	fresh	traumatic	wound	
Incision	into	a	site	with	acute,	nonpurulent	inflammation	
Major	break	in	aseptic	technique	

Dirty	 Pus	encountered	
Perforated	viscus	
Traumatic	wound	with	devitalized	material	
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of	devitalized	tissue	and	foreign	bodies,	obliteration	of	dead	space	and	avoiding	tension)	is	a	
requirement	when	performing	any	surgical	procedure.		The	use	of	caps,	masks,	gloves,	and	
gowns	by	all	members	of	the	surgical	team	should	be	used	to	minimize	contamination	of	the	
surgical	wound.	
	
Postoperative	Strategies	
An	SSI	can	occur	up	to	30	days	after	a	surgical	procedure	and	the	risk	remains	for	as	long	as	
1	year	if	an	implant	(e.g.	bone	plate	or	total	hip	prosthesis)	was	placed.		The	incision	should	
be	protected	from	contamination	by	the	patient’s	own	flora,	the	hands	of	medical	caregivers	
or	the	environment	for	a	minimum	of	24-48	hours.		Appropriate	hand	hygiene	when	
handling	the	surgical	site	is	of	great	importance	as	it	has	been	shown	that	hands	of	medical	
caregivers	are	a	leading	cause	of	SSIs	in	human	hospitals.		Pet	owners	must	be	made	aware	
and	counseled	on	signs	of	SSIs.		Prompt	evaluation	by	a	veterinarian	should	be	encouraged	
if	concerns	about	incisional	health	or	integrity	arise.		Post-operative	continuation	of	
antimicrobial	prophylaxis	should	be	discontinued	as	this	practice	could	lead	to	an	increased	
risk	of	SSIs.			
	
Surveillance	
In	human	surgical	practice	it	has	been	shown	that	surveillance	of	SSIs	and	reporting	this	
data	back	to	surgeons	is	an	important	measure	in	reducing	the	risk	of	SSIs.		The	exact	
mechanism	by	which	this	reduction	in	SSIs	rate	occurs	is	not	completely	understood,	
however,	it	has	been	speculated	that	the	Hawthorne	effect	(improvements	in	technique	by	
subjects	when	they	know	they	are	being	watched)	plays	an	important	role.		SSIs	
surveillance	in	veterinary	medicine	is	at	its	infancy,	yet	it	is	still	recommended	that	
practitioners	initiate	a	post-discharge	procedure	specific	surveillance	program	to	document	
baseline	SSI	rates.		With	this	data,	the	early	stages	of	an	outbreak	can	be	identified	and	
appropriate	measures	taken	to	prevent	further	development.		
	
Conclusions	
SSIs	are	substantial	cause	of	morbidity	for	our	patients	and	increase	treatment	costs	for	pet	
owners.		With	the	rapid	emergence	of	multi-drug	resistant	bacteria,	SSIs	will	continue	to	be	
a	challenge	to	treat.		Strict	adherence	to	preventive	strategies	and	appropriate	SSI	
surveillance	will	help	reduce	the	risk	of	SSIs.			
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UPDATE ON FLEAD BOURNE ZOONOSES 
 
Michael R. Lappin, DVM, PhD, DACVIM 
The Kenneth W. Smith Professor in Small Animal Clinical Veterinary Medicine 
 
There are multiple vector borne diseases in cats and dogs; those transmitted by ticks (multiple 
agents), fleas (multiple agents), mosquitoes (Dirofilaria immitis) or sandflies (Leishmania spp.) are 
among the most common.   The Companion Animal Parasite Council (www.capcvet.org), 
European Scientific Counsel Companion Animal Parasites (www.esccap.org/guidelinies/)m and the 
Companion Vector Borne Diseases (www.cvbd.com) are excellent sources of information about 
vector borne diseases.   
 
As high as 80% of fleas collected from cats contain at least one organism that could induce 
illness in cats or people.  The purpose of this review is provide an update on the diagnosis and 
management of flea bourne diseases of significance.   Bartonella spp., hemoplasmas, and 
Rickettsia felis will be emphasized.  Please also see the AAFP Panel report on feline 
bartonellosis www.catvets.com.  
 
Bartonellosis.  A number of Bartonella spp. including B. henselae, B. clarridgeiae, B. 
koehlerae, B. quintana and B. bovis have been cultured or amplified from client-owned cats with 
fever.  Dogs are usually infected with B. vinsonii.  Fever following experimental inoculation with 
B. henselae has been documented in a number of studies including a recent study in our 
laboratory where the CSU-1 strain of B. henselae induced significant fever in three of six cats 
after exposure to infected C. felis.  None of the six cats administered imidacloprid-moxidectin in 
that study became infected or febrile.  However, not all strains or Bartonella spp. induce fever in 
all cats; for example in the imidacloprid-moxidectin study, cats inoculated with the same strain 
intravenously failed to develop fever.  Whether fever will occur during Bartonella spp. infection is 
likely a complex interaction that is influenced by both host and organism factors.   
 
As B. henselae, B. clarridgeiae, B. koehlerae are transmitted by fleas, bacteremia and antibody 
positive rates can be very high.  For example, serum antibodies were detected in 93% of cats 
housed in a North Carolina shelter and Bartonella spp. DNA was amplified from the blood of > 
50% of cats housed in Alabama or Florida shelters.  The majority of these cats were thought to 
be normal which emphasizes that fever from bartonellosis cannot be documented by test results 
alone.  In one study of pair matched cats with or without fever, serum Bartonella antibodies 
detected by ELISA or Western blot immunoassay were not correlated to the presence of fever.  
In addition, serum antibody test results are negative in between 3 and 15% of bacteremic cats.  
Thus, if a cat with fever is to be evaluated for Bartonella spp. infection the combination of blood 
culture or PCR assay on blood, and serologic testing will detect the greatest number of cats that 
are currently or previously infected.  Febrile cats that are seronegative and negative for 
Bartonella spp. in blood by culture or Bartonella spp. DNA in blood are unlikely to have the 
organism as the cause of fever.  However, addition of blood culture using BAPGM media is 
more sensitive that routine culture (www.galaxydx.com). 
 
Fever, lymphadenopathy, uveitis, endocarditis, myocarditis, osteomyelitis, and 
hyperglobulinemia appear to be the most common manifestations of bartonellosis in cats.  
Osteomyelitis has recently been documented in infected cats.  Upper respiratory tract disease, 
stomatitis, conjunctivitis, and pancreatitis do not seem to be associated with feline bartonellosis.  
If fever or other acute signs from bartonellosis is suspected in a cat, administration of 
doxycycline is usually effective but does not eliminate infection.  The AAFP Panel Report on 
Bartonellosis (www.catvets.com) recommended doxycycline at 10 mg/kg, PO, daily for 7 days 
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as the initial therapeutic trial.  If gastric irritation is occurring, dividing the drug into 2 doses per 
day is acceptable.  If a positive response is achieved, continue treatment for 2 weeks past 
clinical resolution of disease or for a minimum of 28 days.  If a poor response is achieved by day 
7 or doxycycline is not tolerated and bartonellosis is still considered a valid differential 
diagnosis, fluoroquinolones are appropriate second choices.  In experimental or field studies, 
administration of enrofloxacin or orbifloxacin have led to rapid resolution of fever in cats with 
presumed bartonellosis.  Azithromycin is now considered contraindicated because of rapid 
induction of resistance.  Pradofloxacin (Veraflox; Bayer Animal Health) at 7.5 mg/kg, PO, once 
daily is considered by many to be the optimal drug for treatment of clinical bartonellosis as it is 
the least likely to induce resistant strains.  Use of imidacloprid containing products (Advantage 
Multi [Advocate] or Seresto Collars; Bayer Animal Health) have been shown to block 
transmission of B. henselae amongst research cats. 
 
Frequent contact with animals infested with C. felis is likely a common way to people to acquire 
bartonellosis and veterinarians have increased risk.  Cat scratch disease has been the greatest 
concern over the years but is actually not the most important manifestation in veterinarians.   It 
is now recognized that Bartonella spp. infections of people is associated with endocarditis and 
many chronic inflammatory disease syndromes that can be confused with other infection or 
immune mediated diseases like polyarthritis.   Neurobartonellosis with headaches and blurred 
vision is common.   If an animal care provider has an undiagnosed chronic inflammatory 
disease, they should be tested for bartonellosis.   The most sensitive techniques include culture 
and PCR (www.galaxydx.com). 
 
Dogs also occasionally develop clinical signs of disease after Bartonella spp. infection with 
disease occurring most commonly with B. vinsonii and B. henselae.   Endocarditis, epistaxis, 
polyarthritits, cavity effusions (vasculitis), thrombocytopenia, and hemolytic anemia are most 
common.   Dogs and people have low level Bartonella spp. bacteremia and using required 
multiple PCR or culture attempts to prove infection (www.galaxydx.com).   Dogs have variable 
serological responses and approximately 50% of clinically affected dogs are seronegative.   
Dogs will bartonellosis rarely respond to doxycycline only and dual therapy with doxycycline and 
a quinolone or azithromycin is required.   While dogs have low levels of bacteremia, needle stick 
transmission and direct transmission from dogs to humans has been documented. 
 
Hemoplasmosis.  Fever or hemolytic anemia are the most common manifestations of 
Mycoplasma haemofelis, ‘Candidatus Mycoplasma haemominutum’, or ‘Candidatus M. 
turicensis’.  In multiple studies of experimentally infected cats, M. haemofelis is apparently the 
most pathogenic species.   Dual infection with hemoplasmas may potentiate pathogenesis of 
disease.  In one study, cats with chronic ‘Candidatus Mycoplasma haemominutum’ infection had 
more severe anemia and longer duration of anemia when experimentally infected with M. 
haemofelis when compared to cats infected with M. haemofelis alone.  In one abstract, we 
reported an association between M. haemofelis and fever in cats without anemia.  Clinical signs 
of disease depend on the degree of anemia, the stage of infection, and the immune status of 
infected cats.  Direct transmission may occur with the hemoplasmas and so the agents should 
be on the differential list for cats with a history of fighting.  In dogs, M. haemocanis and 
‘Candidatus M. haematoparvum’ are most common.   These agents are rarely associated with 
hemolytic anemia or other clinical signs unless the dogs are splenectomized or otherwise 
immune suppressed. 
 
Diagnosis of hemoplasmosis is based on demonstration of the organism on the surface of 
erythrocytes on examination of a thin blood film or by PCR assay results.  Organism numbers 
fluctuate and so blood film examination can be falsely negative up to 50% of the time.  The 
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organism may be difficult to find cytologically, particularly in the chronic phase.  Thus, PCR 
assays are the tests of choice due to sensitivity.    
 
Doxycycline is often administered as a flavored suspension (to avoid esophageal strictures) at 
10 mg/kg, PO, every 24 hours for a minimum of 7 - 10 days.  In cats intolerant of doxycycline, 
enrofloxacin given at 5 mg/kg, PO, every 24 hours for 14 days was tolerated by cats and is 
equally effective or more effective than doxycycline.  Administration of marbofloxacin or 
orbifloxacin gives similar results.  Pradofloxacin (Veraflox; Bayer Animal Health) at 7.5 mg/kg, 
PO, once daily is considered the optimal drug for treatment of clinical hemoplasmosis as it is the 
only antibiotic shown to clear M. hemofelis bacteremia.  However, negative PCR assay results 
were not achieved in all cats.  Azithromycin was not effective for the treatment of 
hemoplasmosis in one study.  Most drug protocols have failed to eliminate infection and so at 
this time there is no clinical utility to repeat PCR testing.  The owners should be warned that 
recurrences may occur but are unusual. 
 
Flea associated rickettsiosis.  Rickettsia spp. are obligate intracellular gram negative bacteria 
that are divided into the spotted fever group and the typhus group. Cats can be infected by 
Rickettsia felis and have been shown to have antibodies against R. rickettsii.  Rickettsia felis 
DNA has been amplified from C. felis, C. canis, and Pulex irritans; these fleas have a worldwide 
distribution.  Ctenocephalides felis is a biological vector for R. felis; the organism can be 
transmitted transovarially and transtadially within the flea.  Clinical signs of infection is infected 
people are generally mild but include fever, headaches, and other neurological signs. 
 
Rickettsial infection is suspected to a cause of fever in cats but this has not been well 
documented.  While we have commonly amplified R. felis from C. felis (67.4% of flea extracts in 
one study), we have not amplified the organism from the blood of healthy cats or cats with fever.  
However, in one study of cats with fever  we showed R. felis and R. rickettsii antibody 
prevalence rates in cats in the USA to be 5.6% and 6.6%, respectively but neither organism was 
amplified from blood.  Similar prevalence rates have been documented in other countries.  
These results prove that cats are sometimes exposed to spotted fever group organisms but 
further data are needed to determine significance of diseases associations. It is now known that 
dogs are a more important reservoir for this agent.  Because clinical illness in cats and dogs has 
not been documented, optimal treatment is unknown.  However, based on results in dogs with 
R. rickettsia infection, doxycycline or a fluoroquinolone would be logical choices.  
 
Other agents associated with fleas.   Yersinia pestis is another important flea borne agent, 
plague is usually associated with rodent fleas.   Recently, Coxiella burnetii has been detected in 
C. felis collected in Cyprus.  Whether flea associated infections with this agent are important is 
currently being studied.  Administration of flea control to cats and dogs is indicated year round 
as these parasites also live within homes.  
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THE TRUTH ABOUT GIARDIA AND TRITRICHOMONAS INFECTIONS IN CATS 
 
Michael R. Lappin, DVM, PhD, DACVIM 
The Kenneth W. Smith Professor in Small Animal Clinical Veterinary Medicine 

 
Giardia spp.  Molecular genetic studies have demonstrated that Giardia duodenalis is a species 
complex comprising seven assemblages (A-G).  Cats most commonly harbor the cat-specific 
(F), genotype and also occasionally the assemblages A and B, the genotypes that have been 
detected in humans.  The prevalence of Giardia spp. varies based on the study population and 
is generally between 5% and 20% in cats with diarrhea.  The organism exists in 2 stages, the 
motile trophozoite and the environmentally resistant cyst.  Because trophozoites rarely survive 
for a significant period outside the host this stage is not considered infectious.  Giardia spp. is 
transmitted among cats by ingestion of cysts that have been passed in feces.  After primary 
exposure, the prepatent period for Giardia spp. infections in cats ranges from 5 to 16 days. 
Shedding of Giardia cysts by cats may fluctuate from undetectable to concentrations to > 
1,000,000 cysts/gram of feces.  Peaks of cyst shedding occur sporadically and the duration 
between any two given peaks is generally from 2 to 7 days.  Giardia cysts can survive for weeks 
to months in the environment and only a small number of cysts can cause infection.   
 
Although most of the cats infected with Giardia spp. do not show clinical signs of disease, 
diarrhea occurs in some cats.  The diarrhea is mucoid, pale, soft and has a strong odor; 
steatorrhoea may be present as well.  Mucus is common and the stool sometime contains 
traces of blood.  However, Giardia itself is not invasive.  Most infected cats are afebrile, do not 
vomit, and exhibit normal total protein and hemogram values. Co-infection of Giardia with 
Cryptosporidium or Tritrichomonas blagburni may result in more severe clinical illness that is 
more difficult to treat than Giardia infection alone.   
 
A variety of different Giardia spp. tests have been assessed for use in the cat.  There is no one 
test performed on a single fecal sample that has 100% sensitivity.  Thus, the combination of 
diagnostic tests is often indicated.  A fecal flotation using a centrifugation technique and a wet 
mount examination are indicated as primary tests for cats with diarrhea.  Results of Giardia 
antigen tests can be used to increase sensitivity of detection.  Use of a centrifugation fecal 
examination with a Giardia antigen test will give a combined sensitivity of >97%.  If co-infection 
with Cryptosporidium spp. is suspected, there is a commercially available IFA assay that can be 
used to identify both organisms that appears to work well with feline feces.  In a recent study of 
dogs, Giardia spp. PCR assay gave 40% false negative results, likely from PCR inhibitors in 
feces.  Thus, I personally only use PCR assays when I want to determine the assemblage of 
Giardia in feces.   
 
Cats with Giardia spp. infections and diarrhea are generally treated in an attempt to resolve 
diarrhea.  While dietary manipulation is often used in cats with Giardia spp. infections, most 
veterinary clinicians also prescribe drugs with anti-Giardia activity.   Metronidazole (maximum 
dose of 25 mg/kg, PO, twice daily for 7 days) has been effective in eliminating Giardia cyst 
shedding in some naturally and experimentally infected cats.  Metronidazole may also help 
correct secondary bacterial overgrowth and Clostridium perfringens overgrowth.  Signs of 
toxicity, including gastrointestinal and central nervous system toxicity have been associated with 
the administration of metronidazole in cats.  The neurological toxicity may develop following 
either chronic therapy or acute high doses. Metronidazole benzoate is generally well tolerated 
by cats; commercial products are available in some countries and the drug is available for 
formulation in the United States.  In one study of dogs, feeding the probiotic Enterococcus 
faecium SF-68 (FortiFlora®, Purina PetCare) with metronidazole gave better clinical responses 
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compared to administering metronidazole alone.  Fenbendazole (50 mg/kg, PO, daily for 5 
days) can be an effective anti-Giardia drug.  Fenbendazole should be considered for use when 
concurrent roundworm, hookworm, or Taenia infections are suspected.  Some veterinarians 
recommend dual therapy with metronidazole and fenbendazole.  Febantel (Drontal® Plus; 
febantel/pyrantel/praziquantel; Bayer Animal Health) is converted to fenbendazole and so has 
anti-Giardia effects.  When the drug was administered at 56.5 mg/kg, for 5 days to six cats, 
there was a significant decrease in cyst shedding in the treated group when compared to 
controls and four of the six treated cats stopped shedding Giardia cysts.  Alternate drugs include 
paromomycin, nitazoxanide, tinidazole, ronidazole, and quinacrine.  Albendazole can cause 
bone marrow suppression and so should not be used in cats.  Ronidazole is effective for 
giardiasis but should be reserved for use with Tritrichomonas infections, in my opinion.  In 
chronic cases or recurrent cases of suspected Giardia associated diarrhea, underlying disorders 
such as Cryptosporidium spp. infection, T. blagburni infection, inflammatory bowel disease, 
bacterial overgrowth, exocrine pancreatic insufficiency, and immunodeficiency should be 
considered. 
 
The primary Giardia prevention strategies are to avoid exposure, stress, and co-infections.  
Housing cats indoors, providing only clean water, feeding processed foods, controlling potential 
transport hosts, providing strategic deworming, and providing a clean environment may lessen 
the risk for giardiasis.  Once Giardia infection has been established in groups of cats like 
shelters, multiple cat households, or humane societies, it can be difficult to control recurrent 
infections.  In these situations, the combination of the following are used to try to control the 
problem: 1) lessen environmental contamination by thorough cleaning and disinfecting with 
quaternary ammonium compounds, 2) treatment of all cats, 3) cleaning cysts from coats of all 
cats; and 4) preventing reintroduction of infection by isolating cats with diarrhea.  Cats can be 
bathed with regular pet shampoos and thoroughly rinsed.  The perianal region can be cleaned 
with a quaternary ammonium compound, however these agents can be dermal irritants and so 
should not be in contact with the skin for more than 3-5 minutes if used.  The majority of the 
infections in humans are acquired by drinking water or swallowing contaminated water while 
swimming in lakes or swimming pools.  As discussed, cats occasionally are infected with the 
zoonotic assemblages A and B.  While the detection of the same assemblages in humans and 
cats is not conclusive evidence of zoonotic transmission, cats with diarrhea and Giardia cysts in 
feces should be considered potential human health risks and should be treated with the primary 
goal to control diarrhea.  Genotyping is available in the United States (www.dlab.colostate.edu).  
If Giardia cysts are detected on routine fecal flotation performed on a healthy cat, whether or not 
to attempt treatment should be discussed with the owner.  Drug therapy is not 100% safe or 
effective and re-infection with Giardia is common.  The Companion Animal Parasite Council 
suggests that multiple drug trials are not indicated in Giardia spp. infected cats with normal 
stools. 
 
Tritrichomonas blagburni (T. foetus of cats).  The organism parasitizes the gastrointestinal 
system of the cat.  Genetic characterization of the internal transcribed spacer 1 region found 
differences between the bovine and feline isolates. The trophozoite of T. blagburni is 10-26 µm 
long by 3-5 µm wide and has three anterior flagella.  Cats in crowded environments appear 
more likely to be infected; infection of feral cats and healthy cats is uncommon.  In an 
international cat show in the United States, 31% of 117 cats owned by 89 different breeders 
were infected.  While T. blagburni-associated diarrhea is common in kittens and young cats, 
infection is also documented in adult cats with an age range from 3 months to 13 years.  
Catteries with a recent history of refractory diarrhea, adult cats with Isospora spp. infections, 
and cats living in a facility with a decreased number of squared feet per cat were more likely to 
be infected with T. blagburni.  An increased number of T. blagburni and increased severity of 
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diarrhea was associated with co-infection with Cryptosporidium spp..  It is unknown if 
immunosuppression predisposes to chronic infection with T. blagburni.  In one study, 
administration of prednisolone did not change the fecal consistency or the frequency of positive 
results on direct fecal exams. 
 
Clinical signs can be variable ranging from subclinical infection to chronic intractable diarrhea. 
Clinical signs of disease often are intermittent and often resolve with anti-microbial therapy only 
to recur after therapy is discontinued. The diarrhea is mainly large bowel with increased 
frequency of defecation and passage of semi-formed to liquid often malodorous foul-smelling 
feces that sometimes with fresh blood and mucus. When the diarrhea is severe the anus 
becomes edematous and feces can fall from the anus. Although diarrhea maybe persistent, 
most affected cats maintain a good health and body condition. In addition, T. blagburni has also 
been detected in uterine contents of a cat with endometritis/ pyometra.  
 
A direct smear or wet mount examination should be performed on diarrhea of all cats with large 
bowel diarrhea to evaluate for the presence of T. blagburni trophozoites. Tritrichomonas 
blagburni is similar in size to Giardia, but can be differentiated by the presence of an undulating 
membrane, rapid forward motion, the lack of a concave surface, and a single nucleus.  The 
sensitivity of direct smear using samples from naturally infected cats was only 14% in one study 
and so results can be falsely negative.  The sensitivity can be improved by analyzing multiple 
fecal smears. If T. blagburni infection is still suspected after the initial workup, culture can be 
performed using a commercially available culture system (In PouchTM TF, BioMed Diagnostics, 
Inc, White City, OR). A PCR assay that is specific for T. blagburni is also commercially available 
and is recommended for assessment of samples that were found negative by microscopy and to 
confirm microscopically observable or cultivated organisms are T. blagburni.  Recently, 
Pentatrichomonas hominus DNA has been amplified from feces of cats co-infected with T. 
blagburni but whether this potentiates T. blagburni associated clinical disease is currently 
unknown.  
 
Ronidazole has been the most effective drug used to date and is currently recommended at 30 
mg/kg PO, once daily for 14 days.  Infection can relapse after treatment with ronidazole but can 
resolve after repeating treatment.  Higher doses of ronidazole can be associated with reversible 
neurological signs of toxicity.  Tinidazole administered at 30 mg/kg for 14 days suppressed T. 
blagburni infection to undetectable limits in 2 of 4 cats during a 33 week period post-treatment.  
However, this drug is currently considered inferior to ronidazole because infection was not 
eliminated.  Quinolones have shown some effect against trichomonads.  Pradofloxacin 
(Veraflox, Bayer Animal Health) may prove to be an effective rescue drug if rondizadole is 
ineffective.    
 
Only a single case of an immunosuppressed human infected with T. blagburni has been 
reported. However, due to the potential for other zoonotic co-infections, infected kittens with 
diarrhea should be handled carefully.  
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I. INTRODUCTION 
 
HE foot is interesting and unique as it is a group of 
biological structures that follows the laws of biomechanics 

(Fig. 1). It is also the authors’ opinion that the foot is also the 
dominant site of lameness in performance horses. Therefore, 
every time farriery is performed on a horses’ foot, the form and 
function of the foot will be affected. The digit is that part of the 
limb distal to the metacarpophalangeal joint. The foot is the part 
of the distal limb encased by the hoof. The hoof (ungula) is, by 
definition, the integument or skin of the foot. The hoof capsule 
is formed by the cornified layer of the epidermis in the various 
regions of the hoof. 

II. FORM  
The gross morphologic differences between the distal limb 

and the rest of the musculoskeletal system cause some 
intimidation. However, to overview the distal limb as a cause 
of lameness, there are only so many structures in the foot and  
there are only so many pathological processes that may occur 
in each structure. The acronym ‘DAMNIT’ which stands for 
degenerative, anomalous, autoimmune, metabolic, nutritional, 
neoplastic, inflammatory, infectious, and traumatic could be 
used to demonstrate this concept. By understanding how these 
structures function normally and considering all the potential 
processes that may occur, a specific diagnosis may become 
more readily apparent or the diagnostic puzzle can be reduced 
through the process of elimination. Furthermore, a thorough 
knowledge of foot anatomy and the associated biomechanics 
provides concise guidelines for applying the appropriate 
farriery to any given foot. These guidelines can be used to 
maintain the health of the foot or can be applied to address a 
pathological process.1-3   
 

The proximal and middle phalanges are structurally 
unremarkable compared to the long bones of the limb. They are 
flattened cylinders, more so palmar /plantar than dorsally with 
well-demarcated cortices and medullary cavities. The distal 
phalanx however is unique. It has three surfaces: the articular 
surface, the parietal surface and the solar surface. The parietal 
surface forms a large surface area that is porous and  
 
 
 
 

 
 
 
 
roughened – ideally adapted for a broad attachment to soft 
tissue and to allow vessels to penetrate.  
 

 
Fig 1. Schematic illustration showing the biological structures of 
the foot along with the biomechanical properties focused at the 
distal interphalangeal joint. Courtesy of Dr Chris Pollitt. 
 
 

The solar surface is hard and smooth with no vascular 
foramina. Attached to the palmar process of the distal phalanx 
are the collateral (ungual) cartilages. These cartilages are flat 
rhomboid plates in a shape that extend proximally from the 
palmar process so that approximately 50% of each cartilage is 
proximal to the coronary band. The ungual cartilages could be 
thought of as an extension of the distal phalanx. Both 
interphalangeal joints are saddle joints such that motion is 
primarily restricted to extension and flexion in the sagittal plane 
but this configuration also allows considerable counter-rotation 
in the frontal plane. The distal interphalangeal joint has a much 
greater range of motion than the proximal interphalangeal joint. 
The distal interphalangeal joint has three separate articulations: 
1) between the middle and distal phalanges, 2) between the 
middle phalanx and the distal sesamoid bone, and 3) between 
the distal phalanx and the navicular bone. There is very little 
movement between the distal phalanx and the distal sesamoid, 
so they are frequently treated as one unit and should be 
considered as moving together.4 
 

The articular surfaces of the phalanges of both 
interphalangeal joints are maintained in apposition by paired 
collateral ligaments. In the proximal interphalangeal joint, the 
palmar aspect of the joint is supported by the proximal scutum 
and the flexor tendons along with and 2 pairs of abaxial and 
axial palmar ligaments. In the distal interphalangeal joint, the 
position of the distal sesamoid bone is stabilized and held in 
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place by the paired collateral ligaments of the distal sesamoid 
proximally and the impar ligament distally (Fig. 2). The wide 
expanse of the deep digital flexor tendon supports the distal 
interphalangeal joint palmarly (Fig. 3). In addition to these 
ligaments, there are 5 small ligaments and peri ligamentous/ 
tendinous fibers associated with each ungual cartilage.  
 

It is the integument of the foot that really separates the foot 
apart from the rest of the musculoskeletal system.3 Like the skin, 
the integument of the foot (hoof) is composed of 3 principle 
layers: epidermis, dermis (corium), and subcutaneous tissue. 
Like the skin, the epidermis is further subdivided into layers: 
the stratum basale and the stratum spinosum, which are 
collectively known as the stratum germinativum, and the 
stratum corneum. The stratum corneum forms the hoof capsule.  
 

Unlike the skin, which is relatively uniform over the surface 
of the body, the hoof can be divided into 5 distinct regions based 
on their gross appearance: coronary band, wall, sole, frog and 
heel bulbs. Underlying the hoof, the germinal layers of the 
epidermis, the dermis and the subcutaneous tissues are highly 
specialized and are named after the tissues they generate or 
support: perioplic (limbic), coronary, lamellar, solar and 
cuneate (frog). The terms used to describe the region and 
epithelial types are not necessarily interchangeable because the 
surface does not necessarily reflect the type of underlying 
epithelium.  
 

The limbus or periople is a narrow band of modified skin that 
bridges the gap between the skin of the pastern and the coronary 
band, and forms the stratum externum of the hoof wall. The 
corona is the band like proximal segment of the hoof frequently 
called the coronary band. The coronal subcutaneous tissue 
forms the coronary cushion, the coronal dermis follows the 
curve of the coronary cushion from which the dermal papillae 
project and the germinal layers of the coronary epithelium, 
which follow the contour of the dermal papillae, generate the 
tubular and intertubular horn of the stratum medium of the hoof 
capsule.  

  
The laminar integument covers the parietal surface of the 

distal phalanx and the ungual (collateral) cartilages. The 
laminar subcutaneous tissue forms the modified periosteum or 
perichondrium that covers the distal phalanx and ungual 
cartilages. The lamellar dermis forms the primary and 
secondary ridges that run in a proximal to distal direction to 
form lamellae that interdigitate with the epidermal lamellae. 
The primary epidermal lamellae are keratinized, the secondary 
lamellae are not. The lamellar epidermis forms the stratum 
internum of the hoof wall. The solar integument covers the solar 
surface of the distal phalanx. The subcutaneous tissue likewise 
forms the modified periosteum of the solar surface of the distal 
phalanx, the dermis forms the dermal papillae and the overlying 
epithelium forms the tubular and intertubular horn of the sole.  

 

 
 
Fig. 2 shows the two pairs of palmar ligaments that span the 
proximal interphalangeal joint and the three ligaments that 
maintain the position of the navicular bone in relation to the distal 
interphalangeal joint. 
 

 
 
Fig. 3 shows the wide expanse of the deep digital flexor tendon. The 
tendon forms a sling into which the distal phalanx descends during 
weight bearing which will function as a shock absorbing 
mechanism. Its functionality will be base on the integrity of the 
structures in the heels of the hoof capsule.   
 
 
The cuneate integument forms the digital cushion from the 
subcutaneous tissue, the dermis, the dermal papillae, and the 
epidermis, the tubular and intertubular horn of the frog. The 
cuneate integument differs from that of the sole in gross 
appearance, in texture and because there are occasional adnexal 
structures arising from the epidermis. 
 

The hoof capsule is viscoelastic; that is, when subjected to a 
sudden high stress, it deforms elastically. In contrast, when 
subjected to a constant stress it deforms slowly in a viscous 
manner which will generally reverse when the stress is 
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removed.3 In fact the hoof wall is so resistant to sudden high 
stresses that it is considered more fracture resistant than bone.  

III. FUNCTION  
 

The distal limb is functionally a set of levers and pulleys. In 
the standing horse, the weight (mass x acceleration of gravity) 
borne by the limb is supported by the ground, which opposes 
the weight with an equal and opposite force. This force exerted 
on the hoof by the ground is termed the Ground Reaction Force 
(GRF). At rest both of these forces are approximately vertical.  
The mechanical interaction between the horse and the ground 
has been measured with force plates that do not differentiate 
between weight-bearing by different parts of the foot, but 
renders a single value.  It is represented as a vector (GRFV).5,6 
Vectors have a direction and magnitude.  This vector represents 
the summation of all the forces acting on the foot.  
Measurements made this way can be broken into three 
components representing the three orthogonal planes, vertical, 
dorsopalmar, and mediolateral. As such they have a point of 
action generally referred to as the center of pressure. The center 
of pressure can be manipulated to some extent through farriery. 
 

The weight of the body supported by the limb is transmitted 
through the limb by the skeletal system.  Based on clinical 
evidence, it has been assumed that the lamellae suspend the 
distal phalanx within the hoof capsule.  In horses with laminitis 
in which the lamellae are severely damaged, the distal phalanx 
displaces within the hoof capsule.  Additionally, it is possible 
to remove the majority of the sole in horse for therapeutic 
reasons and the horse is able to bear weight on the wall without 
the distal phalanx displacing.  While, it is not possible to 
measure where the force is going within the tissues of the hoof 
capsule and lamellae, this has been modeled with finite element 
analysis, which supports the intuitive position.7  When the 
weight is spread over the center of the ground surface of the 
hoof, it indicates that the forces associated with weight bearing 
are directed to the wall through the sole, and then through the 
lamellae.7 
 

The center of pressure varies between horses, but is 
approximately in the center of the ground surface of the foot 
(Fig. 4).  This is dorsal to the center of rotation of the distal 
interphalangeal joint.6 The force exerted through the skeletal 
system is acting through the center of rotation of the distal 
interphalangeal joint. Therefore, the GRF creates a moment 
about the distal interphalangeal joint. A moment is the tendency 
to cause rotation of a body about an axis.  This moment created 
by the GRFV will cause the joint to dorsiflex (hyperextend) if 
unopposed; this moment is termed the extensor moment.  In this 
case, the axis is the center of rotation of the distal 
interphalangeal joint.  The magnitude of the moment is the 
product of the force and the length of the moment arm. The 
length of the moment arm is the shortest distance between the 
line of action of the GRFV and the center of rotation of the DIPJ 
(i.e. the moment arm is perpendicular to the line of action of the 
GRF).  Because the foot is in a stable position flat on the 
ground, the extensor moment must be opposed by an equal and 
opposite moment, which is the flexor moment.  The flexor 

moment is the product of the force in the deep digital flexor 
tendon and the length of the moment arm, which is the shortest 
distance from the center of rotation of the DIPJ to the tendon 
(Fig. 3). 
 

In motion, the weight borne by the limb, the position of the 
foot, the joint angles of the phalangeal axis and the tension in 
the flexor tendons are constantly changing. The stride can be 
divided into 4 phases: Impact/Landing, horses usually land heel 
first or flat footed; Stance / Support phase, the foot is flat on the 
ground; Breakover, the heel is no longer in contact with the 
ground, but the toe  is; Flight/Swing phase, the foot is off the 
ground.  
 

 
 

Fig. 4. At rest the ground reaction force (grey arrow) is dorsal to 
the center of rotation of the distal interphalangeal joint.  As such 
it creates an extensor moment that is opposed by an equal and 
opposite moment, the flexor moment, generated by the force in the 
deep digital flexor tendon so that the foot is stationary. Courtesy 
of Dr Andrew Parks. 
 
 

During the landing phase and the first part of the stance 
phase, the mass of the body is accelerating towards the ground. 
To decelerate mass of the body as it descends to the ground (and 
also breaks forward momentum) as the foot lands  
and bears weight several events occur. The fetlock dorsiflexes, 
and the DIP and PIP joints flex (the latter only slightly), so that 
the fetlock drops towards the ground as the tendons absorb and 
store energy. The distal phalanx rotates slightly within the foot 
about its dorsal solar margin so that the palmar processes move 
towards the ground. The articulation between the distal phalanx 
and navicular bone opens up. The hoof expands (the exact 
mechanism is unknown). During the second half of the stance 
phase and the breakover phase the horse must be accelerated 
forwards and the limb lifted off the ground. Contraction of 
digital flexor muscles and release of stored energy in the tendon 
and inferior check ligament, flex the fetlock, and extend the DIP 
and PIP joints. As the hoof acts as an extension of the distal 
phalanx, the leverage about the DIP joint may change.  
 

During the flight phase, the distal limb flexes and then 
extends to prepare for landing as it is protracted. Proprioceptive 
receptors appear to determine the angles of the joints in 
preparation for impact with the ground. The way the foot 
impacts the ground is described as dynamic balance. A horse is 
said to be in dorsopalmar dynamic balance when the foot lands 
flat. A horse is said to be in mediolateral dynamic balance when 
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the foot lands with both heels simultaneously. Unfortunately, 
this does not take limb conformation into consideration.  

IV. FOOT CONFORMATION 
 

In addition to discussing the individual elements of the distal 
limb it is necessary to discuss how they relate to each other 
which could be termed foot conformation. In the resting horse, 
these relationships can be examined by viewing the foot  
from the lateral, dorsal and solar aspects. 
 

From the lateral aspect, the foot pastern axis should form a 
straight line. There are ideal lengths for the foot-pastern axis 
and the ground surface of the foot that have been described.1 In 
addition, a vertical line that bisects the third metacarpal should 
intersect with the ground at the most palmar aspect of the 
weight bearing surface of the hoof wall. When these three are 
taken together, it is evident that there is a triangular relationship 
between the length and angle of the foot pastern axis, the 
location of the third metacarpal and the length of the foot, which 
should hold regardless of the size of the horse. This relationship 
defines static dorsopalmar conformation (Fig. 5A).  

 
When viewed from the dorsal aspect, the axes of the 

metacarpus and pastern are in the same plane. A vertical line 
that bisects the metacarpus and pastern should be perpendicular 
to a horizontal line drawn between any 2 comparable points on 
the coronary band or the ground surface of the wall. The medial 
wall of the foot may be slightly steeper that the lateral wall. 
Growth rings should be equally spaced around the 
circumference of the foot. This relationship defines  
static mediolateral conformation (Fig. 5B).  
 

When viewed from the solar surface of the foot, the medial 
and lateral sides should be approximately symmetrical about a 
line bisecting the frog. The length of the foot should 
approximate the width. The frog width should be 60-70% of the 
frog length (Fig. 5C).  

 
Figs. 5A-C. 5A shows a triangular relationship between the length 
and angle of the foot pastern axis, the location of the third 
metacarpal and the solar surface of the foot. 5B shows a vertical 
line that bisects the metacarpus and pastern that should be 
perpendicular to a horizontal line drawn between any 2 
comparable points on the coronary band or the ground surface of 
the wall. 5C shows the solar view of the foot, the medial and lateral 
sides should be approximately symmetrical about a line bisecting 
the frog. The length of the foot should approximate the width. 
Courtesy of Dr Andrew Parks. 
 

V. CONCLUSION 
 

The farriery and veterinary professions have made 
significant advances over the last 25 years relating form, 
function and biomechanics to routine and specialized foot care. 
Although biomechanics have not been covered extensively in 
this discussion, it is easy to see how a thorough knowledge of 
foot form (anatomy) and foot function (how the structures relate 
to each other) could be used as consistent guideline to apply 
appropriate farriery on an individual basis. Many new 
methods/techniques have evolved in the practice of farriery yet 
the anatomical structures and function of the foot have 
remained the same; therefore the form and function of the 
equine foot can be used to direct your clinical decisions in the 
majority of foot cases.  
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Take Home Message 

 
Proper physiological horseshoeing promotes a healthy functional foot, biomechanical efficiency 
and therefore helps prevent lameness. Good foot conformation appears to have a positive influence 
on the structures of the limb above. As the equine veterinarian is responsible for the total care and 
soundness of the horse, a working knowledge of farriery becomes essential. A thorough knowledge 
of physiological horseshoeing enables the veterinarian to interact with the farrier at the farrier’s 
level; this ultimately enhances their professional relationship and promotes quality hoof care. This 
paper will focus on basic fundamental farriery and recognizing subtle changes in hoof 
conformation that can be used to preserve the integrity of the hoof capsule along with the structures 
enclosed within the hoof and thus promote soundness. 

 
Introduction 

 
The equine foot is unique in that it is a biological entity that follows the laws of physics. The 
equine foot has numerous functions which include supporting the weight of the horse, dissipating 
the energy of impact as the foot strikes the ground, protecting the structures contained within the 
hoof capsule and providing traction. The influence of a strong, functional foot on the athletic career 
of a performance horse and the importance of proper farriery (trimming and shoeing) becomes 
obvious. Trimming and shoeing affects not only the external hoof capsule, but also the internal 
structures of the foot and the limb above. Many veterinarians and farriers assert that a large 
proportion of the foot lameness seen in equine practice could be prevented or treated through good 
farriery. In fact, there may be no other routine procedure performed on the equine that has more 
influence on soundness than hoof preparation and shoeing. 

 
Proper physiological horseshoeing promotes a healthy functional foot, biomechanical efficiency 
and therefore should perpetuate soundness.1 The term “normal” foot is often described in the recent 
veterinary and farrier literature. However, the concept of “normal” may be misleading as it does 
not consider genetics, breed, foot conformation, environmental influences and the athletic pursuits 
of the individual horse. Thus, the author feels the term “functional foot” may be more appropriate, 
as this phrase describes a foot that comprises: 1) a parallel or straight hoof-pastern axis, 2) a thick 
hoof wall, 3) adequate sole depth, 4) a solid heel base with the heels of the hoof capsule extending 
to the base of the frog and 5) equal growth rings below the coronary band from the toe to the heel. 

 
As the equine veterinarian is responsible for the soundness of the horse, a working knowledge of 
farriery becomes essential. A thorough knowledge of physiological horseshoeing enables the 
veterinarian to interact with the farrier at the farrier’s level which will ultimately enhance and 
promote quality hoof care.1-3 Recognizing subtle changes in hoof conformation that can be used to 
preserve the integrity of the hoof capsule along with the structures enclosed within the hoof and 
thus helps prevent lameness. 
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Structure and Function of the Foot 
 
Anatomy 

 
It may be prudent to briefly review those structures, which are affected by various farriery 
strategies. The distal end of the middle phalanx, the distal phalanx and the navicular bone are 
enclosed within the hoof capsule and are referred to as the foot. The structures distal to the 
metacarpophalangeal joint are referred to as the digit.4,5 The distal interphalangeal joint is formed 
by the middle phalanx, the distal phalanx, and the navicular bone with the wide attachment of the 
deep digital flexor tendon lending support to the joint. This joint forms the center of rotation over 
which the entire limb rotates. The navicular bone increases the size of the articular surface of the 
joint and maintains a constant angle of insertion of the deep digital flexor tendon on the distal 
phalanx. The position of the navicular bone makes this region of the foot susceptible to a wide 
range of biomechanical forces and moments.4 We can arbitrarily divide the hoof complex into 
epidermal weight-bearing structures which are the hoof wall, the bars, the sole adjacent to the 
sole/wall junction and the frog to some extent and the soft tissue anti-concussive structures which 
are the digital cushion, ungual cartilages, deep digital flexor tendon and the lamellae. The soft 
tissue structures offer an anti-concussive mechanism during weight bearing and effectively 
dissipate the energy received during impact with the ground. The epidermal hoof wall is a 
viscoelastic structure due to its biological nature, it constitutes the bulk of the hoof capsule and 
forms a perfect counterpart over the enclosed dermal structures. The hoof wall is thickest in the 
region of the toe for stiffness and gradually decreases in thickness as it approaches the heels. At 
the heels, the hoof wall inflicts at an acute angle and extends under the foot in a dorsal axial 
direction to form the bars. The hoof wall, bars and their intimate association with the sole (angle 
of the sole) form the heel base of the hoof capsule. The decreased thickness of the hoof wall at the 
heels allows for flexibility and expansion of the hoof capsule. The heel base has a dual purpose 
which is to bear weight while allowing the hoof capsule the stability to be flexible and expand. 
The sole of the foot should be concave; the hind feet being more concave than the forefeet for 
propulsion. This concavity appears to agree with the concavity of the solar surface of the distal 
phalanx which may provide evidence, along with the lack of horn tubules, that the general surface 
of the sole is not intended to bear weight. The portion of the sole adjacent to the wall is a 
weight-bearing surface. Soles vary in thickness although a uniform sole thickness of 15 mm is 
felt to be the minimum necessary for protection.6 

 
The soft tissue structures comprise the palmar/plantar section of the equine foot. The frog should 
be thick, well developed and its width should equal 60% of its length.2 The frog appears to assist 
in expansion of the heels, provide traction when in motion and dissipate the energy of impact 
through its soft, elastic nature.6 The digital cushion, which mirrors the frog below, extends distal  
to the deep digital flexor tendon and continues palmarly / plantarly to form the bulbs of the heels. 
Finally, paired ungual cartilages shaped like an irregular rhomboid plate are attached to the distal 
phalanx. Approximately 50% of the distal border is attached to the palmar processes of the distal 
phalanx and extends palmarly within the hoof capsule; 50% of the cartilage extends proximal to 
the hoof capsule.4 
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Along the distal border of the ungual cartilage is an axial projection that extends toward the 
midline   and overlies the bars of the hoof wall.7 The pressure asserted on the bars during weight 
bearing may assist the outward movement of the ungual cartilages during hoof expansion. The 
deep digital flexor tendon (DDFT) exerts considerable influence on the conformation of the hoof 
complex and its function.8,9 A club foot will be present when there is a shortening of the deep 
digital flexor musculotendinous unit while a low or under run heel conformation will be present 
with a lengthening of this unit. When any component of the hoof capsule is weakened by genetics, 
overload, injury, disease, environmental factors, or farriery practices, the force of the DDFT can 
cause or exacerbate distortion of the hoof capsule. Any hoof capsule distortion appears to change 
its biomechanical efficiency. 
 
The symbiotic relationship of the osseous and soft tissue structures become obvious if we consider 
that the distal phalanx occupies two thirds of the hoof capsule and the remaining third is occupied 
by soft tissue structures; the deep digital flexor tendon, the frog, digital cushion and the ungual 
cartilages (Fig. 1). This relationship provides the functionality of weight bearing combined with 
support and the anti-concussive mechanism. When either the osseous or soft tissue component of 
the foot fail; excess stresses are placed on the remainder of the hoof leading to overload. 

 

 
Figure 1. Illustration shows the relationship between the osseous and soft tissue structures within the hoof capsule 
(Courtesy Dr. Andrew Parks). 

 
 

Function 
 
Classically, the horse is considered to bear weight on the wall, bars and immediately adjacent sole 
as well as the frog to some extent. This appears true for a horse that is wearing shoes and standing 
on a flat hard surface but if the ground surface is soft and deformable, more of the ground surface 
of the sole and frog will assume a load sharing function. Initial contact with the ground is generally 
made with the heels first but many horses will land flat. Toe first landing is abnormal and an 
indication of palmar foot pain.10 For clarity, the function or physiology of the foot will be 
considered during the impact and stance phase of the stride. The 
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relationship of function to lameness is readily observed during these two phases of the stride.    
As the foot impacts with the ground, the physiologic process involves many structures 
simultaneously. The act of weight bearing is carried out by the hoof wall, adjacent sole, and 
partially through the frog, transferred through the lamellae to the distal and middle phalanx. The 
energy generated through impact is dissipated by the flexibility of the hoof capsule and the soft 
tissue structures of the palmar foot especially the digital cushion.5 Flexibility of the hoof capsule, 
due mainly to the properties of the hoof wall and expansion of the heels, is an interactive effort 
between the hoof capsule and the soft tissue structures in the palmar section of the foot. The 
exact mechanism by which the heels expand remains to be documented. It is speculated that 
when weight is placed on the foot, the frog will flatten and spread abaxially to assist in absorbing 
the energy of impact. Previously, it was thought that frog pressure or the middle phalanx pressed 
the digital cushion down upon the frog caused the heels to expand outward.5 However, research 
has shown that when the palmar section of the foot is loaded, there is negative pressure in the 
digital cushion. So it appears that it’s the weight of the horses exerted on the palmar foot forces 
the heels to expand.5 Furthermore, research has shown the bar of the heel to be located under the 
axial projection of the ungual cartilage and upward pressure on the bar during weight bearing 
causes the cartilage to be displaced abaxially.7 A series of venous plexuses located at the coronet, 
under the sole and adjacent to the ungual cartilages create a hemodynamic effect that contributes 
to the anti- concussive properties of the hoof. To further counteract the concussion associated 
with impact and weight bearing, the distal phalanx descends into the hoof capsule due to the 
elasticity of the lamellae in a distopalmar direction, causing the sole to flatten; the palmar margin 
of the distal phalanx descends distally, pushing the navicular bone into a ‘sling’ formed by the 
wide expanse of the deep digital flexor tendon.7 

 
Conformation of the Foot 

 
An ideal method for a clinician to monitor and preserve foot health is through careful observation 
and evaluation of hoof conformation. Foot conformation can be easily monitored through serial 
radiographs and digital pictures. This documentation can also form part of the horse’s veterinary 
history and record. Foot conformation (shape) is important because of its relationship to the foot’s 
biomechanical function. Any changes made to the bottom of the horse’s foot will affect the 
angulation of the hoof, the hoof-pastern axis, the ground surface of the foot and the 
alignment of the hoof capsule under the center of rotation.2 A review of what is good or ideal foot 
conformation will allow the clinician or farrier to make appropriate farriery changes when subtle 
changes in foot conformation are observed. The alignment of the digit, consisting of the proximal, 
middle and distal phalanx, should form a straight line with the solar surface of the distal phalanx 
having a 3-5 degree palmar angle relative to the ground.12 The hoof capsule should have a thick 
durable hoof wall, greater than 15 millimeters of sole depth and a well-defined frog where the 
width approximates the length. The ground surface of the hoof capsule should be basically as wide 
as it is long. The dorsal surface of the pastern and the dorsal hoof wall should be parallel. This is 
termed the hoof-pastern axis. The coronet should have a gradual uniform slope from the toe to the 
heel. The literature states that the angle of the dorsal hoof wall and the angle of the heel should 
correspond yet this is seldom the case. The hoof wall at the toe is mature, stiff fixed horn whereas 
the hoof wall at the heel is immature, thin and flexible to allow for expansion of the palmar hoof 
capsule. During load bearing, whether shod or barefoot, the heels move abaxially either against 
the shoe or to a lesser extent against the ground 
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when barefoot leading to wear at the heels when compared to the toe. This continual abrasion at 
the heels leads to wear and results in the heel angle being generally lower than the toe. A marked 
decrease in heel angle relative to the toe angle is considered a low or under run heel. Finally, the 
ideal foot has a well-defined heel base consisting of good hoof wall, a solid angle of the sole and 
straight bars (Fig. 2). The heels of the hoof capsule should approximate the highest widest part of 
the frog. 

 
Figure 2. Heel base consists of the buttress of the heel, angle of the sole, bar and hoof wall. 

 
 

For simplification in allowing veterinarians and farriers to observe subtle changes in hoof 
conformation, three visual references points or guidelines will be used; the hoof-pastern axis, the 
widest part of the foot and the base of the frog. The hoof-pastern axis is correct for an individual 
horse when the dorsal hoof wall and the dorsal surface of the pastern region are aligned in parallel 
planes11 (Fig. 3). This is best observed with the horse standing squarely on a flat hard level surface 
with the third metacarpal bones positioned vertically relative to the ground. Changes in hoof-
pastern axis such as a broken back or broken forward hoof-pastern axis are always a reflection of 
hoof conformation. The other significant guideline that can be used to evaluate hoof conformation 
is the widest part of the foot which can be visualized or measured. A vertical line drawn from the 
center of the lateral condyle of the distal middle phalanx (viewed laterally) to the ground should 
bisect the middle of the bearing surface of the foot.12 This line marks the center of rotation (COR) 
of the distal interphalangeal joint and will be located a few millimeters behind or palmar to a line 
drawn across the widest part of the foot.  The widest part of the foot and its correlation to the COR 
forms a landmark on the solar surface of the foot that can be used to assess foot conformation and 
can be used as a reference point when trimming. Thirdly, to accommodate or enclose both the 
distal phalanx and the soft tissue structures palmar/plantar to the bone, the heels of the hoof capsule 
should extend to the base of the frog or if not possible, the heels of the hoof capsule and the frog 
should be on the same plane (Fig. 4). 
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Figure 3. Parallel hoof-pastern axis. Yellow line depicts digital 
alignment. 

 
 

Figure 4. Black line shows the widest part of the foot. Yellow line 
denotes the base of the frog. Corresponding red line from the base 
of the frog to the toe shows a well conformed or proportional foot 
that is as wide as it is long. 

 

Proper Physiological Horseshoeing 
 
Conventional wisdom on trimming and shoeing horses is that each case should be regarded as an 
individual. Central to our current knowledge of farriery is the interaction of the structures of the 
hoof and the manner in which the foot loads and the surface upon which the horse is asked to 
perform. Our approach to proper physiological horseshoeing should address three parameters:  the 
visual structures of the hoof complex, function of the distal interphalangeal joint and the 
biomechanical forces applied to a given foot. Dorsal palmar and medial lateral orientations are 
dictated by form and placement of the distal phalanx within the hoof complex. A decrease in the 
angle of the solar border of the distal phalanx and the ground surface results in greater loading of 
the navicular bone, while differences between the toe angle/heel angles has not been correlated to 
increase in loading of the navicular apparatus. 

 
How Do We Apply It? 

 
To implement basic trimming and shoeing, guidelines are established using careful evaluation of 
the foot. Excellent quality radiographs can be used to further assess these guidelines when 
necessary. Trimming and shoeing techniques are applied to the foot using the biomechanical 
principles that address the hoof-pastern axis, the center of rotation and extending the heels of the 
hoof capsule to the base of the frog or on the same plane as the frog 12, 13. Prior to trimming the foot, 
the hoof pastern axis is evaluated with the horse standing on a firm, flat surface such that the third 
metacarpal bone is perpendicular with the ground. A straight or parallel hoof pastern axis indicates 
that the distal phalanx is positioned within the hoof capsule such that load is accepted on the entire 
solar surface of the hoof. With a broken back hoof  pastern axis, load will be concentrated in the 
palmar section of the foot and with a broken forward  hoof  pastern  axis;  the  load  will  be  borne  
in  the  dorsal  or  toe  section  of  the foot. 
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Trimming the foot begins with a line visualized or drawn across the widest part of the foot. This 
line drawn across the widest part of the foot will approximate the center of rotation. Other than 
excess exfoliating horn material, no horn is removed from the sole surface or frog. Excess length 
of the hoof wall at the toe and quarters of the hoof is determined by paring the sole/wall junction 
and excess horn is remove according to sole depth, being careful to leave the adjacent sole for 
protection. Next, the heels are trimmed with a rasp to the base of the frog when possible or to the 
same plane as the frog with the intent being to create a solid heel base and including both the 
osseous and soft tissue structures within the hoof capsule. If insufficient hoof wall is present for 
the end of the heels of the hoof capsule to reach the base of the frog, this distance can be 
lengthened with the shoe. The medial or lateral wall can be lowered cautiously relative to the 
other when changes to the lateral medial orientation of the foot are necessary. A line drawn from 
the existing line across the widest part of the foot to the base of the frog should approximate 
another line drawn from the widest part of the foot to the periphery of the toe. If excess length of 
hoof wall is still present, it can be removed by backing up the dorsal hoof with a rasp from the 
outer surface of the hoof capsule to create the desired distance to approximate the measurement 
from the middle of the foot to the heels. This will place the center of rotation in the middle of the 
foot or in the middle of the shoe when shod with proportional distances on either side of the 
widest part of the foot. This creates a foot that is basically as wide as it is long which is thought 
to be biomechanically efficient. The foot is shaped by removing excess flares from the outer 
surface of the hoof capsule to concentrate weight bearing on the hoof wall. This constitutes a 
basic trim to which a shoe can be applied to compliment the trim, protect what has been trimmed 
and to change the biomechanics of the foot further when necessary. When the shoe is placed on 
the foot, the line drawn across the widest part of the foot will be in the middle or center of the 
shoe. The shoe should be as light as possible, steel or aluminum, with a wide web width (5/8-3/4 
inch) attached with as few nails as possible of the smallest size. The end of the shoe should 
extend marginally beyond the heels of the hoof capsule. 

 
Hoof Capsule Distortions 

 
Broken Back Hoof Pastern-Axis 

 
A broken back hoof-pastern axis will be a reflection of a hoof capsule where the angle of the dorsal 
hoof wall is lower than the angle of the dorsal pastern (long toe/low or under run heel 
conformation). This type of foot configuration is so common in equine practice that it is thought 
to be normal. In one study of foot related lameness it was found in 77% of the horses2 and in 
another study of normal performance horses this condition was found in 52% of the horses.9 A low 
hoof angle causes distal interphalangeal joint DIPJ dorsiflexion, concentrates weight bearing on 
the palmar section of the foot and increases strain on the DDF tendon. This excess load in turn, 
may cause increased stresses on the navicular apparatus and the soft tissue structures associated 
with the navicular bone. Excessive toe length is thought to delay or impede breakover placing 
excessive forces on the DIPJ. If, because of a low hoof angle, the horse begins to experience pain 
in the heel region, it will often land toe first which may lead to subsolar bruising. This abnormal 
hoof conformation may contribute to palmar foot pain, chronic heel bruising, DIPJ synovitis, 
quarter and heel cracks and interference problems. There is also experimental evidence that a low 
hoof angle will compromise circulation in the heel area of the foot.12 It may be helpful to make a 
distinction between a low heel and an 
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under run heel. In the case of a low heel, the angle of the heel will be markedly lower than the 
angle of the dorsal hoof wall; however, the structure of the heel is relatively good, in that the 
buttress, angle of the sole and bars are intact forming a base. In the under run heel, the structure 
of the heels is compromised such that the hoof wall at the heels is thin, separated and rolled  
under in a axial direction, the angle of the sole is missing, the bars are destroyed and the heel- 
ground contact does not reach the base of the frog. As low or under run heels progress, this 
condition can be readily observed both visually and radiographically, where the angle that the 
hoof capsule or the distal phalanx forms with the ground will be lower palmarly/plantarly than it 
is dorsally. A common error in routine farriery is not continually moving the ground surface of 
the hoof wall at the heels to or toward the base of the frog. A negative palmar angle, as noted 
radiographically, basically means that the soft tissue structures (frog, digital cushion) have 
decreased in mass usually due to damage or they have prolapsed palmarly which allows the 
distal phalanx to descend (Fig. 5). This type of hoof conformation alters the mechanics of the 
foot as the compromised heels lose both the ability to accept weight and to dissipate the energy 
of impact. 

 

Figure 5. Negative angle of the solar border of the distal phalanx which alters digital 
alignment so weight bearing is moved palmarly. 

 
 

Broken Forward Hoof-Pastern Axis 
 
A broken forward hoof-pastern axis will reflect a hoof capsule where the angle of the dorsal hoof 
wall is higher than the angle of the dorsal pastern (upright or club foot conformation). A high hoof 
angle leads to DIPJ flexion, promotes toe first landing and increases pressure in the dorsal section 
of the foot. Poor performance and injuries associated with a high hoof angle are thought to include 
DIPJ inflammation, due to abnormal position and loading of  the joint, sole bruising, and increased 
strain on the suspensory ligaments of the navicular bone. 
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High hoof angles without phalangeal misalignment can be improved by gradually lowering the 
heels in a tapered fashion from the apex of the frog to the heels. This increases the ground surface 
of the foot and attempts to re-establish weight bearing on the entire solar surface of the foot. 
Breakover is moved palmarly at the same time to compensate for any increased tension in the 
DDFT created by lowering the heels. 

 
An extremely high hoof angle with concurrent phalangeal misalignment is classified as a flexural 
deformity or "club foot". This broken forward hoof-pastern axis or flexural deformity is created 
by a shortened musculotendinous unit (deep digital flexor tendon and associated muscle bellies) 
causing the distal interphalangeal joint (DIP) to be drawn into a flexed position. Flexural 
deformities have been reported as a cause of decreased athletic performance and chronic low grade 
lameness in the mature horse.13,14 Hoof abnormalities associated with club foot conformation are 
thin flat soles, poor hoof wall consistency, toe cracks, hoof wall separations  and “white line 
disease”. Flexural deformities that result in a marked broken forward hoof- pastern axis have also 
been associated with chronic distal interphalangeal joint inflammation.14 Generally, flexural 
deformities are diagnosed and treated while the horse is immature. However, mild flexural 
deformities may be ignored or treated improperly as a foal. When these animals enter training, 
mild flexural deformities can be exacerbated by the type and the amount of exercise, the ground 
surface, by inappropriate farrier care, such as improper or infrequent shoeing, or by some type of 
underlying pathology. The treatment of advanced flexural deformities is beyond the scope of this 
paper. 

 
Sheared Heels 

 
Another common variation in hoof conformation is sheared heels. A sheared heel is a hoof capsule 
distortion resulting from displacement of one heel bulb proximally relative to the adjacent heel 
bulb.15 (Fig. 6) This disparity between the lateral and medial heel bulb is generally 
0.5 centimeters or more. When the weight of the horse is not distributed uniformly over the entire 
hoof during the landing phase of the stride, one focal area of the foot, usually a heel or  heel and 
accompanying quarter, receives a disproportionate amount of the total force during impact. This 
resultant force leads to a remodeling of the affected heel bulb. Although many sound horses have 
this type of hoof capsule distortion, lameness is often attributed to this condition when the 
distortion progresses. This continual disproportionate loading and increased compressive stresses 
on one heel predisposes the foot to hoof capsule distortion, subsolar bruising, corns, quarter and 
heel cracks, fracture of the bar deep fissures within the base of the frog and thrush in narrow frogs. 
This type of conformation is readily observed by picking up the foot and noting the relative 
distances measured from the heel of the hoof capsule to the hairline at the bulbs of the heels 
between the lateral and medial heel. 

 
Inappropriate lateral medial orientation (balance) of the foot or a landing pattern where the foot 
does not land flat has always been associated with improper trimming. However, there appears to 
be more of a correlation between limb conformation from the carpus distally that changes the flight 
of the limb and ultimately the manner in which the foot lands.16 Furthermore, there appears 
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to be a correlation between an offset distal phalanx and sheared heels. Most commonly the   
distal phalanx is offset laterally within the hoof capsule rather than being directly under the 
proximal and middle phalanges with the ensuing concussive forces causing the medial heel to 
displace.  Farriery practices have always advocated trimming the horses with sheared heels so the 
ground surface of the foot is lower on the opposite side from the one that is displaced proximally. 
Intuitively, if the heel is longer on the displaced side (measured ground surface to hairline), it is 
reasonable to lower the affected side. This in fact changes the landing pattern of the horses when 
it is observed in motion following this type of trim. Therefore, when this type of conformation 
becomes apparent, lowering the affected side and fitting a symmetrical shoe is a reasonable 
approach. 

 

Figure 6. Sheared heel conformation. Medial heel is displaced proximally when compared to   
the lateral side. Note flare on lateral side. 

 
 

Radiographs 
 
Radiography can be utilized as both a diagnostic tool and as an aid in assessing all structures of 
the foot when necessary. The radiograph can serve as a blueprint for veterinarians and farriers 
which can be used as a guideline for applying farriery. Considerable information can be obtained 
from the image of the overall shape of the hoof capsule, the soft tissue structures, and the position 
of the distal phalanx within the hoof capsule. It should be remembered that lack of performance or 
many subtle lameness cases localized to the foot are caused by hoof capsule distortions, poor foot 
conformation, improper landing patterns, and soft tissue damage resulting in inappropriate 
biomechanical stresses being placed on the navicular complex and the distal interphalangeal joint. 
The clinician will be able to use the lateral to medial and dorsopalmar views of the foot as a precise 
guide to implement basic or therapeutic trimming and shoeing (Fig. 7). From the lateral medial 
view, we can readily note the hoof- pastern axis, the center of 
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rotation, sole depth, the angle of the solar border of the distal phalanx, breakover, and the 
proportions of the foot. When the solar border of the distal phalanx shows a negative angle, we 
can also access the need for heel elevation and the amount to apply. The dorsopalmar view will 
allow the clinician to evaluate the lateral medial orientation of the distal phalanx within the hoof 
capsule, the position of the distal phalanx relative to the ground, the effect of the position of the 
distal phalanx on the joint spaces of the digit and then make the appropriate shoeing changes. 
The need to access the position of the hoof capsule relative to the long axis of the digit is often 
overlooked. 

 
 

Figure 7. Lateral  radiograph used to illustrate  hoof-pastern  axis  (yellow), center of rotation           
(red), sole depth (black), angle of solar border of the distal phalanx (green), breakover (blue) and 
the proportions of the foot (white). 

 
 

Applying Proper Physiological Horseshoeing to the Performance Horse 
 
Shoes are essential for the performance horse not only to protect the hoof but also to preserve the 
hoof complex and the structures contained within the hoof capsule during the rigors of competition. 
Enormous differences exist between different equestrian disciplines, the different breeds of horses 
used in these disciplines, the ground surface on which they perform along with different shoeing 
materials and shoeing styles. But it should be remembered that all horses have the same basic 
anatomy and physiology and sound farriery principles as outlined previously can be applied 
regardless of the breed or the discipline. Special attention is paid to the structural mass and heel 
base present in the palmar/plantar section of the foot as the shoe protects the toe of the hoof from 
wear but not the heels. During weight bearing, the hoof wall at the heels move against the shoe 
leading to wear. This wear is exaggerated during prolonged competition where the feet are 
subjected to repetitive high impact stresses such as those encountered during racing, jumping, and 
eventing. Hoof mass is very important in competition horses as they continually stress the flexor 
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structures within the hoof and the podotrochlear apparatus. It is important to preserve the bars 
and recruit them into weight bearing. A subtle change in heel angle is the first indication of a 
change in foot conformation. Employing the use of leather pads and deformable packing 
materials such as the pour-in padsa can play an key role in preventing excessive wear at   the 
heels and also absorbing concussion especially in the horse with an upright or club foot.  Wide 
web aluminum or steel shoes creased at the toe but not at the heels (to accommodate stud holes if 
necessary) are used in most sport horses. The use of toe or side clips stabilize the shoes 
especially when pads and studs are used, thus relieving stress on the nails and allowing the use of 
fewer nails. Strict attention should be paid to hoof wall length and breakover in all sport horses. 
Moving breakover palmarly/plantarly can be accomplished in a variety of ways such as rockering 
the toe of the shoe or creating a rolled toe in the shoe using a hand grinder where the breakover 
begins at the toe quarters (Fig. 8). Another method to facilitate breakover is through the use of 
half round shoes. Moving breakover palmarly/plantarly will decrease the moment applied to the 
distal interphalangeal joint and appears to decrease the maximum tension in the deep digital 
flexor tendon which occurs towards the end of the stance phase at the beginning of breakover.17 

Bar shoes, especially egg bar shoes, are very popular in sport horses. Bar shoes if fitted properly 
will stabilize a weak hoof capsule and increase the ground surface in all applications. Caution 
should be used when applying egg bar shoes to horses with damaged or under run heels. The 
shoe is usually fitted long extending to the bulbs of the heels with the misguided thought that 
they will support the heels. In reality, egg bar shoes will create a moment exerted on the 
damaged heels creating pressure and consequently stopping growth. If bar shoes are indicated or 
desired, the author prefers straight bar shoes that when fitted properly, follow the contour of the 
hoof capsule and extend a few millimeters beyond the base of the frog (Fig. 8). Egg bar shoes 
or any bar shoes will increase concussion forces on a hard surface but may 
decrease these forces on a deformable surface by providing a flotation effect where as the 
increased ground surface of the bar does not allow the heel to readily sink into the ground. 
 

 
 
Figure 8. A straight bar shoe fitted to the trimmed foot with a heel base Note the breakover created in both shoe 
with a grinder  
 

 
 
 

2018 OVMA Conference 262 

11002 O'grAdy - PrOPEr PhySIOLOgIC hOrSEShOEINg - IT BEgINS WITh ThE TrIM



Shoes in and of themselves provide traction. Traction is enhanced when a shoe with a crease is 
used. Shoes are often combined with various traction devices such as studs, chalks and borium 
that are placed in or on the shoe to further aid traction, enhance performance and provide safety to 
horse and rider. The stud holes should always be drilled at the end of the quarter crease rather than 
at the end of the shoe branch. This will eliminate the stud’s lever arm effect on the digital joints 
during sharp turns. Screw-in studs have the benefit of being able to be removed when the horse is 
not performing. 
 
Conclusions 

 
Adherence to the basic principles of proper physiological horseshoeing is essential for maintaining 
hoof health and continuous soundness. Most horses do not require special trimming or shoeing 
techniques. Becoming familiar with a few basic concepts can help the veterinarian recognize when 
changes in trimming and/or shoeing might be expected to help the performance of a sound horse, 
or might help to restore the performance of one that is lame. Sound physiologic horseshoeing can 
only be achieved by a thorough knowledge of, strict adherence to, and the skillful application of 
basic farriery principles such as utilizing the hoof pastern axis, the center  of rotation and 
trimming/shoeing to the widest part of the frog. Only then does the art of farriery truly approach 
becoming a science. There is no question that a strong healthy foot will ensure comfort, enhance 
performance, and increase the longevity of the horse. 
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Managing Acute and Chronic Laminitis – a reality check! 
 
Stephen E. O’Grady, DVM, MRCVS 

 
Virginia Therapeutic farriery, 833 Zion Hill Rd, Keswick, VA 22947; e- mail: 
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Introduction 
Acute laminitis can be a career ending disease in the horse and is often life 
threatening. It has been stated often by authoritative sources that ‘laminitis 
remains the most controversial disease in equine veterinary medicine with 
regards to etiology, treatment and prognosis’ a. The challenges faced by the 
veterinarian and the farrier are enormous and include not only treating a disease 
in which the etiology is poorly understood but also guiding and counseling the 
owner / trainer throughout the treatment process. The owner should be made 
aware of the difficulties associated with treating severe laminitis and the ethical 
considerations regarding the welfare of the horse1. The goal of the clinician is to 
relieve pain, prevent or limit further damage to the lamellae and improve function 
of the feet. The clinician is often limited in this respect, as it is the extent of the 
lamellar pathology (damage) that will limit the success of treatment and not the 
treatment regimen itself 2. Treatment is further complicated because there is no 
proven or consistent treatment for laminitis; consequently treatment regimens for 
both acute and chronic laminitis generally remain empiric and are based on the 
past experience of the attending clinician 1. Each horse with laminitis should be 
approached on an individual basis noting the predisposing cause, the amount of 
instability, the foot conformation and the structures of the foot that can be used to 
change the forces placed on the hoof 3. 
 
Most cases of acute laminitis do not go to a veterinary clinic or referral facility in 
part because the shear act of moving and shipping a horse with unstable 
laminitis may worsen the existing condition. Initially, the necessary expertise, 
medical care, imaging and farriery care can be provided at the farm on an 
ambulatory basis. Radiography is essential for diagnosis, assessment of foot 
conformation and guide for the initial hoof care. Additional benefits of treating the 
horse as an ambulatory patient are the familiarity of the horse’s usual 
surroundings and the owner / trainer being involved in assessing improvement or 
deterioration of the condition as they will be more aware of the animal’s normal 
behavior. An acceptable outcome in all but the mildest cases of laminitis requires 
a team of dedicated individuals: veterinarian, farrier and horse owner. This paper 
presents an overview of the treatment options available when treating severe 
laminitis in a non-hospital setting. 
 
The Phases of Laminitis 
The classification of laminitis into phases is both a convenience to enhance 
comprehension and assist in the diagnosis, treatment and prognosis but the 
disease is a continuum. Laminitis is divided into the developmental, acute, and 
chronic phases, all three phases of which are relevant to the treating clinician. 
However, the continuum varies greatly among cases as they may take different 
entry points into the disease and thus different paths once affected 4. The 
developmental stage of laminitis is the initial phase of the disease that begins 
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with the original insult to the lamellae and ends with the onset of clinical symptoms 
such as pain, increased digital pulse, hoof tester pain and a laminitic stance. The 
acute stage begins with the onset of clinical symptoms and is frequently cited as 
lasting 72 hours or until displacement of the distal phalanx occurs, whichever is 
sooner 4. Chronic laminitis has been associated with continuation of clinical signs 
and / or a change in position of the distal phalanx within the hoof capsule; 
however, if the clinical signs of acute laminitis have not markedly improved within 
48-72 hours, the horse should be considered to be entering the chronic stage. It 
should be noted that in some horses with equine metabolic syndrome, there 
appears to be a derangement of the lamellae and they remain painful for an 
extended period of time without displacement of the distal phalanx. 

 
The Mechanism 
The anatomic structure of the tissues affected by laminitis has been well 
documented. However, despite considerable advances in our understating of the 
pathophysiology of laminitis made over the two decades, there is still much to be 
learnt about the initiating events and the pathways by which they lead to the 
clinical disease. The inter digitating dermal and epidermal lamellae and their 
related vasculature are positioned between the parietal surface of the distal 
phalanx and the rigid hoof capsule. The digital circulation to the proximal dorsal 
lamellae is via the coronary artery and the distal dorsal lamellae receive its blood 
supply from branches of the terminal arch that form the circumflex artery. Any 
compromise or instability in the lamellae changes the position of the distal 
phalanx, which in turn creates abnormal pressure on the vessels restricting 
circulation. The inflexible nature of the hoof capsule does not accommodate for 
the inflammatory effects, especially edema, that occur in the laminar tissue 
during laminitis – this scenario could be considered a type of “compartment 
syndrome” effect. 
 
Knowledge of the biomechanics and the forces exerted on the structures of the 
foot, including the lamellae, are critical to the clinicians when formulating a plan 
to counteract these forces. As the lamellae suspend the distal phalanx within the 
hoof capsule and accept weight, this structure is subjected to an array of 
mechanical forces. The main forces are the weight (load) of the animal, which is 
opposed by the ground reaction force and the moments (a moment is the product 
of the length of a lever arm and the force perpendicular to the lever arm) about 
the distal interphalangeal joint, in which the moment generated by the GRF is 
opposed by that generated by tension in the deep digital flexor tendon (Figure 1) 
4. These normal mechanical forces exerted on the foot become detrimental with 
laminar compromise. A laminitic horse that is painful will be reluctant to move and 
when not recumbent, the horse’s limbs will be approximately positioned as if in 
the mid-stance phase of the stride. The load (opposed by the ground reaction 
force (GRF)) is located dorsal to the center of articulation and just behind and 
slightly medial to the apex of the frog on the ground surface of the foot.5 When 
the limb is loaded, the tensile forces in the DDFT create a moment, which unless 
opposed by an equal and opposite moment, causes rotation around the DIP joint. 
At breakover the moment created by the DDF exceeds that created by the GRF. 
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The tensions in the DDF is greater during the mid-stance phase of the stride than 
it is at rest, and is further increased at the beginning of the breakover phase of 
the stride. The opposing moments generated by the GRF and the tension in the 
DDF lead to a distractive force within the dorsal lamellae. Dorsal capsular 
rotation is the most common form of displacement seen in laminitis, and it relates 
to the inability of the compromised lamellae to accept the load placed on the 
dorsal region of the foot during weight-bearing and breakover. Through the action 
of these moments and weight bearing, the lamellae in the dorsal area of the foot 
are under more tensile strain when compared with the lamellae in the quarters 
and heels, which along with the frangible circulatory pattern in the dorsal section 
of the foot when compared with the dual blood supply in the palmar / plantar area 
of the foot, predispose the dorsal lamellae to injury. The GRF determines the load 
and subsequent compressive and tensile stresses that are placed on the dorsal 
lamellae. The load or GRF on the foot can’t be changed but the position of the 
GRF (center of pressure) on the ground surface of the foot can be shifted away 
from the affected area or redistributed. Support is a term widely used, seldom 
defined, and often ambiguous. Support usually means to hold a structure in place 
or prevent it from collapsing. In laminitis, it refers to supporting the distal phalanx 
and preventing it from displacing from its normal position within the hoof capsule. 
Attempting to counteract the weight of the horse by any physical means placed 
under the foot makes this concept of support unrealistic. The stresses on the 
lamellae are greatest during weight-bearing and locomotion, and an attempt can 
be made to redirect these forces by recruiting additional parts of the ground 
surface of the foot to bear weight to reduce the load on the lamellae. Decreasing 
the moment about the distal interphalangeal joint reduces the stresses on the 
lamellae that are greatest during dorsi-flexion of this joint. In a horse with acute 
laminitis, the already damaged lamellae have a greater propensity to separate 
with the stress associated during breakover. Shortening the toe decreases the 
length of the lever arm and elevating the heels decreases the tension in the 
DDFT. 
 
Finally, the sole needs to be considered. In barefoot horses with a good foot, the 
conformation and thickness of the sole is not only protective but functional and 
can be considered a weight bearing structure. The sole in a shod horse has 
reduced functionality when it becomes suspended above the ground surface of 
the foot with shoes, plays a limited role in weight bearing, lacks stimulation, loses 
sole depth and is often subjected to inappropriate farriery. In the routine practice 
of farriery, one of the most common causes of lameness is excessive sole 
pressure in the presence of inadequate thickness or depth. There are a plethora 
of pads, devices and materials on the market that are placed on the sole or under 
the horse’s foot to counteract the weight in the early stage of laminitis. The 
rationale of this methodology of creating excess pressure on the ground surface 
of the foot in the face of insufficient sole depth has to be questioned. The most 
obvious limitations of applying physical devices to the foot include the facts that 
we are limited to a relatively small surface area in an attempt to offset profound 
vertical forces imposed on the digit, the thickness of the sole and that the 
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application of pressure through compromised tissue may cause additional pain 
and tissue damage5. 
 
Assembling the team 
The equine practitioner is responsible for addressing the overall health and 
welfare of the horse. When confronted with a serious case of laminitis, a farrier 
will also play a prominent role in treatment and in most cases of severe chronic 
laminitis, the predominant long-term role. The team is completed with the owner / 
trainer of the animal who will often be the primary care giver, the party who 
makes the decisions and the one responsible for the financial obligations 
associated with the treatment. If either clinician (veterinarian or farrier) is 
inexperienced treating laminitis, it is prudent to seek advice from or refer the case 
to an individual who is experienced and treats this disease on a regular basis. 
Current history, clinical impressions and images can be transmitted from the farm 
to a referral center for a consultation. There are a multitude of methods / 
products available, all purported to improve the disease yet none are proven or 
even consistent. There are no controlled studies documenting the efficacy of any 
one medical or farriery procedure. Techniques change rapidly and for the most 
part, are empirical. Thus, laminitis treatment remains anecdotal and is based on 
the stage of the disease, clinical experience of the clinician and the response of 
the patient. As there is no proven treatment that is superior to the other, dialogue 
is important between both clinicians as there will be diverging thoughts, opinions, 
theories and previous treatment experiences. The preferred approach may be to 
consider the individual case coupled with the radiographs and decide on a 
treatment strategy based on medical and biomechanical principles.  
 
When communicating with the owner, the treatment plan should always be 
presented in a consensual manner. The clinicians should present a unified 
approach to treatment with neither party questioning the procedures of the other 
in front of the owner / trainer. Client communication is one of the most important 
but least discussed aspects of case management. A policy of open, honest 
communication that tempers false expectations of success must be used. 
Owners should be given realistic information from the onset, such as; severe 
laminitis has a poor prognosis, there are no proven treatments, any treatment 
can be extensive, expensive and prolonged, and may result in euthanasia 1,5. 
Given the seriousness of severe laminitis, clients will likely look into other 
sources for information or hope such as, the Internet, horse magazines and 
support groups regarding the management of their horse. It is imperative that the 
attending veterinarian and farrier are well versed in the common inquiries that will 
arise and can be able to address them prospectively. Accurately predicting the 
outcome of horses with laminitis is impossible. This is understandable given the 
number of variables associated with management of severe laminitis, which 
includes not only the feet but the overall health of the patient in addition to client 
constraints. 
 
The owner must be warned that if the horse with laminitis is insured, it is their 
responsibility to inform the insurance company immediately. 
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Assessment 
Accurate assessment of the whole patient with consideration for history, 
occupation, and owner expectations should be considered in every case when  
attempting to provide appropriate treatment as well as prognosis. Diagnostics 
remain basic for laminitis, but thoroughness must be emphasized. A complete 
physical examination and in particular, detailed evaluation of the feet is mandatory. 
Assessment of the intensity of the digital pulse, temperature of the feet and the 
extent of lameness should be made. The coronary band should be assessed for 
the presence of edema, for depressed areas which indicate distal displacement 
and palpably tender areas that are associated with a possible abscess or 
separation of hoof wall. The shape and position of the sole is observed for degree 
of concavity or protrusion, soft spots, or excessive loss of depth. The size and 
conformation of the feet are especially important when designing a farriery plan for 
the horse and for monitoring subtle changes associated with the progression of the 
disease. Hoof conformation may influence loading patterns and the type of 
displacement encountered. For example; in the author’s experience, there will 
generally be more displacement in an upright or club foot due to the increased load 
on the dorsal lamellae caused by the preexisting increased tension in the DDFT 
and corresponding dorsal center of pressure. On the other hand, horses with a 
long toe–low heel conformation generally have thin soles, which limits the use of 
the sole in counteracting the weight of the horse. 
 
In most instances, observation of the stance and gait provide a strong indication 
of the presence of laminitis. The characteristic stilted camped-out front legs are 
believed to redistribute load to the hind limbs5. Variations in stance likely occur due 
to the presence of pain in the rear feet or variations in the location of pain in 
the front feet. It is not necessary to use local anesthesia in order to diagnose 
laminitis and should be avoided if possible. The Obel grading system for lameness 
in laminitis can be used to document the grade of laminitis and to tract the 
progression (Table 1)7. 
 
The clinician must determine the reason for and source of pain, its location, and 
the degree of instability (amount of pain) within the foot. The location of pain is 
important to determine from a therapeutic standpoint as any pressure applied 
under this area in an attempt to support the hoof will exacerbate the pain. Hoof- 
tester evaluation is useful when positive, but a negative response does not rule out 
foot pain or laminitis. It is common to have a negative hoof-tester response in a 
horse with a thick sole and hoof capsule. Horses with metabolic syndrome also 
generally have a negative response. Hoof testers are also useful to assess the 
deformability of the sole, which gives a reasonable estimate of sole depth. Bilateral 
diffuse solar pain across the toe and dorsal wall is considered characteristic for 
laminitis; however, bilateral foot bruising may yield similar symptoms. Focal pain 
anywhere in the foot is generally associated with sepsis or abscess formation, but 
the horse may assume a “laminitic” gait to unload on the foot. Hoof wall collapse 
along the medial quarter and heel is another recognized entity associated with 
unilateral distal displacement of the distal phalanx. A marked hoof tester response 
is often present in this area. It is not fully  understood whether this is attributable to 
a greater degree of lamellar damage in this region or simply to regional mechanical 
overload on that section of the foot. Variations of the stance and gait are 
recognized when pain originates in areas 
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other than the toe and dorsal wall. Laminitis involving the dorsal hoof will generally 
present with a heel-first landing, whereas a horse with palmar foot pain will present 
with a toe-first gait or flat-footed landing. It is not uncommon for laminitic horses 
to land toe first, possibly because the stride is so shortened that they can't extend 
the digit, or because it is a deliberate action to spread out the duration of loading 
the foot. 
 
The most important determinant of prognosis in the acute laminitic patient, and 
one of the most difficult to access, is the degree of instability between the distal 
phalanx and hoof wall. At present, we have few, if any, means to make this 
assessment beyond the amount of pain, serial radiographs, a thorough clinical 
evaluation and response to therapy. In the first 48 hours of laminitis, pain has been 
shown to correlate well with the degree of histological injury to the lamellae making 
it a good predictor of instability 8. 
Table 1 

 
 
 
The lameness scale developed by Obel can be used to document laminitis severity 

Obel Grade 1 At rest the horse will alternately lift the feet or shift the 
weight. Lameness is not evident at the walk, but a short 
stilted gait is noted at the trot. 

Obel Grade 11 The horse moves willingly at a walk, but the gait is 
 characteristic of laminitis. A hoof can be lifted off the 
ground  

 without difficulty. 
Obel Grade III 
attempts 

The horse moves reluctantly and vigorously resists 
to lift a foot 

Obel Grade IV The horse must be forced to move and may be recumbent. 

 
 
Acute Laminitis 
When presented with a case of acute laminitis, three problems are encountered. 
First; there is no practical means to assess the extent of the laminar damage 
present and if this damage will be permanent when the animal first shows clinical 
signs of acute laminitis. The number of horses that suffer a severe laminitic 
episode that can be treated successfully once clinical signs are observed is also 
relatively small3. The damage to the lamellae that occurs during the 
developmental stage of laminitis precedes the onset of pain and lameness noted 
in the acute stage. Second; there is no practical means to counteract the vertical 
load that is placed on the horse’s feet. Stated differently, we have no practical 
device, product or method that allows us to take the weight off the compromised 
lamellae. Third; the distractive force placed on the lamellae by the deep digital 
flexor tendon (DDFT) is also hard to counteract. 
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Medical therapy 
Laminitis often originates from an organ system remote from the foot such as the 
gastrointestinal, respiratory, reproductive or endocrine systems. Therefore, 
treatment during the acute stage needs to aggressively address the initiating 
cause of laminitis or if treatment of the cause was initiated before the onset of 
clinical laminitis, it should be continued. Recently, unequivocal evidence confirms 
an inflammatory response is present very early in the disease before other 
changes are present, suggesting that the vascular changes, thrombi formation, 
and metalloproteinase degradation of the basement membrane are 
“downstream” events 4. The main pharmacologic agents used to treat the 
inflammatory response in early laminitis are the non-steroidal anti-inflammatory 
drugs (NSAIDs). The analgesic effects of the NSAIDs is important from a 
humane perspective but should be used judiciously so that the clinician is able to 
accurately monitor the clinical signs in the feet. Clinical improvement from the 
owners’ perception is a decrease in pain, therefore the clinician may be inclined 
to increase the dose of NSAID’s or combine NASID’s to appease the client. This 
practice should be avoided as the analgesic effects of the NSAID’s will increase 
ambulation and place additional stresses on the compromised lamellae. The 
pharmacologic agents most frequently used to treat uncomplicated laminitis are 
phenylbutazone b, flunixin meglumine c, DMSO d, and acepromazine e 4. 
Unfortunately, there are no pharmacological agents that are of proven benefit 
once the initiating events have occurred. The purported anti-inflammatory, 
diuretic and oxygen radial scavenging properties of DMSO make it a logical 
choice. Experimentally, acepromazine increases digital and laminar blood flow in 
normal horses, but it has not been tested in horses with induced laminitis 9. 
Horses that have developed laminitis associated with insulin resistance such as 
equine metabolic disease may benefit from early intervention to increase insulin 
sensitivity 7. Measures should be taken immediately to reduce the weight of 
obese horses. The use of ice therapy in the acute stage of laminitis has been 
described but its use outside of the developmental stage remains somewhat 
controversial 7. 
 
Radiographs 
Baseline radiographs consisting of a lateral and DP (dorsopalmar 0 degree) view 
should always be taken during the initial examination of acute laminitis if possible 
3. The radiographs can be used to determine previous damage, assess foot 
conformation and guide initial hoof care. Serial radiographs taken at 2-4 day 
intervals during the instable period are used to follow the progression of 
displacement and the speed of progression of the distal phalanx. Venography 
can be used to assess the circulatory pattern of the foot, but the clinician must 
be experienced in performing the procedure and interpreting the results. 
 
Hoof care 
Physical measures are often applied to the foot by the attending or consulting 
veterinarian during the acute stage of laminitis. The greatest overall stresses 
placed on the foot are associated with weight bearing. To limit the focally 
increased stresses placed on the foot during ambulation, it is imperative that an 
acute laminitic horse be restricted to the stall. When a horse is shod or when the 
horse stands on a hard surface, the load is concentrated around the perimeter of 
the hoof wall and transferred onto the lamellae. In acute laminitis, it is appropriate 
to remove the shoes, which is readily accomplished by removing individual nails 
with a short handled crease nail puller f (Figure 2). If the horse is in extreme pain 
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and reluctant to lift a foot, local anesthesia should be avoided and sedation such 
as detomidine hydrochloride g should be used to allow removal of the shoes. 
Weight can be redistributed toward the palmar / plantar section of the foot by 
applying some type of deformable material to the solar surface of the foot such 
that the sole, bars and frog in the palmar section of the foot become load sharing 
with the hoof wall. This can be accomplished by applying either thick styrofoam, 
one of the deformable impression materials, various pads and boots that are 
marketed for this purpose or placing the horse in sand (Figure 3). The author 
prefers to use beach sand if available. Caution must be used when employing 
the dorsal area of the sole distal to the dorsal margin of the distal phalanx and 
the adjacent wall to bear weight. It should be noted that recent biomechanical 
research has shown that when the foot is loaded, the hoof expands or flares 
outwards and as a result pulls the sole distally 10. Therefore, applying pressure to 
the sole in a horse with minimal sole depth or one that shows pain when hoof 
testers are applied may in fact compromise circulation and increase the pain 
level. Applying shoes in the acute stage of laminitis has not been shown to offer 
any advantages. In the acute stage of laminitis, the moments about the distal 
interphalangeal joint and the distractive force placed on the lamellae by the deep 
digital flexor tendon (DDFT) can be reduced to some extent by moving the 
breakover in a palmar / plantar direction. A line is drawn across the solar surface 
of the foot dorsal to the frog and a rasp is used to bevel the toe in a dorsal 
direction from this line until it is approximately 25 - 30° to the ground. This 
effectively moves the breakover palmarly, decreases the pressure on the dorsal 
lamellae and may lessen the forces created by the DDFT. Additionally, beveling 
the toe in this manner reduces weight bearing by the dorsal wall at rest. The 
center of pressure is effectively moved in a palmar direction by extending the 
ground surface of the foot palmarly and applying mild heel elevation.  Raising 
the heels excessively in the acute stage has been advocated but should be done 
with caution as there is no scientific proof of a beneficial effect. 
 
Laminitis as a consequence of various systemic diseases and/or the 
administration of corticosteroids often results in distal displacement (sinking) of 
the distal phalanx. In this case the entire circumferential lamina interface is 
damaged allowing the distal phalanx to descend or sink uniformly within the hoof 
capsule. There is minimal involvement of the deep digital flexor tendon (DDFT) 
during this process. The author has not found elevating the heels in horses with 
distal displacement to be effective. Moving the breakover back and placing a 
uniform layer of a deformable impression material on the bottom of the foot or 
placing the horse in sand may be a better option 4. 
 
Recently the author has favored the use of wooden block or shoe in horses with 
acute laminitis that are expected to rotate or sink and the results have been very 
encouraging. The flat solid construction allows the entire ground surface of the 
foot to be utilized for weight bearing without excessive pressure on the sole. The 
border of the ground surface of the wooden shoe can be beveled or cut on an 
angle, which appears to concentrate the load under the digit. They can be 
applied in a non-traumatic manner and the angle around the periphery of the 
shoe appears to decrease torque on the lamellae in the toe and the quarters. 
Two- inch fiberglass casting tape is used to secure the block and limit expansion 
of the foot (Figure 4). 
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An acute case of laminitis should be reevaluated at 48-72 hours for improvement 
or worsening of the condition. If the horse has not shown marked progress, the 
horse should be reassessed by the responsible parties regarding treatment 
plans, and alternatives. The prognosis becomes less optimistic. The client 
should also be aware that referral facilities exist that provide additional options. 
 
Chronic Laminitis 
Rehabilitation of the horse with chronic laminitis is not a “cookbook” process as 
affected horses with chronic laminitis will vary from case to case and our 
understanding of the disease is still vague. However, the understanding of digital 
mechanics has improved and technological advances in shoe design / materials 
and techniques continue to expand. Chronic laminitis by definition means that 
the distal phalanx (P3) has displaced within the hoof capsule 11. The distal 
phalanx can rotate downwards at the toe, rotate to either side (laterally or 
medially) or it can totally displace (sink) within the hoof capsule (Figure 5). 
Rehabilitation of the horse with chronic laminitis will depend on the amount of 
viable lamellae that remain intact, the conformation of the foot and the ability to 
realign the distal phalanx within the hoof capsule. The question is often asked as 
to when to shoe a horse with chronic laminitis. The guidelines that may be used 
are when the horse is comfortable (stability), on minimal medication and the foot 
has stabilized, there have been no further radiographic changes in the foot for a 
given period of time. The author has not been successful nor observed 
improvement in the laminitic state of any horse when having to use local 
anesthesia in order to lift the horse’s foot and apply a shoe before the foot has 
stabilized. 
 
Radiology 
The lateral radiograph is often the only film taken for evaluating chronic laminitis 
but it does not allow identification of asymmetrical medial or lateral distal 
displacement. Therefore, the author considers it crucial that a dorsopalmar (DP) 
radiographic projection is included as part of the radiographic study for either 
acute or chronic laminitis12. High quality radiographs are required to visualize the 
osseous structures within the hoof capsule as well as the hoof capsule itself. The 
radiographic features of chronic laminitis are well-documented 13. The following 
observations from the lateral radiograph are important in determining the 
prognosis and guiding treatment: the thickness of the dorsal hoof wall, the 
degree of dorsal capsular rotation, the angle of the solar surface of the distal 
phalanx relative to the ground, the distance between the dorsal margin of the 
distal phalanx and the ground, and the thickness of the sole. 
 
The dorsopalmar radiograph is examined to determine the position of the distal 
phalanx in the frontal plane. Asymmetrical distal displacement of the distal 
phalanx on either the lateral or medial side is present if a line drawn across the 
articular surface of the distal interphalangeal joint or between the solar foramens 
of the distal phalanx is not parallel to the ground, the joint space is widened on 
the affected side and narrowed on the opposite side, and the width of the hoof 
wall appears thicker than normal on the affected side (Figure 6). 
Finally, radiology will form the guidelines to be used in realigning the distal 
phalanx and applying any type of farriery (Figure 7). 
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Farriery for chronic laminitis 
Trimming and shoeing has always been the “mainstay” of treating chronic 
laminitis and is directed at reducing/removing the adverse forces on the 
compromised lamellae. In considering hoof care in horses with chronic laminitis, 
there are three goals for therapy; to stabilize the distal phalanx within the hoof 
capsule, to control pain, and to encourage new hoof growth to assume the most 
normal relationship to the distal phalanx possible 12. Realignment of the distal 
phalanx to create a better relationship of the solar surface of the distal phalanx 
with the ground is used as the basis for treating chronic laminitis 14,15. 
 
Realignment of the distal phalanx should promote and produce hoof wall growth 
at the coronet and sole growth distal to the distal phalanx. Using the radiographs 
as a template, the objective of the trim is to reposition the distal phalanx within 
the hoof capsule and re-align the ground surface of the hoof capsule with the 
solar margin of the distal phalanx (Figure 8). Applying any type of shoe following 
this procedure should compliment the realignment of the distal phalanx and 
further decrease the forces on the lamellae. The shoeing principles applied to all 
shoeing methods used in treating chronic laminitis are to recruit ground surface, 
reposition the breakover palmarly and to provide heel elevation as needed 12,14. 
The author’s shoe of choice is usually a wide web aluminum shoe with heel 
elevation either incorporated into the shoe in the form of rails or by using a bar 
wedge inserted between the shoe and the solar surface of the foot. Deformable 
impression material h can be applied between the branches of the shoe to 
increase the surface area and redistribute the load. Breakover can easily be 
placed into the shoe in the appropriate place by forging or using an electrical 
grinder. The middle of the foot is used for accurate placement of the shoe on the 
foot 12. 
 
Recently the author has been very successful treating selected cases of chronic 
laminitis using a wooden block cut in the shape of the foot with the border of the 
ground surface cut on an angle of at least 45º (Figure 9)12, 14, 16, 17. The foot is 
trimmed appropriately to address realignment; impression material is used 
judiciously in the palmar section of the foot to create a solid plane between the 
solar surface of the foot and the wooden shoe. Heel elevation can be 
incorporated into the wooden shoe if necessary and the shoe is applied 
atraumatically using screws and casting tape. With this method, there is flat even 
pressure placed across the palmar section of the foot and all the mechanics are 
placed in the block while preserving the hoof capsule. 

 
Surgery 
Deep digital flexor tenotomy remains a very useful procedure for treating chronic 
laminitis. The author considers this surgery necessary if the margin of the distal 
phalanx has prolapsed through the sole or on those cases that fail to stabilize 
once they begin displacing. As stated earlier, two of the main detriments when 
treating chronic laminitis are the weight of the horse and the distractive force of 
the DDFT. One of these detrimental forces can be removed through this surgery 
but knowing when to use it poses a dilemma. It is often necessary to use this 
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procedure in order to realign the distal phalanx. Further indications for this 
surgery are progressive rotation, persistent pain, minimal hoof wall and or sole 
growth and secondary flexor apparatus contracture. If there is a marked flexural 
deformity involving the distal interphalangeal joint (DIP) present, this is an 
indication of shortening of the musculotendonous unit and a release procedure is 
necessary to accomplish realignment of the distal phalanx. It has to be 
emphasized that if a deep digital flexor tenotomy is utilized, it must be 
accompanied by realignment of the distal phalanx to decrease the adverse forces 
on the lamellae. Following a DDF tenotomy, the middle phalanx will move distally 
and palmarly relative to the distal phalanx (P3). This concentrates the load on the 
palmar soft tissue structures of the foot rather than redistributing the load on the 
solar surface of the distal phalanx. The author has found it helpful to use a shoe 
or a wedge pad attached to a cuff to extend the ground surface beyond the heel 
of the hoof capsule and add a few degrees of heel elevation. This will realign the 
digital axis and appears to improve the clinical parameters (comfort, hoof capsule 
changes, sole growth, etc.) following surgery 12. 
 
Ethical considerations 
The clinicians should continually discuss the humane issues surrounding a case 
of severe laminitis from the onset. This is especially important in laminitis cases 
that have the potential or are displaying clinical and radiographic signs of distal 
displacement (sinking) as these cases inevitably have a poor prognosis. From a 
humane aspect it is irresponsible to prolong the life of a chronically painful horse 
with no chance of recovery or any quality of life. The decision for euthanasia is 
often subjective and the clinician must take into consideration the owner’s 
psychological attachment to the horse. Monetary and insurance considerations 
must be discussed frankly. Convincing evidence can and should be presented to 
the owner such as duration of the current treatment, status of the horse 
(unrelenting pain, recumbency, weight loss), foot conformation (no hoof or sole 
growth, prolapse of distal phalanx through the sole, palpable trough at the 
coronet) and imaging (severe displacement – rotation and or sinking, position of 
coronet, irreversible damage to the hoof capsule) (Figure 10). If a decision is 
reached to euthanize a horse, the decision should be unanimous among all the 
members of the team. The clinician should recommend and encourage the owner 
to seek a second opinion. The attending or consulting veterinarian or farrier 
should never imply to the owner that had a different approach or mode of therapy 
been initiated at a particular time, the outcome of the case would have been 
different. There is no scientific evidence to support such a derogatory statement, 
it casts doubt on the professionalism of the clinicians involved and opens the 
door for possible litigation. 
 
Discussion 
Unfortunately, many of the treatment regimens, both medical and farriery 
techniques, used to treat acute and chronic laminitis are based on tradition, 
theoretical assumptions that a given treatment should work and anecdotal 
evidence that a certain type of treatment has worked on previous cases. There 
are no controlled studies confirming or comparing the efficacy of the numerous 
treatments in use nor is there any scientific proof that one treatment is superior to 
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another. What is well documented are the forces and mechanics applicable to the 
equine foot. Clinicians (veterinarians and farriers) may be better served by a 
thorough knowledge and understanding of the anatomy, physiology and function 
of the hoof. Understanding the foot in a mechanical sense may allow better 
application of a preferential treatment protocol. 
 
Treatment of laminitis has to be a team effort equally shared between 
veterinarian, farrier and owner. The intent of this paper is not to discourage 
treatment of laminitis but to create expectations that are realistic, humane and 
based on the cause of the disease, amount of lamellar damage, pain, duration 
and the financial constraints involved in prolonged treatment. At the onset of 
treating severe laminitis, certain guidelines can and should be outlined to indicate 
the efficacy of the chosen treatment method along with a reasonable time frame 
for improvement. These guidelines could be a change in stance, decreased 
digital pulse, increased comfort, horn growth at the coronet, sole growth, etc. If 
the desired improvement is not observed or the condition gets worse, the overall 
farriery methods should be reassessed and changed where necessary. 
With severe laminitis cases, we are often unable to rehabilitate the horse to 
where it has an acceptable quality of life. The main reason being that there are 
insufficient laminar structures remaining within the hoof to achieve realignment 
and accept weight. The author feels it is important, from a humane perspective, 
to know when to discontinue treatment that has not been effective. Often we 
persevere with various treatments, put the horse through much unnecessary 
suffering, only to achieve an unsatisfactory outcome. It is unlikely that this 
disease can ever be fully eliminated nor is it likely that there will ever be a single 
drug or other line of therapy to consistently treat acute or chronic laminitis so our 
clinical and research efforts should be divided between prevention and 
treatment. 
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a. McIlwraith, CW. Fort Collins, CO. (personal communication) 2010. 
b. Phenylbutazone paste. Schering-Plough Animal Health, Union, NJ 07083 
c. Flunixamine. Fort Dodge Animal Health, Fort Dodge, IA 50501 
d. DMSO. Fort Dodge Animal Health, Fort Dodge, IA 50501 
e. Promace. Fort Dodge Animal Health, Fort Dodge, IA 50501 
f. Lopez crease nail pullers. Lopez Farrier Tools, Santa Maria, CA 93455 
g. Dormosedan. Pfizer Animal Health, Exton, PA 19341 
h. Equilox Pink, Equilox, Int., Pine Island, MN 55963 
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Figures 

 

 
1A 1B 

 
Figure 1. Figure 1A shows the biomechanical forces (GRF, moments about the 
DIP joint and force of the DDFT) exerted on the equine foot at rest. Figue 1B 
shows the GRT moving into the toe and the moment about the DIP joint at the 
beginning of breakover. 

 
 
Figure 2. Creased nail puller with short handles. 

 

 
Figure 3. Schematic representation of a laminitic horse standing in sand. Note 
the properties of sand contour to the solar surface of the foot and allow the 
horses’ toe to sink in the sand and elevate the heel. (Courtesy Dr Andrew Parks) 
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Figure 4. Wooden shoe attached to the foot with screws placed around the 
perimeter of the hoof wall and secured with casting tape. 

 
 
A B C 

 
Figure 5. A illustrates dorsal capsular rotation, B illustrates mediolateral rotation 
and C illustrates distal displacement. 

 
 

 
 
Figure 6. Radiograph of asymmetrical displacement of the distal phalanx on the 
medial side. Note the solar foramens are not parallel with the ground. Also note 
the disparity in the joint space from the lateral to the medial side. 
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Figure 7. A schematic representation of a lateral radiograph of a foot with dorsal 
capsular rotation can be used as a template when trimming. A line is drawn 
approximately parallel and about 15 mm distal to the solar surface of the distal 
phalanx. A second line is drawn parallel and approximately 15 – 18 mm dorsal to 
the parietal surface of the distal phalanx. The arrow at the intersection of the two 
lines is the furthest dorsal point the toe of the shoe should be set. The second 
arrow is approximately 6 mm dorsal to the dorsal margin of the distal phalanx 
and is the approximate location of the point of breakover. (Courtesy Dr Andrew 
Parks) 

 
 
A B C 

 
Figure 8. A schematic diagram of a horse’s foot with rotation before (A) and after 
being trimmed (B) according to guidelines in figure 7. Note that diagram (C), the 
dorsal and palmar aspects of the ground surface now form 2 different planes. 
(Courtesy Dr Andrew parks) 

 
 
 
 
Figure 9. A wooden shoe applied to the foot with impression material. Note the 
point of breakover on the ground surface of the shoe which corresponds with a 
vertical line drawn from the coronet. 
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Figure 10. Lateral and DP radiograph of a horse with severe laminitis. The 
displacement of the distal phalanx, the position of the coronet, the disruption of 
the lamellae and the solar penetration will prevent recovery. 
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Farriery for the hind limb – a practical approach 
 
Stephen E. O’Grady DVM, MRCVS 
 
Virginia Therapeutic Farriery, 833 Zion Hill Rd,   Keswick VA 22947; e-mail: 
sogrady@look.net 

 
Introduction 
 
Farriery in the hind limbs has not been studied to the extent of the forelimbs and 
there is minimal information published in the clinical or research literature. 
Therefore, our knowledge of farriery with regards to the hind foot may be 
somewhat deficient. The biomechanical forces applied to the hind foot may not 
be similar to the fore foot especially due to the weight distribution and the shape 
being different. The hind foot is narrower with a more upright hoof angle when 
compared with the forefoot. The toe will be pointed and there is generally far 
more concavity to the sole. There should be a nice wide frog that divides the sole 
into approximate halves. In the well conformed hind foot, the lateral wall will have 
some degree of flare while the medial wall will be straight – the amount of which 
will be conformational dependent. The shape of the hind feet is an indication of 
being designed for propulsion and traction. With regards to farriery, there should 
be no reason why the guidelines for trimming the forefeet should not apply to the 
hind feet. 
 
Farriery for the hind foot – an overview 
 
The hind feet can be considered very similar in structure and function to the fore 
feet regarding the diagnosis of abscesses, avulsions, and distal phalanx 
fractures.  However, when diseases that affect the hoof capsule and the 
structures within the hoof capsule are considered, then the structure and function 
of the hind foot should be considered separately to the forelimb.  This is because 
the stresses associated with locomotion in the hind limbs are sufficiently different 
(and less well understood) that changes in the hoof capsule should not 
necessarily be interpreted in the same manner as they would be in the forelimbs. 
For example, defects involving the hoof capsule such as toe cracks, heel cracks 
and separations are less common in the hind feet. The same can be said for 
diseases affecting the internal structures of the foot such as laminitis, navicular 
disease and lesions involving the podotrochlior apparatus. These differences 
may be related to the weight bearing vs. the propulsion function of the foot. It 
may be realistic to evaluate the hind foot in a sagittal plane while paying strict 
attention to the limb conformation above. Common limb conformation that would 
influence foot conformation would be those animals with straight hind legs, sickle 
hocks, cow hocks and varus deformity of the hocks (Figure 1). 
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Figure 1.  Varus conformation of the hock resulting in overload and rolling under of the 
lateral side of the foot. Note wide branch of the shoe to increase ground surface. 
 
Historically, methods of farriery have been suggested to help treat various 
diseases in the hind limb such as tarsitis, gonitis, curbs and proximal suspensory 
ligament desmitis. Other than maintaining the appropriate ground surface area 
on the foot, there is little evidence that any type of shoe, pads or wedges will 
excerpt any influence on the limb above the fetlock. The three applications of 
farriery that have the most effect on the hind foot is improving or maintaining the 
hoof shape through the trim; placement and size of the shoe and providing heel 
elevation when appropriate. There are presently many specialty shoes being 
marketed to treat conditions of and above the foot, most of which work on the 
principle of ‘flotation’ (Figure 2). Yet none of these shoes have any scientific 
proof of what they are purported to do and none will have any effect whatsoever 
unless combined with the appropriate trim, size and placement of the shoe. One 
of the most popular farriery applications in the hind limbs is to provide heel 
elevation to improve the hoof angle. If raising the heels seems necessary, the 
heels are not only low but generally the structures are damaged. Applying heel 
elevation, often with veterinary insistence, creates excess pressure / load on 
compromised structures leading to more damage and often an additional 
lameness problem (Figure 3).  
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Figure 2. Hind suspensory shoe.                        Figure 3. Egg bar shoe with a wedge on a               
Wide toe for flotation (Courtesy of                     hind foot. Red arrow denotes the end of the   
Grand Circuit)                                                       heel. 
 
 
Farriery Approach 
 
Evaluation of the hind feet should be coupled with the front feet prior to shoeing 
the horse using three steps. First, the horse should be observed in a standing 
position from all sides not only looking at the foot conformation but also the limb 
conformation above. Second, the horse is observed in motion, paying close 
attention to the landing pattern of the foot. Thirdly, the foot is picked up and the 
solar surface of the foot is observed before pulling the shoe. Note the size and 
position of the frog; then draw a line across the middle of the foot (imaginary or 
with a marker) which will give you the proportions of the foot on either side of the 
line. Finally, note the wear at the toe of the horseshoe (amount and direction). 
The trim for the hind feet will follow the guidelines used for the front feet 1, 3. 
Briefly for a well shaped foot, a line is drawn across the widest part of the foot. 
The frog is shaped and any exfoliating horn is removed, the hoof wall is reduced 
from quarter to quarter according to the sole depth and the heels are trimmed to 
the base of the frog or to where the heels of the hoof capsule and the frog are on 
the same plane. The distance from the line drawn across the foot to the periphery 
of the toe and the distance from the line to the base of the frog should 
approximate each other. Any flares are removed from the outer hoof wall. A shoe 
is fitted such that the line drawn across the foot is in the middle of the shoe and 
the branches of the shoe are allowed to extend beyond the end of the heels. 
Square toes are helpful to direct break over but the author prefers a round toe to 
enhance propulsion of the hind foot. Breakover is not created in the hind shoe 
regardless whether the toe is round or square unless necessary. The branch of 
the shoe can be widened to increase the surface area under the side of a foot if 
the heel is rolled under. Trailers can be used in moderation either on just the 
lateral side of the shoe to help direct breakover or on both sides for stability. 
Remember that excessive trailer length beyond the heels acts as a lever and 
creates excess pressure on the heel structures that can be detrimental.   
 
       
Low or under run heels – a universal problem 
 
Abnormal hoof conformation involving the hind foot has become so common it 
may be considered normal. One reason for this common occurrence is the 
continual use of shoes that are too small. Low or under run heels affecting the 
health of the foot or as a cause of lameness are often overlooked in the hind 
feet1. Very little information has been published on the effects of low or damaged 
heels in the hind limbs. Horses with structural damage to the heels of the hind 
feet will suffer the same consequences associated with the hoof capsule as 
noted in the front feet but the hind feet don’t appear to be affected with disease of 
the internal structures as noted in the forefeet and appear to have a better 
chance for structural improvement. This difference may be due to the overall 
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anatomy of the hind limbs and the propulsionary function of the hind feet vs. the 
weight bearing function of the forefeet. Damage to the structures of the hind feet 
may be well advanced before  
 
 
lameness is noted. Under run or collapsed heels in the hind feet may lead to a 
subtle bilateral lameness which is often attributed to hock, stifle or back pain. 
  
Part of the therapy for hind limb lameness is often to raise the heels of the hind 
feet regardless of the conformation of the hind foot. Long egg bar shoes or egg 
bar shoes with wedge pads are generally used for this purpose. Yet there is 
absolutely no documentation that confirms that heel elevation exerts noteworthy 
influence on any part of the hind limb anatomy above the distal interphalangeal 
(DIP) joint 2. Furthermore, heel elevation applied to the hind feet with existing low 
heels or under run heels will create pressure and damage the heel structures 
further, leading to an additional lameness problem.  
 
Clinical examination of the foot  
 
Abnormal conformation of the hind feet is easy to recognize. When looking at the 
limb from the side, the digit will show a broken back hoof-pastern axis. The slope 
of the coronary band from the toe to the heel will have an acute angle at the heel 
and the bulbs of the heels will have a ‘knob’ shaped appearance that can be 
seen lying against the shoe. There will be a disparity in the growth rings below 
the coronet from the toe to the heel and the dorsal hoof wall will assume a “bull 
nosed” appearance (Figure 4). Looking at the foot from behind, the frog is often 
situated below the hoof wall and the frog can be seen to prolapse down between 
the two branches of the shoe (Figure 5). The frog will be large and bulbous from 
the constant stimulation with the ground. Upon removing the shoe, the end of the 
heel of the hoof wall is located well forward from the base of the frog and the 
horn tubules will be parallel with the ground. The hoof wall at the heel will be thin, 
there will be no angle of the sole and the bars may be absent. When the foot is 
placed on the ground, total weight bearing will be placed on the frog and many 
horses are reluctant to stand on the frog when the opposing limb is lifted off the 
ground. Viewing the toe area on the ground surface of the foot, there will be a 
“trough” noted between the apex of the frog and the inner branch of the shoe 
instead of a smooth transition of the sole from the frog to the sole wall junction 
(Figure 6). Hoof testers placed on either side of the heel at the angle of the sole 
will often elicit a painful response and the structures will deform. 
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Figure 4. Hind feet with a low heel – A is early, B is more advanced and C is severe. Note the red 
arrows showing the disparity in the growth rings and the ‘bull nose’ forming. The black arrow 
denotes the end of the heel. 
 

 
Figure 5. Note the position of the frog prolapsed between the branches of the shoe. Note the frog 
positioned below the hoof wall when the shoe is removed. 
 

 
Figure 6. Note the ‘trough’ present between the apex of the frog and the inner margin of the shoe 
 
 
Radiographs 
 
A lateral radiograph of the hind foot will show a broken back hoof pastern axis 
with the middle phalanx (P2) being DISPLACED plantar and distally relative to 
the distal phalanx (P3) during weight bearing (Figure 7). This places excessive 
stresses on the plantar section of the joint capsule. The solar margin (plantar 
angle) of the distal phalanx is lower than the dorsal margin of the distal phalanx. 
The sole depth below the dorsal margin of the distal phalanx is markedly 
increased relative to the sole depth at the heel and the perimeter of the distal 

A B C 
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phalanx can be seen migrating toward the dorsal hoof wall. This is what causes 
the “bull nose” appearance of the dorsal hoof wall. The soft tissue structures in 
the plantar section are noted to be lying against the shoe. 
 

 
Figure 7A is moderate low heel conformation while figure 4B is severe. Note the position of P2 
relative to P3 on both radiographs. This places the load on the palmar section of the foot. Also note 
the ‘knob’ appearance at the heel bulb. 
 
 
Farriery 
 
Damage to the heels of the hind feet is easier to improve than in the forefeet, 
possibly due to the anatomy and the difference of the load encountered on the 
hind limbs. The severity or the distortion of the hind feet will obviously be 
proportional to the amount of time the condition has been present. The first part 
of the farriery is to address the frog if it is located below the hoof wall. If severe, 
the horse should be allowed to go without hind shoes briefly (as little as 5-7 days) 
which can be very effective in this time frame. The shoes are removed and the 
foot is trimmed from quarter to quarter according to the sole depth (Figure 8). 
The horse is then kept on a firm surface and walked daily; this places pressure 
on the frog which quickly assumes the same plane as the heels on either side  
 

 
Figure 8. Excess hoof wall is removed from toe quarter to toe quarter. This will decrease sole depth 
at the toe and improve the angle of the solar border of the distal phalanx with the ground 
 
If the horse needs to continue in work and wear shoes, the approach can be 
modified. The hind shoes are removed a day or two before the horse is due to be 
shod and the foot is trimmed as described above. A degree pad is cut out to fit 
the foot and secured to the foot with brown gauze and elastic tape. The horse is 

A
A A B 
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placed in a stall on a firm surface for 24-48 hours. When the wedge pad is 
removed, the frog will be compressed between the heels forming a flat even 
surface which includes the frog and both heels. The horse is then shod paying 
strict attention to the trim. Any additional horn at the heels can be removed so the 
heels of the hoof wall are solid and approach the base of the frog being careful to 
keep the frog and both heels in the same plane. When the hoof wall and the frog 
are on the same plane, the load is shared across the plantar section of the foot. 
A shoe can now be fitted and applied. We fit shoes to the hind feet the same as 
the front where a line is draw across the widest part of the foot and the shoe is 
fitted so the line is placed in the middle of the shoe 3. In the hind feet, the 
branches of the shoe will extend beyond the end of the heels (Figure 9). 
Breakover can be created in the hind shoe if necessart either by forging or using 
a hand grinder beginning at the inner margin of the shoe and tapering toward the 
periphery of the shoe. A recent paper in the literature showed a smoother shift in 
the center of pressure and a more fluent hoof enrollment with a rolled toe shoe 4. 
To keep the frog and hoof wall on the same plane or if mild heel elevation is 
necessary, a metal or aluminum heel plate or a leather wedge can be placed 
under the shoe at the heels if the shoe is fitted in the manner described above. 
This will concentrate the load across the frog and heels in the plantar section of 
the foot. This is usually a temporary measure and can be discontinued once the 
heels have stabilized. 
 

 
Figure 9. Ground surface and side view of a hind foot shod with a steel shoe. Red lines show the 
placement of the shoe and the proportions of the foot being as wide. Note the smooth transition of the 
sole from the apex of the frog dorsally. Side view shows the placement of the shoe and the shoe 
extending beyond the heels of the hoof capsule. Note the vertical line drawn from the bulbs 
 
 
Conclusions 
 
Damage to the heels of the hind feet is much easier to resolve or improve than in 
the fore feet. This could be due to the anatomy of the hind limb along with the  
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shape and function of the hind feet. Once the frog has been repositioned and the 
heel structures have grown, attention to the foot prep is necessary to keep the 
frog and heels of the hoof wall in the same plane. The trim along with the 
appropriate size and placement of the shoe are equally important in maintaining 
the health of the heels of the hind feet.  
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EQUINE RESPIRATORY VIRAL/BACTERIAL INFECTIONS: VACCINE UPDATE 
Laurent Viel DVM, MSc, PhD 
University of Guelph Professor Emeritus, Guelph, ON, Canada 
 
Epidemiological surveys performed on large populations of athletic horses identified lameness 
as the primary cause of performance related problems (50%) and respiratory conditions as the 
second most important one (30-40%).  In the latter, lower airway inflammation with or without 
Exercise-Induced Pulmonary Hemorrhage (EIPH) emerges as the dominant clinical condition.   
 
Lower airway inflammation is a common and often unrecognized cause of exercise intolerance 
in young performing horses.  Inflammation is the body’s response to injury by various insults 
such as infectious agents, parasites and trauma.  This inflammation is usually a beneficial 
reaction that defends the animal from micro-invaders.  However, inflammation can act as a 
double-edged sword and be harmful if it occurs excessively or is not self-limiting.  This 
overreaction seems to happen in equine allergic small airway disease due to environmental 
allergens and particularly subsequent to respiratory viral infections.  In humans, influenza virus 
and rhinoviruses have been extensively investigated and associated not only with upper 
respiratory infections (common cold), but also with asthma exacerbations and inflammatory 
airways disease [Papadopoulos et al., 2004].  It has been demonstrated that rhinovirus for 
example, is capable of persisting in the airways for several months following an acute infection 
and stimulates the production of pro-inflammatory cytokines which play a role in airway 
remodeling, a characteristic feature of asthma pathology. 
 
Equine influenza 2 (AE2-H3N8), equine herpes virus 1, 4, 5 (EHV1,4,5), equine rhinitis A and B 
virus (ERAV, ERBV) are among the most important viruses isolated from the respiratory tract 
during equine respiratory outbreaks.   Equine Herpes virus-5 (EHV-5) has been implicated in the 
progressive fibrosing pulmonary diseases in older horses and has been reproduced 
experimentally, however its prevalence is still unknown. 

 
Equine Influenza Virus: 
In susceptible horses, exposure to the virus, either by direct contact or aerosol transmission, the 
virus spreads along the upper respiratory tract within 1 to 3 days. During this phase, virus 
colonization results in the destruction of the respiratory epithelium and secondary bacterial 
infections may occur. Clinical signs such as pyrexia (up to 41°C) lasting for 4 to 5 days, deep 
dry cough, serous nasal discharge, conjunctivitis, inappetance and muscle soreness, with 
enlargement of submandibular lymph nodes, typically develop within 1 to 5 days following 
exposure.  Mumford et al. (2002) described the atypical form of equine influenza virus where the 
characteristic clinical signs were associated with mild and transient fever, infrequent soft cough 
and slight serous nasal discharges and the virus do not disseminate through the entire stable.    
The severity of the influenza viral infection is influenced by various factors including viral load, 
level of host immunity and the virulence characteristics of the virus.  A study where the effects of 
equine rhinitis B virus, equine influenza virus and equine herpes virus on tracheal clearance rate 
in horses demonstrated that of the three viruses, only the equine influenza virus induced a 
persistent cough and produced the longest periods of reduced tracheal clearance rates: up to 
32 days post influenza challenge [Willoughby et al., 1992].  
Equine Rhinitis Viruses: 
 
Equine rhinitis A virus (ERAV) and equine rhinitis B virus (ERBV) formerly known as equine 
rhinovirus 1 (ERV1) and equine rhinovirus 2 (ERV2) have been previously associated with 
equine respiratory outbreaks all around the world [McCollum et al., 1992, Carman et al., 1997, 
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Kriegshauser et al., 2005, Diaz-Mendez et al., 2006]. Diaz-Mendez et al. demonstrated that 
most Influenza virus outbreaks were accompanied by rhinitis virus infection, suggesting that 
perhaps the two viruses may act synergistically (Table 1).  Experimental infection of horses with 
equine rhinitis A virus showed that the clinical signs are not much different than equine influenza 
viral infection, including the development of pyrexia and serous nasal discharge (Diaz-Mendez 
et al. 2014).  Perhaps different from influenza virus, coughing was not a hallmark of the 
condition.  Furthermore, the developments of secondary bacterial infections are less significant in 
experimentally infected horses when compared to influenza virus.  Nevertheless, mucus in the 
airways was observed as long as 21 days post experimental infection.  
 
 
Equine Herpes Virus: 
The clinical signs of equine herpes virus respiratory infection bear strong similarity to influenza 
virus infection with the exception the number of horses, which develop clinical signs within a 
stable are fewer compared to Influenza.  However, it is worth noting that in the surveillance 
study of respiratory viral infection outbreak in Ontario since 2003, neither Herpes virus 1 and/or 
4 has been a prevalent virus.  In a critical review of the literature, herpes virus produces a 
relatively mild respiratory infection often unnoticed and largely associated and preceding a 
neurologic or abortive infection.  Following infection, the most undesirable characteristic of 
herpes virus is its ability to become latent, meaning that it remains in a dormant state with no 
obvious clinical signs in the host cells. Outbreaks of the EHV neurological form (EHV-752) 
appear to have emerged from a more virulent strain resulting from a mutation. It is perhaps a 
plausible explanation for the lack of protection from the present commercially available 
vaccines.  Other equine herpes viruses, such as equine herpes virus 2, 3 and 5 have also been 
associated with respiratory conditions but it is unclear as to their clinical significance. 
 

 
In general, most respiratory viruses have been known to cause alterations in the normal respiratory 
defence mechanism, including increased susceptibility to other infectious microorganisms, 
decreased mucociliary clearance and inhibition of the function of alveolar macrophages.  These 
alterations increase the susceptibility to secondary bacterial infections as well as prolong the 
duration of viral infection.    An extended period of rest for two to three weeks is the key to good 
management in these cases. Unfortunately, economic factors have made this costly, and many 
owners, trainers or riders are unwilling to rest a horse for the required period to ensure full 
recovery.  Without rest, persistent inflammation occurs and predisposes the horse to increased 
sensitivity towards dust, moulds, pollens and other environmental irritants.  Respiratory viral 
infections are thought to be predisposing or exacerbating factors to airway hypersensitivity and 
hyperresponsiveness.  At present, there is evidence in other species that respiratory viral agents 
alone can induce an immune-mediated inflammatory reaction similar to that of an allergic 
hypersensitivity.  A study conducted in ponies naturally infected with influenza virus demonstrated 
that severe airway hyperresponsiveness to aerosolized histamine persisted for at least 4 weeks 
following the early signs of clinical infection.  The latter observation seems to correspond to the 
observation made by field veterinarians that horses affected with allergic inflammatory airway 
disease IAD in a stable take longer to recover or tend to develop more severe clinical signs of IAD 
following an outbreak of respiratory viral infection in the stable.  

 
 
DIAGNOSIS: 
The diagnosis of equine respiratory viral infections is largely based on the clinical signs such as 
sudden onset of increased body temperature, cough and serous nasal discharge.  In the acute 
stage of the disease i.e 2-3 days of the horse being actively infectedo, a nasopharyngeal 

2018 OVMA Conference 291 

11005 vIEL - EquINE rESPIrATOry vIrAL BACTErIAL INFECTIONS - vACCINE uPdATE



 3 

sample (swabbing) may confirm the presence of a specific virus (equine influenza virus, equine 
herpes viruses or equine rhinitis viruses) using the rapid PCR test. Unfortunately, most 
veterinarians are called when the horses are 5-7 days from the onset of the infection hence 
making viral isolations and PCR ineffective in demonstrating positive results.  Thus far acute 
and convalescence serum samples are still considered the gold standard for the presence of 
respiratory viral infections in an individual horse or a group of stable mates by either 
demonstrating a four folds increase in antibody titres or commonly showing significant high titres 
when compared to residual base line titres.  Further, the acute and convalescent serology may 
be misleading if recent vaccinations for influenza and herpes viruses occurred in the affected 
stables. Again it is important to keep in mind that even after vaccination, the titres never reach 
the level of horses undergoing a field viral infections. 

 
 

PREVENTIVE MEASURES:  
As our knowledge and understanding of infectious disease continues to expand, there is 
certainly a common denominator by which most experts agree upon and this is prevention.  The 
term prevention in the context of equine respiratory disease requires a good understanding of 
the true efficacy of the product being used and perceived questionable value of vaccination by 
horse owners.  In the early 2000, investigations challenged the existing gold standard of vaccine 
efficacy approval by government regulator.  It became clear that the sole assessment of 
antibody response to vaccine efficacy was totally inadequate. Hence experimental viral 
challenges to evaluate protection conferred by vaccinations not only in term of antibody 
responses but also capable to abate viral shedding and viral loads from the respiratory tract 
highlight the significant differences between viral antigen incorporated in current commercial 
vaccines, fig.1. (Holmes et al. 2006).  Nevertheless, recent development of new intra-nasal and 
parenteral vaccines seems to lead the way by providing better protection against viral 
respiratory infections. One of the most critical features of these vaccines has been their 
capability to protect horses following a replica of field experimental challenges with up to date 
and commonly isolated viral strain subtypes.  
The general recommendations for a vaccination program will largely depend on the age of the 
horse, the racing/show schedules and the client compliance.  For effective vaccination, it is 
paramount that a naïve horse, including a young or mature horse, which has not been 
vaccinated for over one year, to receive a primary immunization series, followed by a booster 
four weeks later.  If such a program is instituted then a horse will normally need a yearly 
booster, which should be given prior to re-enter racing circuit and horse show activities. 
Nevertheless, since the present vaccine are rarely 100% efficacious, the client needs to be 
informed that despite any vaccination program, the horse may still become infected with the 
virus but the degree of severity of the clinical signs would be substantially reduced with little 
effect or impact on their concurrent athletic activities. 
 
Infection control procedures are often over looked by many owners, farm managers and 
veterinarians when high risk subjects such newly purchased horses are brought in from yearling 
sale barns and/or racing/show horses returning to the home stable for a period of rest.  
Undoubtedly, there is a need for some basic quarantine procedures along with assertive client 
education, which may contribute in minimising the development and spreading of viral 
respiratory infections and its associated sequelae. Such action plans should include the 
introduction of a rational and practical vaccination program, environmental management and a 
clear understanding of infection control measures. 
 
In conclusion, equine influenza and equine rhinitis viruses as well as strangles are most 
prevalent respiratory viral agent in the Ontario horse population.  These viruses/bacteria can 
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cause transient and/or permanent airway inflammation in the young athletic horses and 
predispose them to an incurable inflammatory airway disease. Preventative measures such as 
vaccination should become a high priority in an attempt to reduce long-term pulmonary 
dysfunction and facilitate maximum performance capability of those athletes. 
 
Figure 1: Immune responses to commercial equine vaccines against equine herpes virus-1 

(EHV-1) and equine influenza (EIV) 
 

VIRUS NEUTRALIZATION AFTER 2 DOSES 
OF VACCINATION FOR EHV-1 

 

 

 

 
 

Data reproduced from Holmes et al. Vet. Imm. and 
Immunopathology, 2006 

 
Table 1. Examples of the average low and high titers from the 2016 outbreaks  at Woodbine 

Race track(a) and ridding school stable(b) 
 

Acute	 Convalescent	 Acute	 Convalescent	 Acute	 Convalescent	 Acute	 Convalescent	
a 1:8 1:256 1:1534 1:4096 1:2 1:12 1:2 1:32
b 1:8 1:128 1:64 1:768 1:4 1:192 1:2 1:24

Equine	Influenza	virus	2	 Equine	rhinitis	A	virus	 Equine	rhinitis	B	virus	 Equine	herpes	virsus	1-4
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EQUINE LOCOMOTION: WHEN THE HOOF MEETS THE GROUND 
Dr. Hilary M. Clayton, BVMS, PhD, Diplomate ACVSMR, MRCVS 
 
Take Home Message 
The study of locomotion, or gait analysis, can be applied to describe the individual horse’s 
pattern of movement, characterize sporting performance, or detect gait asymmetries indicative 
of lameness. The interaction between the hoof and the ground involves sequential stages of 
impact, loading, propulsion and breakover, each of which loads the limb in a different manner 
and is associated with specific types of injuries. Locomotor patterns change in predictable ways 
when the horse is lame. Peak vertical force on the lame limb is reduced by moving with a flatter 
trajectory (less suspension), spreading the force over a longer period of time (prolonged stance 
phase) and redistributing the weight among the lame and compensating limbs. Unweighting of 
the lame limb is achieved by alterations of limb movements that cause an inherently 
symmetrical gait to become asymmetrical. When moving on a circle, loading increases in the 
limbs on the outside of the turn and this causes a movement pattern that is similar to lameness 
of the inside limbs. Consequently horses move asymmetrically when being longed on a small 
circle and even sound horses appear to be lame in the inside limbs.  
 
Locomotion 
During locomotion the limbs move in different coordination patterns that are recognized as the 
gaits. Typically, horses walk at slow speeds, trot at intermediate speeds and canter or gallop at 
fast speeds. When the horse is moving freely, transitions between gaits are made at 
energetically optimal speeds or when the forces on the limbs can be decreased by changing to 
a different gait. This talk focuses on the trot, which is important for judging the quality of 
movement and for lameness detection. 
 
Although the trot is described as a two-beat, diagonally-coordinated gait, slow motion analysis 
has shown slight dissociation between contacts of the diagonal limb pair. This is a consequence 
of the horse moving in an uphill balance, in which the forehand is higher than the hindquarters 
causing the hind hoof to contact the ground before the diagonal fore hoof. This contact 
sequence is beneficial in reducing concussion on the limbs. When the horse is on the forehand, 
the trunk is in a nose-down orientation, the shoulders are low and the fore hoof tends to make 
contact before the diagonal hind hoof.  
 
In every stride, each limb has a stance phase when the hoof is in contact with the ground and a 
swing phase when the limb is protracted in preparation for the next stance phase. The swing 
phase contributes to the esthetic quality of the gaits, and allows observation of deviations in the 
motion patterns. However, forces on the limbs are low during swing so deviations of the 
movement pattern are relatively unimportant. Movement deviations during stance are more 
important in the causation and recognition of lameness due to the presence of ground reaction 
forces. 
 
During stance, the hooves push against the ground to generate vertical, longitudinal and 
transverse forces that are responsible for the speed and direction of locomotion. Increasing the 
vertical force produces more lofty gaits, bigger extensions, and increases a horse’s scope over 
fences. The longitudinal force provides braking (deceleration) in early stance and propulsion 
(acceleration) in late stance. The longitudinal force has a braking effect in early stance followed 
by a propulsive effect in late stance. The hind limbs are responsible for producing a majority of 
propulsion while the forelimbs are responsible for braking and turning. The transverse force is 
necessary for turning and lateral movements but is small when moving in a straight line.  
Stance Phase 
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The stance phase is subdivided functionally into the periods of initial ground contact, impact, 
loading, propulsion and breakover (Figure 1). Initial hoof contact can be heel-first, flat-footed or 
toe-first. In correctly-balanced hooves, the lateral heel makes contact first but the hoof becomes 
flat within milliseconds. Initial contact is influenced by gait, speed, farriery, and lameness. The 
normal pattern of heel-first contacts is because the muscles decelerate the proximal limb while 
the distal limb continues to move forward creating a whiplash effect. A more exaggerated heel-
first contact occurs in the forelimbs, at faster speeds or when the hooves are trimmed with an 
upright angle (high heels, short toe). Conversely, toe-first contacts are associated with an acute 
angle (long toe, low heels) and movements such as piaffe, in which the limbs are raised and 
lowered rather than swinging forwards. Specific types of lameness may cause a characteristic 
manner of hoof contact that is adopted to reduce pain by unloading the affected structures, such 
as toe-first contact in horses with palmar foot pain.  
 
The hoof is moving forward and downward at initial ground contact with greater vertical speed in 
the forelimbs and horizontal speed in the hind limbs. During the impact phase the hoof is 
decelerated and becomes stationary on the ground during the first 50 milliseconds (1/20 
second) after contact. It is decelerated first vertically, then horizontally (Thomason and 
Peterson, 2008). This rapid deceleration causes a concussive shock wave to travel up the 
horse’s limb. The concussion is potentially damaging to the bones and joints. As the shock 
wave travels up the limb, it is attenuated by the hemodynamic mechanism of the hoof, by flexion 
of the joints and by deformation of the soft tissues. 
 
The majority of musculoskeletal injuries occur, not as a result of a single catastrophic incident, 
but as a consequence of repetitive minor damage that accumulates during training and 
competition. Impact is the most damaging phase of the stride for the bones and joints. Injury risk 
increase with speed, hard surfaces, and hoof imbalances. Speed is particularly influential; 
racehorses often develop fatigue fractures or bone sclerosis, that lead to complete fractures. 
A more chronic, impact-related problem is degenerative joint disease, in which the repeated 
traumatic effect of impact shock accumulates during years of training and competing. 
Unfortunately, the effects do not become apparent until permanent damage is present and the 
owner becomes aware of lameness or reduced performance. Therefore, trainers should be 
advised to make every effort to reduce the effect of impact shock throughout the horse’s career 
by working on good surfaces and ensuring regular, high quality hoof care. 
 

Figure	1:	Stages	of	the	stance	phase.	
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The loading phase begins after the hoof becomes stationary and as it is loaded by the horse’s 
body weight as the trunk moves forward over the grounded hoof. During this phase, the vertical 
(loading) force increases reaching a peak in the mid-stance, and then decreases. Fetlock 
extension is proportional to peak loading force. In gaits that have a suspension phase, the 
elastic tendons (SDFT, suspensory ligament) stretch and store elastic energy as the fetlock 
extends then release the stored energy by recoiling in late stance. Elastic tendons are 
particularly susceptible to repetitive strain injuries due to their propensity to accumulate damage 
over time.  Thus, suspensory desmitis and superficial flexor tendinitis are usually repetitive 
strain injuries. The longitudinal force brakes the horse’s forward motion in early stance then 
provides forward propulsion in late stance.  
 
Breakover begins when the heels leave the ground and rotate around the toe which is still on 
the ground. It is initiated as a result of tension in the deep digital flexor tendon, check ligament 
and the navicular ligaments. These structures compress the navicular bone and bursa just 
before the start of breakover. On a hard surface, the hoof remains flat on the ground until heel 
off. On a softer surface the toe rotates into the surface prior to heel off, which reduces tension in 
the palmar tendons and ligaments and reduces pressure in the navicular region. Therefore, a 
surface that allows toe penetration during push off is beneficial in horses with heel pain. 
 
During the swing phase the limbs act in a pendulum-like manner. The forelimb rotates with its 
pivot point in the upper part of the scapula. The hind limb rotates around the hip joint in the walk 
and trot and around the lumbosacral joint in canter and gallop. Moving the point of rotation from 
the hip joint to the lumbosacral joint increases the effective length of the hind limbs and, 
therefore, increases stride length. The limbs are protracted (pulled forward), then retracted 
(pulled backward) just prior to ground contact, which reduces their horizontal velocity relative to 
the ground and, thus, reduces impact shock. The forelimbs have a longer swing phase 
retraction than the hind limbs resulting in a lower horizontal velocity at contact. 
 
Locomotion uses energy to move the horse’s bodyweight and to rotate the limbs relative to the 
body. The weight of the limb and its distribution within the limb affect energy expenditure. Boots 
and shoes add weight to the distal limb and increase the energy expended to swing the limbs.  
The more distally the weight is applied, the more it increases energy expenditure, which is a 
particularly important consideration in endurance sports. 
 
Gait Adaptations in Lameness 
Lame horses decrease structural stress by using kinematic adaptations that reduce peak 
vertical force in the painful limb (Ishihara et al., 2005; Weishaupt, 2008). Since forces are not 
visible to the human eye, it is the kinematic changes that form the basis of visual lameness 
detection and diagnosis. Movements of the entire boy can be represented by the center of 
mass. In a symmetrical gait, such as trot, there is equality of steps (timing and distance), forces 
in the left and right limbs, and vertical excursions of the head, withers and croup. Lameness 
detection and diagnostics rely heavily on the ability to perceive asymmetries in these variables. 
However, small asymmetries are part of the normal movement spectrum and one of our 
challenges is to determine threshold levels for distinguishing asymmetry from lameness.  
 
A well-defined suspension with a visible “springiness” in the stride is an indicator of locomotor 
health. The first sign of mild lameness is often deterioration in quality of movement as the horse 
avoids generating the large vertical forces that produce a well-defined suspension, so the horse 
appears to creep rather than bounce over the ground. As lameness becomes more severe, the 
horse further reduces or eliminates the suspension phase that follows lame limb stance. This 
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reduces the need for the lame limb to push against the ground to raise the body; instead, the 
weight rolls forward over the lame limb onto the compensating diagonal.  
 
A mildly lame horse chooses to trot more slowly but, if forced to maintain speed, will increase 
stride frequency and stance duration, which spreads the total vertical impulse over a longer 
period of time and with a lower peak vertical force. In more severe lameness, responsibility for 
load-bearing and generation of propulsion are redistributed from the affected limb to the 
compensating limbs so that total vertical impulse summed over all four limbs is maintained 
(Weishaupt, 2008). Within the diagonal pairs, lame horses most often shift the weight toward the 
hind limb of the lame diagonal and toward the forelimb in the compensating diagonal. Since 
fetlock extension during stance is proportional to peak vertical force, reduced fetlock extension 
may be evident in the lame limb compared with the contralateral (compensating) limb.  
 
The head nod is a dynamic mechanism for shifting weight craniocaudally. In forelimb lameness, 
the normal sinking of the head and neck during diagonal stance is reduced or abolished when 
the lame diagonal is bearing weight and is increased during the compensating diagonal stance 
phase. As the compensating diagonal pushes off, the head and neck swing upward and, by the 
principle of action-reaction, the downward force of the hoof against the ground is increased, 
which helps lift the trunk by providing an increased vertical GRF. The timing of the head-neck 
oscillations also creates a torque around the cervicothoracic junction that shifts the horse’s 
weight caudally.  
 
Inertial sensor systems based on the use of accelerometers, gyroscopes and magnetometers, 
such as the Lameness Locator® (Equinosis, LLC, Columbia, MO) are a practical tool for 
detecting and monitoring lameness. Their use is based on measuring symmetry of the vertical 
movements of the head, withers and croup during the left and right diagonal stance phases. 
These midline markers descend to their lowest point in diagonal mid-stance and rises to their 
highest point in suspension. Lame horses control the trunk descent in order to reduce loading of 
the lame limb making trunk movements asymmetrical on the two diagonals. Typically, the horse 
avoids allowing the trunk to gather downward momentum before lame limb contact by having 
the lame fore or hind limb contact the ground with a more vertical orientation, which is visible as 
a “reduced cranial phase”, and is a common observation in many types of lameness. Descent of 
the trunk during the lame stance phase is reduced in proportion to lameness severity with the 
body weight rolling forward onto the compensating diagonal. Inertial-based systems detect the 
resulting asymmetries in vertical movements of the horse’s poll and trunk and the software 
indicates which limb is lame and to what degree. This is useful for quantifying lameness and 
monitoring changes in response to the administration of nerve/joint blocks or therapies. 
 
Turning Mechanics 
The easiest way for the horse to generate a turning force is to lean toward the inside of the 
circle. Horses trotting slowly on a 6 m diameter circle lean inward by an average of 15o. When 
the horse leans inwards, the force vector is closely aligned with the limb axis which reduces 
tension in the soft tissues on the medial and lateral aspects of the joints. The horse leans more 
to the inside on smaller circles and at faster speeds.  
 
In horses trotting on a circle, the vertical force distribution between the forelimbs becomes 
asymmetrical with a higher peak vertical force in the outside forelimb than in the inside forelimb. 
The effects of asymmetrical loading appear similar to a weight-bearing lameness of the inside 
limb. Head and neck movements assist in redistributing the weight: the poll is lowered during 
stance of the outside forelimb and raised during the stance phase of the inside forelimb. The 
magnitude of the head nod increases as the diameter of the circle decreases or as the horse’s 
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speed increases. Therefore, when a sound horse trots on a small circle the downward nodding 
of the poll gives the impression that the horse is lame on the inside forelimb and can simulate 
bilateral forelimb lameness with evaluated in both directions. 
 
In the hind limbs the tuber coxae is normally lowest when the joints are compressed at mid-
stance. During circling, the tuber coxae on the outside drops to a lower minimal position during 
its stance phase than the tuber coxae on the inside. The outside tuber coxae (and the sacrum) 
are lowest as the inside hind limb swings forward. To compensate for the lower position of the 
sacrum, the inside hind limb shows increased joint flexions as the limb swings forward and/or 
greater elevation of the inner tuber coxae to raise the hoof clear of the ground. Overall, this 
results in a greater vertical excursion for the inside tuber coxae when circling, which simulates 
lameness of the inside hind limb regardless of the turning direction. 
 
Since the presence of a head nod and a hip hike are mechanical responses to trotting on a 
circle, the resulting gait asymmetry has been termed a physiological lameness. However, it is 
easy to mistake this physiological effect for a bilateral lameness. The degree of asymmetry 
increases as the circle gets smaller or as the horse’s speed increases. Therefore, it is important 
to standardize circle size and trotting speed when evaluating horses on a circle. 
 
In a horse that is mildly or subclincally lame, the physiological effects of circling will tend to 
exacerbate the lameness when the lame limb is on the inside of the circle and will tend to 
neutralize the lameness when the lame limb is on the outside of the circle. Therefore, it is 
possible for a lame horse to appear sound when circling. 
 
Additionally, some types of lameness are exacerbated on the circle due to pain induced by a 
change in the way the lame limb is loaded that can over-ride the physiological effects of turning. 
However, it is important to understand that the physiological gait adaptations during circling may 
cause a sound horse to appear lame or may reduce the asymmetry of movement in a lame 
horse causing it to appear sound. 
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RIDER EFFECTS ON THE HORSE AND ON LAMENESS 
Hilary M. Clayton, BVMS, PhD, DACVSMR, MRCVS 
 
Take Home Message 
The rider’s effects on the horse’s motion have been classified as inertial and behavioral. Inertial 
effects are a consequence of the rider’s weight and movements. These effects are usually small 
because the rider represents only a small proportion of the mass of the horse-rider system, and 
because the rider’s legs are wrapped around the horse’s body so only the head, trunk and arms 
contribute to inertial effects. Behavioral effects are trained responses in which the horse 
responds to the rider’s aids by exerting an appropriately large muscular contraction that 
changes the speed or direction of movement. 
 
Effect of Rider Weight 
The horse’s thoracolumbar spine is stabilized by numerous ligaments, muscles and tendons so 
it forms a somewhat flexible beam suspended and supported between the forelimbs and hind 
limbs. The weight of the viscera pulls downwards on the spine and tends to extend the 
intervertebral joints. The hollowing effect is most marked in the middle of the back around T16, 
which is at a distance from the limb supports. This is a causative factor in the high prevalence 
and severity of kissing spines in this area (Clayton et al., 2016). The additional weight of the 
rider further hollows the back causing the lumbosacral joint to be more extended by a few 
degrees both during standing and during locomotion. The range of motion (ROM) of the 
lumbosacral joint does not change with a rider but the entire motion cycle is more extended and 
this may be responsible for the painful response sometimes seen immediately after mounting. 
 
The thoracolumbar motion cycle is characterized by flexion of the intervertebral joints during the 
suspension phases and extension during the stance phases. However, it should be noted that 
these movements are driven by the forces of gravity and inertia with the abdominal and epaxial 
muscles functioning eccentrically to stabilize the back and thus limit the amount of motion. From 
the horse’s perspective, spinal stability is the goal rather than excessive mobility. 
  
The weight of the rider also affects the ground reaction forces in the forelimbs. The presence of 
a rider is associated with an increase in vertical force in the second half of stance as the horse 
pushes the additional weight of the rider upwards into the suspension phase. The increase in 
vertical force is associated with increased extension of the fore fetlock joints. The question of 
how much weight a horse should carry was addressed at the Saddle Research Trust 
symposium in 2014 (Clayton et al., 2015), where the consensus was that it is a multifactorial 
issue that cannot be addressed simply by calculating a maximal allowable rider weight based on 
a percentage of the horse’s weight.  
 
Effects of Riding Style 
Riding style affects loading of the horse’s back at trot and canter. In the gaits that have a 
suspension phase, the rider is pushed upwards as the horse’s body rises into the suspension 
and then descends during the stance phases. As the horse is propelled upwards, the saddle 
also rises and pushes against the rider’s seat so the rider is projected upward. Pressure 
recordings on the horse’s back clearly show cyclic pressure changes that have a characteristic 
pattern in each gait. The rider learns to absorb the forces and movements transmitted from the 
horse and learns to move harmoniously with the oscillations of the horse. This is reflected in the 
phase relationship between the oscillation patterns of horse and rider. An expert rider shows a 
closer coupling with the horse’s movements than a novice rider whose movements are 
somewhat out of phase with those of the horse. When the rider is poorly synchronized with the 
horse, the horse’s movement patterns become less regular and shows more variability from 
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stride to stride. The horse’s locomotor pattern becomes less consistent when disturbed by a 
poorly-fitted saddle or lameness.  
 
The rider has a choice of riding styles to accommodate the horse’s vertical motion during the 
suspension phases at trot, canter and gallop. Forces between the rider and the horse’s back are 
different in sitting, rising and standing (two-point) positions and this can affect the horse’s 
comfort and behavior in these gaits. In the sitting position, the rider rises and falls with the 
movements of the horse’s trunk, absorbing the motion by flexing-extending the lumbosacral and 
hip joints. This is a learned skill; less experienced riders tend to bounce against the horse’s 
back, which may be painful for horses with vertebral pathology resulting in tonic contractions of 
the musculature that stiffens the back. In sitting trot, the horse’s back is unweighted in the 
suspension phases and maximally weighted just after the middle of diagonal stance. This 
corresponds with the time when the horse’s body starts to rise and pushes against the rider’s 
seat. For each complete stride of trot the horse’s back is loaded twice – once during each 
diagonal stance phase. In a sound horse, the maximal total force should be similar on the two 
diagonals but if the horse is lame, the asymmetrical movements of the axial body segments are 
reflected in asymmetrical forces on the horse’s back. The total force is lower when the lame 
diagonal is grounded and higher when the compensating diagonal is grounded. 
 
An alternative technique is for the rider to rise and sit on alternate diagonals in trot or on 
alternate strides in canter. The benefit to the rider is that the rising pattern avoids the need to 
absorb the vertical motion of the horse within the rider’s body. In rising trot the forces on the 
horse’s back are asymmetrical on the two diagonals, peak force is higher on the sitting diagonal 
and lower on the rising diagonal. However, the entire force summed over the stride does not 
change, rather it is redistributed within the stride.  
 
In the standing position, the rider absorbs the horse’s vertical motion by flexing the hip, knee 
and ankle joints, so the rider’s body stays fairly horizontal position while the horse moves up 
and down. The force on the horse’s back is more uniform through the stride with smaller peaks 
and troughs in the stance and suspension phases, respectively. The standing position is 
recommended for reducing peak force on the horse’s back and for giving the horse a break from 
the effects of the rider’s weight. It is also recommended for young horses in the early stages of 
mounted training. In racehorses, the crouched jockey position has actually been shown to 
reduce the horse’s energy expenditure. 
 
There is a belief among riders that the rising trot is less stressful for the horse’s back than sitting 
trot but this has not been supported by research data. The reduction in peak forces on the 
horse’s back in rising trot have not been associated with beneficial changes in vertebral 
kinematics. For rising trot, maximal thoracolumbar flexion is similar to the unmounted trotting 
horse but maximal extension is the same as for sitting trot.  
 
The fact that the forces on the two diagonals are asymmetrical in rising trot can sometimes give 
the appearance of an asymmetrical gait pattern. This is most likely to happen with a heavy rider 
or with a horse that is marginally asymmetrical or lame. The rider can also be used as part of 
the lameness work up. At sitting trot, the two diagonals are weighted equally so the horse’s 
natural pattern is evident. If the rider rises out of the saddle with the lame limb and sits in the 
saddle with the compensating limb, the asymmetry becomes more pronounced. Conversely, if 
the rider sits in the saddle with the lame limb and rises out of the saddle with the compensating 
limb, any asymmetry becomes less obvious. 
 
Riding on Circles 
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When circling, the horse naturally leans to the inside to help in generating the centripetal force 
needed to turn and to align the ground reaction force vector along the long axis of the limb. The 
centripetal force and the amount of inward leaning increase at faster speeds and on tighter 
turns. The limbs on the outside have higher vertical forces than the limbs on the inside and this 
is associated with a head nod and a hip hike that simulate lameness of the limbs on the inside 
of the circle.  
 
The rising and sitting motion of the rider affects the physiological asymmetry. The effect is the 
same for the fore and hind limb pairs depending which limb (inside or outside) the rider sits or 
rises on. When the rider sits on the outside limb, the physiological asymmetry increases. When 
the rider sits on the inside limb the physiological asymmetry decreases. 
 
The same applies to a mild lameness. If the horse is circling with the mildly lame limb on the 
inside, the degree of lameness can be enhanced by having the rider sit in the saddle when the 
outside limb is grounded. If the rider then changes the diagonal and sits when the inside limb is 
grounded the asymmetry will usually decrease. Conversely, if the horse is circling with a mildly 
lame limb on the outside, the asymmetry will be worse when the rider sits on the inside limb and 
lessened when the rider sits on the outside limb. Therefore, the effect of the rider can be 
additive or subtractive when combined with the redistribution of weight due to circling or 
lameness. 
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Physical Rehabilitation 
Hilary M. Clayton, BVMS, PhD, DACVSMR, MRCVS 
 
Take Home Message 
Understanding the forces applied to horse’s limb and back is paramount in designing an 
exercise program to rehabilitate a horse after musculoskeletal injury. Each gait loads 
the limbs and back differently and the incorporation of longeing or hill work selectively 
increases the load on specific structures. It is through understanding these effects that 
the practitioner can develop an appropriate exercise-based rehabilitation program. 
 
Conditioning Principles 
After recovery from injury, the musculoskeletal system is conditioned and strengthened 
by progressively increasing the workload using conditioning exercises that are specific 
to the athletic objectives (Clayton, 1991). The fact that the horse is rehabilitating from an 
injury, however, imposes constraints related to minimizing the risk of re-injury.  
 
Importance of GRFs in Rehabilitation 
Ground reaction forces (GRF), which are generated every time a hoof pushes against 
the ground, determine the speed and direction of movement and are responsible for 
imposing loads on the musculoskeletal system. During athletic conditioning, controlled 
loading increases musculoskeletal strength but, if loading is excessive in magnitude or 
frequency, it can lead to repetitive use injury. During rehabilitation, it is important to 
understand the effects of the GRFs on the horse’s limbs and back, in order to guide the 
progression of the exercise program. Both gait and speed are important determinants of 
the loads transmitted to the body. The work surface affects limb concussion (increases 
on a hard surface), the development of muscular fatigue (hastened on a soft surface), 
and hoof orientation (more variable and changing on a soft surface).  
 
How Gait Affects Musculoskeletal Loading 
One of the ways in which gaits are classified is based on the presence of suspension 
phases. The walk and the ambling gaits (e.g. tölt, running walk, rack, foxtrot, etc) do not 
have a suspension phase so there is always at least one limb, and often multiple limbs, 
in contact with the ground and sharing responsibility for supporting the body weight. As 
a result, the load on each limb is relatively low. This is in contrast to gaits that have a 
suspension phase in which the vertical GRF falls to zero in the suspension phases, then 
rises rapidly to reach high peak forces during the stance phases. 
 
The Walk 
The walk stride alternates between support by two or three limbs with peak vertical 
force in the forelimbs around 70% body weight and in the hind limbs around 50% body 
weight. Since each limb shares the load with at least one other limb, peak loads are low, 
especially compared with gaits that have a suspension phase. The walk provides a low 
intensity stimulus to the musculoskeletal tissues that is effective in stimulating collagen 
fiber alignment without over-loading the immature fibers. Horses with flexor tendinitis or 
suspensory desmitis benefit from an extended period of walking exercise. 
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Slower walking speeds involve longer limb stance durations with correspondingly longer 
overlaps between limbs so the periods of tripedal overlap increase. However, the limbs 
rotate through only a small range of protraction and retraction when walking slowly, so 
there is a trade off between lower limb loading versus `larger ranges of limb motion. 
Faster walking speeds are recommended to increase the range of motion in the 
proximal joints.  
 
During walking, back movements are primarily lateral bending with minimal 
flexion/extension.  The back bends away from the protracting hind limb, which allows 
the hind limb to step further forward under the body. The longissimus and illiocostalis 
muscles on the concave side contract, which contributes to bending the thoracolumbar 
spine. As walking speed increases, greater hind limb protraction is associated with 
greater spinal bending. Walking exercise is beneficial strengthening the epaxial muscles 
and this effect is increased at faster walking speeds. However, rectus abdominis does 
not show phasic activity at walk, so walking may be less effective in conditioning the 
abdominal muscles. 
 
The walk is the gait of choice during the early stages of a rehabilitation program. 
Progressive loading is achieved by incorporating weekly increases first in the duration of 
walking exercise, then by increasing the walking speed. The handler or rider should pay 
attention to straightness making sure the left and right sides of the body are working 
symmetrically, regardless of gait or speed of movement.  
 
During the period of walking rehabilitation, exercises can be included to increase 
muscle recruitment and activity. Stepping over poles increases swing phase joint 
flexions. Backing up increases flexion of the lumbosacral joint and is a good core 
strengthening exercise, but should be avoided in cases of pain in the lumbosacral, 
sacroiliac or hamstring regions. 
 
The Trot 
The introduction of trotting significantly changes the loading pattern both in the limbs 
and in the back. The alternation of diagonal loading with suspension phases is 
associated with rapid limb loading with forces that are approximately equal to the 
horse’s body weight in the forelimbs and about 80% of body weight in the hind limbs 
when trotting at moderate speed. As trotting speed increases, peak vertical force 
increases in the forelimbs but not in the hind limbs. 
 
A notable feature of trot is stretching of elastic tendons during the loading phase, 
followed by elastic recoil as the limbs are unloaded. This elastic energy storage and 
release improves energy efficiency. The effect is particularly obvious at the fetlock, 
where the amount of extension (and the degree of stretching of the flexor tendons and 
suspensory ligament) is proportional to the peak vertical force. Higher forces are 
associated with greater fetlock extension and more stretching of the collagenous 
tissues. During rehabilitation of a palmar soft tissue injury, trotting speed needs to be 
strictly controlled until adequate tissue strength has been regained. 
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During trotting, the entire horse bounces upwards in the suspension phases and 
descends during the diagonal stance phases. As the horse ascends, the intervertebral 
joints flex and the epaxial muscles act eccentrically to control the amount of flexion. In 
the diagonal stance phases, the effects of gravity and inertia on the visceral mass cause 
the intervertebral joints to extend. As the back hollows, the rectus abdominis muscle 
acts eccentrically to limit the amount of extension. Thus, the epaxial and abdominal 
muscles stabilize flexion-extension movements of the back during trotting. As trotting 
speed increases, the muscles turn on earlier in the stride cycle and contract more 
forcefully, so the spine is more stable at faster trotting speeds. Back movements are 
driven by gravitational, inertial and GRFs and that the effect of the muscles is to control 
those movements rather than the muscles actively flexing and extending the back. This 
is an important distinction because the use of certain manual therapies could be 
counter-productive if they inhibit the muscular activation necessary for stabilization. 
 
The introduction of trotting to the rehabilitation program is a major step and should not 
be considered until the injury reaches an appropriate stage of healing. For example, 
injured tendons or ligaments should exhibit a well-organized fiber pattern on ultrasound 
evaluation before progressing to rehabilitation at trot. Initially, the trot strides should be 
small and flat – more like a jog trot than a dressage trot. Working the horse with 
impulsion should be actively discouraged at this stage. Riders need to understand the 
difference between training versus rehabilitating the horse, and must be prepared to 
control speed and impulsion while the injured tissues are healing and gaining strength.  
 
When trotting is introduced it is performed at slow speed for short periods separated by 
walk breaks. Initially, riders may be told to trot 10 steps, then walk for 30 m and to 
repeat this 10 times. If all goes well, the amount of slow trotting can be increased 
gradually each week. Eventually, an increase in trotting speed provides a further 
stimulus to tissue adaptation and helps to strengthen both the propulsive muscles in the 
limbs, and the core stability muscles. 
 
The Canter and Gallop 
The introduction of cantering or galloping to the rehabilitation program changes limb 
loading and muscle activity. Thoracolumbar and lumbosacral flexion-extension increase 
stride length in canter, with the epaxial, sublumbar and abdominal muscles actively 
contributing to moving and stabilizing the back.  As the hind limbs swing forward the 
abdominal and sublumbar muscles flex the lumbar region and the lumbosacral joint. As 
the hind limbs retract, the epaxial and gluteal muscles extend the lumbar and 
lumbosacral regions. These movements are associated with stretching and elastic recoil 
of the lumbodorsal fascia which makes a substantial contribution to energetic efficiency 
in cantering and galloping. Trunk stability becomes particularly important at high speed 
when the spine needs to provides a stable platform to support rapid limb oscillations. 
 
Since the activation and coordination patterns of the core musculature vary between 
gaits, it is beneficial to use different gaits to stimulate the neuromotor control system to 
produce diverse and varied patterns of muscle recruitment and coordination. Transitions 
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between gaits involve changing the limb coordination pattern and are regarded as a 
stimulus to improve neuromotor control.  
 
Rider Effects on Musculoskeletal Loading 
The early rehabilitation exercises can be performed without a rider but, as the amount of 
trotting and cantering increase, it is more practical to have the horse ridden.  Weight on 
the horse’s back can be introduced gradually starting with a weighted saddle pad and 
progressing to heavier weights, then a lightweight rider. The maximal force exerted by 
the rider on the horse’s back is approximately equal to the rider’s weight at walk, twice 
the rider’s weight at trot and almost three times the rider’s weight at canter. Riding style 
affects the loading pattern on the horse’s back (see article Rider Effects on the Horse 
and Lameness). The use of a light seat (rider standing in the stirrups and absorbing the 
horse’s vertical motion in the joints of the legs) is recommended during rehabilitation of 
horses with back problems, such as impinging dorsal spinous processes. 
 
The use of core training exercises performed from the ground will help to strengthen the 
core musculature in preparation for carrying the rider’s weight. If possible, the use of 
baited stretches and core strengthening exercises (Stubbs and Clayton, 2008) should 
be maintained throughout the rehabilitation program (Clayton, 2016). 
 
How Circling Affects Musculoskeletal Loading 
During turning, horses prefer to lean inward to generate a centripetal (turning) force that 
is aligned with the central axis of the limb and minimizes tension in the soft tissues on 
the medial and lateral aspects of the joints. Sport horses are trained to maintain a 
vertical orientation of the limbs and body when turning, and to bend the spine to match, 
as closely as possible, the circumference of the circle. This is achieved by contracting 
the epaxial and oblique abdominal muscles on the inside of the turn, then using the 
abductor and adductor muscles to generate the turning force. Turning with the limbs 
vertical increases tension in the soft tissues, e.g. collateral ligaments, on the medial side 
of the inside limbs and on the lateral side of the outside limbs.  
 
Turning and circling exercises can be performed in hand, on long lines, on the longe or 
under a rider. The magnitude of the required turning force increases as the turn radius 
decreases and as locomotor speed increases. Therefore, rehabilitation should begin on 
large circles at slow speeds, progressing gradually to a smaller circle size. The use of a 
spiral pattern is particularly beneficial for strengthening the abdominal and epaxial 
muscles. Starting from a large (20 m diameter) circle, the size is gradually reduced by 
following a spiral path to the smallest diameter on which the horse is comfortable. This 
circle is maintained for one or two revolutions then the diameter is gradually increased 
again. As the circle size changes the horse must coordinate concentric activity in the 
longissimus, iliocostalis and oblique abdominal muscles on the inside of the turn with 
controlled eccentric activity of the contralateral muscles to allow lateral bending and 
yielding through the ribcage. Circling at faster speeds applies large forces to the limbs 
and should only be considered on large (20-30 m) circles when healing is well 
progressed or complete.  
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Exercise on Gradients 
On an incline, gravity selectively loads the hind limbs. Specifically, uphill exercise 
strengthens the hind limb propulsive muscles, including gluteals and hamstrings, 
activates longissimus dorsi, and recruits the internal oblique abdominal muscles to 
stabilize the spine against the action of the hind limb retractor muscles. On a decline, 
gravitational loading of the forelimbs strengthens the extrinsic muscles of the thoracic 
girdle, specifically serratus ventralis, and the external abdominal obliques, which 
stabilize the spine against the action of the hind limb retractor muscles. Due to the 
greater forelimb concussion on a decline, rehabilitation exercises should be restricted to 
a walk except on gradual gradients. In order to maximize the strength training benefits, 
the rider should ensure that the horse walks in self carriage, is not leaning on the bit, 
and loads each forelimb in a slow controlled manner. The inclusion of frequent halts and 
some steps of rein back are beneficial. 
 
As with other types of exercise, gradients should be introduced gradually starting with a 
small number of repetitions on a gentle slope and incrementally increasing the work by 
increasing the number of repetitions on a gradual slope, then including steeper 
gradients. Cantering up gradual gradients improves cardiovascular conditioning, steep 
uphill gradients are favoured to strengthen the propulsive muscles in the hindquarters.  
  
Stepping over Poles 
Stepping over ground poles or raised poles requires exaggerated joint flexions of the 
swing limbs to raise the hooves clear of the poles without requiring an increase in 
vertical GRFs. Therefore, poles can be incorporated into the exercises at walk, trot and 
canter. In addition to increasing joint flexions, the effort of raising the swing limbs clear 
of the poles perturbs the horse’s balance and obligates the stance limbs to provide 
balance and stability by recruiting the extrinsic limb musculature including serratus 
ventralis, the pectorals, biceps femoris and other pelvic stabilizer muscles.  
 
Working on Unstable Footing 
Human physical therapists use unstable surfaces, such as a Swiss ball, to challenge the 
motor control system and activate the core mobilizing muscles. Standing on an unstable 
surface challenges the horse’s balance and activates muscles that stabilize the core 
and pelvis. A selection of durable, low profile balance pads for horses are available 
(Sure FootTM, Equine Stability Program, Murdoch Method, Washington, VA). The 
cushions can be placed under one or more feet or combinations of feet. After the horse 
is comfortable standing on the unstable surface, the degree of difficulty is increased by 
raising one limb or applying a small perturbations to the horse’s body. A further 
progression is to perform baited stretches while standing on the cushions. 
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EQUINE ENDOMETRITIS: PAST, PRESENT AND FUTURE 
Patrick J. Meyers, BSc.(Agr.), DVM, MSc., DACT 
Meyers Veterinary Services & Consulting 
5629 Wellington Rd. 29, R.R.# 5 
Rockwood, ON, N0B 2K0 
 
INTRODUCTION: Equine endometritis continues to be the most common cause of infertility in the mare.  
There are many different ways of categorizing these inflammatory conditions including acute, chronic, 
active, subclinical, post-partum, bacterial, fungal, viral, post-mating (or post-breeding) induced 
(PMIE/PBIE) as well as other descriptions.  Each of these classifications has its own “validity” when 
describing the etiology of the infection and its potential treatment but it is quite possible that more than 
one of these adjectives may be used to help the clinician (and subsequently the client) understand how 
the infection was acquired, the best way to treat this infection and to make sure that this infection does 
not recur and get in the way of the ultimate goal of obtaining a successful pregnancy and seeing that 
pregnancy result in live foal at the end of a normal gestation.  It is important for the clinician to have an 
appreciation of the simplicity with which uterine infections can occur in the mare but also on the other side 
of the coin, appreciate the complexity of endometritis in the mare.  In this way, the clinician will be able to 
relate to their client an understanding of the pathogenesis of endometritis and not only the goal of 
preventing and treating these uterine infections, but also why treatment failures may occur.  Let’s 
examine endometritis from a perspective of how challenges to the mare’s reproductive changes in a 
chronological order with age. 
 
THE YOUNG MAIDEN MARE: Several factors go into a decision to breed a mare, including pedigree, 
performance records, economics.  Most maiden mares are bred for the first time between 3 and 6 years 
of age.  Most fillies during a racing (TB, STB, QH) or performance (show jumping/dressage) attain a high 
level of fitness.  During this time, they lose body fat while acquiring more muscle, in all areas of the body 
including the perineum.  As a result, the anus and rectum is pulled cranially allowing the vulva to be 
displaced over the pelvic brim.  This altered perineal conformation now allows for repeated fecal 
contamination of the external genitalia, namely the vulva and vestibule.  During periods of exercise, 
fatigue and estrus, perineal relaxation is very common and this contributes not only more fecal 
contamination of the vulva and vestibule but also the aspiration of air and possible fecal contaminants into 
the vestibule and vaginal cavity.  This is known as pneumovagina is a very common among performance 
fillies, creating an almost “standard procedure” of veterinarians performing Caslick’s surgeries on fillies in 
training.  The common practice of supplementing fillies in training with Altrenogest (a synthetic orally 
administered progesterone) or injecting them with injectable progesterone products, in order to “keep 
them out of heat”, exacerbates the susceptibility to uterine infections.  The innate resistance of young 
mares to bacterial endometritis is compromised by pneumovagina and fecal contamination leading to 
vaginitis, pneumouterus and endometritis.  Perineal conformation is a heritable trait with a recessed anus 
and horizontal angling of the vulva most commonly seen in Thoroughbreds and Quarterhorses.  Generally 
speaking, the fertility of maiden mares is high compared mares with parity, yet 20% of maiden mares fail 
to conceive. 
 
THE OLDER MAIDEN MARE: In some performance disciplines, mares are mated for the first time at a 
later stage of life, usually between 8 to 12 years of age.  The fertility of older maiden mares may be 
compromised due to an elongated, fibrous and closed cervix even during the peak of estrus.  The typical 
accumulation of echolucent fluid is seen in ultrasound of the uterus and can be very dramatic.  When 
these older mares are mated by natural cover, fertility is usually compromised because the deposition of 
semen into the vaginal vault instead of the uterus as in most natural breeding situations where there has 
been a good “coupling”.  When artificial insemination is performed on these mares with either fresh-
cooled or frozen semen, an acute inflammatory reaction ensues and with the prospects of a poor uterine 
clearance mechanism being likely (because of the compromised cervix) a raging acute endometritis 
develops.  Pre-breeding are usually negative but the rate of bacterial contamination of the uterine swab is 
very high since a degree of difficulty is encountered in attempting to pass the endometrial swab through a 
compromised narrow cervical opening.  Practitioner communication with clients is extremely important in 
order match realistic client expectations in terms of expected fertility, with potential complications and 
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reasonable economic considerations and successful clinical outcomes.  Vast quantities of uterine fluid 
may be present in these mares during both diestrus and estrus as the cervix fails to relax and dilate even 
during estrus.  Systemic and local medications, such as PGE (Misoprotol®) or scopolamine butylbromide 
(Buscopan®) for cervical dilation have been used with equivocal results. 
 
THE FOALING MARE: The process of foaling provides a source of enormous challenges to the mare’s 
uterus.  Mares foal in a wide variety of foaling environments that provide substantial bacterial challenges 
including bedding materials such as straw, sawdust, shavings and soil. These materials contaminate the 
perineum and can act as a source of contamination of the reproductive tract before, during and after the 
foaling process.  Relaxation of the pelvic ligaments, perineum, vulva and vagina as the mare prepares 
physiologically for foaling can lead to substantial contamination alone.  In healthy mares with an 
uncomplicated foaling, uterine and cervical involution is very rapid (within 7-12 days), and bacterial 
populations are substantially reduced during this time as well.  The clinician needs to understand that (as 
with any other organ system) when the challenges to the reproductive tract overwhelm inherent defense 
mechanisms, endometritis is likely to occur.  This post-partum disease may manifest itself initially as 
acute endometritis, delayed or incomplete passage of the placenta or uterine involution but may lead to 
chronic endometritis with reduced fertility.  Many peri-parturient events or complications lead to reduced 
fertility when attempts are made to rebreed the mare after foaling, including poor body condition scoring, 
retained placentas, vulvar or vaginal lacerations, first, second or third degree perineal lacerations, recto-
vaginal fistulas, cervical lacerations, urine pooling and pneumo-vagina and pneumo-uterus.  All of these 
scenarios or clinical conditions can lead to endometritis.   
 
DIAGNOSIS OF ENDOMETRITIS IN THE MARE: A thorough reproductive history and a complete 
physical/reproductive exam generally provide the most productive information for determining the cause 
of endometritis. Mares are most commonly older and can be multiparous or nulliparous. Modalities 
available for diagnosis include: physical examination, rectal palpation and ultrasound, vaginal speculum 
examination, uterine culture, cytology, and uterine biopsy. Frequently a combination of these modalities is 
utilized in making a diagnosis. Careful examination of the reproductive tract via rectal ultrasound can 
provide indications of chronic inflammation/infection. Fluid accumulation within the uterine lumen, 
excessive or inappropriate endometrial edema, the presence of hyperechoic spots within the uterine 
lumen, and even potentially an increased thickness of the uterine wall can all be indications of chronic 
infection. A vaginal speculum examination will typically show evidence of inflammation and also allows for 
the competency of the vestibule-vaginal sphincter to be evaluated. The presence or absence of bacteria 
via uterine culture unfortunately does not always definitively diagnosis clinical endometritis (Nielsen, 
2005). Obtaining an endometrial cytology sample along with culture has been promoted to increase the 
accuracy of diagnosis by providing clear evidence of inflammation in conjunction with a positive culture. 
Mares with chronic infections typically have long-standing inflammatory changes. The author typically 
obtains cytology at the time of culture via the cap of a Kalajian® swab or via cytology brush. An alternative 
method for culture and cytology is the use of a low-volume uterine flush in which a small volume of sterile 
saline (60-mL) is instilled into the uterus and re-collected via a 10-12-cm catheter. The fluid is then 
centrifuged and the resulting pellet is sampled for culture and cytology. This method can be especially 
helpful for isolation in cases of focal infections. 
 
PERSISTENT MATING-INDUCED ENDOMETRITIS (PMIE) 
The pathophysiology of this type of endometritis has been elucidated over recent years and we have 
learned to separate bacterial uterine infections from physiological breeding induced endometritis resulting 
from uterine exposure to semen.  While local components of uterine defense mechanisms ensure a rapid 
and effective clearance of an inflammatory response in mares with a natural resistance to persistent 
endometritis (usually within 24 to 36 hours), mares that fail to clear the uterus in a timely fashion are 
classified as susceptible to persistent endometritis.  In the past, PMIE was believed to be the result of 
bacterial contamination of the uterus but more recent research has demonstrated that this type of uterine 
infection is more likely caused by a physiologically induced exposure to semen and quite possibly the 
components of semen extenders used for the preservation of both fresh-cooled and frozen semen.  The 
condition is characterized by the expression of pro-inflammatory cytokines and a rapid influx of 
polymorphonuclear neutrophils (PMN’s) into the uterus. 
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When equine spermatozoa or bacteria enter the uterus, they trigger a chemotactic signal resulting in a 
blitzkrieg of PMN’s into the uterus.  Following a series of molecular and biochemical reactions, including 
activation of PMN’s, extrusion of PMN-DNA, formation of neutrophilic extracellular traps (NET’s) and the 
traditional ligand-receptor binding, PGF2µ is released from endometrial cells through the metabolism of 
arachidonic acid via the cyclooxygenase pathway.  In addition to being a pro-inflammatory mediator, 
PGF2µ also causes contraction of smooth muscle in the myometrium thereby leading to a physical 
clearance of accumulated fluid and harmful products in the uterus.  This mechanism appears to fail at 
several different levels in susceptible mares resulting in the accumulation of intraluminal fluid and 
inflammatory products that may be involved in chronic uterine degeneration and endometrial fibrosis. 
 
TREATMENT OF ENDOMETRITIS IN THE MARE: Treatment protocols should be designed around 
a specific diagnosis and pharmaceuticals should not be used indiscriminately. Any anatomical defect that 
contributes to re-infection must be addressed. The importance of this cannot be understated. The 
perineal conformation of a mare with a history of subfertility should be carefully evaluated and corrected if 
needed via a Caslick’s and/or episioplasty. Additional traditional treatment protocols in cases of chronic 
infectious endometritis include uterine lavage, treatment with ecbolics, and antimicrobial therapy.  

Uterine lavage allows for mechanical removal of the offending pathogen along with inflammatory debris. 
Depending on the case and the inciting cause of endometritis, daily lavage can be performed prior to 
breeding and up to 2-3 days after ovulation without affecting pregnancy rates. For post-breeding 
endometritis, lavage as soon as four hours post-breeding has been shown to not interfere with conception 
rates. The lavage solution of choice varies depending on practitioner preference, but is commonly either 
saline or lactated ringer’s solution. In cases of fungal endometritis dilute antiseptic solutions of betadine 
(0.01-0.05%) and acidic solutions of vinegar (20-mL white vinegar per liter of saline) have been 
recommended.  

Ecbolics allow for increased uterine clearance, but are generally ineffective in cases where the cervix fails 
to dilate normally. Topical application of the prostaglandin E1 analog misoprostol to the cervix prior to 
breeding can be extremely useful in facilitating uterine drainage in mares with failure of appropriate 
cervical relaxation during estrus. Oxytocin is the most common ecbolic in use in the United States. 
Generally 10-20 IU IM or IV are given. Due to the drug’s very short half-life, repeated dosages may 
increase effectiveness. Data suggests that lower doses of oxytocin may be more effective than higher 
doses at promoting uterine clearance as larger boluses tend to produce tetanic contractions. Cloprostenol 
(250-μg IM), a synthetic prostaglandin, can be given as an alternative to oxytocin to aid in fluid 
evacuation. The mechanism of drug action allows for a more sustained, low-amplitude uterine contraction 
and is potentially more effective than oxytocin. However, there is evidence of decreased progesterone 
production from the CL associated with administration of this drug when given after ovulation. Therefore, 
cloprostenol use may be best served prior to ovulation or in case of post-ovulation use (within 12 hours of 
ovulation), progesterone supplementation should be considered.  

Antimicrobial therapy is typically a key component in the treatment of chronic infectious endometritis. Due 
to increased resistance and the risk of inducing fungal infections, judicious use of antimicrobials should 
always be practiced and the choice of antibiotic should be based on culture and sensitivity results 
whenever possible. Intra-uterine antibiotics in general should be used during estrus as their use during 
diestrus has been associated with increased incidence of fungal infections. In cases of deep seated, 
refractory infections, systemic antimicrobial treatments can also be used with success. The advantage of 
systemic treatment is that it does not induce further contamination of the uterus and allows for less 
fluctuation in antibiotic levels. This treatment approach can be used alone or in combination with 
intrauterine therapy.  

RECENT TREATENT UPDATES 

As traditional treatment protocols have not always been successful in treating long-standing infections, 
adjunctive therapies have been suggested to improve success rates. These additional therapies include 
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intrauterine (buffered chelators and mucolytics) and systemic (corticosteroids and immunomodulators) 
modalities. In recent critical evaluation, these treatments have shown potential as effective therapies.  

Recently, the role of mucus in the pathophysiology of endometritis and uterine clearance has been 
highlighted. The endometrium alternates between ciliated cells and mucus- secreting cells that support a 
mucopolysaccharide blanket on its surface. This mucous blanket, in combination with endometrial folds, 
appears to have an important role in uterine clearance. Inflammation within the uterus leads to increased 
mucus production. This is a protective mechanism meant to trap the source of inflammation and protect 
the exposed endometrium. However, when in excess, mucus can lead to increased inflammation, and 
ultimately lead to a vicious cycle of irritation and inflammation. In cases of excessive mucus production, 
uterine lavage alone may not be sufficient for removal.  

In cases of mares with excessive mucus, irrigation with solvents or mucolytic agents is recommended 
prior to antibiotic treatment. These treatments are also recommended for mares infected with a pathogen 
known to produce a biofilm. The biofilm provides a secure environment for pathogen growth that helps 
protect it from antibiotic penetration and mechanical removal with uterine lavage. These organisms 
include Pseudomonas spp., Escherichia coli, Klebsiella spp., and yeast organisms. The treatment is 
generally repeated for 2-3 days prior to the addition of intrauterine antibiotics. Solvents that have been 
used include DMSO (50-mL per liter of saline or LRS), and kerosene (50-mL directly instilled). Intra-
uterine treatment with kerosene has been shown to cause severe inflammation and necrosis of the 
endometrium. However, this is also associated with removal of the infectious agent and its offending 
products and one study showed a surprising 50% pregnancy rate post-treatment. More recently, there 
has been an increased interest in the use of mucolytic agents in the treatment of mares with long-term 
infections. N-acetylcysteine, a mucolytic agent, decreases the viscosity of mucus by disrupting disulphide 
bonds. It has been recently reported to be non-harmful to the equine endometrium and possibly beneficial 
(LeBlanc, 2009). A solution of 30-mL of 20% N-acetylcysteine in 150-mL of saline is infused into the 
uterus 24 to 48 hours prior to breeding. Buffered chelating agents have also been utilized in cases of 
endometritis associated with a biofilm-producing pathogen. Tris- EDTA, is a first-generation chelator that 
is reported to enhance the effectiveness of antimicrobials (Wooley & Jones 1983). Recently, Tricide® 
(Medial Molecular Therapeutics, LLC, Athens, GA), a third-generation chelator, has been evaluated for its 
ability to enhance antimicrobial effectiveness. These agents are speculated to chelate calcium and/ or 
magnesium within the bacterial cell wall, which alters the integrity of the organism allowing for increase 
antimicrobial effectiveness.  

The use of corticosteroids around the time of breeding has been shown to help modulate the post-
breeding inflammatory reaction. By reducing pro-inflammatory cytokines, judicious use can potentially 
increase pregnancy rates. A single dose of dexamethasone (50-mg IV) at the time of mating has been 
shown to improve pregnancy rates in mares with a history of incompetent cervical function and retention 
of fluid post-breeding. Appropriate mares should have three or more of the following risk factors for 
endometritis: abnormal reproductive history, abnormal perineal conformation, cervical incompetence, 
positive endometrial culture, ≥2- cm intrauterine fluid prior to breeding, significant endometrial fluid 
present post mating, and/or post-mating intrauterine fluid that persisted for 36 hours. While initial results 
are promising that the use of dexamethasone in appropriate cases can improve pregnancy rates, a large 
study found that its use after breeding did not improve pregnancy rates. Alternatively, oral prednisolone 
(0.1 mg/kg BID for two days prior to and two days after breeding) has also been shown to increase 
pregnancy rates in mares bred with frozen-thawed semen that had a history of endometrial fluid retention.  

Some research has shown that immunomodulators may improve pregnancy rates in mares with post-
breeding endometritis. The theory is to induce a nonspecific cell-mediated immune response to increase 
overall immune system activity. Settle ® (Bioniche Animal Health, Bogard, GA) is approved as an aid in 
the treatment of mares infected with Streptococcus zooepidemicus. EqStim ® (Neogen Corp, Lexington, 
KY) is approved as an aid in the treatment of horses with equine respiratory disease complex and has 
been studied as an adjunct treatment for chronic endometritis.   
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Finally, in recent years there has been increased interest in the use of acupuncture as an adjunct to 
traditional medicine. A small number of studies have shown it to have an effect on circulating reproductive 
hormones in some species. It seems to be used most commonly in the treatment of delayed uterine 
clearance post-breeding. Currently, there is a very limited body of clinical data in the horse, although 
research is on-going.  
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Your 4:15 Refresher – Equine CBC & Biochem 
Janet Beeler-Marfisi 
BA, DVM, DVSc, Diplomate ACVP (Clinical Pathology) 
Ontario Veterinary College – Pathobiology Department 
January 26, 2018 
 
 
ERYTHRON1,2 
The Complete Blood Count (CBC) – Measures of Oxygen-carrying Capacity of Blood: 
RBC “RBC count” (x1012/L) 
HCT Hematocrit – percentage of blood composed of RBCs this is a calculated value (L/L) 
PCV Packed cell volume – obtained by spinning down a microhematocrit tube (%) 
HGB Should be ~1/3 HCT if RBCs are normal size (good way to check that machine is 

working properly) 
 
Measures of Erythrocytes – Useful for Characterizing Anemias: 
MCV Average RBC volume (fL) – descriptors are: normocytic, microcytic, macrocytic 
MCHC HGB concentration per average erythrocyte (g/L) 
MCH quantity HGB per average erythrocyte (pg) 
 
MCHC and MCH are similar measurements. Can have normochromic and hypochromic 

erythrocytes. HGB concentration is very closely regulated, and there cannot be too much 
HGB in an RBC, so, we interpret increased MCHC and/or MCHC as indicating:  

1. sample hemolysis in vitro 
2. Immune-mediated hemolytic anemia – as with penicillin, Clostridium perfringens  
3. Heinz body anemia – as with wilted / dried red maple leaves leading to hemolytic 

anemia 
4. Lipemic sample – sometimes with negative energy balance in ponies & donkeys 

(not in EMS or PPID) 
RDW Standard deviation of the red cell distribution divided by the MCV. 
 Tells us how similar the RBCs are in size relative to one another. 
 If the RDW is higher, it tells us RBCs are more variable in size. There can either be more 

smaller RBCs (as with iron-deficiency anemia) or more large cells (which would lend 
support to an anemia being regenerative).  

 
How do we put the foregoing information together? If a horse’s CBC has a: 
 
Mild, normocytic, normochromic anemia, consider: 

1. Anemia of inflammatory disease (some relatively long-standing inflammation going on 
somewhere in the body, e.g., guttural pouch mycosis, neoplasia)  

2. Anemia of renal disease (decreased EPO production by the kidneys) 
3. Increased plasma volume – IV fluid therapy, pregnancy 
4. Copper deficiency, lead poisoning (decreased heme synthesis) 

 
Moderate anemia that is normocytic and normochromic, consider: 

1. Very long standing inflammation – e.g., neoplasia 
2. Two processes going on at once – e.g., inflammation and bad teeth (lack of caloric 

intake ±source of inflammation) 
 
Mild, microcytic, hypochromic anemia, consider: 
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• Iron deficiency anemia – e.g., GI tract bleeding (ulceration, neoplasia, parasitism), 
coagulopathy (hemophilia A, Type 1 von Willebrand disease)  

o Fecal egg count, fecal occult blood test, gastroscopy 
 
Moderate-marked, possibly macrocytic, possibly hypochromic anemia, consider: 

1. Immune-mediated hemolytic anemia (e.g., penicillin, Babesia caballi, Babesia equi) 
2. Heinz body anemia (e.g., red maple, onions, snake envenomation)  

 
Polycythemia in horses is most commonly caused by dehydration or splenic contraction. Other 
causes are less common but include leukemia of red cells, increased erythropoietin (EPO) 
production secondary to chronic hypoxia (cardiac or pulmonary disease), kidney disease 
causing increased EPO production, or EPO-secreting tumours.  
 
Regenerative Anemia in the Horse 
On the regular CBC Indicators of a regenerative anemia are an increase in RDW (a greater 
proportion of larger cells present) and higher MCV (up to 10-15 fL above reference interval2). 
 
The two most common ways to determine that a horse has a regenerative anemia are to 
perform serial CBCs to trend whether the anemia is improving, or obtain a bone marrow sample 
to see increased erythropoiesis and to perform a bone marrow reticulocyte count (>5% = 
regeneration).3 We’d still want to perform serial CBCs to show that the increased production 
noted on the bone marrow aspirate is leading to resolution of anemia, though. 
 
LEUKON4,5 
WBC White blood cell count 
 Leukocytosis and leukopenia can be identified, but without knowing which 

specific cell type(s) is or are decreased, knowing that a horse has a “high 
white” or a “low white” is not particularly useful information. 

 
Neutrophils 30% – 75% of circulating WBC in health4 
Neutrophilia  Cortisol or inflammation 
 Stress leukogram is caused by exogenous administration of glucocorticoids 

or endogenous release of cortisol. 
 Generally expect a lymphopenia (or low normal lymphocytes) and a 

monocytosis. No increase in band neutrophils. 
 Inflammation (bacterial, sometimes viral) causes increased production of 

neutrophils by the bone marrow and a neutrophilia ensues.  
 May have increased band neutrophils (left shift), toxic changes, and a 

monocytosis. 
Neutropenia Marked acute and chronic inflammation. 
 Acute inflammation depletes the blood and bone marrow stores of mature 

neutrophils, so neutropenia is expected in conjunction acute inflammatory 
stimulus of a sufficient magnitude (e.g., bacterial abscess, acute 
enterocolitis, sepsis etc.). 

 If neutropenia persists longer than 7-10 days it is a negative prognostic 
indicator.  

 Resolution of left shift, resolution of neutrophilia or neutropenia, and 
resolution of toxic changes are considered positive prognostic indicators. 

Left shift An increase in band neutrophils – indicates a component of acute 
inflammation 
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Lymphocytes 25% – 60% of circulating WBC in health 
Lymphocytosis Epinephrine release, particularly in young healthy horses 
 Chronic infection, either bacterial or viral 
 Post vaccination 
 Lymphocytic leukemia is a more rare cause 
Lymphopenia Stress leukogram – glucocorticoids and cortisol cause sequestration of 

lymphocytes in lymphoid tissues 
 Acute bacterial or viral infection (also results in sequestration) 
THROMBON 
Platelets Equine platelets frequently clump and the analyzer cannot count them, so 

horses frequently have a spurious thrombocytopenia. This is why it is 
important to look for clumps on a peripheral blood smear. 

 Splenic sequestration  
 Immune-mediated thrombocytopenia is rare in horses and usually secondary 

to another process (e.g., EIA, bacterial infection, neoplasia). 
 Disseminated intravascular coagulation.6 
 
BIOCHEMICAL PROFILE1,7 
ALP  Poor diagnostic sensitivity for detecting cholestasis in horses – typically are 

icteric before ALP activity increases 
GGT  Better for detecting cholestasis in horses than ALP 
 Mild increases commonly noted in racehorses (50-140 U/L)7 without any 

other evidence of liver disease. Has been associated with poor performance 
and may be due to overtraining, a lack of fitness, drug administration, lower-
grade toxin exposure, parasite migration. 

 Likely higher in hepatic necrosis, bacterial cholangiohepatitis 
Serum Amyloid A (SAA) Horses with inflammatory disease generally have a marked increase 

in SAA levels in the range 170-1750 µg/mL.8 
 Trending SAA to monitor for response to therapy is important. 
 Can measure in serum, joint fluid, peritoneal fluid. 
 
BIOCHEMICAL PROFILE – FOALS9 
GGT GGT doesn’t increase post suckling, but GGT in foals less than 1 month old 

can be 1.5 – 3 x greater than adult horse reference interval (RI) 
ALP Pre-suckling foals can have ALP 20x adult RI 
 Decreases to approximately 5x URL by 5 weeks of age 
Cholesterol  higher in first 2 weeks of life than adult RI  
Triglyceride  
Creatinine Fetal stress – ingestion of allantoic fluid – increased for first 36 hours, returns 

to adult RI 
 If remains increased or decreases more slowly, consider renal disease, 

dehydration, other causes of azotemia 
Urea Initially within adult RI, decreases between 3-8 weeks of age 
 Increases with negative energy balance – breakdown of muscle for 

gluconeogenic substrates 
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Clients - How to Get Them and Keep Them 
Alison Lambert BVSc MMRS MRCVS, Managing Director of Onswitch  
  
It sounds obvious, but we so often forget that without customers we simply don't have a 
business. You might have the lowest surgical complication rates / cheapest prices / largest 
range of pet accessories in the city, but if owners aren't motivated to come to you because of 
them, what's the point? It's vital for any successful business to deliver products and services 
that people actually want, are able to access and will choose to buy. Veterinary practice is no 
different - you need to tell your customers how your services not only meet their needs, but do 
so better than anyone else they could choose (delivering convenience, quality, trusted advice 
and value for money). In short, you need to do some marketing. 
 
The Chartered Institute of Marketing defines 'marketing' as a three-pronged approach, as 
follows: 

• "Identifying something that people or businesses want and are prepared to pay for, or a 
problem that they would like solved  

• Developing a product or service that meets that need and then promoting it so that the 
audience is aware of its existence. 

• Working out the details and making sure you’re charging the right price for the product or 
service. If the price is too low, you won’t make any money, if it’s too high, people won’t 
buy it." 

The key aspects (in italics) concern the choices potential clients make about the cost - all the 
fancy marketing in the world won't persuade an owner to join your health plan if she doesn't feel 
that the benefits justify the price. Good marketing is centred on the customer experience - it's 
not about what the product or service does, it's about the benefits it brings to the customer, at a 
price she is prepared to pay, given her specific needs. 
 
We know from consistent research feedback that pet owners will always go by preference to a 
local, convenient and recommended site. 
If a new site opens that is more local, open for longer hours and is more recommended, clients 
may switch to it - there is always room for a BETTER experience. In the UK, most urban areas 
already have more vets per square mile than are needed, so opportunity lies not in building 
more physical sites, rather for a practice or group to develop a cohesive and engaging brand 
and deliver a better service. In the UK, currently only Vets4Pets have a national brand and they 
are growing this through the VIP card, which is very successful in driving volume.  
 
Given that veterinary accountants agree that each Full Time Equivalent vet needs 1,000 
households spending £250 a year on their pet in order to be viable, driving these owners into 
your practice several times a year is crucial - it all comes down to marketing a superior 
customer experience 
 
Understand your market and tailor your service accordingly 
Whilst all small animal practices fundamentally do the same things as far as clients are 
concerned, and one equine practice is pretty similar to another; the way in which these core 
services are delivered varies enormously. Perhaps your aim is to offer basic care at a budget 
price? Focus on exotics, provide full seven-day opening or schedule long consultations as 
standard? The most successful businesses have a clear point of difference that is motivating to 
pet and horse owners and can be clearly felt in every aspect of your service. Walking the talk. 
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The first step towards communicating and delivering an excellent customer experience through 
effective and engaging marketing is gaining an understanding of who your clients are, where 
they are and what they really want. You might think you already know. You might be wrong. 
Owners don't want cheap prices, they want tangible value for money for a great service (you get 
what you pay for). They don't fundamentally want to buy their pet's wormers online, they want 
the convenience it brings - so why not offer a monthly payment and delivery service? Identify 
the sort of people and animals who live within a ten-minute drive of your building and target your 
services to them - it's no use not opening at weekends if the biggest local employer is a 
Monday-Friday 9-5 operation that will tie all your potential clients up during normal working 
hours. If high-rise apartments and rentals surround you, there won't be many dogs around. 
 
The truth is, it's not rocket science and it's not new - for people to use you they first have to 
know about you (brand awareness), then they have to understand why you are a better choice 
than anyone else around. Customers shouldn't have to be told to use your practice, they should 
want to. Warm and insightful branding puts you on the same wavelength, friendly and respectful 
people build enduring relationships and by going the extra mile as standard you develop a trust 
and brand advocacy that brings more new clients in through word of mouth recommendation. 
 
What has changed is the marketplace in which we're operating - clients have far more choice 
(both in terms of practices and alternative sources of advice and products), they use the internet 
to research potential purchases, check out reviews and connect with other consumers. The 
importance of marketing a clear and consistent message has not changed, although the media 
used to communicate these messages have. Of course you need to embrace social media, 
publish regular blogs on your website and send quarterly email newsletters. But do these things 
as an extension of your existing marketing activity, not wholly instead of it (fun days and posters 
are still very much recommended). Use the same messages and tone of voice in all the places 
you connect with clients - fundamentally people buy from people and consumer behaviour 
research proves that 50% of all purchases are driven by emotion. 
 
Effective marketing brings your customer experience to life, and when your customer 
experience is consistently excellent, business is good. A consistently positive customer 
experience (online, on the phone and face-to-face) build trust and makes clients happy. And 
delighted clients recommend. 
 
Put your customer at the heart of everything you do and the rest will follow. But do your 
homework first so that you're delivering the right message to the right people in the right way 
and at the right time.  
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Marketing - Turning Your Clients Into Raving Fans 
Alison Lambert BVSc MMRS MRCVS, Managing Director of Onswitch  
 
Successful practices invariably have strong branding that brings to life their Unique Selling 
Points (USPs). In the face of increasing competition (both in terms of practice numbers and the 
increasing proportion of corporate groups) it is essential that every practice has a clear and 
consistent brand message - owners can choose to get their pet's paw bandaged at any one of 
the practices within a ten-minute drive of their house, so what it is about they way your team 
deliver this basic service that lifts you out of the ordinary? Your brand tells potential clients how 
it feels to experience your practice and it should speak to their emotions. Having lots of shiny 
new equipment doesn't define you; the fact that you undertake comprehensive investigations to 
shape recommendations that are tailored to the individual animal does. And this can then be 
applied to each and every site of your practice - it's consistent and replicable. 
 
Keeping your customer satisfied is not enough when others can do the same - you should aim 
to be extraordinary. Being a one-stop-shop for owners isn't realistic, instead focus on the unique 
aspects of your service that make you special and help delighted clients become advocates for 
your business. In this session we'll look at Shaw's study 'The DNA of customer experience', 
along with real-world evidence highlighting the vital role of emotion in customer decision 
making, helping you build strong and enduring customer relationships. Decisions are driven by 
emotions, even in (and perhaps more so because of) this digital age of online transaction. 
Shaw's study postulates that 50% of any purchase is emotional - how you make your clients feel 
about doing business with you is key to how many times they'll come back, and how many 
friends they'll tell. Creating advocates for your business is both the ultimate objective, and also 
the natural end point when you provide a genuinely brilliant and consistent customer experience 
- make people feel great about your practice and they won't be able to stop themselves telling 
others about you. 
 
Recommendation is the one single biggest source of new clients - there's no substitute for 
providing a great service and letting your clients do your marketing for you through positive word 
of mouth. It's free, fast and very effective. You can harness and measure the power of 
recommendation in a number of ways: 
 

• Using the Net Promoter Score (NPS). This simple and effective model measures the 
percentage of clients who would recommend you. The target for high performing 
veterinary practices is >80%, currently the average UK business' NPS is around 70%. 
NPS is a great way to quantify word of mouth in your local area. The NPS tool is another 
valuable source of feedback on your consultation effectiveness; its score is derived from 
ratings out of ten given by clients in response to the question, "based on your recent 
consultation, how likely are you to recommend us?" - easy to ask via client surveys on 
your website, social media and hard copies left in the waiting area. Delighted clients will 
score 9s and 10s and are ranked as Promoters. Disgruntled owners may award marks of 
6 and lower, and are classified as Detractors. Passives are in the middle, with ratings of 
7s or 8s. To work out your NPS rating, take the percentage of detractors away from the 
percentage of promoters, leaving a single percentage score. The target for high 
performing veterinary practices is >80% and so once you have a baseline NPS score, 
asking the question again in six months' time will allow improvements to be measured 
and tracked. 

• Give clients a reason to return 
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o Book the next visit and / or schedule a reminder whilst they are still in the 
practice 

o Even if there is no reason to return with the current condition, recommend a 
health check in six months and get it in the diary now 

o Maintain ongoing contact with the owner, either physical (with an appointment 
booking), or virtual via email, newsletters etc. 

• Boost Word of Mouth. It is a known truth that people choose businesses that others tell 
them are great, so understand how many clients recommend you currently, and 
encourage them to do more of it, more often 

o Friend Get Friend schemes. Rewarding loyalty is great for business and is simply 
an extension of your owners' natural behaviours. Personal recommendation in 
this way is powerful and effective - offering a voucher to your existing clients 
when their recommended friend registers with you (generating a reward voucher 
for them also) is proven to be a cost effective way to drive client numbers and 
sales 

o Online reviews. Ask your clients to leave comments and reviews on your 
Facebook page and on review sites such as yell.com 

o Encourage Facebook likes and Twitter follows by featuring your social media 
details on all practice literature 

• Develop positive relationships with Key Opinion Leaders 
o Their importance is underestimated by many practices, yet the key opinion 

leaders in your area can make or break a practice's reputation. Your clients see 
these businesses more often than they see you, and they seek advice and 
recommendations from them: 

§ Equine - farrier, yard owners, dental technicians, feed merchants, 
saddlers  

§ Small animal - groomers (probably see each dog and owner up to eight 
times a year), agility clubs, puppy trainers, rescue centres, catteries, pet 
shops, dog walkers 

o Hold regular events and information evenings, send newsletters and offer CPD 
• Share client testimonials and feedback 

o Create YouTube clips of owners talking about you 
o Share and re-tweet positive comments 

• Ask clients for recommendation- most owners are more than happy to provide 
testimonials when you have helped their beloved pet or horse.  

o Find a person in the practice who is particularly good at this 
o Maintain a degree of sensitivity; know when to ask (as a client is dropping off a 

box of chocolates, rather than when they are settling a huge bill) 
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Client Experience - It’s All About the Details 
Alison Lambert BVSc MMRS MRCVS, Managing Director of Onswitch  
 
Owners have so many choices when it comes to the care of their pets and horses, why should 
they come to you? It's no longer the case that you can sit back and wait for them to walk 
through the door - they will search for advice online, self-diagnose and buy medication through 
other channels, ask their groomer or yard owner for advice, or even visit your competitors. 
Assuming they do choose you, if their experience of your practice does not match their 
expectations then not only will they not return, but they may tell others to stay away too. 
 
Research consistently proves that owners make their choice of which practice and vet to use 
primarily based on the customer experience - how the practice feels rather than what it does 
and how much it charges. Thus a practice that focuses on making the customer experience 
personal, welcoming, professional and convenient from start to finish will ultimately win and 
keep more clients. And let's not forget that the customer experience begins long before the 
owner sets foot in the door. Your website should be professional, friendly and kept up to date. 
Your premises should be well maintained and tidy. Your client communication materials should 
be professionally produced and grammatically correct! The little things speak volumes when it 
comes to the customer experience, and it's crucial to maintain focus and not become 
complacent. 
 
There are four key stages to the customer journey, and understanding how to smooth the path 
for potential clients to find and experience you across each of these is key. 
 

  
 
Perhaps the most important part of the client journey through your practice is their experience in 
the consult room - this is after all what they are paying for. Onswitch train and promote use of 
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the 7 Steps - a simple and clear set of guidelines to help vets and nurses deliver superior 
consults, developed from the Calgary Cambridge model used in medical schools across the 
world. The model is based on the principle of building an open and trusting client / clinician 
relationship through a standard process - asking for information and listening to the client, 
collecting evidence through a physical examination, explanation of findings, recommendation 
and planning of next steps, followed by a decisive close: 

1. Prepare yourself (make sure the room is clean and tidy, and the items you're going to 
need are close at hand - owners hate it when you leave the room mid-consult so read 
the notes and remind yourself what the patient is in for) 

2. Create a rapport (introduce yourself, make eye contact, listen actively, engage in 
conversation and use the pet's name throughout) 

3. Ask open questions (what, why, how - questions that require elaboration rather than a 
yes / no answer) 

4. Carry out an obvious pet examination 
5. Make clear recommendations (don't use phrases such as "I think...", "perhaps we 

could..." and "let's wait and see...") 
6. Check understanding and signpost next steps (studies show that compliance is good 

when owner and vet agree on the priority for the patient, but conversely it is poor when 
the vet does not address the owner’s initial concern) 

7. Book the next appointment / contact 
 
Onswitch's monthly national ConsultTrack reporting tool measures consultation skill 
performance across the UK, with latest data showing a national average rating of just 38% out 
of a possible 100%. It finds that step six, check the client's understanding and signpost next 
steps, is consistently the least-used.  
 
But the time in the consult room is just part of the process of visiting the practice, and the 
consultation must therefore be part of a seamless journey through the practice if it is to be 
effective. Thus, you'll want to consider other related aspects of your client's experience - in this 
session we'll consider the importance of ensuring that the consult room experience is not at 
odds with other client touch points, both before and after: 
 

• First impressions count - smiles are so important, transcending any language and 
cultural barriers. Even if receptionists are on the phone when the client arrives, they 
should always make eye contact with waiting clients and smile 

• Make it personal - as well as introducing yourself, use both the pet's and the client's 
names 

• Streamline processes to minimise waiting time 
• Keep clients informed if there are delays and give regular updates - if there's been a 

genuine emergency that has disrupted the planned schedule, most owners will 
understand and be prepared to be flexible 

• Make waiting less stressful 
o Provide separate areas for cats and dogs 
o Offer drinks and reading material 
o Change information displays regularly 

• Remove obstacles from the payment process: 
o Take deposits prior to surgery, make payment less challenging 
o Sort insurance documents up front 
o Review where the delays occur and change processes / staffing to avoid these 
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Ultimately owners need to feel valued and respected at every point of interaction with your team 
- getting the details right is crucial, at every touch point as clients journey through the practice: 

• Give clear and detailed estimates about costs 
• Explain next steps appropriately and involve clients in making them 
• Understand the specific needs of every patient and client 
• Exceed their expectations 
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Getting Employed - Beyond Your Résumé 
Alison Lambert BVSc MMRS MRCVS, Managing Director of Onswitch  
 
To state the obvious, recruiting clinicians is expensive and time consuming. For too long in the 
UK practices have focused on simply filling headcount numbers, and yet it should be about 
getting the right person, not just a person. Matching employee and employer needs is vital for a 
number of reasons: 

• Ensuring continuing effectiveness and morale of the team 
• Reducing staff churn (along with associated further costs and disruption) 
• Delivering an excellent customer experience - clients see a familiar face who personifies 

the practice ethos 
• Optimising operational efficiencies (established vets understand how things are done, 

know where everything is, work closely with colleagues and deliver broader business 
objectives such as health plan sign-ups) 

It's in everyone's interests to make the process as effective and painless as possible! 
 
In the UK recent years have seen an increase in frequency of job moves and career changes, 
along with a growth in multiple employments. Millennial employees are increasingly seeking 
‘varied lifestyles and accelerated multi-skilled growth’. A 2016 survey of 2,000 employed 
millennials in the UK, carried out by OnePoll finds that: 

• 1 in 5 employed young people have two or more jobs (47% to gain new skills) 
• 45% of millennials plan to change industry in the next three years 
• 48% say that a positive work-life balance is a primary factor shaping their professional 

happiness (mostly driven by flexible working) 
• 34% of 18-24 year olds prioritise career progression opportunities when changing jobs 

 
In the veterinary sector, building strong and enduring relationships between employer and 
employee goes two ways. Matching talented vets with progressive practices brings out the best 
in, and delivers rewards for, both sides. Practices who put a generic ad in the vet press are 
unlikely to find 'the one' when there are so many ones around. Those who take a more personal 
approach are much more likely to find the right person - asking current team members to 
recommend good people, networking in places where 'people like me' hang out  (both virtually 
and in the real world) and taking a more proactive approach to matching their needs with your 
wants. This works for you too - ask around amongst professional colleagues, family and friends 
to find out where are the good places to work, and why.  
 
In the UK veterinary recruitment is increasingly taking on a more disruptive approach. At 
Onswitch we tell clients to encourage sixth form work experience students, offer vet student 
placements and graduate schemes - all great ways for practices to 'grow your own'. We know 
that more and more younger vets are choosing to locum, valuing the flexibility it offers. 
Locuming offers flexibility and new experiences, but be aware that there are some downsides 
for you as a locum - unfamiliarity with protocols and clients can be stressful, team support 
networks are lacking, colleagues may treat you with disdain as an outsider 
Tools such as the GuavaVet app match your requirements to available roles very effectively. 
Working like a dating site, GuavaVet aligns the expectations of both vet and practice to give the 
best chance of success. Choosing a role that allows flexibility has never been easier, so think 
about the hours you'd like to work and the sort of career you'd like to have and don't be afraid to 
be honest about these with prospective employers. Mismatched expectations are perhaps the 
biggest cause of breakdown in employer-employee relations, so do all you can upfront to 
minimise the chances. 
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Quantitative research undertaken with hundreds of UK vets by Onswitch and GuavaVet in 
March 2017 finds that: 

• Flexible working is increasingly attractive (19% of vets now work part-time) 
• Locuming is now an active and attractive lifestyle choice, not the last available option 

that it once was 
• Half of locum vets do not use an agency to find work, instead calling on a network of 

personal contacts and recommendations from friends and colleagues 
• A third of locums work between 1 and 7 days a month with a quarter working more than 

22 says a month 
• The most popular advertising channel for recruiting vets and VNs is online (69.5%) 
• Many practices no longer advertise due to disappointing experiences in the past - not 

enough quality candidates, poor response and too expensive. 
• 16% of practices have spent over £5,000 on vet recruitment in the last year 
• By contrast, when it comes to recruiting for RVNs, 57.8% spent below £500 on 

recruitment, with just 4.3% having spent over £5,000. Clearly in the UK, RVN recruitment 
does not enjoy the same level of financial support and focus as vet recruitment does 

 
So how can you ensure you really stand out when applying for jobs? 

• Be creatively different. I know of vets who have delivered their CV and covering letter 
with a box of homemade muffins. If you can decorate them with the practice's values, 
even better! You want to be memorable and stand out from the pile of other applicants 

• Do your homework. Follow the practice on social media, check out the website and blog 
posts, look up any charities they support and tailor your covering letter to show how your 
own personal values and experiences are aligned with theirs 

• Give practical examples of your skills in marketing, business processes, communications 
- the practice is looking for so much more than someone to neuter cats, they want an all 
rounder who will bring plenty to the team 

• Call the practice manager, visit the building and talk to the team (not just the vets, the 
customer service team too). It might sounds obvious but you'd be surprised how few 
people actually do this 

• Demonstrate that you have all the attributes of excellent communication required to do 
the job well - make eye contact, use names, give examples and be clear about what 
you're looking for and what you offer 
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Building a Values-Based Business From the Core 
Alison Lambert BVSc MMRS MRCVS, Managing Director of Onswitch  
 
In this session we will explore the importance of values for your practice. You may already have 
a stated ethos and your values may be evident in every aspect of your practice. Sadly however, 
in my experience you are in the minority if so. 
 
Your values define the practice and how it does business - they show potential clients why they 
should choose you to care for their beloved pet. We'll look at examples of values creation and 
communication from real practices, as well as from businesses outside the veterinary sector 
both in the UK and further afield - best practice transcends language barriers and geography 
after all! 
 
Fundamentally your values show potential team members why they should work for you.  
They should underpin every decision you make and every action you take and your clients 
should be able to see them reflected throughout every aspect of your service and marketing. 
However, you can't just list five attributes that sound attractive, they have to be real and 
meaningful, as defined by the Oxford Dictionary: 
• Values - The regard that something is held to deserve; the importance, worth, or usefulness 

of something. 
• Values - Principles or standards of behaviour; one's judgement of what is important in life." 

 
In this session we'll look at how you go about defining your values, and then crucially, how you 
engage your team with them. Often scientific and clinical people do not understand the need for 
values and may obstruct the process of creating them, and so we'll also look at techniques for 
successfully managing change. We'll consider the importance of consistency and team 
engagement - obtaining buy-in for your vision from the entire team is essential if your value set is 
to be reflected in every conversation with every client, and at every touch point as they move 
through the practice. Successfully creating and consistently delivering your vision and values 
requires the support of the entire team. Engaging everyone, from receptionists, nurses and vets 
to practice managers will be key, but managing the introduction process smoothly first requires 
an appreciation of how people cope with change.  
 
Change follows a predictable pattern - illustrated by the Kübler-Ross change curve, showing the 
main stages: 

• Shock 
• Denial 
• Frustration / anger 
• Depression / lack of energy 
• Experiment - initial engagement 
• Decision - feeling more positive about working in the new situation 
• Integration 
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Practical tools and processes to embed your values 
Using 'Train Measure Manage' helps you deliver a great values-based customer experience. 
And consistently excellent customer care require focus and commitment: 

• Train the team to the same standards to the same practice values 
• Measure performance ongoing - what gets measured gets better 
• Manage your team to keep motivation and performance levels high 

 
Finding new team members with not only the clinical skills but also the communication and 
people skills to ensure they complement colleagues, engage with your values and prove popular 
with clients can be tough. Recruiting a new vet costs thousands and can take months, so it's 
crucial to get right - this is one key area where values are key. It's so important to recruit and 
develop team members who fit your practice, and with a few simple considerations you can 
minimise effort and optimise the chances of success: 
 

1. Recruit people who fit with your practice ethos and share your values 
2. Make your adverts eye-catching and reflect how it feels to work at your practice - this is 

what new graduates are looking for, not a list of kit 
3. Embed your values in the practice website, social media and all practice communications 

- not just as a list of words and phrases, but as real examples of the guiding principles in 
action 

4. Focus on the non-clinical aspects of your potential colleague's skill set - the degree 
proves the person can do the surgery, emphasis on the softer skills such as empathy, 
confidence and enthusiasm are key when recruiting into a team 

5. Use university student placements to check out potential future colleagues and build your 
practice's reputation as a great place to work 

6. Develop a structured New Graduate programme to support and develop recently 
qualified vets into competent and effective colleagues  

7. Create a comprehensive induction programme for all new team members that will embed 
them into the team and instil your values early on. Let them gain experience in every 
aspect of practice life and focus on the delivery of an excellent customer experience 

 
Ultimately our values are your practice, without them you're just another business that fails to 
inspire loyalty and attract lifelong clients. Think of your values as a frame that supports the 
practice, not as a coat you lay over the top. Build from the core and your values will strengthen 
your team, delight your clients and really drive your practice forward. 
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Evidence Based Management 

Darren Osborne, MA 

Real Life Success Story: Wellness Plans  

For Simcoe Veterinary Hospital, wellness plans are increasing revenue, increasing compliance 
and improving the culture of the practice.  The owners of the practice, Drs. Mark Bolton and 
Katrin Schmidt, have been shaping their wellness plans for years.  Over the last several years 
they have ironed out the kinks surrounding financing the payments, coding the procedures for 
wellness clients and ensuring all the procedures offered are carried out during the life of the 
plan.  This was no small task. 

The wellness plan for adult pets at Simcoe Veterinary includes annual physical exam, all 
vaccines required, fecal and blood test, urinalysis, and parasite control.  Also included are 
unlimited exams for the year, one free nail trim and 10% off pet food and a dental cleaning.  The 
plan is discounted to $525 for dogs and $450 for cats (plus HST). 

Dr. Schmidt modeled her wellness plan on popular models from the US.  Key features from US 
models included deep discounts and complimentary exams for the year.  The custodians of the 
plans in the US gave assurances that their plan worked but no one had actual financial data to 
back up their claim.  Since the wellness plans comprised a fraction of the activity in the hospital, 
no one could prove directly that the net financial benefit was positive.   

Wellness plans were a big hit with clients.  One in three clients took her up on her offer of 
wellness plan and revenues are up.  Year over year revenues are up five per cent and wellness 
plans are a big part of it.  Drilling down into the wellness plan data at Simcoe Veterinary 
Hospitals reveals some amazing wellness statistics.  

32% of clients have wellness plans for their pets 

Wellness plans clients are responsible for 74% of total revenue 

Initial wellness plan sales make up 17% of total revenues 

57% of total revenue is post wellness plan treatment and medications 

After purchasing wellness plans clients spend 14% more annually  

Pareto Efficiency 

Pareto Efficiency or the 80/20 rule was discovered by a business analyst who found that in 
many systems most the output came from few inputs.  The term “Pareto” refers to the Italian 
Economist who discovered during the turn of the century that 80% of the land in Italy was held 
by 20% of the citizens.  At Simcoe Veterinary Hospital there is a Pareto Efficiency going on with 
wellness plans – 32% of clients are responsible for 74% of total revenues.  It is not quite the 
80/20 rule but it is very close. This is an important finding because it provides a smaller target 
for wellness sales then many people suspected.  To be successful with wellness plans you don’t 
need to sway the masses, you only need to convince one in three clients to match the success 
at Simcoe Veterinary Hospital.  

Does Increased Compliance Offset Discounts? 
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An extraordinary finding with wellness revenue was that wellness clients spent a multiple of 4.4 
times the cost of their initial wellness plan.  This means that for every dollar spent on the 
wellness plan, clients spent an additional $4.40 over the course of the year on additional 
treatment and medication.   

The multiplier of 4.4 is a great metric to compare the quality of clients and doctors working on 
different plans but it still does not answer the question, “are we just robbing from Peter to pay 
Paul?”  Some fear that introducing wellness plans with discounts may merely provide discounts 
to your best clients who would otherwise pay full price.  If the same clients purchase the same 
procedures and medications at a reduced price you will simply earn less revenue – you lost.  To 
determine whether or not this was the case, annual client revenue pre and post wellness plan 
for Simcoe Veterinary Hospital was compared.  The goal was to find out if the same clients 
spent more or less after purchasing a wellness plan.  Comparing revenues spent before and 
after wellness plans for a small sample of clients (5%) showed that revenue increased 14% after 
purchasing a wellness plan.  This proved that the increase in compliance was high enough to 
offset the discounted procedures and products. 

Even after reviewing this finding showing a net gain in revenue, Dr. Schmidt admitted that if she 
could launch the wellness program again she would back off on the discounts.  Feedback from 
clients and staff has shown that the program is strong enough without discounts.  Dr. Schmidt 
offered that the next round of plans will focus less on discounting.  

Wellness plans work at Simcoe Veterinary Hospital.  The critical success factor for their 
wellness plans is clearly the staff.  Every step of the way, the staff provides a seamless 
presentation to the client that leaves no doubt in clients’ minds that this way of doing things is 
better than the old way.   The only question the staff can’t answer is directed at the rest of the 
veterinary profession and to clients at Simcoe Veterinary Hospital. “Why isn’t everyone doing 
this?” 

Data from the 2016 OVMA Practice Owners Economic Survey shows the financial benefits from 
Wellness Plans.  Veterinary hospitals with Wellnesss Plans had higher revenue, more active 
clients and were able to charge higher fees. 

    
Companion	Animal	Hospitals	 Wellness	Plans	 Average	 Difference	
    
Revenue	 $571,851		 $554,491		 3%	
Active	Clients	 825	 790	 4%	
Exam	Fee	 $80.33	 $77.95	 3%	
Annual	Exam	and	Vaccines	 $120.32	 $114.11	 5%	

 

Wellness Plans for Your Staff 

Many veterinarians are directing their clients and patients to wellness plans is paying off both 
clinically and financially.  Some are even taking the wellness concept and turning it on their 
staff.  Focusing attention on improving the wellness of staff can have similar rewards; data from 
the recent economic survey shows that investing in staff wellness not only improves the health 
of the staff, but also decreases staff costs and improves revenue.   
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We know that wellness plans increase both clients and revenue.  Focusing more attention on 
clients and their pets pays off because wellness plan clients come back more often and are 
spend more than average.  After the initial set-up, ongoing administration and e-commerce 
costs are marginal so the benefit is obvious. 

Trying to measure the effectiveness of a wellness plan for your staff is not as easy.  According 
to a 2015 Study by Quantum Workplace and Limeade (Source: limeade.com), when employees 
feel like their employers actually care about their well-being, they’re 38 percent more engaged 
and 18 percent more likely to go the extra mile.  So how do you measure “care?”  One method 
is to the look at hospitals that provide a group health program (health and dental benefits) for 
their staff.  If we assume that providing an optional group health plan is a metric to measure 
caring we should see a difference between hospitals with and without a benefits plan. 

Results from the 2016 Ontario Economic Survey show 43% of companion animal hospitals 
provided a group benefits plan for their staff.  Of that group, the cost or contribution from the 
hospital varied from 100% (hospital paid for the total cost of the plan for all employees) to zero 
(employees paid entirely for the plan).  The most popular method was for the hospital to split the 
cost of the plan with employees 50/50 with 44% of hospitals opting for this method.  A close 
second (38%) was for the hospital to pay 100% of the plan. 

 

According to the OVMA Insurance Program, providers of the OVMA Group Benefits Program, 
the average cost for a basic plan in a one doctor hospital with 5 staff in total would be $8,000 
per year.  This cost would vary depending on how many single staff, couples and families are 
insured.  For hospitals paying 100% of the plan, the cost per dvm would be $8,000 per year and 
for hospitals splitting the cost with staff, the cost would be $4000 per year. 

In 2016, hospitals that provided group benefits to their staff had higher revenues.  Per dvm, 
revenues were 4.3% higher than average if there was a group benefits plan in the hospital.  This 
means that hospitals that spend up to $8,000 on a group benefits plan earn an extra $23,800. 
Where is the causality?  The folks at Limeade, who do the research on staff wellness, would tell 
you that when employees are offered health and dental benefits, they recognize the gesture as 
“caring for their wellbeing” and they try harder.  Think of it as a quid-pro-quo; “you give me 

38% 

8% 

44% 

5% 
5% 

Hospital	Contribution	for	Group	Benefits	Plan

100% 
Between	50%	- 100%

50% 
Between	0	and	50%

0%	(Employee	pays)
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health and dental benefits and I will work harder, do more lab work in the same time, clean the 
exam room without being asked, try harder to book the appointment, close the sale on the 
parasite medication and treat the clients better because I am being treated better”. 

Even more interesting is the fact that employment costs did not go up for hospitals with group 
benefits plans.  To account for different hospital sizes, we examined non-dvm staff wages as a 
percentage of gross revenue and found that hospitals that provided group benefits paid out 
0.3% lower total wages.  This does not mean hospitals with group benefits plans paid lower 
hourly wages.  What it does mean is that hospitals with group benefits generally had fewer, 
more productive staff than hospitals without group benefits. 

Other wellness type metrics we looked at were staff discounts for veterinary services and 
products.  There was a lot of variation in discounts and considering veterinary staff expect some 
form of discount, we wanted to focus on a discount that represented “caring” the most.  We 
decided hospitals that offered a 100% discount to services (46% of hospitals) and products at 
cost (20% of hospitals) fit this image. Similar to group benefits finding, hospitals that gifted their 
services to staff and sold them products at cost had 5% higher revenues and lower staff costs.  
Admittedly, a lot of the hospitals who offered group benefits plans were the same hospitals that 
offered the most generous discounts. 

 
Change in 
Revenue 

Change in 
Staff Cost 

Group Benefits Plan + 4% -0.3% 
100% Discount on Services + 5% -0.1% 
Veterinary Supplies at Cost + 5% -0.3% 

 

While there may not be a direct causality between offering group benefits and higher revenues, 
we had a hunch that caring more for staff would create a more productive environment.  After 
looking at the evidence, it is clear that the benefit from the benefit (plan) far outweighs the cost.	
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The Truth on Fees and Markups 

Darren Osborne, MA 

Practicing veterinary medicine in 2016 was like walking into a headwind.  Sure, you were 
making progress but it seemed harder than ever before.  The newfound resistance on the part 
of clients to go to their veterinarian has a lot of veterinarians second guessing many of their 
management decisions.  One common question is, “are my exam fees too high?” 

That is a good question considering the examination is one of the most common fees in the 
hospital.  Veterinarians and staff encounter the exam fee several times a day.  However, just 
because you are intimately aware of the fee, it does not mean that your clients are as well.  It 
might be burned into your brain but most clients will not notice it and if they do, they will forget it 
soon enough.  For example, you may remember what you wore yesterday and what you wore 
the day before but what did you wear ten days ago?  This is a simple enough question right?  It 
is the same with clients and the exam fee. 

If the exam fee was a determining factor for clients deciding who to go to, the number of clients 
should go up as the exam fee falls.  This is a classic demand curve sloping down to the right.  A 
classic demand curve for examination fees would go show the number of active clients per 
veterinarian going down as the examination fee increased.  Examining the data from the CMVA  
Practice Owners Economic Survey shows that we do not have a downward sloping demand 
curve.  We have a flat demand curve suggesting clients are not using the exam fee to make 
their decision on who is their veterinarian.   

There is no relationship between the exam fee and active clients per full time equivalent 
veterinarian. An active client is defined as a client who has been to the practice in the last year 
for medical or non-medical services and full time equivalent refers to 1,750 hours per year.  In 
Canada, active clients per full time equivalent veterinarian ranged from just under 200 to 2000.  
Within that range there was a fairly narrow band of exam fees ranging from $45 to just over $80.  
Exam fees were normalized for the cost of living in each province.  The predominant range of 
values (62%) falls between $63 and $76. Most practices fall in that $13 range.  How significant 
is that $13? 

The average companion animal veterinarian in Canada had 909 clients per FTE.   That 909 
active clients translates into 1,019 pets who receive one exam each.  That is 1,091 annual 
examinations.  If we can assume that one in eight clients takes their pet in for illness we can add 
in additional sick animal exams and the number of exams per DVM per year jumps up to 1,204.  

If the average veterinarian is performing 1,204 examinations per year, that $13 range for exams 
turns into $15,657 in found or lost revenue depending on which side you are standing.  Let’s 
assume your exam fee matches the national average ($66 after adjusting for the cost of living) 
and you want to drop your fee 10% ($6.60) to get more clients in the door.  The revenue 
shortfall ($7,949) equates to 134 exams.  That means you would need 134 more exams or (15% 
more) to get back the revenue lost from lowering the exam fee 10%.  Even if you could get 15% 
more clients and got all the revenue back you would still be worse off because you are netting 
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less per client with the lower exam fee.  To get back the lost net income, you would have to 
increase exams by 42%.   

If you decided to increase your exam fee 10% to $72.60, you could survive on 23% fewer 
exams and still break even on your net income from exam fees.  

Another issue to consider before lowering exam fees is how far the exam fee goes in carrying 
the costs of the hospital.  Quite simply, if you only did exams day in and day out you would go 
broke.  Even at $72.60 per exam (10% above the national average), the average veterinarian 
performing three exams per hour would only earn $217 per hour  - well below the national  
average.  The exam fee alone cannot carry the costs for a veterinary hospital.  In order to cover 
all the costs of running the hospital, exam fees would have to increase more than 30%. 

The fee guide in each province takes this weak revenue contribution from exam fees into 
account.  The exam fee remains discounted and other fees that are valued more by clients and 
veterinarians are increased to offset the loss.  “The exam fee sets the tone for the whole fee 
guide,” is a commonly used phrase.  Over the last several years, economic pressures have 
created an environment where the exam fee along with the vaccine fee has only increased by 
the rate of inflation.  In each province, committees have been holding back on the exam fee to 
take into account the sensitivities of the people who have to use it – veterinarians and staff.  If 
you are considering discounting your exam fee then it is within your right but keep in mind you 
are double dipping on the discount.  The fee is already discounted. 

Final thought:  I have the privilege of visiting hundreds of hospitals across the country and I see 
the books of hospitals who charge high exam fees and low exam fees.  All things considered, 
the higher the exam fee, the more financially successful the hospital.   
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How	to	Take	Over	the	World	With	Web	Based	Pet	Food	Retail		

Darren	Osborne,	MA	

In	most	Ontario	veterinary	hospitals,	pet	food	sales	is	cornerstone	of	practice.		A	significant	amount	of	
floor	space,	staff	resources	and	veterinary	time	is	invested	every	day	to	sell	veterinary	diets.		All	of	this	
may	change	with	the	introduction	of	US	on-line	pet	food	marketers	entering	Canada.	Right	now	in	the	
US,	pet	owners	can	log	onto	pet	food	specific	websites	and	purchase	any	pet	food,	including	veterinary	
exclusive	therapeutic	diets,	and	have	it	delivered	to	their	door.		If	they	sign	up	for	the	recurring	
deliveries	with	autoship,	they	can	save	20%	and	are	eligible	for	free	shipping	on	orders	over	$50.		Online	
pet	food	retailers	have	the	potential	to	change	the	market.		Fortunately	for	veterinarians	in	Ontario,	the	
tools	are	already	in	place	so	veterinarians	can	compete	toe	to	toe	with	online	retailers.	

The	Truth	About	Veterinary	Diet	Sales	

According	the	most	2016	Ontario	Economic	Survey,	the	average	companion	animal	veterinary	hospital	in	
Ontario	generated	15%	of	revenue	from	diet	sales.	Per	full	time	equivalent	veterinarian,	that	equated	to	
$81,300	in	revenue.	Sure	this	is	a	sizable	revenue	number	but	because	the	markup	on	pet	food	is	low,	
the	average	hospital	earns	30%	after	paying	for	the	product.		For	example,	a	bag	of	cat	food	that	sells	for	
$50	costs	the	veterinarian	$35,	so	each	$50	bag	nets	$15	or	30%.		Compared	to	other	sources	of	
veterinary	revenue,	this	margin	is	quite	small	but	veterinarians	and	staff	take	solace	in	the	hope	that	
their	pet	food	will	be	a	continuous	source	of	revenue.		The	veterinarian	only	has	to	educate	the	client	
once	on	nutrition	and	the	client	will	continue	to	buy	veterinary	diets	for	years	to	come.			

Competing	With	Pet	Food	Stores	

Pet	food	manufactures	offer	veterinarian’s	generous	pricing	so	they	can	compete	with	pet	food	stores	
on	price.		Using	the	average	markup	of	cost	x	1.43,	veterinary	diets	are	priced	par	or	below	similar	diets	
found	in	pet	food	stores.		Very	few	veterinarians	advertise	a	fee	comparison	between	their	feed	and	the	
pet	food	store,	but	there	is	an	opportunity	for	pet	owners	to	save	money	buying	their	pet	food	from	
their	veterinarians.		A	client	with	a	German	Sheppard	could	save	hundreds	of	dollars	per	year	by	
switching	from	the	widely	advertised	brand	to	a	veterinary	maintenance	diet.		The	savings	are	smaller	
for	smaller	breeds	but	there	are	still	savings	to	be	had.		Veterinary	diets	are	cost	competitive.	

On-Line	Competition	

The	market	for	on-line	pet	food	in	the	US	is	slick	but	in	Canada	–	not	so	much.		Looking	for	pet	food	on-
line	in	Canada	is	quite	literally	a	gong	show.		Because	there	are	no	sophisticated	websites	(yet)	and	few	
retailers	selling	veterinary	diets	on	line,	recognizable	veterinary	brands	are	priced	at	ridiculously	high	
levels.		It	is	not	clear	whether	the	seller	was	using	an	algorithm	or	a	random	number	generator	to	come	
up	with	the	pricing	but	I	was	able	to	find	my	veterinary	diet	available	from	Amazon	at	four	times	what	I	
pay	at	the	veterinarian	($199.07)	but	shipping	was	only	$5.97.				

 Veterinary	Clinic	 Value	Diet	Store	 National	Store	 Amazon	
	     
Maintenance	Dog	Food		 48.77	*	 49.99	 57.99	 199.07	

	 *veterinary	diet	was	prorated	to	match	similar	retail	bag	size	
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The	Fatal	Flaw	

The	fatal	flaw	in	this	convention	veterinary	diet	model	is	that	while	the	veterinarian	may	spend	a	lot	of	
time	on	nutrition,	the	client	does	not	continue	to	purchase	the	food	for	years	to	come.		According	to	
data	from	Idexx	and	Hills,	the	average	number	of	purchases	per	client	is	only	2.2.		The	average	client	is	
only	coming	back	once	more	to	buy	food.	Idexx	and	Hills	tracked	client	purchases	over	12	months	and	
found	that,	in	addition	to	lower	average	purchases,	only	3%	of	clients	were	still	buying	pet	food	a	year	
later.		According	to	this	data,	if	a	veterinarian	sells	100	clients	a	bag	of	pet	food	on	day	one,	a	year	later	
only	3	will	still	be	buying	it	from	their	veterinarian.		Now	this	is	US	data,	but	Bob	Van	Delst	from	Hill’s	Pet	
Nutrition	Canada	says,	“the	data	is	directionally	the	same	for	Canada”.	

	

	

	

While	this	number	is	shockingly	low,	it	is	understandable.		Very	few	veterinarians	or	staff	measure	or	
manage	compliance	on	pet	food	like	they	do	with	medications.		My	veterinarian	is	on	the	ball	and	I	
know	from	experience	that	if	I	forget	to	pick	up	medication	for	my	pet	they	are	on	the	phone	
immediately	to	remind	me	to	come	in	and	pick	up	my	medication	refill.		However,	I	don’t	pick	up	food	
for	a	couple	of	months,	no	one	calls.			

For	many	pet	owners,	going	to	the	veterinarian	is	a	favourable	experience.		In	the	2016	OVMA	Survey	of	
Pet	Owners,	70%	said	they	were	happy	with	their	last	visit.		But	going	to	the	pet	food	store	is	easier	–	
they	are	open	on	Sunday	and	have	extended	retail	hours.		One	reason	compliance	is	so	low	in	veterinary	
medicine,	according	to	Dr.	Van	Delst,	is	because	clients	will	run	out	of	veterinary	only	pet	food	on	
Sunday	when	the	veterinary	hospital	is	closed	and	they	go	to	their	local	pet	food	store	and	buy	the	
closest	thing	to	their	brand.		The	link	to	the	veterinarian	is	broken	and	the	client	now	goes	to	the	pet	
food	store	to	purchase	their	pet	food.			

MyVetStore	Increases	Compliance	
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The	solution	to	the	client	running	out	of	pet	food	on	Sunday	is	to	never	allow	them	to	run	out	at	all.		
Over	the	past	two	years,	more	veterinarians	are	signing	their	clients	up	for	automatic	reorder	with	
MyVetStore	so	a	new	bag	arrives	before	they	even	run	out.		Using	MyVetStore,	the	veterinarian	or	
veterinary	staff	show	the	pet	owner	how	long	a	bag	of	food	will	last	for	their	pet	and	then	set	up	a	
reorder	frequency	for	the	pet	owner	to	automatically	receive	their	pet	food.		The	veterinary	staff	create	
the	account,	enter	the	bank	or	credit	card	information,	delivery	and	payment	frequency	and	they’re	
done.		Then	at	the	specified	intervals,	MyVetStore	orchestrates	the	transfer	of	money,	notification	and	
delivery.		The	money	goes	from	the	client’s	account	to	the	veterinarian’s	account,	an	email	goes	from	
the	veterinary	hospital	to	the	client	telling	them	they	their	food	is	ready	and	the	client	picks	up	the	food.			

From	a	client’s	perspective,	automatic	reorder	is	brilliant.		The	veterinary	hospital	tells	them	when	they	
are	about	to	run	out	of	food,	they	automatically	order	their	food	for	them	and	they	never	have	to	bring	
their	wallet	when	they	go	to	pick	it	up	because	the	payment	has	already	been	processed.			

From	a	veterinary	staff	perspective,	automatic	reorder	is	a	little	more	work	on	the	front	end	of	the	
transaction	(setting	up	the	account)	and	a	lot	of	time	saved	each	month.		This	is	especially	true	in	the	
cases	where	a	client	goes	to	their	veterinarian	to	pick	up	their	food	and	there	is	none	available.	When	
this	happens,	the	staff	have	to	drop	what	they	are	doing,	take	time	to	explain	the	issue	to	the	client,	
make	a	special	order	and	then	take	time	to	notify	the	client	that	their	food	has	arrived.			

With	MyVetStore,	the	veterinarian	can	decide	if	the	client	has	the	food	automatically	shipped	to	their	
home	or	the	veterinary	hospital	for	pickup.		Most	veterinarians	opt	for	delivery	to	the	clinic	to	save	the	
client	the	$8	delivery	fee	but	more	importantly,	to	stay	in	touch	with	the	client.		The	idea	is	that	if	the	
client	is	coming	into	the	veterinary	hospital	on	a	regular	basis,	they	are	more	likely	to	mention	a	
problem	with	their	pet	and	there	is	a	greater	likelihood	more	pets	will	be	seen.			

Even	though	automatic	reorder	is	a	new	concept	for	many	pet	owners,	the	increase	in	compliance	over	
conventional	veterinary	sales	is	staggering.		The	average	number	of	MyVetStore	pet	food	purchases	per	
year	is	twice	as	high	as	the	conventional	model	and	the	number	of	clients	still	buying	food	a	year	later	is	
8	times	higher.		According	the	MyVetStore,	26%	of	clients	on	automatic	reorder	are	still	buying	food	a	
year	later.	
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Nudging	Clients	Toward	Automatic	Reorder	

Discounting	professional	veterinary	services	does	not	make	economic	sense.		When	a	veterinarian	
discounts	services,	the	additional	volume	required	to	offset	the	lower	price	is	unattainable.		For	
example,	a	10	percent	discount	in	fees	requires	a	50%	increase	in	clients.		Pet	food	is	different.			
When	it	comes	to	automatic	reorder	on	food,	discounting	does	make	sense	financially.		Using	a	discount	
to	nudge	a	client	toward	automatic	reorder	can	double	sales.	

Firstly,	do	you	even	need	to	offer	a	financial	incentive	to	get	people	on	automatic	re-order?		Feedback	
from	veterinarians	in	the	field	suggests	you	do.		When	a	client	can	choose	between	a	quick	and	easy	
point	of	sale	purchase	or	loading	personal	and	financial	information	into	a	website	to	get	the	same	
product,	most	will	chose	the	point	of	sale.		To	entice	clients	towards	signing	up	for	automatic	reorder,	
veterinarians	are	offering	a	discount.			

Dr.	Mark	Gemmill,	owner	of	Cornell	Animal	Hospital	in	Guelph	Ontario	tried	to	get	his	clients	on	
automatic	reorder	with	the	promise	of	guaranteed	inventory	and	useful	email	reorder	reminders	but	
clients	resisted.		When	offered	the	choice,	Dr.	Gemmill’s	clients	said	they	preferred	to	just	keep	buying	it	
the	way	they	always	did	–	quick	and	easy.		Then	he	offered	5%	off	the	price	and	that	changed	
everything.		Before	offering	the	discount,	5%	of	pet	food	sales	was	through	MyVetStore,	and	since	
offering	the	discount,	MyVetStore	sales	accounts	for	14%	of	pet	food	sales.	

Getting	people	on	the	webstore	not	only	increased	per	client	sales	but	also	increased	overall	sales.		In	
the	last	year,	Dr.	Gemmill	has	seen	in	clinic	pet	food	sales	increase	5%,	webstore	sales	increase	225%	
and	total	pet	food	sales	increased	15%.		But	still,	the	underlying	question	remains,	did	Dr.	Gemmill	get	
enough	of	an	increase	in	revenue	to	offset	the	5%	discount?		In	a	word,	yes.		Using	the	average	markup	
of	cost	x	1.43,	food	that	costs	$35,	sells	for	$50	and	earns	$15	net	income.		If	that	food	is	discounted	5%,	
revenue	goes	down,	the	cost	stays	the	same,	so	the	net	income	per	bag	goes	down	$2.50	to	$12.50.		
Because	the	margin	is	reduced	to	26%,	sales	at	the	new	discounted	price	have	to	go	up	20%	to	break	
even.		To	justify	his	discount,	Dr.	Gemmill	had	to	realize	a	20%	gain	in	sales.		In	the	first	year	he	saw	
225%	increase	–	ten	times	more	than	required.		Sales	data	from	MyVetStore	suggests	the	average	
veterinarian	will	see	a	105%	increase	in	sales;	smaller	gains	than	Dr.	Gemill	realized	but	still	more	than	
enough	offset	the	5%	discount.				

Another	tactic	veterinarians	are	using	to	nudge	client	towards	automatic	reorder	is	free	home	delivery.		
Through	a	partnership	with	Vet	Purchasing,	OVMA	and	MyVetStore	have	secured	an	$8	flat	fee	for	pet	
food	delivery	to	the	client’s	home.		Some	veterinary	hospitals	are	seeing	success	in	offering	free	deliver	
for	clients	with	purchases	over	$100.		Because	the	veterinarian	is	paying	for	the	delivery	fee,	this	
equates	to	an	8%	discount	and	requires	a	36%	increase	in	sales	to	offset	the	discount;	higher	than	Dr.	
Gemmill’s	5%	discount	but	still	well	below	the	expected	increase	of	105%.	

Exclusive	Veterinary	Pricing	

Conisder	extending	an	offer	of	exclusivity.	“Because	you	are	my	client,	I	can	extend	my	exclusive	
veterinary	pricing	on	to	you.		Sign	up	for	our	subscription	service	and	you	will	get	your	food	below	retail	
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price.”		Veterinary	diets	are	already	priced	competitively	and	the	discounted	delivery	fee	makes	it	even	
more	competitive.		Encourage	clients	to	compare	the	price	to	on-line	retailers	and	specialty	pet	food	
stores.		Simply	stated,	subscription	service	veterinary	diets	are	a	great	value	and	presenting	it	to	clients	
as	an	exclusive	offer	makes	it	even	more	valuable.	

For	the	average	veterinary	hospital	in	Ontario,	moving	clients	from	the	conventional	point	of	sale	model	
to	MyVetStore	could	increase	net	income	from	pet	food	by	50%.		The	veterinarian	can	continue	to	make	
nutritional	recommendations	in	the	same	way,	with	the	same	frequency,	but	with	the	help	of	
MyVetStore,	they	can	get	the	products	into	pet	owners	hands	each	month	resulting	in	higher	household	
compliance,	revenue	and	most	important,	the	level	of	care	for	pets.	
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How To Use Your Financial Statements For More Than a Cage Liner 

Darren Osborne, MA 

Clinic Dashboard 

Just like the dashboard in your car, a clinic dashboard can tell you your speed, how much gas 
you have left, and how many miles you have gone.  A dashboard should be simple – too much 
information will take too long to process and it should be relevant because you only have so 
much time for this stuff. 

The figures are on your dashboard are called “metrics.”  A metric is a number that you use to 
help you manager your practice.  The following metrics are presented in order of priority – both 
by ease of use and applicability.    There are some metrics that are incredibly useful but difficult 
to obtain so they fall down the list.  I recommend you start at the top of the list and work your 
way down.   

#1 Revenue per month 

This is the most used and easiest figure to get in a veterinary hospital.  Your monthly end, 
period total, and almost any other report on your Practice Management Software has this 
statistic.  Revenue per month includes all sources (not sales tax) from veterinary medicine.  
Veterinary revenue is cyclical because most people come in the same time every year.  
Because of the cyclical nature, monthly revenue is best compared to the same month in the 
previous year.   For example, February revenue is down from January but 5% higher than last 
February – so that is good.  Because monthly revenue is easy to get, it can be useful to 
compare February revenue from a few years ago.  Suppose February revenue was down 10% 
compared to last year but you could see that it was up 20% from two years ago.  That could 
mean that something strange happened last year because February was up a 30%.  That kind 
of growth is not sustainable so a drop of 10% this year would be acceptable.   

#2 Rolling 12 Month Revenue 

One limitation of monthly revenue is the inability to track trends beyond one month.  Suppose 
revenue was up 5% for the last four months compared to the same months last year but this 
month revenue was down 10% this month.  Is there enough momentum from the last four 
months to carry this down month?  The solution takes a bit of math but an easy way to 
determine this is looking at rolling 12 month revenue.  This figure is revenue from the last 12 
months taken each month. Rolling 12 month revenue irons out all the monthly wrinkles and 
gives you the truth on practice growth.   If January 1 to December 31 revenue was 500,000 and 
a month later, February 1 to January 31 was 500,050, then the practice is growing.    

#3 Active Clients 

The term, “Active Clients,” has many meanings in many hospitals.  For some, it is anyone who 
has been to the hospital in the last 2 years;  for others, it is anyone who has ever been entered 
into the hospital since the practice management software was installed.  Some claim their active 
client count is accurate because they cull their files every year.  Since everyone uses a different 
reference (24 months, 24 years, etc.) it is impossible to compare active clients to any industry 
benchmark.  Within the hospital, the number of active clients can be used to measure trends.  
Regardless of how you count it, your active clients should be growing. Outside of any form of 
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positive growth, active clients is quite useless.  It can lull you into a false sense of security 
because you may think you have 3,000 clients which is higher than a statistic you read on some 
web site, but in reality, you could have 500 – which is not that great. 

#4 Current Clients 

A better measure of clients is “Current Clients,” which refers to the number of clients who have 
been to the hospital (for any reason) in the last 12 months.  This is more difficult to get from the 
software but is a truer reflection on activity and comparable to the industry benchmark.   Your 
target will vary depending on whether you are high touch or high volume but , 900 current 
clients per full time equivalent DVM is where you want to be. 

#5 Revenue per Transaction 

This metric is higher on the list because it is easy to get from most practice management 
software.  This figure can be cyclical so it is best compared to the same period in the previous 
year.  For example, the average revenue per transaction will spike during parasite season 
because clients are adding parasite medication to the bill.  This is will make the revenuer per 
transaction higher during parasite season.  Revenue per transaction can also be used to 
compare doctor production.  If two veterinarians are doing the same tasks, their revenue per 
transaction should be similar.  If it is not, then action can be taken to reward the high flyer or find 
out what is standing in the way of the low producer.  One limitation to the revenuer per 
transaction metric is that it can go down for good reason and that creates panic. Suppose a 
hospital introduced a nutrition program that sent the demand for pet food soaring.  The 
increased number of smaller pet food purchases is good for the hospital, but the lower 
transaction from each bag of pet food will bring down the average revenue per transaction.  The 
practice owner may panic because the number has gone down when they should be 
celebrating. 

#6 Revenue per Client 

Revenue per client per year is the single most important metric for a veterinary hospital.  
Unfortunately, it is hard to find so it falls to 6th on the list.  Annual revenue per client more 
accurately measures activity with each client. Revenuer per transaction might go down when 
food sales goes up but revenue per client accurately picks up the increased activity with an 
increase in the metric.  A change in the revenue per client shows what direction the hospital is 
taking and a decrease should not be taken lightly.  A decrease in revenue per client could mean 
discounting or subdued treatment options.  The annual revenue per client will be as high as 
$1000 for a high touch hospital and as low as $300 for a high-volume hospital.   

Your OVMA Dashboard 

Available exclusively to OVMA members, the OVMA Dashboard contains five of the six top 
metrics.  The dashboard is free to members and, with your permission, is linked up with your 
practice software so it can automatically extract the data required to provide you with a monthly 
dashboard.  The dashboard is emailed to participating hospitals within two weeks of the end of 
the month. 

The OVMA Dashboard provides:  Rolling 12 month Revenue 

     Current Clients 

2018 OVMA Conference 341 

14004 OSBOrNE -hOW TO uSE yOur FINANCIAL STATEMENT FOr MOrE ThAN A CAgE LINEr



     Monthly Revenue / Clients / Invoices 

For each metric, your hospital figures are compared to the provincial average, hospitals in the 
province of similar size, and your figures from the previous year.   

#7 Revenue Breakdown 

Breaking revenue down into components that can be tracked separately can help practice 
owners and managers determine current weaknesses and growth opportunities.  OVMA tracks 
revenue in companion animal practices and has data on percent of revenue from Pharmacy 
Sales, Food Sales and Professional Services Revenue.  Suppose your practice yields 10% of 
revenue from diet sales.  You might think you are doing well but if the OVMA average is 15%, 
then there is an opportunity for a 50% increase in diet sales.  Lackluster pharmacy sales might 
be the result of a markup that is too low or not setting high enough goals for parasite medication 
sales. 

#8 Revenue per Veterinary Hour 

Probably the second most important metric for a veterinary hospital but easily the most difficult 
to get – what veterinarian tracks their hours.  Revenue per veterinary hour is simply total 
revenue divided by total veterinary hours.  If you track individual revenue, you can drill down to 
revenue per veterinary hour for each veterinarian.  Comparing this figure to the industry 
benchmark can tell you a lot about your hospital.  If the figure is low, you either have too many 
veterinarians, or your fees are too low, or you are giving too much away or you are simply 
inefficient.  A higher revenuer per veterinary hour could be the trigger to show you that it is time 
to hire more people. 

#9 Monthly Unit Sales 

Monthly unit sales is a count of anything and everything in the hospital you want to track.  You 
can count wellness plans, dental cleanings, boxes of tick medication sold, insurance policies, 
new client inquiries.  At the very least, start counting the number of potential clients who are 
calling to ask about the hospital and then track how many are being converted into clients.  This 
can be done on a spreadsheet, scraps of paper, or notches in the desk.  

#10 Non DVM Staff Cost as a Percent of Revenue 

Every veterinary hospital, regardless of size or location should be budgeting.  Even if a budget 
is the last thing you want and you don’t have regular bookkeeping, you can figure out how much 
you paid non-dvm staff and compare it to revenue.  Ideally this should run less than 20% per 
year – including all benefits.  Profitable hospitals differ from other hospitals when it comes to 
Non DVM Staff as a Percent of Revenue.  High profit hospitals have staff costs less than 17% 
while low profit hospitals are as high as 30%.   

#11 Drug and Supply Costs as a Percent of Gross Revenue 

This is the most misrepresented metric in veterinary medicine.  Information from the US will 
suggest the figure needs to be less than 20%.  That is fine as long as you don’t sell any food.  If 
pet food sales represents more than 15% of revenue than it will be impossible to get your figure 
below 20%.  This figure is different for each hospital and there is a simple way to figure out what 
your number should be.  The correct figure for your hospital is simply the amount you bought 
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less inventory adjustments.  For example, if you started with 30,000 of inventory, purchased 
$95,000 in drugs and supplies, and finished with $25,000 in inventory, your cost for the year is 
$100,000.  If your revenue was $400,000, then your percentage is 25%.  Revenues may change 
but the percentage you spend on drugs and supplies will be consistent from month to month.  
After you determine your appropriate percentage, apply this to your monthly revenue to see if 
you made your target.  If you were high, back off the next month and if you were low, then you 
may need to increase the next month because you are dipping into inventory. 

Five Minutes per Month 

The OVMA Dashboard provides the top metrics you need to look at each month.  In addition to 
the dashboard, start tracking revenue, a few expenses or simply start counting something that 
matters to you. If you can measure, you can manage it.  
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How To Get Clients Coming Back  

Darren Osborne, MA 

 

Clients Do Their Own Reminders 

So, its mid-March, midway through the week, and this veterinarian is in the middle of a very 
busy day.  She is having the busiest March ever and is struggling to stay on time.  Just as her 
patient and client leave the exam room, her technician / office manager catches her by the arm 
and says, “I know you’re real busy, but I need to speak to you immediately.” 

The veterinarian brings her into the exam room and closes the door.  “What’s up?” 

On the verge of tears her tech says, “I’m so sorry but I just realized that the computer did not 
sent out any reminders for March.” 

The veterinarian looks at her and struggles to process the information.  She is already half way 
through the month and she is swamped.  In fact, she has been going non-stop for more than six 
weeks.  It just did not make sense. 

“I fixed the problem,” the technician said, “and I will send out the reminders right away, but I 
wanted to tell you so you know.” 

“Hang on a sec,” the veterinarian replied, “before you do anything, bring me a list of no-shows 
from the first of the month until today.” 

Now the tech was struggling to process information.   

Seeing the confusion on the tech’s face, the veterinarian explained. “All our March appointments 
were pre-booked right?  March last year, we pre-booked them for March this year.  We are so 
swamped, I think everyone is coming in anyway.”   

The technician checked the records and the veterinarian’s hunch was correct.  In the first two 
weeks, only four clients failed to show up for their appointments.   

This is a true story.  The lesson to learn from this is that clients take their appointment seriously.  
A caveat to this story is that the veterinarian does a great job at pre-booking everybody and she 
and the receptionist make an effort to get the client to take out their phone and put the 
appointment in their phone.  

Guerilla Pre-booking 

Another clever story is the one about the manager who goes to a seminar on pre-booking and 
starts “guerilla” pre-booking the next day.  The day after the seminar the manager starts calling 
up clients who are not pre-booked specifically but due for an appointment.  Instead of asking for 
an appointment, the dialogue went something like this: 

 

MANAGER “Hi, its Darren calling to confirm your appointment with Chewy for Wednesday, 
May 11th at 10:00 am.” 
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CLIENT  “Uh, I don’t remember booking an appointment with you guys.” 

MANAGER “I’m sorry, last year we saw Chewy the second Wednesday in May at 10:00 am 
so I am just confirming that Chewy can come in the second Wednesday at 10:00 
am this year.”  

CLIENT “Oh, ok” 

 

This is a true story.  There are a few lessons to be learned from guerilla pre-booking.  First, pre-
booking works even when you don’t pre-book.  If you forget to pre-book the client, schedule 
them for the same day of the week, same time next year.  Another lesson is clients want to be 
looked after. A lot of staff shy away from pre-booking because they feel like they are being too 
pushy or they are afraid of the client rejecting their offer.  Clients want to be looked after and 
they expect their veterinarian to worry about the schedule. 

Another lesson from guerilla pre-booking is to tell the client you are booking the appointment.  
Don’t ask for the appointment because clients will put it off.  “I will get back to you,” is the 
common reply when you ask them if they would like to book an appointment.  One receptionist 
who pre-books everyone already has it written on the back of their veterinarian’s card before 
they get to the desk.  She hands it to the client and says, “here is your appointment for 
Wednesday at 10:00 am next year.”  

The data from the 2016 OVMA Economic Survey shows hospitals that prebook their clients 
have more clients and higher revenue.  Pre-booking works.  The majority of veterinary clients 
are women who are already in the habit of pre-booking their personal and family appointments.  
Younger millennial clients are already living their life through their phone and that phone has a 
scheduler.  If you’re not already pre-booking then figure out what or who in practice is stopping 
you. Your clients are not the problem. 

Client Communication Software 

After the client is pre-booked, the next step is to remind them they need to come in.  Data from 
the 2017 OVMA Pet Owner Survey shows there is a disconnect between what clients want and 
what their veterinary hospital is providing.  Most pet owners want their veterinarian to remind 
them with a phone call or an electronic notification yet many hospitals are still using post cards 
and letters.  The average stamp licking hospital could save money and free up countless staff 
hours by getting on board with a client communication application.  The new applications speak 
to you existing practice management software so they can go into your software, find out who is 
due for what reminder, email them the appropriate message, receive the confirmation and put 
that confirmation right into the practice schedule. 

Veterinarians are using client communication software to notify clients of their annual 
appointment, and remind them the day before.  This is increasing revenues, clients and saving 
countless hours.  One practice owner confided that, in addition to the obvious time savings from 
not processing letter mail and running reports, she saves several hours a month from not 
nagging the staff to make their reminder calls. 
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YOUR PRACTICE 2020 AND BEYOND: MISSION, VISION AND STRATEGIC 
PLANNING FOR COMPETITION PARTS I AND II 

Bash Halow, CVPM, LVT 
Partner Halow Tassava Consulting 
 
Consolidation, technology and an eroding middle class (Pew Research Center, 2015) are reshaping the 
future of veterinary medicine.  The animal health landscape of 2020 and beyond includes very 
successful, well-managed, private practices; a significant number of publicly-held and corporate 
practices that focus on affordability; and a dwindling, beleaguered, collection of low margin 
practices that have failed to plan in the face of obvious warning signs.  Veterinary healthcare 
leaders should plan for change now. 
 
The future of veterinary medicine will be influenced by the following trends: 

• Better informed, more devoted pet owners with less money than the pet owners of today 
• Consolidated groups of practices, both publicly and privately owned, and an increase in 

low margin, bare-bones practices 
• An increase in fixed and non-fixed business expenses that drives down margin and that 

most significantly impacts non-consolidated practices 
• Increased veterinary management acumen and better leadership in general 
• A widening technology gap between large companies and small businesses that puts the 

latter at a note-worthy disadvantage 
 

More Devoted Pet Owners with Less Money  
 
More pet owners consider their pets to be members of their family than ever before. According 
to the AVMA, 51% of pet owners allow their pets to sleep in the same bed, another 31% buy 
their pets holiday presents, and an overall 63% of pet owners think of their pet as family (AVMA, 

2012).   According to a study that was conducted by the Pew Research Center in 2010, 85% of 
respondents said that they considered their dog to be a part of their family and 78% considered 
their cat to be one (Pew Research Center, 2015).  
 

However according to the AVMA Pet Ownership and Demographics Sourcebook the number of 
pet owners taking their pet to the veterinarian decreased by 8% for dogs and 24% for cats in 
2012.  Between 2007 and 2012 there was a nationwide 13.5% decrease in veterinary cat visits.  
One reason that respondents cited for not going to the veterinarian?  Money. (AVMA, 2012). 
 
Today’s American is worth far less than they were in 2003.   
 
According to the Social Security Administration, as of 2014, 67.2 percent of wage earners had 
net compensation less than or equal to the $44,569.20 raw average wage. By definition, 50% of 
wage earners had net compensation less than or equal to the median wage, which is estimated 
to be $28,851.21 for 2014.  In 2014, 75% of Americans earned $55K a year or less (Social Security 

Administration, 2014).  To put all of that in perspective, the U.S. Department of Health and Human 
Services draws the poverty line for a family of four at $23,850.00 (University of Wisconsin Madison Institute for 

Research on Poverty) 
 
If the American public continues to humanize pets in the future, there will be a solid demand for 
veterinary care, but it must be affordable to a growing population with less money than it has 
today. 
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The Opportunity in Consolidation is Dramatically Changing Our Industry 
 
Veterinary consolidation is trending up.  According to the 2013 AAHA Pulsepoints, 6.9% of 
respondents identified themselves as being a part of a multi-practice group, three times the 
percentage reported in 2011 (AAHA, 2014).  In 2014, Summit Partner’s NVA, with a run-rate earnings 
of 69 million dollars, was purchased by Ares Management for an estimated 920 million dollars or 
13.3 times EBITDA (Or, 2014) That’s more than double the 4-6 times multiple seen in most sole 
practice sales. In March of 2016, VCA agreed to buy an 80% share in CAPNA (Companion 
Animal Practices of North America, a group of 56 free standing veterinary practices) for 344 
million dollars or 10.7 times a 2016-projected EBITDA (The Fly, 2016).  Consolidation will likely 
reshape a significant part of the veterinary landscape of the future and while that’s not 
necessarily bad, it’s certainly very different from what exists today. 
 
The Rise of On Demand Veterinary Services 
 
In May of 2016, a congress of professionals met at the University of Michigan to discuss an 
alarming fact: today’s recently-graduated veterinarians have a 2-to-1 debt-to-income ratio 
(Williamson, 2016).  Some of these veterinarians, looking for ways to take control of their debt and gain 
autonomy over their lives, are taking a fast track into business ownership and/or independence.  
They’re hiring a single, on-demand employee and taking their practice mobile (Cummings School of 

Veterinary Medicine, 2014).  In some cases, a central office dispatches the veterinarians, lowering the 
veterinarian’s time invested in managing client load and scheduling. Central offices, or the 
young veterinarians themselves, leverage facile digital marketing skills to outcompete brick and 
mortar vets for premium online visibility These practices’ low-cut pricing structure puts additional 
competitive pressure on stand-alone practices. 
 
 
An Increase in Fixed and Non-fixed Expenses 
 
Comparing practices in the AAHA Pulsepoints 4th and 8th editions (2006 and 2014 respectively), 
25% of veterinary practices saw an increase of expense-to-gross ratio by 5.1% or greater (AAHA, 

2014) with decreases in surgery, sedation and anesthesia, hospitalization, euthanasia and other 
medical income.  Additionally average transactions, active clients per veterinarian, and new 
client numbers were all lower than the 2011 averages (AAHA, 2014).  
 
A Widening Technology Gap 
 
As online users, we have a profile we create, but data-aggregation companies like Google and 
Facebook are creating one for us based on what we search for, what we write in emails, who 
are online friends are, what we buy, what we search for, and literally every key stroke we make 
on the computer, tablet, or smart device.  This information is used to create the world’s most 
effective marketing tools to be sold to the highest bidder.  Not a bad world to live in, unless you 
can’t be the highest bidder.  The next wave of marketing options available to you will be the 
most effective selling tools in the history of the world, but they will cost money and small 
veterinary practices, already cash-strapped and challenged for time and expertise in this area, 
will find it hard to both keep up and pay up.  
 
 
The Way Forward 
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It’s not all Sturm and Drang.  Nimble, smart, privately owned, well-managed practices will 
always be a part of our future veterinary landscape. Here is a list of what they are doing today. 
 
Identity and Goals 
 
Future, privately owned practices won’t be run-of-the-mill; they’ll stand out.  They will exemplify 
great service, overt caring, and expertise.  The teams of these practices will be smart, engaged 
and engaging.  Leaders of these practices will ask one question and answer it thoughtfully, 
‘What are the defining and distinguishing elements of our practice?’ This question is often 
explored, but too-often incompletely answered in the mission statements we have written for our 
businesses.   
 
Focusing on a short list of goals provides leaders a chance to hone coaching skills within narrow 
confines; a chance to crawl, and then walk, before breaking into a full run. A written list of goals 
that succeeds at moving your practice in the direction of the mission is essential to your future 
success and value. 
 
Plan 
 
Once you have a short list of clear goals, work with all members of your team to develop a 
written plan for how you will achieve it.  Practice owners and leaders shortchange themselves 
when they assume that strategic planning is onerous or unnecessary. Emphatically, it is neither. 
Use the strategic planning tools at www.halowtassava.com for more help in undertaking the 
straightforward and enjoyable task of planning. 
 
Build a Team 
 
Team building is straightforward.  Hire people you want to see succeed and then provide them 
training, individual attention, and caring oversight to help them shine.   The problem is that that 
responsibility is time consuming, emotionally draining and sometimes a trial of one’s patience.  
Nonetheless, there is no way around it.  Build into your plan for the future a methodology by 
which you accomplish the above, not by which you search for an easier, but ultimately 
unsuccessful, workaround. 
 
Learn and Leverage the Online World 
 
The online world provides small businesses an unprecedented, cheap, extremely effective way 
of engaging existing clients and capturing new ones (Dugas, 2012), but it requires an investment of 
time and skill. Future practices will have tighter budgets, so it’s essential that their online 
marketing dollars be efficiently spent.  To that end, all practice managers should hold their 
breath and take a plunge into learning how to build an effective online presence. 
 
Clear Patient and Client Care Standards 
 
Your team members’ job isn’t client education; it’s client connection.  Education is secondary to 
stopping, listening, empathetically reacting, and then making a straightforward recommendation 
to the client based on your standards of care. Your future practice will distinguish itself because 
each of your team members, in their own, individual way, will be a caring mouthpiece of your 
practice’s expertise, organization and experience; but most importantly each member of your 
team will be a source of connection, an extension of the kind of relationship every practice 
owner wants to cultivate with his or her clients.   
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Boots on the Ground 
 
It is said that George Washington returned from some battles with more than 17 bullet holes in 
his waistcoat.  One of our greatest leaders in American history didn’t bark out orders from his 
office in Mount Vernon, but mounted his horse, rode amidst the troops, and fought alongside all 
of his men.  Get out of your manager’s chair and onto your feet.  There is work to be done at 
your desk, but the more important work is happening in the lobby, and exam, treatment, surgery 
and kennel rooms.  Get to it. 
 
Look in the Mirror 
 
On some level, you’re a contributing reason why your practice growth efforts stall.  Insight into 
how you may be holding your team (and yourself) back are critical to your practice’s (and your) 
long term success.  Find a way to gain insight into who you are and why you do what you do.  In 
all seriousness, you might try a therapist.  They’re trained to help people ‘see’ themselves and 
to figure out why they do what they do.  That kind of knowledge is essential if you are going to 
improve professionally and personally.  
 
Face Facts 
 
You may have problems as a leader, but you’re not the only reason why your team’s efforts 
stall.  Many of you know of one, two, or several members of your hospital that drag the entire 
place down.  You’re not crazy.  Those individuals really are a wrong fit.  Terminate them. 
 
Act 
 
Your story and the story of the business that you run is an unfinished manuscript the last page 
of which has today’s date on it.  Take up your pen and decide where this story is going to go, 
which characters you’ll introduce and which ones you’ll kill off; how you’ll behave, and where 
you’ll be in this brave new world of tomorrow. 
 
Success in the movies follows a familiar pathway: the main character loses everything; a 
defining moment when the same character commits to change, a montage of images showing 
the character’s short-term triumphs, and finally the last five minutes of the film where the 
character lives happily ever after.  By contrast, those of us watching the movie never get to 
‘happily ever after’, but if we’re lucky, we at least get on the road.   
 
Your future success is inevitable if you stop gauging it by material accomplishments.  Think of 
adversity and failure, not as setbacks, but as part of a path forward, because, indeed, they really 
are.  You can be the weakest person on the team and still catch the football; you can eat a 
mouthful of dirt and still stand and smile.  Even stumbles advance you forward. 
 
Commit to change.  Choose a path.  Act.  The future doesn’t have to happen to you.  You can 
happen to the future. 
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FRONT VERSUS BACK 
Bash Halow, CVPM, LVT 
 
 
The front versus the back war increases employee turnover, lowers employee productivity, 
increases the number of patient and client care mistakes that your practice makes, and is 
emotionally draining on everyone.  So why do we allow it to persist? 
 
Let’s consider some of the instigating factors in the battle. 
 
Communication Blackout 
 
What we don’t know can hurt us, or at the very least can increase our level of frustration and 
anxiety.  Let’s say we need a bag of food from ‘the back’.  With a full lobby and a line of people 
waiting for our help, we pick up the phone, hit the intercom button and call out, “Can I get a 5 
pound bag of CD, please?” 
 
Nothing.  You ask again while an impatient client stares you down. “Hello?  Can anyone hear 
me?  Can I get a 5lb bag of CD?” 
 
The silence gets you boiled.  “How many times have we had a meeting about this?” you 
rhetorically ask your coworker.  “What on earth are those people doing back there?” 
 
Those people are actually nowhere near the intercom and can’t hear your call.  One is doing the 
inventory in the basement and the other is outside walking a patient.  It’s a perfectly innocent 
workflow issue, but because you can’t see what’s going on you immediately jump to the worst 
conclusion.  “Lazy good for nothing…I’ll be right back,” you tell the client.  “I’ll get it for you 
myself.” 
 
Once in ‘the back’ you really let loose, though there is no one around to hear.  “Where in the hell 
is everybody? Is everyone on break, because we are slammed up front?!”  
 
Judy emerges from the basement with a boxful of supplies. “What’s your problem?” she asks on 
the defensive.  “What are you yelling about?” 
 
“What does it look like? I’m yelling about you and Joanne! I’m friggin slammed up front and you 
people are no where to be found!”  
 
And so begins the front versus the back war of 2018.   If only your practice had had a camera 
system in place, you could have seen Judy in the basement doing her job and Joanne in the 
dog run doing hers, but left in the dark, you imagined the worst and the war began. 
 
Communication blackouts can frequently be the source of ‘the war’s’ first shot, but another 
source is more insidious.  It’s the underbelly of us all, the need to feel superior to others, to 
believe that our work is more important, that we’re smarter, that we’re right, and the misinformed 
thought patterns that we engage in:  all-or-nothing-thinking, the ‘blame’ game, future telling, and 
assume-the-worse. 
 
A group of technicians huddles around a computer monitor in the back and watches the latest 
appointment pop into place.  The doctor on duty is the first one to comment.  “What’s he 
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doing!?  He’s putting a vomiting 16 old cat next to a lethargic rabbit?  How the hell am I 
supposed to see that?  Someone tell him to fix it.” 
 
Marge is only too happy to tell the new guy, Bob, that he messed up.  She approaches him from 
behind and taps him on the shoulder.  “Did you just book the vomiting cat?” 
 
“Yes.” 
 
“Dr. Karen says you need to move it now.  She’s extremely pissed.  So can you move it, 
please?  Thank you.” 
 
Another ‘war’ shot fired. 
 
I have a backyard brood of poultry.  One day, I’m going to write a book called, Everything I Need 
to Know About People I Learned from Chickens, because I’m convinced that chickens’ natural 
inclination to brutally peck each other into a social order, to ostracize, and to form exclusive 
cliques, is a broader representation of what we humans do more subtly every day. 
 
But while some of us work in barnyards, we don’t have to act like we live in them.  People who 
work with others must rise above their most base instincts.  
 
Our job’s atmosphere and the standards by which all employees interact is referred to as 
workplace culture, a term that can be treacle-sweet for many conservative business owners who 
see goals like revenue, efficiency, care and service as much more important. 
 
But when I talk about workplace culture, I’m not advocating for hand holding and Kumbaya; I’m 
talking about a calculated look at what our employees feel, how they interact, the tone we set in 
the workplace, and our respect for health and happiness as a way to increase productivity and 
most importantly to stop fighting, to work together well, and to feel good about our jobs. 
  
A few of you may be saying ‘But we tried to improve our practice’s culture. It didn’t work. People 
weren’t responsive. We advocated for behavioral guidelines. No one listened.’  
 
Failure of workplace culture programs has nothing to do with the merit of trying to improve your 
employee’s physical and emotional well-being.  Don’t let failure to solve the problem convince 
you that the problem isn’t worth fixing.  
 
Culture is made possible both by the attention we pay to it as leaders and as a by-product of the 
business model that embraces the fundamental building blocks of any team: communication, 
respect, and cooperation to name a few.  Leaders should stop thinking about culture as a job 
perk, and start thinking about it as a necessary component to smooth, productive, long-lived 
operations.  
 
So my recommendation for ending The front versus the back war is not to go gunning for the 
snarkiest individuals at the practice, but to drop an atom bomb of culture on the entire 
building.  The fallout of your actions will have long lasting, glowing effects. 
 
Mission  
 
Begin with a articulating your aspirations for workplace culture (that is your aspirations for how it 
feels to work at your practice and how you expect people to behave) in your mission statement. 
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Choose the words carefully.  A mission statement is the anchor for all you do and say in your 
business. Like the foundation of a house, your mission statement must be resolute about what 
you are trying to accomplish.  
 
Here’s a test that I like to try whenever someone wants to share his or her mission with me. 
Firstly, I don’t allow them to read it. I make them face me and pretend that they’re trying to 
entice me to take a job at their practice by extolling the same virtues that are expressed in their 
mission statement. “Mr. Halow, all of our employees are valued. At our practice, everyone is 
expected to get along and work together well.”  
 
“Oh!” I reply because this job is sounding tempting, “if I take a job here, how will I notice that I 
am valued?”  
 
This kind of role play tests the owner and practice’s commitment to the lofty language in the 
mission and can take a document that feels disconnected from day-to-day operations and make 
it relevant.  
 
Discuss Culture in Your Employee and Training Manuals  
 
Secondly, articulate your expectations for both behavior and communication in your practice 
manual. The latest HR trend is to create civility guidelines in which you outline your expectations 
with respect to salutations, day- to-day office chitchat, ostracism, name-calling, nicknames, and 
so forth. It may seem silly..company policies that insist we say good morning to our coworkers? 
Laugh if you like, but enough feelings have been hurt by our failure to observe the simplest of 
social etiquettes that a proactive approach isn’t a bad idea. Outlining how you want people to 
behave and how you would like them to react is an excellent jumping off point for an interview 
discussion on the matter, an excellent way to market your practice (who doesn’t want to work for 
a business that cares about employee feelings?) and an excellent way to begin any coaching 
session on the subject.  
 
Overtly Advocate for Culture  
 
Thirdly, be an advocate for the practice’s culture. If you observe employees behaving in a 
manner that is counter productive to the practice’s feel-good culture, address it. Not addressing 
cultural issues as soon as they arise is more than inaction; it’s passive approval. It’s a passive 
gesture on the leader’s part that the person on the receiving end of the bad behavior is not 
important.  It’s inaction that could be deadly to your relationship to that individual moving 
forward.  
 
Do not pussyfoot around negative interactions in your building. People that decide to rain on 
your parade should blow their storm clouds over to someone else’s practice. When I coach 
team members on this subject, I never shame them. My negative behavior record is probably no 
better than anyone else’s, but I have recognized the deleterious effects of negative behavior in 
the workplace and learned to sit on my knee-jerk reactions. I expect others to do the same. As 
one colleague of mine says, “We can sit here all day long and listen to why you believe it’s okay 
to behave negatively in the workplace.  At the end of the discussion, I’m still not going to allow 
you to do it.”  
 
Conclusion  
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For any leader concerned that they don’t have the ability or gumption to end the front versus the 
back war, know these things. Showing employees that you respect them; that you believe in 
them; and that you are eager to see them succeed will not leave you feeling emptier, but fuller. 
Addressing what everyone understands to be an unpleasant situation will leave you feeling 
lighter, not heavier. Standing up for kindness and consideration will not leave you short staffed, 
but will provide you with a remaining group of employees that will invest extra time and energy 
to help you out. Many of you have tried a lot of things to improve your business. Try working on 
what you know is most important to you and everyone in your employ: happiness.  
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HIRE AND HIRE 

Bash Halow, BA, CVPM, LVT  

Introduction  

Successful practices of the future will focus on the client experience. As a group, they’ll 
embrace strong preventative standards, inspire clients with their dedication to service 
and care, and match client need to hospital services and products. It’s a doable, 
rewarding job, but it begins with the right employee.  

Consider this ad for client care position at an animal hospital:  

Receptionist needed for busy veterinary practice. Should have excellent communication 
skills, be able to answer multiple phone lines, and be able to multitask. Some nights and 
weekends required.  

Is there anything about this ad that selects for an individual who might be cable of 
‘embracing standards, inspiring clients, and matching them to our services and 
products’? Is it screening for anything but the most rudimentary skill sets? Does it sound 
like a position that a high-functioning, valuable, job candidate would want to nab? In 
order to attract the best candidates and retain them, one must clearly define the 
qualifications for the position, write an ad that appeals to those individuals who are 
qualified, thoroughly screen the candidate, hire them, and have a plan in place that 
ensures the candidate’s personal success.  

Job Descriptions and Why They Matter  

The best job description should be an extension of your mission and your strategic plan. 
Review your long and medium range goals and sketch out the kind of individual you’ll 
need in each position in order to succeed. Don’t just consider skills that can be trained to 
anyone who is eager to learn, but attributes and interests of the individuals that are truly 
a match:  

• Has the individual demonstrated an eagerness to work with others while 
employed elsewhere?    

• Can the individual explain why customer service is important in language that 
shows that they share your   vision of what a great service experience is like?    

• Are they sensitive to how others around them feel?    
• Are they self-aware?    
• Do they appreciate the value of preventative healthcare? As pet owners, what 

have their veterinary spending habits been like?    
 
Additionally, look at some of the ancillary tasks you’ve been trying to get done for ages: 
someone to assist with social media posts; someone who can help clean up your 
website; someone who can proof read and edit your practice’s blog posts; someone to 
clean up the inventory as it appears in the software; someone who can assist with 
compliance audits. Each time you hire an individual with two sets of skills, you reduce 
payroll and move your practice forward more quickly.  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Is This a Doable Job? 
 
As you and your team explore the kind of employee that will succeed in your business, 
ask whether or not your expectations are realistic and wise. Many practices will qualify 
the right kind of receptionist as one who can multi- task in a busy office environment. 
While we are frequently busy at our hospitals, our need for someone who can multi-task 
in a busy environment might have nothing to do with how many clients we see and 
everything to do with our practice’s lousy workflow systems. As you and your team start 
to uncover the more onerous side of working at your practice (must be able to work 
through breaks, must be willing to stay late, must be willing to cover call outs, must be 
willing to deal with demanding clients), ask yourself whether or not it’s your supervisor 
that needs to be replaced, not your client care representative. While every job is likely to 
get difficult from time to time, selecting for individuals that can manage chronic chaos is 
paying someone to sustain broken work systems.  
 
Writing an Ad That Grabs  

Once you’ve identified the qualities of the right candidate, write an ad that will draw their 
attention. Remember that you are looking for a qualitative employee and even in down 
economies, premium employees can afford to be selective. If you write a notice that 
advertises for the bleakest aspects of your practice (must be able to handle very busy 
front desk, must be able to handle multiple phone lines), you don’t select for those that 
can do the job, you select for those that have no other choice but to take your job.  

When writing an ad, talk about what it’s like to work at your practice on a really good 
day. Talk about the teamwork that takes place, talk about your exemplary service, and 
talk about the fun. You are recruiting someone who is going to work with you and the 
others in your employ to do something great (identified in your mission and your vision 
goals). There is nothing wrong with getting prospective candidates jazzed up about the 
prospect of coming on board what sounds like a great ride to success! Don’t write an ad 
that challenges individuals to impress you, write one that encourages them to impress 
you. The truth is that all people have great qualities and when they are in the right 
setting and they are matched to the right role, they will genuinely shine. Your job is to 
sketch out an image of the person that’s most likely to be a fit for your practice and then 
announce to the whole world that you can’t wait to hear from the person who is best 
suited to fill it.  

Ad Placement  

The Internet has been a great help to small business owners who are looking for 
qualitative candidates. Many job sites provide employers the chance to upload an ad 
and have it listed not just on their site, but a myriad of others. There are practices that 
continue to place ads in print publications. I’m circumspect about the wisdom of this. We 
are 18 years and counting into the 21st Century. The globe is literally hardwired for 
instant, earth-wide communication. Write electronic ad posts only. If they come with a 
free print listing, great, otherwise, don’t bother.  

Additionally, when writing the ad, make sure that it’s search engine friendly. Include 
pictures of your practice, imbed headers in the ad (more about this during the 
conference), optimize for keywords that are likely to increase the notice’s visibility, and 
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make sure that the post’s meta-description is filled out. If you have a WordPress site, 
you can build this blog as a page and then push the link out to your prospective job 
posting/social media groups (discussed below). Sites like AVMA allow web pages/blog 
posts to be copied and pasted directly into their ad posts fields, so they’ll be no need to 
duplicate your work once the first copy has been made.  

Quality employees are so frequently in demand at our practices, that it’s wise to take a 
proactive approach to hiring by putting systems in place that regularly searches for 
qualified candidates. Consider these ideas:  

Website Application Page: Your website pages are likely to extoll the virtues of your 
care, service and practice team and may inspire many who read them. Why not capture 
any of these readers who may be looking for employment? Create a job application page 
for your website that says something like, ‘we always love to meet members of the 
community interested in participating in our efforts to help the companion animals of our 
town. Would you like to apply for a position with us? Please read through the materials 
listed below and reach out to us. We genuinely look forward to meeting you!’  

LinkedIn: The veterinary community is relatively small. Ensure that your available 
position is visible within it by joining professional sites like LinkedIn and announcing that 
you have a position available there.  

Social Media Groups and Pages: Get in the habit of joining and participating in 
veterinary social media forums through Twitter, and Facebook. With an established 
presence on these sites, you’ll be able to post a link to an available position at your 
practice and have it been seen by an active audience.  

Local Veterinary Technical, Assistant, and Pre-vet Programs: Reach out to the 
directors of any local vet tech, assistant or pre-vet programs. Ask them if you can speak 
or in any way assist with educating their students. This is a great chance to meet 
prospective employees months if not years before they graduate. It’s also a great way to 
ensure that your future job ads are reliably posted and disseminated to their students.  

Attend CE: Continuing education is an excellent opportunity to network, meet other 
veterinary professionals, and fish for potential employees. I’m not suggesting that you 
are as bold as to steal employees from your colleagues, but it’s perfectly acceptable to 
announce that you have an open position.  

Additional Screening  

Once you have what appears to be a quality candidate, invite them to work through an 
online screening tool that drills down into their skills and asks them to essay on topics 
like customer service, positivism in the workplace, what it means to be a good 
communicator and so forth. You should also get the make-or-break questions out of the 
way so that you don’t waste your time interviewing candidates who can never meet your 
needs. Find out if they have schedule restrictions or salary requirements that 
immediately take them out of the running. If you have a WordPress website, you can 
build this as a page using a form plugin (ask your IT person for assistance with selecting 
the right form for your needs). For those of you cowering at the thought of building a 
webpage, fear not. WordPress plugins are designed for ease of use. It’s likely that you 
will figure out how to create an online form in minutes. When asking questions of 
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prospective employees, it’s extremely important that you are compliant with all labor 
laws and that the questions are designed to increase your ability to discern a quality 
employee. Never publish online screening forms without getting an outsider to work 
through the questions, proof the form for errors, and make sure that the form is 
operational. Additionally, make sure that the form’s tone is welcoming, not 
confrontational. In other words, the subtext is ‘show me what you got’, not ‘prove to me 
that you’re good enough’.  

Interview and Hire  

Remember that your main job in the interview process is to facilitate a match between 
your practice and the next person that’s best for the available position. In order to do 
this, you want to create a setting in which the employee has an opportunity to 
demonstrate their very best qualities, because ideally, we work our very best, when we 
are allowed to be our very best, not when we are challenged to prove our worth. For this 
reason, there are some HR directors who go into an interview with no premeditated 
questions. Their only aim is to be present in the discussion, to listen, and to participate in 
the dialogue. You can stimulate discussion by asking questions that pertain to the 
qualities that you are looking for in an individual or asking the applicant to tell you about 
their past employment and what they liked or disliked about it. You may also have their 
responses to their online screening assessment on hand. You can explore their answers 
further in the interview process.  

When I screen for candidates, I phone the ones that have completed the online 
assessment tool to my satisfaction and make their acquaintance during a brief call. 
During the call, I engage the candidate in a friendly chat about their application and their 
interest in the position. If there are elements of their application about which I have 
questions, I investigate them now. I explain at the outset of the discussion that our talk 
will be brief and that the call is just a chance to initially meet. If the call goes well, I ask 
another leader in the practice to invite the candidate to a second phone interview so that 
we can get another opinion. I also confirm that I have three professional references for 
the candidate from previous employers.  

Provided the second phone call goes well, I schedule a face-to-face meeting with the 
candidate. For extroverted candidates, you may interview them with numerous members 
of your team present. For more introverted candidates, you are better off one-on-one 
until they warm up. Again, your job is not to intimidate them, but give them a glimpse of 
what you are really all about, how great it is to work for your practice, and to provide 
them with a chance to demonstrate how they can contribute to your continued success.  

Hire the candidates that feel like solid matches. You and the rest of your team should 
feel very confident about the decision. If there are members of your team that are 
concerned that the hire is not a fit, your hiring success will be proportional to the amount 
of opposition from the other members of your group. Great hires feel great throughout 
the hiring process. Similarly, less-than-great hires feel not-so-hot during parts of the 
hiring process.  

A Clear Path Forward  

From your perspective, a position at your practice may seem relatively straightforward. 
Show up, punch in, sit down, and get to work. From the perspective of the new 
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employee, the first few days of work may seem like a hike up K2. In addition to learning 
protocols, workflow, software and machinery, they must also learn about you as a 
leader, about the dynamics of the group, about the turn-ons and turnoffs of their trainer, 
about regular clients, about hospital pets and on and on. Don't sit back and watch this 
information overload swallow up your new hire. Give them a framework, a written list of 
learning goals that help them stay focused during the first, second and third week of 
employment. Check in with them on a regular basis and ask them how they are doing 
with their list. Take time to listen to them and demonstrate your interest in their progress. 
Abandoning the employee after the hiring process and moving onto the next fire is 
abandoning all of the work that you’ve done up to this point to select the right individual. 
Your most important job as a leader is to demonstrate that your team members are 
important to you. Overt signs that you care about their progress as demonstrated by 
brief meetings and check-ins, are critical to ensuring that your newfound gold nugget is 
refined and burnished to shine.  
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10 DISASTROUS LEADERSHIP HABITS 
B Halow, BA, CVPM, LVT 
 
Skilled veterinary practice management is essential to our success in providing responsible care 
to our clients and patients. Veterinary leaders that consider business management secondary to 
patient care undermine the very care that they hold in such high regard. In my experience, 
quality veterinary care is often crippled by bad management practices. Here are ten seemingly 
benign management mistakes that can have far-reaching, negative consequences. 
 
No Clear Goals 
 
No one can lead well unless the path forward is clear to both the leader and the led. A mission 
statement is the first declaration of direction and destination.  Often broad and idealistic, it is 
none-the-less an essential step.  It is a commitment on paper, a discussion with your team, a 
starting point for everyone that does business with you, of what you want to be and what the 
world can expect of you and your team’s efforts.  Like any broad sweeping document however, 
it is of no use, unless it is reflected upon, discussed and challenged.  The details of how you will 
arrive at the mission’s destination must also be applied to paper.  Typically this is done within 
the context of your business’s strategic plan, a roadmap of your business’s goals over the next 
6 months to 5 years.  In summary: leaders who are clear on where they are going and what they 
need, provide clear, effective direction. 
 
No Job Descriptions 
 
Isn’t it obvious?  Don’t veterinarians know what they are supposed to do?  They went to school 
for it!  You could pave a road around the world with the sad stories that reflect the disparate 
views employers and employees have about how a job should be accomplished.  People 
approach problems differently and it is reflected in the way they tackle their work at hand.  Get 
two people who don’t see eye-to-eye on the way a problem should be solved and problems 
arise.  Good job descriptions don’t just talk about what employees are supposed to do; they 
describe how jobs should be performed.  This is important information.  It sets clear 
expectations for employees who are eager to succeed and eager to know how to perform well.  
Job descriptions can also be excellent tools to improve the way you interview and hire 
candidates for your practice.  Indeed they may even help you refine and consolidate the 
positions you hire for because they force you to think about what you need done and how it 
should be accomplished. 
 
When writing job descriptions review EEOC and ADA guidelines available online. You may find 
it helpful to keep a list of EEOC approved questions on hand during the interview process to 
make sure you are in compliance with their rules. 
 
Allow your job descriptions to evolve as your practice grows and changes and never be afraid to 
ask your team members for their input on what their job descriptions should include.  Having 
team participation in the process is an excellent way to get them to focus and reflect upon the 
job description’s content. 
 
No Effective Training 
 
When I do education at management meetings, I often ask those present whether they have a 
training program in place.  Few if any raise their hands, yet ironically most are there because 
they’re searching for ways to improve their team’s performance.  How can you get your team 
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members to perform well, if they haven’t been trained? 
 
To managers’ credit, most understand the value of training, but they believe it will be too 
laborious and time consuming to undertake within their busy schedules. But a training program 
doesn’t have to wait until someone sits down and writes the manual.  Training is happening 
most days on some level at your practice.  Have the trainer take an additional 5 minutes and jot 
down the bullet points of that day’s lesson.  Start a folder on your computer desktop called 
Training Manual and enter notes there.  Look to the AAHA accreditation guidelines if you’re 
stumped on all of the topics that should be included.    
 
Better still, scrap the idea of a written manual and film everything with your smartphone.  Load 
the videos onto a private YouTube channel or an internal server.  You may also consider the 
excellent training resources of atdove.org.  
 
Remember that successful training programs are not just details about the work; they should 
also include a skills, checklist, and a timeline.  These last two components give the process 
urgency and establish parameters on which the new employee’s performance can be evaluated. 
 
Lastly, consider training as part of ongoing, regular, problem solving meetings.  Ideally your 
business is regularly looking at what you do and how you can do it better. 
 
Poor Feedback Systems 
 
Positive feedback is essential to understanding whether or not your management efforts are 
working.  Feedback is also essential to motivation.  Managers must regularly review financial 
and software metrics for clues as to how the organization is functioning. 
 
It’s also important that managers recognize that all feedback, positive and negative, can be 
helpful to the team if used properly.  Studies prove that groups that regularly discuss the 
successes and failures of their efforts perform better and learn faster.   
 
When tailoring a review system, ensure that you are rewarding team members for participating 
in the effort to improve and not merely for job performance.  Great teams are regularly looking 
for ways to get better, but invariably some of those attempts fail.  Make sure you’re sending the 
right message by rewarding effort, not success.  
 
 
Mixing Business with Pleasure 
 
Supervisors should never have friendships or romantic relationships with their subordinates.  
The inequality of their position at work makes it difficult for the subordinate to respond normally 
in a social setting and can put them in an uncomfortable position. In today’s litigious society, the 
fallout from a soured relationship between a supervisor and a subordinate can have devastating 
financial implications for the business as well as the individuals involved.  Both parties may also 
have their professional images permanently besmirched making future job opportunities 
challenging.  Lastly, in some states, disgruntled employees may file civil lawsuits against their 
supervisors, outside of the umbrella of the practice’s liability coverage, and zero in on the 
supervisor’s personal assets. 
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Micromanagement 
 
Micromanagement benefits no one, and in fact, accomplishes the opposite of what it intends by 
demoralizing and undervaluing the employee on which the practice is leveled.  Managers who 
worry that they micromanage should review their goals and work with their team members in 
outlining a plan towards those goals.  Scheduling ‘check in’ dates to review the progress of the 
work keeps the system honest and provides employers the security they need to make sure that 
the project is moving forward satisfactorily. 
 
Exploding in the workplace 
 
Nothing is gained from workplace explosions.  They sabotage morale and wreck trust.  Any 
fleeting catharsis one might have from ‘letting ‘em have it’, is soon eclipsed by longer lasting 
feelings of resentment, fear and workplace toxicity. 
 
If you are a leader with a short fuse, take time to look at what’s sparking the ignition.  You’ll 
probably discover that your explosiveness is related to deep seeded fears, anxieties, or a more 
complex rage that has most likely hobbled your success your entire life.  Journaling, self-help 
books and even counseling are recommended for any leader that suspects that they’re part of 
the problem (invariably you are).   
 
Don’t do as I do, do as I say 
 
Managers and owners that establish protocols that they themselves disregard destroy any hope 
of the protocol being taken seriously by the rest of the team.   
 
Test your current business’s day-to-day activities against your mission statement.  If a clear 
connection can’t be found, redraft your mission, reboot your culture, or both. 
 
Not Standing Up For A Civil Workplace 
 
It’s utterly demoralizing, unproductive, and unpleasant to work in a practice where bullies are 
allowed to menace unchecked. 
 
Take a clear, strong, unwavering stand against individuals that put their own selfish behavior 
before the needs of the practice or the others that work there. Some team members come to 
you with emotional baggage, negatively, and misguided thought processes that make working 
with them difficult if not impossible.  Help them recognize the error of their ways, even point 
them in the direction of self-help, but do not tolerate their continued toxic contributions to your 
practice.    
 
 
Invisible Coach 
 
If your employees are your team, then are you the coach? If so, where are you during game 
time?  Are you on the sidelines watching, calling out direction, applauding, and supporting, or 
are you in the field house doing payroll? 
 
It is essential that all leaders spend scheduled time on the floor as leaders: not as techs, not as 
client care representatives, not as veterinarians, but as leaders.  Here’s why.  Trailing clients 
through the practice is a wonderful way to observe and better understand the systems that you 
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have in place to serve clients and help team members win.  Leaders could schedule as little as 
one day a month on the floor and walk away with a host of ideas to bring back to the group for 
discussion.  It’s also an excellent chance for you to congratulate team members as they 
succeed in wowing you with their efforts. 
 
Retaining Poor Performers 
 
If I could go back and mend the many mistakes I have made as a manager, I would firstly 
address my reluctance to quickly terminate poorly performing team members.  The hours one 
wastes handling the many problems they create are simply not worth it.  I appreciate that we 
hold onto some team members because it’s challenging to find a replacement and the thought 
of training a new individual is the last thing we want.  However, I would argue that poorly 
performing team members are so toxic, so debilitating, so demoralizing and so disruptive to our 
goals as veterinary professionals, that it would be worth closing the practice for a week so that 
we had time to find the right individual and train them appropriately rather then living with their 
employment.  If you have a sub-par employee, the rest of your team resents you for it.  They 
resent that you have created a double standard by which they are unfairly judged and paid.  
Reflect upon the systems you have in place to train and to review.  Mentally replay your own 
interaction and confirm that you are not contributing to their inability to perform well.  If there are 
tools you can provide the team member to improve, lay out your expectations, provide the tools, 
and follow up with a clear deadline to review performance.  If they still fail to live up to the 
practice’s needs despite your best efforts, terminate their employment.  You have trapped them 
long enough in a workplace in which they will always be below average.  Release them into the 
wide world where they can find the success they deserve and the employment they require to 
shine as employees and individuals. 
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ANTIMICROBIAL STEWARDSHIP 2018: BEE PREPARED! 

Maureen E.C. Anderson DVM DVSc PhD DACVIM 

J. Scott Weese DVM DVSc DACVIM 

Antimicrobials revolutionized human and veterinary medicine; however, the parallel emergence 
and dissemination of antimicrobial resistance continues to compromise these gains. Bacterial 
pathogens have demonstrated an impressive ability to become resistant to an array of 
antimicrobials. At the same time, we have seen a dramatic decrease in the development of new 
antimicrobials, with few drugs successfully developed in the past decade. The spread of 
antimicrobial resistance is a global concern and its effects on human and animal health have 
been raised by experts at local, national and international levels. Resistance of any pathogen to 
any antimicrobial can be a clinically important event, but certain bacterium-resistance 
combinations are of particular concern because of the potential for broad impacts on animal and 
human health (e.g. MRSA, extended spectrum beta-lactamase producing Gram negatives, 
multidrug resistant Mannheimia hemolytica).  

The link between antimicrobial use and antimicrobial resistance is undeniable. Virtually any 
bacterium has the potential to become resistant, and to subsequently disseminate through 
reproduction or through transfer of resistance genes to other bacteria. It is well proven in many 
species that antimicrobial exposure increases the likelihood that a host will acquire or develop 
resistant bacteria. In most instances, this is of little to no clinical relevance, as virtually all 
individuals harbour resistant bacteria of some sort. However, the risk is elevated with certain 
pathogens and in certain hosts (e.g. young, old, immunocompromised, concurrent disease), and 
when infections develop, antimicrobial resistance can impact the outcome. 

There is increasing concern about the emergence and dissemination of a wide range of 
antimicrobial resistant bacteria in animals, because of impacts on animal health, animal welfare 
and the need to use antimicrobials that are reserved for resistant infections in humans. There is 
also increasing scrutiny of the use of antimicrobials in animals, particularly food animals, 
because of the potential for spread of resistant pathogens through food, water, environmental 
contamination and direct contact. This has lead to a need to counter these concerns.  

Antimicrobial stewardship 

Antimicrobial stewardship is a coordinated approach to optimize the use of antimicrobials to 
maximize patient care and minimize the risk of resistance, toxicity or other adverse events. This 
involves a multifaceted approach to determine when to prescribe antimicrobials, what drug, 
dose and duration, how they are administered and whether other approaches are needed in 
addition to or in lieu of antimicrobials (e.g. surgery, wound care, management of underlying 
disease).  

While the concept of antimicrobial stewardship is attracting much attention, practical aspects of 
it have been slower to filter down to clinicians. While general statements about the need for 
‘prudent’ use of antimicrobials have existed in veterinary medicine for some time, practical 
clinical guidance has been limited. However, in recent years, there has been an increase in 
available information. This has predominantly consisted of guidelines, including broad national 
treatment guidelines, as well as detailed guidelines for specific diseases (e.g. urinary tract 
infections in dogs and cats). In human medicine, the field of antimicrobial stewardship has 
evolved into comprehensive programs, using a multifaceted approach to address a range of 
issues related to antimicrobial use, as opposed to the typical reliance on guidelines in veterinary 
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medicine. A wide range of components may be involved, such as the use of automatic stop 
orders, checklists, computerized decision-making and prescribing support, de-escalation, 
cascading susceptibility result reporting, formulary restriction, prescriber education, promotion of 
timely sample collection, scheduled antibiotic re-assessments (‘antibiotic time-outs’) and 
targeted patient review, to list a few. While some aspects of human stewardship programs do 
not apply to veterinary medicine, a large percentage of the core human strategies can be 
effectively and practically implemented in veterinary medicine. As there is increased scrutiny on 
antimicrobial resistance and antimicrobial use in veterinary medicine, development and 
implementation of practical stewardship programs will be necessary to optimize patient care and 
as a method of due diligence, to help ensure that veterinarians have access to antimicrobials. 

Federal changes to address antimicrobial resistance, 2017-2018 

The Federal Government of Canada is working to control the spread of antimicrobial resistance 
and promote improved antimicrobial stewardship in both humans and animals. Health Canada 
has announced how it is taking action to help reduce the use of antimicrobials in animals and 
enhance veterinary oversight:   
 
1. Antimicrobials to become prescription-only: In February 2018, all medically important 
antimicrobials (MIAs, which includes all category I, II and III antimicrobials) will be moved to the 
Prescription Drug List (PDL).  Since 2004, all MIAs approved for sale in Canada have been 
given prescription status, but this change will bring those antimicrobial products approved prior 
to 2004 into alignment as well.  The change will affect all dosage forms. It does not include 
category IV antimicrobials such as ionophores and coccidiostats that are not used directly or 
closely related to drugs used in human medicine.  There will be a 10-month implementation 
period. As of December 1st, 2018 a veterinary prescription will be required for purchase of all 
such products, and only those enabled under provincial law will be able to dispense them (in 
Ontario this is limited to pharmacists, veterinarians and (for in-feed medications only) feed 
mills). Animal owners will no longer be able to purchase products containing MIAs over-the-
counter at Livestock Medicines Outlets in Ontario, and will instead need to work with a 
veterinarian on establishing a valid veterinary-client-patient relationship (VCPR) in order to 
obtain a prescription when antimicrobial treatment is indicated, and ensuring timely 
dispensing/delivery of such products. 
 
Other changes also coming into effect:   
 
2. Growth promotion claims will be removed from all products containing MIAs for veterinary use 
by December 2018.  The label changes will occur at the same time as those related to the 
prescription status of the drugs.   
 
3. Low-risk veterinary health products will be subject to an updated regulatory pathway for 
import and sale as of November 2017, in order to increase accessibility to additional tools for 
the maintenance of animal health and welfare.  This system is based on the Interim Notification 
Pilot Program (INPP)” for companion animal drugs.  For more information visit: 
https://www.canada.ca/en/public-health/services/antibiotic-antimicrobial-
resistance/animals/veterinary-health-products.html 
 
4. “Own Use Importation” of products containing medically important antimicrobials for use on a 
producer’s own food-producing animals (including horses) will no longer be permitted as of 
November 2017. National producer organizations can nominate products to be included on an 
“exempted product list” for importation, but no products containing antimicrobials will be eligible 
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for exemption.  For more information visit: https://www.canada.ca/en/public-
health/services/antibiotic-antimicrobial-resistance/animals/personal-importation-certain-drugs-
food-producing-animals.html#a1 
 
5. Active pharmaceutical ingredients importation will require a valid drug establishment license 
(DEL) and good manufacturing practices (GMPs) starting in May 2018, with a 14-month 
implementation period. For more information visit: https://www.canada.ca/en/health-
canada/services/drugs-health-products/compliance-enforcement/establishment-licences/annual-
review-documents/frequently-asked-questions-drug-establishment-licensing-fees.html 
 
6. Reporting of veterinary antimicrobial sales volume will be required from manufacturers, 
importers and compounders of veterinary antimicrobials to support surveillance in Canada, 
beginning with sales year 2018.  
 
Other impacts on Ontario veterinarians 
 
Veterinarians play a key role in prescribing antibiotics for use in food animals and companion 
animals. Veterinarians are in the best position to make decisions on antimicrobial use that 
balance the best interests of animal health and welfare with those of public health. While these 
changes are primarily aimed at improving antimicrobial stewardship in food animals (including 
horses), it’s important for companion animal veterinarians to be aware of this significant shift as 
well.  Clients will hear about it on the news, or may have friends or family members who are 
more directly affected, and they will have questions.  This presents an important opportunity to 
educate the public about antimicrobial stewardship and how they can help reduce the risk of 
AMR by taking steps to prevent infections in their pets (and themselves!) and only use 
antimicrobials when absolutely necessary. 

As veterinarians become the true “gatekeepers” to antibiotics in Canada, they are also likely to 
find themselves being sought out by animal owners who have not necessarily had a relationship 
with a veterinarian in the past.  Many may have relied on the ability to purchase antimicrobials 
over-the-counter to treat their animals when they got sick, but they will no longer be able to do 
so.  While veterinarians certainly can and often do specialize in certain species, it is important to 
keep an open mind as these new needs (and opportunities) arise, to help ensure that all animal 
populations in Ontario have access to adequate veterinary care to maintain animal health and 
welfare.  For example: 
 
“Backyard” livestock: Backyard/urban chickens have been growing in popularity, and there 
are also those who may raise a small number of other livestock (e.g. swine, cattle, small 
ruminants) either as a hobby or for personal consumption.  Having some current background in 
these species and some basic go-to resources is an excellent idea: 

• As a first step, owners of small poultry flocks can be referred to OMAFRA to order a 
FREE “Keeping Your Birds Healthy Resources Kit” by calling the Agricultural 
Information Contact Centre at 877-424-1300, or by visiting 
http://www.omafra.gov.on.ca/english/livestock/poultry/smallflock.html.  The kit 
contains information on biosecurity and dealing with diseases, and is an excellent 
start for non-poultry veterinarians as well. 

• The Ontario Animal Health Network (OAHN) has a listserv for vets who are 
interested in small flock poultry medicine.  Questions can be sent to the list and will 
be answered by poultry specialist vets.  The listserv address is: oahn-small-flock-
poultry-vet@listserv.uoguelph.ca. 
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• For other species, consider reaching out to colleagues in the area with whom you 
can consult in such cases, or to whom you could even potentially refer such a client. 

 
Beekeepers: Although apiary medicine is included in veterinary curricula in other regions of the 
world, such as Europe, there is currently only a very small number of veterinarians in Ontario 
with expertise in bees.  Many beekeepers in Ontario currently rely on the use of one or two 
over-the-counter antimicrobial products for the prevention of a disease called American Foul 
Brood, a bacterial infection that has a devastating effect on hives.  As these drugs will require a 
valid veterinary prescription for purchase going forward, beekeepers will need to establish 
relationships with veterinarians.  “Bee” on the lookout for continuing education opportunities 
regarding apiary medicine, but there is a good introductory information available for 
veterinarians interested in the area: 

• American College of Veterinary Preventive Medicine (ACVPM) webinar “Honey Bees 
and Veterinarians” (open access):  
http://www.acvpm.org/continuing-education/webinars.html 

• The Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) website includes 
fact sheets on the most common honey bee diseases in Ontario: 
http://www.omafra.gov.on.ca/english/food/inspection/bees/apicultu.html#infosheets 

 
Fish: As access to antimicrobials for pet/ornamental fish becomes more restricted, owners are 
more likely to turn to veterinarians, particularly in the case of some valuable animals/collections. 
Non-antibiotic treatment options exist for many conditions, and are often worth trying first.  
Resources on basic fish medicine are a little harder to find, but it’s good to do some searching in 
advance so you have an idea where to look should questions arise.  Here are some sites that 
give a reasonable overview of common pet fish diseases: 

• A “how to” guide for aquarium fish:  
https://www.wikihow.com/Identify-Aquarium-Fish-Diseases 

• A relatively comprehensive list of aquarium issues with treatment options: 
http://www.fishxperts.com/diseases/ 

 
Many of the same challenges and opportunities are already being faced by veterinarians in the 
US, where similar changes to antimicrobial accessibility necessitating veterinary oversight came 
into effect in January 2017.  As such, reliable continuing education resources can also be found 
from US sources, including the American Veterinary Medical Association (AVMA) and the 
Veterinary Information Network (VIN).  Note that the new Veterinary Feed Directive (VFD) 
system for in-feed medications is used in the US, but NOT in Canada (in Canada a prescription 
is used to authorize sale and use of medicated feed).  
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Additional resources and websites of note: 

Health Canada – Responsible use of MIAs in Animals: 
https://www.canada.ca/en/public-health/services/antibiotic-antimicrobial-
resistance/animals/actions/responsible-use-antimicrobials.html 
 
Final publication of Canada Gazette Part II: Regulations Amending the Food and Drug 
Regulations (Veterinary Drugs — Antimicrobial Resistance): 
http://www.gazette.gc.ca/rp-pr/p2/2017/2017-05-17/html/sor-dors76-eng.php 
 
Changes to federal policy and the regulations related to antimicrobial use and resistance: 
Government of Canada’s response to antimicrobial resistance 

Health Canada - Categorization of Antimicrobial Drugs Based on Importance in Human 
Medicine: 
https://www.canada.ca/en/health-canada/services/drugs-health-products/veterinary-
drugs/antimicrobial-resistance/categorization-antimicrobial-drugs-based-importance-human-
medicine.html 
 
OMAFRA’s approach to complement federal changes to address antimicrobial resistance: 
Antimicrobial Resistance in Agriculture 
 
International Society for Companion Animal Infectious Diseases Guidelines 
http://www.iscaid.org/guidelines 
 
Public Health Ontario: Antimicrobial Stewardship 
https://www.publichealthontario.ca/en/BrowseByTopic/InfectiousDiseases/AntimicrobialSteward
shipProgram/Pages/Antimicrobial-Stewardship-Program.aspx 
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Plenary:  
Lessons from across the Atlantic 
Alison Lambert BVSc MMRS MRCVS, Managing Director of Onswitch  
 
Customers are increasingly spending more than ever on pets, and yet in many markets vet care 
is missing out. 

• In 2017, UK pet owners will spend £908 million on pet care, +2.7% compared with 2016 
• Consumer spending on pet care is predicted to grow by 15% between 2017-22  
• Trends mirror those seen elsewhere in retail, with pet care product development 

increasingly influenced by health and fitness, as well as technology (trackers, fitness 
monitors, automatic feeders etc.) 

• 41% of pet care purchases are made online 
Source: Mintel UK Pet care report, June 2017 
 
The money is clearly there, so how can practices like yours ensure they get their fair share? 
Ultimately it's people that make the difference - those who pay you (turn clients into advocates 
though an excellent customer experience) and those you pay (recruit and retain engaged and 
motivated team members). The key is to understand your clients, build trust with them and be 
uniquely brilliant, and these practice management sessions will equip you with the insight you 
need to do just that! 
  
In terms of lessons from across the Atlantic, there are a number of trends evident in the UK that 
Canadian practices can benefit from studying. Indeed, the UK veterinary market has undergone 
extensive consolidation and change in recent years, with important lessons to be learned in 
three key areas: 
 
1. Rise of the corporates 
55% of veterinary practice buildings in the UK are now under corporate ownership, with five 
major groups dominating: 

• IVC 
• CVS 
• Vets4Pets 
• Medivet 
• VetPartners  

Similarly, two huge practice groups (Evidensia and Anicura) each own large numbers of sites 
across northern Europe and Scandinavia, with more being added all the time. The acquisition 
process is fast-paced, although whilst practices benefit from centralised IT / HR / marketing / 
procurement support, they are often left with their existing branding. However, the evidence 
from America suggests that it will not be long before the power of a strong and unifying brand is 
harnessed and practices are brought under the umbrella of parent values and messages - at 
which point it becomes much harder for small independent practices to compete for advertising 
space and brand awareness. MARS Petcare is currently buying up practices across the US and 
will almost certainly look to do the same in the UK and Europe. Canada may not be there yet, 
but with rampant globalisation of branding in other sectors (McDonalds, Apple, Coke etc.) it's 
surely only a matter of time. 
 
2. Increased consumer choice 
Consumers are changing the way they think and behave, and this has impacted on the 
veterinary sector in a way that independent practices were not prepared for. For too long 
practices in the UK believed that being a good vet was enough of a draw for owners. That may 
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have been the case not so long ago, but we all behave differently now we can go online to 
check reviews, compare businesses and get a feel for the many options available before 
choosing to ring someone. This is true for every aspect of our lives, not just pet care, but many 
UK practices still don't understand that they need to be active in this brave new virtual world - 
encouraging clients to leave reviews on Google+ and Facebook, updating social media daily 
and making it easy for owners to book appointments and order repeat prescriptions online. 
 
There's so much choice available to owners now that they don't actually need to see a vet 
unless it's an emergency - they can ask their groomer for advice on the dog's dry skin, buy flea 
treatments online and get behavioural tips from a breed forum. In some European countries vets 
don't even have legal exclusivity on vaccinations, and with the need for annual vaccines being 
increasingly questioned it's no longer the case that a practice can at least rely on an annual 
booster visit from the owner. Client behaviours have changed, but UK vets haven't kept up. 
 
3. Shifts in job and career expectations 
It's the same with recruitment too - times are changing but our profession is not. In the UK, 
research undertaken by the RCVS finds that the three factors with the greatest bearing on 
choice of career for students and new vets are: 

1. Intellectual satisfaction 
2. Location 
3. Supportive environment 

 
These findings are backed up consistently by Onswitch's own research with newly qualified vets 
and current undergraduates - they are looking for a fulfilling job with a social support network 
(family and friends nearby) and with enough experienced colleagues at the practice to ensure 
that help and encouragement are available as required. Likewise Gallup has measured 
employee engagement for decades and its data is very clear - building strong connections 
between employees and their work / colleagues delivers benefits for both parties. Creating a 
team-centred culture is crucial in recruiting and retaining great people, so forward-thinking 
independent practices are creating placements for undergraduates and structured graduate 
programmes to attract and retain newly qualified vets ahead of the corporate groups. Because 
the big groups are now doing this in the UK, and it's working - great news for them and new 
vets, less positive for those smaller practices wondering where all the good people are. 
 
These changes will be coming to Canada, so be prepared. Building a strong future in the face of 
shifting behaviours and expectations is possible, but it requires planning and focus. And that 
needs to start today. 
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SMALL ANIMAL PROGRAM:
Brigitte A. Brisson, DMV, DVSc, DACVS

Professor, Small Animal Surgery, Department of Clinical Studies, Ontario Veterinary College, University of Guelph
Dr. Brigitte Brisson is a Professor of soft tissue surgery in the Department of Clinical Studies at the Ontario Veterinary College 
(OVC), University of Guelph. She graduated from the Faculté de Médecine Vétérinaire at the University of Montreal in 1996. 
She performed a small animal rotating internship at the OVC followed by a Surgery residency with concurrent Doctor of 
Veterinary Science (DVSc) in small animal surgery. She became board certified in small animal surgery (ACVS) in 2001.

Her clinical interest is in soft tissue surgery, oncosurgery and neurosurgery with a specific interest for minimally invasive 
procedures such as laparoscopy and thoracoscopy and interventialal vascular and stenting procedures. In the teaching 
hospital, she mentors veterinary students, interns and residents. Dr. Brisson’s research has focused on minimally invasive 
procedures and neurosurgery; more specifically spinal imaging for intervertebral disc (IVD) herniation, recurrent IVD herniation 
and disc fenestration which has earned her an international reputation in the field. She has presented the results of her  
research in Europe, Asia, Canada and the United States and has been invited to give numerous CE presentations nationally 
and internationally. Dr. Brisson has published over 50 articles in refereed journals, authored several chapters in veterinary 
textbooks and is the co-editor of Wiley’s Current Techniques in Canine and Feline Neurosurgery textbook.

Holly Brown, DVM, PhD, DACVP (Clinical Pathology)

Metzger Animal Hospital, State College, PA
Dr. Holly Brown received her DVM from the University of Georgia in 2001 and worked in small animal private practice in 
Colorado and North Carolina. Her interest and proclivity for laboratory testing involved in advanced medical cases compelled 
Dr. Brown to return to UGA’s College of Veterinary Medicine for a residency in clinical pathology. Additionally, Dr. Brown 
obtained her doctorate degree in pathology, studying Cytauxzoon felis infection in domestic and wild cats. After completion  
of her residency and PhD, Dr. Brown remained on as a faculty member at UGA’s College of Veterinary Medicine where she 
served as a diagnostic clinical pathologist, course instructor, and collaborative researcher. Dr. Brown joined Metzger Animal 
Hospital’s general and referral practice in State College, PA in 2014 as an on-staff clinical pathologist. There she sees a  
wide variety of diagnostic submissions, including bloodwork and blood film reviews, fine needle aspirates, fluid analysis,  
and surgical specimens, and enjoys playing an important role at the interface of diagnostic testing and patient care.  
Dr. Brown fulfills her passion for teaching through in-house training and continuing education lectures and wetlabs.

Douglas J. DeBoer, DVM

Professor of Dermatology, University of Wisconsin
Dr. DeBoer is a graduate of the School of Veterinary Medicine, University of California-Davis, and completed postgraduate 
training at Michigan State University and at UC Davis. In 1986, he joined the faculty of the School of Veterinary Medicine, 
University of Wisconsin-Madison, where he is currently Professor of Dermatology. His research and clinical interests center  
on the immunology of recurrent and chronic skin diseases, with a focus on canine allergic skin disease. He is a diplomate  
of the American College of Veterinary Dermatology and has served on the scientific editorial boards of the American Journal  
of Veterinary Research and Veterinary Dermatology, and is former chair of the International Committee on Allergic Diseases  
of Animals. Dr. DeBoer is the author of more than 200 clinical and research publications in veterinary dermatology.

Maria Carolina Duque, DVM, MSc, DVSc

Head of Neurology Department, Mississauga-Oakville Veterinary Emergency Hospital
Dr. Maria Carolina Duque completed her training in veterinary neurology at the Ontario Veterinary College (OVC), University 
of Guelph. She obtained a Masters degree in veterinary neurology in 2000 and also completed a DVSc program in 2003. 
Dr. Duque has fulfilled the strict guidelines set by the American College of Veterinary Internal Medicine in order to receive  
her board certification in neurology. In 2004, Dr. Duque joined the Veterinary Teaching Hospital of the OVC as a Clinical 
Neurologist and provided training to graduate and undergraduate students. In 2006, Dr. Duque moved to Oakville where  
she opened the Neurology service at the Mississauga-Oakville Veterinary Emergency Hospital and Referral Group. Dr. Duque 
has been working in the clinic since 2006, and is currently the head of the neurology department.
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Andrea Finnen, DVM, DES, MSc, Diplomate ACVIM Neurology

Neurologist, Mississauga-Oakville Veterinary Emergency Hospital
Dr. Finnen graduated from OVC in 2006 and completed her residency in Small and Large animal Neurology from the 
University of Montreal in 2010. She is part of the Neurology team at Mississauga-Oakville Veterinary Emergency Hospital 
(MOVEH) and also consults on large animal neurological cases. Her clinical interests include managing difficult epileptics  
and encephalitis cases. Dr. Finnen is an avid horseback rider and shares the house with her two Dachshunds.

Steven E. Holmstrom, DVM, DAVDC

Owner, Veterinary Dental Consulting
Steven Holmstrom is a veterinary dental consultant in San Pedro, California. He is co-chairman of the Peter Emily International 
Veterinary Dental Foundation. He was certified by the American Veterinary Dental College (AVDC) in 1989. Dr. Holmstrom 
earned his DVM degree from the University of Missouri in 1972. He is a Past-President of the American Veterinary Dental 
College (AVDC), and the Academy of Veterinary Dentistry and American Veterinary Dental Society (AVDS). He is currently 
Treasurer of the AVDC. He is the author of Veterinary Dentistry: A Team Approach, and co-author of Veterinary Dental 
Techniques. He has been the editor of two dental editions of Veterinary Dental Clinics.

For recreation, Dr. Holmstrom is an underwater SCUBA Instructor, Ham radio operator, motorhome enthusiast, sailor,  
and U.S. Sailing certified judge.

Marie Holowaychuk, DVM, DACVECC

Small Animal Emergency and Critical Care Specialist, Critical Care Vet Consulting
Dr. Marie Holowaychuk is a specialist in small animal emergency and critical care living in Calgary. She travels across 
Canada and the US to work as a speaker, consultant, and locum. She grew up in Edmonton, Alberta and received her DVM 
degree from the Western College of Veterinary Medicine in 2004. After that, she completed a year-long rotating internship in 
small animal medicine and surgery at Washington State University, followed by a 3-year small animal emergency and critical 
Care residency at North Carolina State University. After becoming board certified in 2008, Dr. Holowaychuk accepted a 
faculty position at the Ontario Veterinary College. She was Assistant Professor of Emergency and Critical Care Medicine  
until 2013, after which she moved home to Alberta.

Dr. Holowaychuk has been primary or co-author of more than 30 manuscripts published in peer-reviewed journals and is 
an Assistant Editor for the Journal of Veterinary Emergency and Critical Care. She has spoken at conferences across Canada 
and the US, in addition to various general practitioner and veterinary technician continuing education programs. She helped 
train ten emergency and critical care residents and mentored interns, graduate students, and veterinary students in clinical 
research, facilitating their co-authorship on veterinary publications. She is also co-editor of the Manual of Veterinary  
Transfusion Medicine and Blood Banking.

Dr. Holowaychuk has a vested interest in health and wellness of veterinary professionals. She is a certified yoga and 
meditation teacher and leads yoga practices for veterinary students in Calgary, and organizes Veterinary Wellness workshops 
and retreats for veterinary care providers. She also writes a bi-weekly blog on pertinent issues pertaining to veterinary wellness. 
When she is not working, Dr. Holowaychuk enjoys practicing yoga, running, swimming, and hiking with her standard poodle 
names Faith.

More information about Dr. Holowaychuk can be found at www.criticalcarevet.ca or you can follow her on social media.

Gary Landsberg, DVM, DACVB, DECAWBM

North Toronto Veterinary Behaviour Specialty Clinic
Dr. Gary Landsberg is both American and European board certified in veterinary behavior. He operates a behaviour referral 
practice, North Toronto Veterinary Behavior Specialty Clinic in Thornhill, is vice president of Veterinary Affairs at CanCog 
technologies, a VIN consultant, and a member of the executive council of the fear free initiative. He is the author of books, 
chapters, articles and research papers including Behavior Problems of the Dog and Cat from Elsevier in 2012. He has 
received awards from both the American Animal Hospital Association and the Western Veterinary Conference for his  
service to the profession.

Michael R. Lappin, DVM, PhD, DACVIM (Internal Medicine)

The Kenneth W. Smith Professor of Small Animal Clinical Medicine, Colorado State University
Dr. Lappin graduated from Oklahoma State University and then completed an internship, internal medicine residency, and  
PhD program in Parasitology at the University of Georgia. Dr. Lappin is the Kenneth W. Smith Professor in Small Animal 
Clinical Veterinary Medicine at Colorado State University, is also the Director of the “Center for Companion Animal Studies”, 
and he helps direct the shelter medicine program. His principle areas of interest are prevention of infectious diseases, the 
upper respiratory disease complex, infectious causes of fever, infectious causes of diarrhea, and zoonoses. His research  
group has published over 300 primary papers or book chapters concerning small animal infectious diseases. Recent awards 
include the ACVIM Robert W. Kirk Award for Professional Excellence, and the WSAVA Scientific Achievement Award.

http://www.criticalcarevet.ca
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Doug Mason, DVM, DVSc, Diplomate ACVIM

Head Internist, Veterinary Emergency Clinic, Toronto, Ontario
Dr. Mason graduated from the Ontario Veterinary College in 1994. He did a residency in internal medicine from  
1998 – 2001. He worked in Chicago for a year after his residency and since then, has been working at the Veterinary 
Emergency Clinic in Toronto.

Fred Metzger, DVM, MRCVS, DABVP

Metzger Animal Hospital, State College, PA
Dr. Fred Metzger is a 1986 graduate of the Purdue School of Veterinary Medicine and a Diplomate of the American Board  
of Veterinary Practitioners. He is an adjunct professor at Pennsylvania State University and serves on the practitioner advisory 
boards of Veterinary Economics and Veterinary Medicine magazines. He coauthored Clinical Pathology Interpretation in 
Geriatric Veterinary Patients and A Guide to Hematology in Dogs and Cats with Dr. Alan Rebar. 

Dr. Metzger owns the Metzger Animal Hospital, a nine-doctor AAHA certified general, referral and 24 hour VEECS 
certified emergency hospital in State College, Pennsylvania that recently was awarded the 2016 Pet Plan Practice of the  
Year in North America.

Janice Olynich, CP(c)

Owner, PawsAbility Inc.
Janice Olynich is a Certified Prosthetist and the owner of PawsAbility Inc., a Toronto-based service that provides orthopedic 
braces and prosthetic devices for small animals. Since 2007, Janice has been working with Veterinarians to find innovative 
solutions for mobility challenges.

Jinelle A. Webb, DVM, MSc, DVSc, DACVIM (Small Animal Internal Medicine), Adjunct Professor, OVC

Associate, Small Animal Internal Medicine Department, Mississauga-Oakville Veterinary Emergency Hospital
Dr. Jinelle Webb received her DVM in 2001 from the Ontario Veterinary College. An interest in small animal internal medicine 
let to a residency and board certification at the OVC, which she completed along with a DVSc in 2005. In 2006, Dr. Webb 
started the internal medicine and oncology service at the Mississauga-Oakville Veterinary Emergency Hospital, where she 
remains today, seeing clinical cases and performing small research projects. She is an Adjunct Professor at theh OVC.  
Dr. Webb is a published author and speaker.

Michael D. Willard, BS, DVM, MS

TAMU-Veterinary Medical Teaching Hospital, Seguin, Texas
Dr. Willard is a 1975 graduate of the Texas A&M University, College of Veterinary Medicine who did his internship and 
Masters degree at Kansas State University and his internal medicine residency at Michigan State University. After that,  
Dr. Willard held faculty appointments at Michigan State University, Mississippi State University, and now at Texas A&M 
University. He is currently a professor of Small Animal Clinical Science and specializes in gastroenterology, hepatology, 
pancreatology and endoscopy (flexible and rigid). Dr. Willard has given over 3,400 hours of invited post-graduate continuing 
education lectures (nationally and internationally), has over 80 refereed publications, and has over 130 book chapters in print.

FOCUS ON INFECTION:
Maureen Anderson, DVM, DVSc, PhD, DACVIM

Lead Veterinarian, Animal Health & Welfare, Ontario Ministry of Agriculture, Food and Rural Affairs
Maureen Anderson is a 2003 graduate of the Ontario Veterinary College and is ACVIM Board-certified in large animal 
internal medicine. Her graduate research focused on MRSA in horses and equine personnel, as well as hand hygiene and 
infection control measures used in small animal clinics. She is currently Lead Veterinarian – Animal Health & Welfare at the 
Ontario Ministry of Agriculture, Food and Rural Affairs, where she continues to work in areas bridging animal and public 
health, including infection control.

Patricia Dowling, DVM, MSc, DACVIM, DACVCP

Professor, Veterinary Clinical Pharmacology, Western College of Veterinary Medicine
Dr. Dowling is a veterinarian and professor of veterinary clinical pharmacology at the Western College of Veterinary Medicine 
in Saskatoon, Saskatchewan, and is the founder and co-director of the Canadian Food Safety database. She graduated from 
Texas A&M in 1983 (BS Animal Science) and 1987 (DVM). After a residency and Master’s at Auburn University, she became 
board certified by the American College of Veterinary Internal Medicine and the American College of Veterinary Clinical 
Pharmacology. She has been teaching veterinary pharmacology at the Western College of Veterinary Medicine since 1993 
and has received numerous teaching awards, including the Norden Distinguished Professor award and the Provost’s Outstanding 
Teacher award. In addition to teaching, she consults with veterinarians regarding drug therapy and conducts drug research. 
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Ameet Singh, DVM, DVSc, DACVS-SA

Small Animal Surgeon, Associate Professor, Ontario Veterinary College
Ameet is an Associate Professor of Small Animal Surgery at the Ontario Veterinary College, University of Guelph. His  
clinical and research interests include the application and advancement of minimally invasive surgical techniques and  
surgical site infections.

Scott Weese, DVM, DVSc, DACVIM

Professor, Ontario Veterinary College
Dr. Weese is a veterinary internist and microbiologist, and a Diplomate of the American College of Veterinary Internal Medicine. 
He is a Professor at the Ontario Veterinary College, University of Guelph. He is also Chief of Infection Control at the Ontario 
Veterinary College Teaching Hospital and holds a Canada Research Chair in zoonotic diseases. He has authored or 
co-authored over 250 papers in peer reviewed journals, edited two books and speaks extensively on infectious disease topics.

EQUINE:
Janet Christine Beeler-Marfisi, DVM, DVSc, DACVP (Clinical Pathology)

Assistant Professor, University of Guelph, Ontario Veterinary College, Department of Pathobiology
Janet Beeler-Marfisi, a Diplomate of the American College of Veterinary Pathologists in Clinical Pathology, joined the Ontario 
Veterinary College’s Pathobiology department in early 2017, where she teaches, performs research and diagnostic service, 
and writes textbook chapters on equine and small animal clinical pathology. Her current research is focused on finding better 
ways of diagnosing lung disease in horses using cell markers and flow cytometry. Additional projects include a study on 
Inflammatory Airway Disease (mild equine asthma) in Ontario horses to see if similar to people, there is a cause and effect 
relationship between air pollution and asthma. Ultimately, this research will help improve athletic and earnings potential of 
equine athletes, as trainers could limit high-intensity training on days when air pollution is high, to help their horses avoid 
developing asthma.

Dr. Beeler-Marfisi has always had an interest in horse health, having grown up around her father’s Standardbreds. Her 
particular interest in equine lung health was piqued while working for ambulatory equine veterinarian, Dr. John Hennessey.  
Her doctoral thesis work focused on the development of heaves, or severe asthma in horses.

Her passion for teaching developed while she was an assistant professor of Clinical Pathology at Ross University School  
of Veterinary Medicine. This carried over to New Zealand where, while working as a diagnostic clinical pathologist, she 
developed and presented a slate of Continuing Professional Development seminars for both equine and small animal practitioners.

Hilary M. Clayton, BVMS, PhD, DACVSMR, MRCVS

Professor and McPhail Dressage Chair Emerita, Michigan State University
Dr. Hilary M. Clayton is a veterinarian, researcher and horsewoman. For the past 40 years she has performed innovative 
research in the areas of locomotor biomechanics, lameness, physical therapy and rehabilitation, conditioning program for 
equine athletes, and the interaction between rider, tack and horse. She has published 7 books and over 200 scientific articles 
on these topics. Dr. Clayton served as the Mary Anne McPhail Dressage Chair in Equine Sports Medicine at Michigan State 
University’s College of Veterinary Medicine from 1997 until she retired from academia in 2014. Her company, Sport Horse 
Science, applies the results of her scientific research in the development of practical techniques to help riders, trainers and 
veterinarians. She continues to perform collaborative research with colleagues in universities around the world. Dr. Clayton is  
a charter diplomate and past-president of the American College of Veterinary Sports Medicine and Rehabilitation. She is an 
Honorary Fellow of the Association for Equitation Science and has been inducted into the International Equine Veterinarians 
Hall of Fame, the Midwest Dressage Association Hall of Fame and the Saskatoon Sports Hall of Fame. She is a lifelong rider 
and has competed in many equestrian sports, most recently focusing on dressage in which she trains through the Grand Prix 
level and has earned US Dressage Federation bronze, silver and gold medals.



2018 OVMA Conference 376 

CONFErENCE SPEAKEr BIOS

Patrick J. Meyers, BSc, DVM, MSc, Diplomate, American College of Theriogenologists

Department of Population Medicine, Ontario Veterinary College, Guelph, Ontario
Dr. Patrick Meyers graduated with a BSc (Agr.) degree in Animal Science. He worked for Farm Credit Corporation for 3 years 
before returning to Veterinary school. He graduated from OVC in 1984 and completed a Masters degree in Reproductive 
Endocrinology in Biomedical Sciences at OVC in 1985. He practiced veterinary medicine in mixed animal practices for two 
years with an interest in Dairy Herd Health Management. He completed a residency program at Texas A&M University in 
Large Animal Theriogenology which began a keen interest in Equine Theriogenology.

Dr. Meyers worked at the Equine Research Centre, University of Guelph from 1988 – 1992 as Reproductive Research 
Coordinator and Acting Director. He successfully completed all requirements for Board Certification in the American College  
of Theriogenologists in 1989 and then worked as Resident Farm Veterinarian and Assistant Farm Manager at a large 
standardbred horse farm near London, Ontario for 3 breeding seasons from 1992 – 1994. Dr. Meyers returned to Central 
Ontario to begin his own practice, starting out as an equine mobile practice, and then becoming a practice specializing in 
Equine Theriogenology in conjuction with a horse breeding farm known as Emerald Ridge Farm, owned and operated with  
his wife for almost 20 years.

Dr. Meyers worked for Merck Animal Health as an Equine Technician Services Veterinarian from 2013 – 2014. He was 
hired in 2016 as an Assistant Faculty to teach and coordinate the teaching of the Theriogenology course to 2nd and 4th year 
students in the DVM program at OVC.

Laurent Viel, DVM, MSc, PhD.

University Professor Emeritus, Ontario Veterinary College, University of Guelph, Guelph, Ontario
Dr. Viel was a Professor of Large Animal Internal Medicine at the Ontario Veterinary College, University of Guelph. He recently 
retired and in June 2017 was conferred the University Professor Emeritus. Dr. Viel received his DVM from the University of 
Montreal and is renowned internationally for his exceptional contribution in the understanding of equine horse asthma and 
equine inflammatory disease. Dr. Viel pioneered the development of bronchoalveolar lavage in the horse and the use of 
inhaled medication along the equine Aeromask. He has pursued research on the roles of allergens and respiratory viruses in 
the pathophysiology of equine small airway disease better known as IAD. In recent years, his lab has undertaken the study  
of infectious respiratory outbreaks in Ontario, and later, broader Canada and the US which lead to the recognition of high 
prevalence and significance of Rhinitis virus. The latter lead to the development of a vaccine. In July 2017, Dr. Viel 
co-organized and attended the World Equine Airway Society held in Copenhagen, Denmark.

PRACTICE MANAGEMENT:
Chris Doherty, DVM

Economic Analyst, Ontario Veterinary Medical Association
Dr. Chris Doherty completed his BSc at the University of Guelph and his DVM at the Ontario Veterinary College. After  
a few years in companion animal practice, he began working as an economic analyst for the Ontario Veterinary Medical 
Association, involved in the research and analysis of veterinary economics, practice management and business development. 
While his primary role is the business of veterinary medicine, he continues the practice of veterinary medicine, primarily 
through voluntary veterinary work, as well as locum veterinary work.

Bashore Halow, BA, CVPM, LVT

Owner, Halow Consulting
Bash is a graduate of the College of William and Mary, A Certified Veterinary Practice Manager and a Licensed Veterinary 
Technician. As an owner of Halow consulting and a veteran practice manager with more than 17 years of experience, Mr. 
Halow has helped dozens of veterinary hospitals understand how to build stronger teams and responsibly and ethically grow 
their businesses. He is a frequent contributor to Veterinary Economics and DVM 360 and is a member of the editorial advisory 
board for Firstline Veterinary Management Magazine. His blog, found on www.halowtassava.com, reaches a worldwide 
audience. He is a member of the American Animal Hospital Association and the PVMA. He is the founder and member  
of the New Jersey Veterinary Hospital Management Association, founder of the Big Apple Veterinary Management  
Association in New York City, and a member of the VHMA. Mr. Halow was the 2013 recipient of the Pennsylvania 
Veterinary Medical Association’s President’s Award for management education in the state of Pennsylvania. As owner  
of Halow Consulting, Bash travels internationally to lecture and privately assist veterinary practices with hiring, digital 
marketing, website and growth goals.

http://www.halowtassava.com
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Alison Lambert, BVSc, CMRS, MRCVS, 

Managing Director of Onswitch
A farmer’s daughter from Yorkshire, Alison qualified from Liverpool University in 1989. She worked in practice for several 
years before pursuing a business career with Hill’s Pet Nutrition and MARS, where she discovered the passion for the customer 
experience that her award-winning company, Onswitch, is renowned for today. Established in 2001, Onswitch promotes 
customer-centred practice so pets and horses receive better care; providing research, marketing, CPD and business consultancy 
with an effective, innovative, straight-talking and client-led approach.

Alison is a lecturer at The University of Nottingham Vet School, teaching Customer Understanding. She is published widely, 
and regularly speaks at key international veterinary congresses and events.

www.onswitch.co.uk

Darren Osborne, MA

Director, Research Development, Ontario Veterinary Medical Association
Darren Osborne is the Director of Economic Research for the Ontario Veterinary Medical Association (OVMA) and Economic 
Consultant for the Veterinary Hospital Managers Association and the Washington, Colorado and Maine State Veterinary 
Associations. Darren conducts economic research and analyses data in order to provide hundreds of veterinarians and 
managers with Fee Guides, Economic Reports, Personal Benchmark Reports, Reports on Compensation and Benefits for 
Associate Veterinarians and Non-DVM Wage Reports. More recently, Darren has created a Personalized Fee Guide  
for use in veterinary hospitals in the US. 

Darren attended York University and completed his Master’s Degree in Economics in 1992. Darren enjoys playing guitar, 
running, open water swimming and endurance sports. Darren knows that a lecture on economics can be the best prescription 
for insomnia but he promises to keep you awake with a healthy dose of humour and lots of fodder for debate.

http://www.onswitch.co.uk



