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Track 1

Seizures
Beryl Swanson, DVM
Practice Limited to Neurology
Introduction:
A seizure is the clinical manifestation of excessive and hypersynchronous electrical
activity in the cerebral cortex. Neurons are inherently excitable cells, and defects that
alter the excitability in a group of cells can lead to marked and prolonged depolarization
called paroxysmal depolarizing shift. This can be confined to neurons in a specific
region of the brain, leading to focal seizures, or the entire cerebrum (leading to
generalized seizure). Excessive depolarization in a focal hyperexcitable area (seizure
focus) can spread and excite other areas.

Types of seizures:
Generalized seizures (used to be referred to as “grand mal,” a term that is no longer
used): Reflects involvement of both cerebral hemispheres. Motor manifestations are
bilateral.
• Tonic-clonic Seizures – Usually, the first part is the tonic phase, characterized by
contraction of all muscles. Animal will often lose consciousness, fall to its side in
opistotonus with all limbs extended. Breathing is irregular or absent, cyanosis is
common. Often salivates, urinates or defecates. The tonic phase gives way to the
clonic phase, during which there is a paddling or rhythmic jerking of the limbs,
and chewing movements.
• Tonic Seizures – Generalized muscle rigidity with no clonic phase
• Clonic seizures – Paddling or jerking with no tonic component
• Absence seizure – Absence seizures in people are defined as an abrupt, brief loss
of consciousness associated with a specific pattern on EEG. They were formerly
called Petit-mal seizures - this term is often erroneously used in vet med to refer
to any sort of “mild seizure”. True absence seizures are uncommonly recognized
in vet med.
Focal (partial) seizures: Clinical signs indicate abnormal activity in one region of a
cerebral hemisphere. Simple focal seizures do not impair consciousness. Complex focal
seizures DO have impaired consciousness. Any portion of the body may be affected,
depending on the region of the brain that is affected. Motor signs, autonomic or behavior
signs are the most common. Focal seizures may evolve into a generalized seizure.
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Are you a seizure?
- Syncope
- Acute onset vestibular signs
- Idiopathic head tremors: Dobes, English and French Bulldogs, Boxers and other breeds.
Can be horizontal or vertical, no loss of consciousness.
- Movement disorders - described in many breeds Scottish terrier, bischon, Cavi,
Norwich terrier, Wheaten, Boxer, Chinook dog, Border terrier (Spike’s disease)
- Dyskinesias – involuntary movements due to abnormalities of the basal nuclei?
Abnormal neuronal ion channels?
•

Discerning between involuntary movement disorder and focal seizure can be
difficult. EEG? Not a practical test in most cases. Response to AEDs?
Unfortunately, many new AEDs act on ion channels, so response to therapy may
not nec differentiate one from the other (eg, there may be overlap between the
underlying molecular mechanism of different diseases, therefore a given drug
might affect/improve multiple diseases).

Etiology/Terminology:
Epilepsy: Epilepsy is defined as a disease of the brain characterized by an enduring
predisposition to generate epileptic seizures. This definition is usually practically applied
as having at least two unprovoked seizures >24 h apart.
Structural Brain Disease: Degenerative disease (eg, storage disease), hydrocephalus,
neoplasia, inflammatory diseases (infectious/immune-mediated disease), trauma,
ischemic/vascular disorders.
Metabolic disease (Reactive seizures) – A reactive seizure is a seizure occurring as a
natural response from the normal brain to a transient disturbance in function (metabolic
or toxic in nature)—which is reversible when the cause or disturbance is rectified. A
provoked seizure can be considered as being synonymous with a reactive seizure.
Hepatic encephalopathy, hypoglycemia, electrolyte imbalances (eg, hypocalcemia),
toxins (lead, ethylene glycol). If the seizures stop when the underlying condition
resolves, then the patient does not have epilepsy.
Idiopathic epilepsy – The most common cause of seizures in dogs. Considered to
represent a heterogenous group of heritable disorders. In human, and to a limited degree
in dogs, genetic disorders have been identified. Some involve abnormal ion channels in
the brain, and some are suspected to be due to abnormal axonal organization.
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Treatment
There is a tendency for untreated –or inadequately treated--epilepsy to worsen over time
• Kindling: the recruitment over time of previously nonhyperexcitable neurons into
a group of hyperexcitable neurons (the seizure focus) via stimulation of these
neurons by the seizure focus
• Mirroring: recruitment of neurons into the seizure focus from the opposite
cerebral hemisphere via the corpus collosum.

When to treat:
• Patients who have had a single seizure, or isolated seizures separated by long
periods of time may not require treatment.
• Treatment is indicated for any patient with an unprovoked episode of status
epilepticus, cluster seizures, or an underlying progressive disorder responsible for
the seizures.
• Patients treated early in the course of epilepsy may have better long-term control
compared to patients that have had multiple seizures before treatment is initiated.
Treatment goals:
Only a small percentage of epileptics become seizure-free with drug therapy (estimate
~15 % of dogs vs 70-90% in people)
Refractory epileptic: a dog who has poor seizure control despite documented evidence of
plasma drug concentrations of two or more typically effective anti-seizure drugs that are
within what is considered therapeutic range. These cases account for 25-30% of all
epileptics.
Considerations:
• Intact females - estrogen lowers seizure threshold
• Risk factors for refractoriness to drug therapy: sex (male dogs more likely to be
refractory), history of cluster seizures

Emergency Treatment:
Stop the Seizure:
• Diazapam 0.5 mg/kg IV bolus
• Not a time for math:
• Cats/small dogs: 0.5 ml

3

•
•
•
•
•
•

Small dogs: 1 ml
Medium dogs: 2 ml
Large dogs: 3 mls
Repeat every 30-60 seconds until seizure stops

Valium can be given rectally if no IV access (double the dose)
• Midazolam may be given IM if no IV access
Important: The duration of anti-seizure effect is only about 30 minutes, so…
o Give Keppra 60 mg/kg IV
o Can give IM if no IV access!

Supportive Care:
• Place IV cath
o Lytes – Blood glucose, Ca, Na, PCV, TS
o If the patient is on phenol, remember to get blood for a level BEFORE
giving injectable phenobarb
• Provide Oxygen – usually by face mask, may need to intubate unconscious animal
• Monitor temperature and treat hyperthermia as needed
• Monitor and maintain hydration and blood pressure
o Crysalloids
o Hypertonic saline is useful for both volume resuscitation and reducing
intracranial pressure
 5.3 ml/kg of 3% or 4 ml/kg of 7%
Prevent Further Seizures:
• Start phenobarbital 4 mg/kg IV. It will take about 30 minutes to enter the brain
and have anti-epileptic effects.
 Even if you do not intend to use it as a maintenance drug, it is ok to give a couple
doses while you figure out the long term plan or transfer.

Phenobarbital:
Efficacy:
• When evaluated as a monotherapy, efficacy for seizure reduction (evaluated in 8
studies for a total of 311 dog) showed that the cumulative success rate of >50%
seizure reduction in 82% of treated dogs, with a cumulative seizure‐free rate of
31% (93/311) and failure rate (no improvement) of 15% (48/311).
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Dose:
• Cats: 2-2.5 mg/kg PO BID
• Dogs: 2.5-3 mg/kg PO BID
• Load: 16 mg/kg divided and administered according to the patient
Side Effects:
• Behavioral changes, such as hyperexcitability, restlessness, or sedation, may
occur after starting treatment -- they appear NOT to be dose‐related and typically
resolve within 1–2 weeks.
• A more serious idiosyncratic reaction is development of immune‐mediated
anemia, neutropenia, thrombocytopenia, or some combination of these (low
prevalence of 4.2%). Typically, this reaction occurs within the first 6 months of
treatment and is reversible with drug removal and appropriate treatment.
• May be a risk factor for development of superficial necrolytic dermatitis in dogs.
• Rare acute, idiosyncratic hepatotoxic reactions may occur also, as evidenced by a
rapid increase of ALT activity and abnormal pre‐ and postprandial serum bile acid
concentrations.
•

Uncommon but potentially life‐threatening complication is drug‐induced
hepatotoxicity. Documentation of a serum phenobarbital concentration
>35 μg/mL had the highest correlation with the development of hepatotoxicity.

o All dogs on chronic phenobarbital treatment should have a serum
biochemistry profile and pheno level performed every 6 months to monitor
for development of chronic hepatotoxicity followed by a bile acid
tolerance test if altered liver function is suspected.
Monitoring:
• Pheno levels (and CBC/Chem) should be checked 2 weeks after starting the drug,
then at 3 months (autoinduction), then every 6 months thereafter. Recheck 2
weeks after any dose adjustment.
• Phenobarbital undergoes hepatic metabolism, and is a potent inducer of
cytochrome P450 Autoinduction can occur, whereby phenobarbital increases its
own rate of metabolism over time.
o One important study showed that after 90 days of administration of
phenobarbital to normal dogs at a daily oral dose of 5.5 mg/kg, the
elimination half-life was shown to decrease from approximately 89 to 47
hours.
• Times of serum collection are not important (in the vast majority of patients).
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•

The tube is important! Serum separators should be avoided because the Silicone
will bind the drug and falsely decrease the value

Potassium Bromide
Efficacy:
• Evaluation of bromide monotherapy efficacy was found in only a single study in
which 73.9% (17/23) of dogs had > 50% seizure reduction and 52% were seizure‐
free during the 6‐month treatment period. The remaining studies focused on the
efficacy of potassium bromide as an additional drug with phenobarbital,
primidone, or both
Dose:
• A starting dosage of 40 mg/kg/day potassium bromide is recommended (SID or
divided BID).
• Very long half-life, must give loading dose to see therapeutic levels within a
month
• 500 – 600 mg/kg range, but some recommend 400 mg/kg (or lower). This is
divided in multiple doses and given over 1-5 days PO with food
Side effects:
•

Potassium bromide generally is well tolerated in the dog.

•

The most common adverse effects are polydipsia, polyphagia, lethargy, and mild
ataxia  these increase with serum bromide concentration.

•

Potassium bromide is a known mucosal irritant and capsules may result in gastric
irritation because of direct contact of a concentrated amount of the drug with the
gastric mucosa.
o Liquid formulation may avoid this irritation
o Try dividing BID if GI signs

•

Pancreatitis

•

Intoxication to the point of stupor is rare, but pelvic limb ataxia, weakness, and
altered behavior are more likely with serum concentrations >3000 mg/l.

•

Caution/dose reduction may be necessary when treating dogs with underlying
renal insufficiency because of decreased renal elimination.
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Notes:
•

Treatment for potassium bromide intoxication consists of IV administration
normal saline to enhance renal excretion.

•

No known drug contraindications have been reported.

•

The drug is excreted in the urine without known hepatic metabolism or toxicity.

•

Concomitant use of phenobarbital can enhance the risk of sedation and weakness.

•

Clearance may be decreased in dogs with impaired renal function, resulting in
higher steady‐state concentrations.

•

Remember!
o DIURETICS (eg, furosemide) enhances the excretion of bromides,
thereby affecting seizure control and dosage requirements.
o IV FLUIDS CONTAINING SODIUM: Can reduce serum bromide
levels.
o Dietary factors alter serum drug concentrations, with high chloride diets
resulting in excessive renal excretion and lower serum concentrations.
o Consistency in diet is key.

Keppra
Efficacy:
• There currently are no published reports evaluating the use of levetiracetam as
first‐line treatment in dogs with epilepsy.
• As an add on, one study in 14 dogs refractory to pheno and KBr showed 57%
positive response
Dose:
• 20-30 mg/kg TID  Round up!
• Upper limit? If seizure control is not achieved by ~80 mg/kg TID, it’s probably
time to add another agent.
Side effect?:
• Studies performed on healthy dogs described unsteady gait, salivation, vomiting,
and sedation with repeated PO dosing at 300–1200 mg/kg/day.
• Sedation, ataxia, restlessness, vomiting, and decreased appetite have been
described, although ataxia was the only effect shown to differ significantly from
baseline in a randomized, controlled study involving 34 dogs
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•

No known drug‐drug interactions have been reported for levetiracetam in dogs.

Notes:
• Favorable pharmacokinetic properties: rapid, complete absorption after PO
administration, minimal protein-binding, lack of hepatic metabolism with the drug
primarily excreted unchanged in the urine, and wide safety margin (ie, high
therapeutic index).
• Rapidly metabolized -- elimination half-life of about 6 hours.
• Clearance of levetiracetam is decreased in patients with renal impairment  may
need to dose reduce if side effects develop.

Zonisamide
Efficacy:
• There is one study on the use of zonisamide as monotherapy for canine idiopathic
epilepsy. Of the 10 dogs in the study, 60% of those dogs had a ≥ 50% decrease in
monthly frequency of seizures with a follow‐up of 12–36 months.
Dose:
•
•
•

3−7 mg/kg BID in a dog
May be given 10 mg/kg SID in the cat because of a longer half life (33 hours) in
that species
7−10 mg/kg BID in dogs on Pheno

Side effects:
• The reported adverse effects of zonisamide include sedation, generalized ataxia,
vomiting, and inappetence.
• Suspected life‐threatening idiosyncratic adverse effects include acute toxic
hepatopathy reported in 2 dogs (recognized in 1 dog 10 days post-drug and 3
weeks post in the other dog)
• Renal tubular acidosis reported in 1 dog.
• On the basis of these reports, hepatic enzyme activity, electrolytes, blood gas
analysis, and hematology should be assessed before initiation of zonisamide and
monitored periodically during zonisamide treatment.
• An increase in serum chloride concentration and a decrease in bicarbonate or
TCO2 should prompt further investigation of renal tubular acidosis.
Notes:
•

Metabolized by CYP450  Administration of phenobarbital decreases the
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•

bioavailability, maximum serum concentration, the elimination half‐life, and
increased the total clearance of zonisamide.
Zonisamide does not appear to affect its own metabolism or disposition of other
medications because it has not been shown to induce or inhibit hepatic CYP450
isoenzymes.

Primidone
• The only AED that is specifically approved for dogs in the United States
• Orally administered primidone is rapidly metabolized to its major active
metabolite -- phenobarbital.
• In a prospective randomized clinical trial, in which the efficacy of phenobarbital
and primidone was compared, 35 dogs with generalized seizures were treated for
a minimum of 6 months with either drug.
o Forty percent of the dogs became seizure‐free during treatment with
phenobarbital compared to only 25% with primidone.
o Furthermore, primidone was less well tolerated in dogs than
phenobarbital.
Imepitoin (Pexion)
• Approved in Europe for treatment of idiopathic epilepsy only in dogs in 2013
• Imepitoin has a novel and selective mechanism of action that potentiates
GABAergic inhibition by acting as a low‐affinity, low‐efficacy partial agonist at
the benzodiazepine site of the GABAA receptor, although it differs in chemical
structure from benzodiazepines
• One important study compared imepitoin with phenobarbital in 226 epileptic
dogs:
o Imepitoin was as effective as phenobarbital in controlling generalized
seizures in dogs, but the frequency of adverse events including
somnolence or ataxia, polydipsia and increased appetite was significantly
higher in the phenobarbital group.
•

Currently unavailable in the United States... 
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CBD and Treatment of Neurological Disease
Dr. Austin Kerns DVM, MS, DACVIM (Neurology)
SAGE Symposium 2019

Terminology
Cannabis, Marijuana, and Hemp
● Cannabis is the genus of plant, with C. sativa and C. indica being its two species
● Marijuana is a subspecies/strain of both C. sativa and C. indica, while Hemp is a
subspecies/strain that only comes from C. sativa
Cannabinoids
● A class of terpenophenolic compounds that bind cannabinoid receptors, named after the
cannabis plant which produces a wide array of these chemicals
● Three types:
○ Phytocannabinoids are produced by plants
○ Endocannabinoids are produced by animals
○ Synthetic cannabinoids
THC and CBD
● There are over 80 cannabinoids found in Cannabis
● The two primary cannabinoids are tetrahydrocannabinol (THC) and cannabidiol (CBD)
○ THC is psychoactive and produces the “high”
○ CBD is non-psychoactive
● Marijuana has a high amount of THC (up to 30-40% in some strains) and a low amount
of CBD
● Hemp has a low amount of THC (typically <0.3%) and a high amount of CBD
CBD Product Lingo
● There’s been a huge number of CBD products entering the market, and a lot of jargon
along with them. Here are a few of the more common terms used.
● CBD Isolate - Contains purified CBD without other cannabinoids
● Full Spectrum - Contains CBD along with the full range of other cannabinoids found in
the plant
○ E.g. CBC (cannabichromene), CBN (cannabinol), CBG (cannabigerol), CBDa
(cannabidiolic acid), THCv (tetrahydrocannabivarin), THCa
(tetrahydrocannabinolic acid), etc
○ Full spectrum products are typically marketed as being superior to isolates as
these additional cannabinoids may have additional and/or synergistic positive
effects
● Tincture - A concentrated liquid extract that is typically administered with a dropper

Back to Table of Contents
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Current Legal Status

The legal aspects of cannabis and its derivatives including CBD have been under continuous
flux in the last couple of years at both the state and federal level
Federal Law, DEA, and FDA:
● January 2017 the DEA introduced drug code No. 7250, which classifies any extract of
the marijuana or hemp plant as a Schedule 1 drug under the Controlled Substance Act
○ Schedule 1 drugs are defined as having a high potential for abuse and no
currently accepted medical use
○ Current Federal Law prohibits veterinarians from possessing, administering,
dispensing, or prescribing cannabis or cannabinoid products including CBD
○ “Marijuana remains a Schedule I controlled substance under the CSA as it has
no currently accepted medical us in treatment in the United States – for humans
or animals. This is because marijuana has never been proven in scientific studies
to be safe and effective for the treatment of any disease or condition.” - James A.
Arnold, Dept of Justice, DEA
● In June 2018 the FDA approved the first CBD medication, Epidiolex, for severe forms of
epilepsy in people
● In December 2018 The Agriculture Improvement Act was signed into law. Under this
federal law, hemp and its derivatives with THC levels <0.3% are no longer classified as
illegal substances
○ However: “Cannabis and cannabis-derived products claiming in their marketing
and promotional materials that they’re intended for use in the diagnosis, cure,
mitigation, treatment, or prevention of diseases...are considered new drugs or
new animal drugs and must go through the FDA drug approval process for
human or animal use before they are marketed in the U.S. Selling unapproved
products with unsubstantiated therapeutic claims is not only a violation of the law,
but also can put patients at risk, as these products have not been proven to be
safe or effective.” - Statement from FDA Commissioner Scott Gottlieb, M.D.
California Law:
● California law does not currently allow veterinarians to incorporate cannabis or
cannabinoid products into their practice.
○ California Assembly Bill 2215 was signed in October 2018, and as of January 1st
2019 California veterinarians can now legally discuss cannabis and its
derivatives with clients.
■ This bill also requires the VMB to develop guidelines for veterinarians to
follow for these discussions by January 2020.
● The Veterinary Medical Board does not currently have a position for the use of CBD in
animals
○ The VMB states, “From an enforcement perspective, if the Veterinary Medical
Board were to receive a complaint related to a Board licensee’s involvement in
the treatment of an animal with a marijuana or hemp-related product, the Board
would be obligated to conduct an investigation and take appropriate disciplinary
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action if the findings so warranted.” - VMB Current Laws and Policies Regarding
Marijuana, Hemp, and Animals

Physiology, Pharmacology, and Treatment of Specific Conditions
●

●

●

Cannabinoid receptors CB1 and CB2 are distributed throughout the body
○ CB1 found primarily in the brain
○ CB2 found primarily in immune and hematopoietic cells
While THC is a potent CB receptor agonist, CBD has poor affinity for and does not
activate CB1 or CB2. Rather, it may actually be a CB receptor antagonist and interacts
with many other non-endocannabinoid signaling systems
○ This accounts for why CBD is non-psychoactive
CBD’s polyphenolic chemical structure makes it a powerful antioxidant

Pharmacokinetics:
● CBD is highly lipophilic and highly protein bound in plasma. It easily enters most tissues
and crosses the blood brain barrier
● In general, the pharmacokinetics of CBD is highly dependent on its formulation and route
of administration, and if the patient is fed or fasted
● A recent veterinary study in dogs showed oral CBD dissolved in oil resulted in a superior
pharmacokinetic profile compared to oral microencapsulated beads and transdermal
cream applied to the pinnae
● Peak CBD concentration reached by approximately 2 hours
● Metabolized by the hepatic cytochrome p450 enzymatic pathway, and likely undergoes
first pass metabolism when administered orally
● Half life of oral CBD oil appears to be approximately 4hrs in dogs
○ This suggests every 8hr dosing may be more appropriate than every 12hr dosing
Dosing:
● There is no established dosing regimen for any veterinary disease
● A recent veterinary study evaluating CBD to treat osteoarthritic lameness and pain used
doses of CBD oil 2mg/kg and 8mg/kg PO q12hr
○ Both resulted in decreased pain, with no benefit to the higher dose
● Another study used 5mg/kg and 10mg/kg PO q12hr to evaluate the pharmacokinetics of
CBD in healthy dogs without any apparent side effects

Safety:
● General warning: There are now huge numbers CBD products available to anyone, most
of which have no regulation or oversight
● CBD appears to be well tolerated in dogs, has minimal toxicity, and no observable side
effects
○ Safety profile with chronic administration still unknown in veterinary patients
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○

●

●
●

In a recent canine study, CBD increased ALP from 160 U/L to approximately 240
U/L at two weeks and 325 U/L at four weeks in 9/16 dogs
○ This may be related to induction of the hepatic cytochrome p450 pathway which
is observed with chronic exposure to cannabis
○ The clinical significance of this ALP elevation is unknown, but caution should be
taken in patients with hepatic disease and hepatic functional and enzymatic
parameters should be periodically monitored in patients receiving CBD until this
is further investigated
While there is limited data on interaction between CBD and other drugs, caution is
warranted when administering alongside other substances also metabolized by the
hepatic cytochrome P450 system
Beware of CBD product additives
○ Many CBD products on the market have other nutritional supplements added
Unlike CBD, THC causes toxicosis in dogs and therefore has limited therapeutic use

Treatment of Specific Neurological Diseases:
CBD offers a wide array of potential clinical uses, many of which are relevant in veterinary
medicine (and specifically in veterinary neurology). However, as with many substances, the
exact mechanisms by which it works and its clinical efficacy in each disease are poorly
elucidated.
Seizures
● Exact mechanism poorly understood
○ CBD modulates intracellular calcium through a variety of mechanisms, which
may reduce neuronal excitability and neuronal transmission
● Recently, CBD has been shown to act as an antiepileptic and anticonvulsant in a variety
of in vitro and in vivo studies using acute epileptic models
○ Data on efficacy in patients with chronic epilepsy is limited
● In June 2018 the FDA approved the first CBD medication, Epidiolex, for treatment of
severe forms of epilepsy in people
● Current clinical trial at Colorado State University
○ Efficacy of CBD for the treatment of epilepsy in dogs
○ Epileptic dogs with at least two seizures per month
○ All costs related to the study will be covered in full, including the examinations,
MRI, spinal tap, bloodwork and the CBD oil
○ To enroll: CSUNeuroTrials@colostate.edu ; Ph 970-305-0455
■ Visit website for more info http://csucvmbs.colostate.edu/vth/veterinarians/clinical-trials/Pages/efficacy-ofcannabidiol-for-the-treatment-of-epilepsy-in-dogs.aspx
Pain and Inflammation
● CBD exerts anti-inflammatory effects by decreasing TNFɑ, and inhibition of adenosine
reuptake thereby enhancing adenosine’s anti-inflammatory and neuroprotective effects
● CBD has been shown to modulate both central and peripheral neuropathic pain
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●

A recent placebo controlled, double blinded veterinary study showed that CBD increases
comfort and activity in dogs with osteoarthritis
Anxiety
● CBD can act as an anxiolytic, which may be due to its activity as a serotonin receptor
agonist
● This may be be helpful as an adjunct therapy for patients with cognitive dysfunction
where anxiety is common and can be severe, which reduces the patient’s (and owner’s)
quality of life
Movement disorders
● CBD has been shown to help reduce convulsions/spastic movements, offering a
potential use in some animal movement disorders
● Based on one of its mechanisms of action (potentiation of glycine in the CNS), it also
has the potential to alleviate spastic paralysis that occurs with Tetanus
● Nabiximols is a drug containing equal amounts of THC and CBD approved in the U.K.
for treatment of spasticity and pain associated with multiple sclerosis
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Interventional therapies for Feline Ureteral ObstructionStents & SUBS
Presenters: Catherine Rivara DVM, DACVIM , Mark Dosch DACVS

Objective: To discuss the interventional therapies for feline ureteral obstructionsprimarily ureteral stents and subcutaneous urinary bypass devices.
Introduction
Recognition of feline ureteral obstructions has increased dramatically over the past 20
years and are pose a challenge in both diagnostic evaluation as well as management. Feline
ureteral obstructions can result in critical illness and severe acute kidney injury. Medical
management alone is rarely sufficient to relieve the obstruction and can result in fluid
overload, overhydration. Interventional therapy including stents and SUBS have increased
in availability in veterinary medicine and have help to provide more options for our feline
patients
Causes of feline ureteral obstructions
•

Uteroliths- most common cause
o 87% contain calcium oxalate
o 11% calcium in addition to a 2nd mineral source
o Also reports of non- crystalline, dried blood calculi (Westropp et al 2006)

Cause of calcium oxalate in cats is not known. Risk factors include breed (Himalayan)
Note- 98% of feline upper urinary tract stones contain calcium and thus medical and dietary
dissolution of these stones is not possible and should not be considered

Location of ureteral obstruction well documented in human medicine
Humans- uretropelvic junction, uretrovesicular junction and ureteral crossing of the iliac
vessels (Ordon et al 2013). These are all normal anatomic narrowings
No veterinary studies to date that evaluate the specific site of obstruction
•

•

Ureteral strictures
o Congenital
o Previous ureteral surgery
o Narrowing secondary to inflammation/irritation from previous passage of
stones, blood clots, infection
Neoplasia

Pathophysiology of obstructive nephropathy
Acute kidney injury as a end result of increased pressure within the renal pelves and ureter
that decreases renal blood flow and glomerular filtration rate (GFR) . End result of renal
tubular inflammation and injury

Back to Table of Contents
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History;
As with any patient, it is essential to obtain a thorough history of that patient, urinary
behavior, diet, medications etc. These will include (although not limited to)
•

•
•

Signalmento no specific age. Ranges reported from 2.5- 17 years
o Any breed can be affected
When the clinical signs started and progression
Frequency of signs, severity

Clinical signs
Clinical signs in cats with ureteral disease are often vague, non specific.
•
•
•
•
•
•
•

Lethargy
Decreased appetite, anorexia
Vomiting (15-48%)
Pupd (18-25%)
Abdominal pain (8%)
Weight loss (15-58%)
Lower urinary signs (hematuria, stranguria, pollakiuria, inappropriate urination)25%

Severity of patient illness is dependent on the function of the contralateral kidney as well as
other comorbities.

Physical examination
Non specific but may include:
•
•
•
•
•
•
•
•

Depression
Abdominal palpation on renal palpation
renomegaly
Dehydration
Hypersalivation/nausea
Uremic oral ulcers
Heart murmur
2 retrospective studies report heart murmurs in approximately 50% of cats with
ureteral disease. (Berent et al 2012, Wormser et al 2016)

Diagnostic plan
In formation of a diagnostic plan it is important to remember that the clinical signs of an ill
cat may not be disease specific.
•

•

Complete Blood Count
o Anemia- identified in 68% of cats (Kyles et al)
Biochemical profile
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•
•

•

•

•

•

o
o
o
o
TT4
UA
o

Azotemia identified in 95% of cats
Hyperphosphatemia
Hypercalcemia/hypocalcemia
Hyperkalemia

Concurrent UTI reported in 32% of cats (Kyles et al 2005)
 E coli, Strepococcus species, enterococcus, staphylococcus
o Hematuria
o Isosthenuria
o pyuria
Abdominal radiographs
o Evaluate for radio- opaque calcui or mineralizations within the upper and
lower urinary tract
o Some ureteroliths may be less than the limit of detection
 Many ureteroliths may be < 2mm
o Other findings may include decreased serosal detail if peritoneal effusion
accumulation, uroabdomen or peritonitis is present
o Renal size
Ultrasound
o Ultrasound allows for more detailed evaluation of the urinary tract.
Ultrasound can be used to assess
 renal blood flow,
 changes in echotecture of the parenchyma
 renal pelvic diameter
 The degree of dilation is reported to be one of the more useful
findings on ultrasound
o Ureteral evaluation including diameter, presence of mineralization
Contrast Imaging
o Anterograde pyelography
 Requires general anesthesia
 Ultrasound guidance for access to the renal pelvis. Contrast material
administered. Follow up radiology or fluoroscopy utilized to assess
contrast flow through the ureter
CT scan- with caution for use of intravenous iodinated agents due to azotemia
o Iodinated contrast agents induce vasoconstriction and cause direct
cytotoxicity to renal tubular cells (McCullough 2008)

Treatment
Medical management
Medical management for the feline patient with ureteral obstruction and resulting AKI is
essential. Therapy is focused on•

•

Fluid therapy with balanced isotonic crystalloids
o Restrore intravascular volume
o Correct dehydration
Blood pressure monitoring and management
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•
•

•
•

Electrolyte monitoring
Osmotic diuretics
o Mannitol
 Goal to increase the volume of urine excreted in an effort to help “
push” stones through the ureter
 Contra indicated in anuric patients- as it is solely excreted by the
kidneys
 Use with caution in patients with cardiac disease

Alpha- receptor antagonists (prazosin, tamsulosin)- limited clinical data to support
efficacy but can be considered in individual patients
Ureteral smooth muscle relaxants (amitriptyline)- limited clinical data to support
efficacy but can be considered in individual patients

Complications of medical management
•

Fluid overload/over hydration

Hemodialysis- should be considered as an option for anuric patients, fluid overloaded,
severe hyperkalemia
Ultimately relief of the obstruction is required!!

Surgical management
Ureterotomy
•
•

Prevalence of postoperative uroabdomen from ureterotomy ranged from 6% to
16% depending on the study.1,2,4
Ureterolithotomy has been documented to have a 21%1 to 22%4 mortality.

Common complicationa of ureteral surgery
•
•
•

Edema and inflammation following ureteral surgery can result in reobstruction, stricture
Recurrence of obstruction (future stones, migration of current nephroliths)
Urine leakage

Ureteral stenting
Indications;

HUMANS: 2 most common indications for ureteral stents in humans are after ureteroscopy
and shock wave lithotripsy
*In human medicine ureteral stents are most commonly temporary
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o

Neither of these are options in feline patients
o
o

CATS
o

Ureteral stents have been described in cats for management of








Ureter size is too small for scope to be performed
Calcium stones are relatively resistsant to SWL (shock wave
lithotripsy)

Ureterolithiasis
Dried solidified blood stones
Ureteral strictures
Intraluminal bypass following ureteral surgery , trauma, neoplasia

Stent composition
Multi fenestrated polyurethane with double pig tail construction to help reduce
migration
o 1 end coils in the renal pelvis
o 2nd end coils in the bladder

Stent placement requires surgical approach- retrograde vs aneterograde placement
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Complications of stents in feline medicine









Re- obstruction
Stent migration
Encrustation
Ureteritis
Infection, UTI
Lower urinary signs including hematuria, stranguria, pollakiuria reported in 1837% cats
o transient vs persistent
o medical management with corticosteroids, prazosin, analgesics reported
o If severe may require stent trimming, replacement, removal
Replacement of stent due to migration, irritation or occlusion reported in up to 27%
cats (Berent 2012).

Subcutaneous ureteral bypass (SUB)
Indications:
•
•
•

Ureteroliths
Scarring, strictures- due to previous inflammation, cellular debris, neoplasisa
Can be used to treat inadvertent transection of ureter during ovariohysterectomy

Placement- laparotomy

Device overview- consists of 2 catheters connected by a port.
o
o
o

1st catheter connects to the kidney , 2nd to the bladder
Port sits within the subcutaneous tissues within ventral/lateral abdomen- can be
utilized for urine sampling, flushing of catheters
Urine flow from the affected kidney is routed to the catheters and allows for
effective bypass of the obstructed ureter
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SUB Complications -Berent et al 2018
•
•
•
•
•
•
•
•

Catheter mineralization 24.2%
Occlusion with blood clots 8.1%
Kinking 4.6%
Device leakage 3.5%
Chronic hematuria 12%
Chronic dysuria not associated with an infection 6%
Chronic bactiuria 13%
Chronic urinary tract infection 8%

Long term management of SUB is required
•

Port maintenance- periodic flushing of the device is needed to ensure patency .
General protocols vary
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Leptospirosis: An Update on the Disease, Diagnosis and Treatment
Ryan Garcia, DVM, DACVIM (SAIM)
Associate Veterinarian, SAGE Centers, Campbell
Background/epidemiology:
Leptospirosis is a bacterial disease with zoonotic potential that has been reported to
strike >100 species of mammals. This disease is considered an emerging disease with
increased rates of human and canine infection since the 1990s with rare or debatable clinical
significance in the domestic cat (Lee et al). Leptospirosis species are thin spirochetes
(corkscrew-shaped) and many nonpathogenic species can be found in the environment.
Pathogenic leptospiral species cause acute and chronic illness in mammals and can maintain
chronic infection/shedding in the renal tubules.
The only species of leptospirosis to definitively cause disease in small animals are
Leptospira interrogans and Leptospira kirschneri species. Within these species, different
serotypes/serovars exist. Serotypes (and further subdivision as serovars) are different surface
proteins on the leptospires that serve as targets for host immune surveillance and attack.
Serovars are used epidemiologically to track the “strains” of leptospirosis that are causing
infection in a locale/region/country. The serovar concept is also an important one for vaccination
as serovar-specific vaccines may provide excellent protection against included serovars but
limited/absent protection against other serovars. Many tests used in veterinary medicine for the
diagnosis of leptospirosis (the microscopic agglutination test or MAT) may find cross-reactivity
between different serovars and an inability to accurately diagnose the infecting serovar or not
differentiate between serovars at all (conventional or real time polymerase chain reaction/PCR,
IgM, dark field microscopy)
Historically the Canicola and Icterohaemorrhagiae serovars were the most commonly
isolated serovars from dogs, and a bivalent vaccine directed against these two serovars has
been available for use in dogs since the 1960s. Dogs have been noted to serve as reservoir
hosts for Canicola, while rodents are the most important hosts for Icterohaemorrhagiae (the
most frequent infectious serovar in humans). Over the last 25 years, an increase in other
serovars (Pomona, Autumnalis, Bratislava, Grippotyphosa) has been documented in canine
patients, even ones vaccinated for the bivalent vaccine. A quadrivalent vaccine that targets four
different serovars (Pomona, Icterohaemorrhagiae, Canicola, Grippotyphosa) has been available
for use in dogs in the United States for approximately 15 years to protect against emerging
strains. This vaccine does seem to provide adequate cross-protection for other infecting
serovars not specifically targeted by the vaccine, perhaps reflecting limitations in serovar
identification with the MAT over necessarily cross-protection between serovars (Sykes et al).
The most commonly infecting serovars in dogs varies depending on the study, and is
complicated by the limitations of MAT in correctly identifying infecting serovars. Pomona was the
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most commonly identified serovar here in Northern California (Hennebelle et al) though another
study found nationwide that in descending order, Autumnalis, Grippotyphosa, Pomona, and
Bratislava were the most commonly identified infecting serovars based on MAT (Gautam et al).
It was erroneously believed that the serovar with the highest MAT was the infecting serovar; this
has since been refuted; the infecting serovar can only be definitively determined with
specialized culture or PCR (Sykes et al).
Leptospiral organisms are shed in the urine of infected hosts and can survive in the
environment for hours to weeks depending on the temperature and humidity; they cannot
replicate outside of a living host. Bodies of water can also become infected and maintain
leptospiral organisms for varying periods of time depending on temperature, pH salinity and
inflow of fresh water (Sykes et al). Infection can occur through consumption of infected water,
external wounds exposed to organisms in the environment or placental/venereal infection.
Freezing temperatures and UV radiation/sun exposure will neutralize organisms in the
environment.
Studies have shown that Leptospirosis infections tend to follow precipitation patterns,
and the peak incidence of Leptospirosis diagnosis here in Northern California is January to
March (Hennebelle et al, Lee et al). Male dogs, hunting/hound breeds, animals with exposure to
farm animals/wildlife and dogs in areas prone to flooding have also been shown to be at a
higher risk for leptospirosis (Sykes et al, Hennebelle et al, Lee et al). Northern California
(including the Bay Area) is considered to have a high relative incidence of leptospirosis
(Hennebelle et al, Lee et al).
Clinical Aspects of Illness:
Infection with Leptospirosis can cause disease in dogs (cats will be discussed
separately) that can range from acute/peracute severe infection to chronic/smoldering
hepatic/renal dysfunction. Diagnosis of these forms can vary as can the prognosis. Following
infection, the incubation period can vary from 48 hours to 7+ days depending on the organism
load, serovar and the host’s immune response/vaccine status.
Acute Infection:
Acute infection with Leptospirosis can result in multiple clinical signs. These include
lethargy (96%), inappetence (88%), vomiting (85%), polyuria/polydipsia or oliguria (60%),
tachypnea/increased respiratory effort (50%), painful abdominal discomfort (39%), and diarrhea
(38%) (Knopfler et al). Exam findings may also include pyrexia (16%), icterus (10%), peripheral
lymphadenopathy (10%), and rarer findings of retinal hemorrhages/chorioretinal infiltrates or
evidence of bleeding tendencies. These bleeding tendencies may manifest as
petechiations/ecchymoses on the skin or bleeding from mucus membranes (Knopfler et al).
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CBC abnormalities documented thrombocytopenia and anemia each in 63% of infected
dogs. Platelet counts were as low as 5000/L though the median platelet was 78000 (Knopfler et
al). Anemias are generally mild (Hematocrit >28%) though occasionally could be severe. These
generally are nonregenerative anemias and are thought to represent anemias of inflammation
+/- loss (urinary, GI, pulmonary). Neutrophilia was commonly noted (57%) with frequent left
shifting.
Coagulation testing is often abnormal with Leptospirosis, including prolongation of PTT
(23%) and PT (14%) and thromboelastography showing a hypocoagulable profile in 40% and
hypercoagulable profile in 20% of dogs, respectively (Barthelemey et al).
Chemistry finds elevated renal indices (BUN/creat) in 84/81% of cases respectively,
elevated liver enzymes in 80% of cases, hyperbilirubinemia (69%), hyponatremia (64%),
hypoalbuminemia (55%), and hypokalemia in 29% of cases. Urinalysis revealed hematuria
(85%), glycosuria (83%) in the absence of peripheral hyperglycemia, WBC/puria (58%), and
granular casts (22%). Bacteriuria was not noted in any infected patients (leptospiral organisms
can not be seen with normal light microscopy and can only be seen with dark-field microscopy)
(Knopfler et al).
Thoracic radiographs revealed abnormalities in 49% of dogs and included interstitial to
alveolar infiltrates. These changes are consistent with leptospirosis pneumonitis (“Lepto Lung”)
or more rarely, leptospiral pulmonary hemorrhagic syndrome which can cause fulminant and
often fatal respiratory compromise. (Knopfler et al). Ultrasound of the abdomen may reveal
nonspecific changes to the liver/gallbladder (53%), spleen (31%), and kidney (14%) (Knopfler et
al).
Any patient that presents with individual renal, hepatic, or acute pulmonary dysfunction
should be tested for and treated as a Leptospirosis suspect until an alternate diagnosis is
reached. The index of suspicion for Leptospirosis should increase for for all dogs with combined
hepatic/renal dysfunction, especially if thrombocytopenia is present (Sykes et al).
Chronic infection:
Chronic Leptospirosis infection does not tend to cause severe/acute illness but chronic
hepatic/renal injury (Adamus et al, Sant'Anna et al, Sykes et al). Leptospirosis should be
considered for all dogs with chronic elevations in hepatocellular indices, evidence of tubular
dysfunction on urinalysis (glycosuria, casts in the urine), chronic kidney disease, or proteinuria.

Diagnosis:
The diagnosis of Leptospirosis is made by documenting an acute serologic response to
the Leptospiral organisms (MAT vs IgM antibody detection) or presence/proof of Leptospiral
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organisms in the body (PCR, dark field microscopy, histopathology or specialized urine culture).
Vaccination can act to complicate the diagnosis of Leptospirosis, especially by serologic means.
Microscopic agglutination testing (MAT) is considered the test of choice for indirect
diagnosis of Leptospirosis in veterinary medicine. MAT looks for antibodies directed against
individual Leptospiral serovars. This test can only be performed at specialized laboratories and
requires live/infectious leptospiral organisms be kept on hand. The MAT is reported out as a
dilutional titer against individual serovars (generally seven different serovars) with the dilution
reported to the veterinarian as the point where agglutination of 50% of the leptospiral organisms
occurs (Sykes et al). A MAT titer >1:800 in a dog with consistent signs and without a history of
recent vaccination is diagnostic for leptospirosis. Vaccination status is important (see section on
vaccination) as titers >1:1600 can be seen in the weeks to months following vaccination and do
not represent natural infection (Martin et al). Acute cases of leptospirosis will often have a
negative MAT as the generation of antibodies can take 10-21 days (sensitivity of 20-67% with
acute disease) and a single negative MAT in an acutely ill animal cannot rule out leptospirosis
(Sykes et al). All negative MAT tests should be repeated in 2-4 weeks following initial
submission to look for a convalescent rise in the MAT titers with a fourfold rise in titers (i.e.
1:10->1:40) being diagnostic for acute leptospirosis. Again, this is assuming no recent
leptospirosis vaccination. A positive MAT in an unvaccinated dog has been shown to have
100% specificity for the diagnosis of leptospirosis (Fraune et al). Antibiotics may blunt the rise in
a convalescent titer but would not be generally expected to generate a false negative (Sykes et
al). The MAT was found to have a very high degree of interlab variability with regards to
infecting serovar and as such, all acute and convalescent titers on a patient should be sent to
the same lab for testing (Miller et al). Again, the infecting serovar cannot be determined
accurately by MAT though this does not affect therapy nor prognosis. The MAT should be able
to diagnose acute or chronic infections. Convalescent titers should be run to definitively rule out
acute or chronic disease (though a chronic infection would be expected to have a 1:800 or
greater titer and not require a convalescent draw).
Given the poor sensitivity of MAT in acute infection, other means have been devised to
diagnose early leptospiral infections. IgM antibodies are produced against the leptospiral
organism earlier than the agglutinating antibodies of the MAT and can persist for months with
infection. A point-of-care test (Lepto Witness by Zoetis) has been shown to seroconvert earlier
than the MAT (as early as three days) and have a sensitivity from 75-83% for early infection with
nearly 100% positive predictive value. (Lizer et al, Gloor et al, Kodjo et al). False positives with
vaccination have been reported with IgM tests (the Witness was not specifically tested) and
26% of dogs vaccinated had detectable IgM antibodies at 12 weeks post-vaccination (Lizer et
al). Antibiotics should not affect the sensitivity of this test. The Lepto Witness is a very good
point of care test that can aid in the timely diagnosis of leptospirosis. All positive IgM tests
should be confirmed with MAT or PCR testing and a negative IgM test does not definitively rule
out infection. IgM can be positive for months following an acute infection though may be
negative in a more chronic infection. Other testing (MAT, PCR) should be employed if a chronic
leptospirosis infection is suspected.
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PCR identification of Leptospiral DNA in blood/urine allows for definitive diagnosis of
Leptospirosis (assuming no lab contamination or nonspecific primer binding). Higher organism
numbers are found in the blood over the first 10 days of infection though this number drops
rapidly following this period, over which higher numbers are found in the urine, reflecting more
the chronic renal carrier state. Submission of both blood and urine is recommended in suspect
Leptospirosis cases to increase the chance of detection (Sykes et al). Sensitivity of >90% is
reported in acute cases (Sykes et al). Antibiotics of any type (including metronidazole) can
cause false negatives and sample collection PRIOR to starting any antibiotics is strongly
recommended (Fraune et al, R. Goldstein personal communication). Vaccination does not
cause false positive PCR results and confirmatory MAT is not needed with a positive PCR. PCR
(assuming antibiotics have not been given) can be used to diagnose acute or chronic leptospiral
infection.
ELISA tests targeting the LipL32 protein on the surface of the organism is offered as a
point-of-care test by Idexx (or it can be performed at the Idexx laboratory). This test was positive
in 3/32 dogs with acute leptospirosis 14 days after infection (32/32 were Lepto Witness positive)
(Lizer et al). This test can be used if antibiotics have been given and is not affected by
vaccination. This test is an inferior test relative to the Witness as a point of care test and is not
recommended given other available diagnostics.
Other less common diagnostics can be performed to diagnose Lepto, including urine
culture. This requires specific culture media and takes 3-6 months for positive growth. It is not
done routinely. A standard urine culture and sensitivity will fail to grow leptospiral organisms.
Dark field microscopy can visualize Leptospiral organisms in the urine, though this can only be
done at specialized labs/institutions. Again, Leptospira organisms cannot be seen on a standard
urinalysis with light microscopy. Leptospiral organisms can be seen on histopathology with the
assistance of silver stains and Leptospira-specific immunohistochemistry, though this is usually
done to get a postmortem diagnosis or in a research setting.
Therapy:
Therapy for dogs with acute leptospirosis involves antibiotics and supportive therapy for
the resultant renal/hepatic/respiratory manifestations. Azotemic/acutely ill dogs should be
hospitalized for therapy, and referral to a 24 hour facility that has experience treating
leptospirosis is highly recommended. Once samples for PCR (EDTA whole blood/purple top and
urine) have been collected, antibiotic therapy should be instituted for any dog with suspected
leptospirosis. Though multiple antibiotics have been shown to be effective (tetracyclines,
cillins/cephalosporins, fluoroquinolones and even macrolides), the ACVIM consensus statement
recommends doxycycline (5 mg/kg q12h PO or IV x14d) or penicillins in dogs that cannot
tolerate doxycycline due to GI effects. Ampicillin (20 mg/kg IV q6h, not PO!) or amoxicillin 20
mg/kg PO q8h can be used for acute bacteremia until doxycycline can be prescribed.
Doxycycline (unlike the penicillins) can clear the renal carrier state in dogs and is recommended
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for all dogs with confirmed leptospirosis. Antibiotics are recommended for all leptospirosis
suspects until infection is ruled out with paired/convalescent MAT tests.
Supportive therapy for leptospirosis-induced azotemia is much like therapy for any other
case of acute kidney injury. IV fluids at an appropriate rate (often 1.5-2x maintenance rate) is
recommended along with other supportive therapies including antiemetics (maropitant,
ondansetron/dolasetron) and gastrointestinal protectants if there is evidence of GI bleeding
(melena, hematemesis or discordant BUN:creat with anemia). The role of GI protectants in
standard kidney failure has been called into question and is not recommended unless GI
bleeding is suspected and/or creatinine is >5.0 (Marks et al). If GI protectants are used, proton
pump inhibitors (pantoprazole, omeprazole) at 1 mg/kg BID (various routes; drug specific) is
recommended as is TID dosing of PO sucralfate (dose 0.25-1g slurry/suspension). Blood
pressure and urine protein monitoring should also be assessed as for any azotemic patient.
Careful monitoring of hydration status is imperative in dogs with leptospirosis as they can
become volume overloaded/overhydrated or dehydrated quickly. This is best monitored with a
combination of serial weights (q6-8 hours), respiratory rate/effort monitoring and measured urine
output with an indwelling urinary catheter and closed collection system. Dogs with leptospirosis
can become olig/anuric or massively polyuric during therapy and measurement of urine output
allows appropriate tailoring of IV fluid therapy (Sykes et al). Another advantage of an indwelling
urinary catheter is limiting exposure of staff to infectious urine. At least daily monitoring of renal
values and electrolytes (with more frequent monitoring as indicated) is recommended along with
q48h monitoring of CBC.
When a leptospirosis suspect is in hospital, all staff and visiting owners/clients should
practice strict biohazard control. This should include protective clothing, gloves +/eyewear/facer protection and preventing exposure/contamination to other parts of the hospital
and contact with other patients. Signs indicating the patient as a leptospirosis subject should be
prominently displayed on the cage. An indwelling urinary catheter with closed collection system
(as above) is ideal. All standard disinfectants (dilute bleach, quaternary amines, accelerated
hydrogen peroxide) will neutralize leptospiral organisms. Patients stop shedding organisms in
the urine after 48-72 hours on appropriate antibiotic therapy (Sykes et al).
Hemodialysis is indicated for patients with severe azotemia secondary to leptospirosis.
Indications for hemodialysis (continuous renal replacement/cageside or intermittent
hemodialysis at UC Davis) include: severe/refractory azotemia (BUN>100), overhydration,
olig/anuria or refractory hyperkalemia. If a leptospirosis patient becomes oligo/anuric (<0.5
ml/kg/hr) or volume overloaded, diuretics (furosemide) can be attempted, but referral for
dialysis, if the owners are willing, is strongly advised. It is inappropriate/contraindicated to simply
increase an IV fluid rate if a patient is making inappropriate volumes of urine and their exam and
weights argue against simple dehydration as the cause.
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Therapy for the hepatopathy aspects of leptospirosis are largely supportive outside of
antibiotic therapy, and the role of hepatoprotectants (SAMe, milk thistle derivatives, ursodiol) is
not well-established. Vitamin K supplementation or fresh-frozen plasma should be reserved for
patients with laboratory evidence of coagulopathies and demonstrable bleeding tendencies.
Therapy for the respiratory complications of leptospirosis (pneumonitis/hemorrhagic
syndrome) include oxygen therapy, mechanical ventilation, and (in humans) therapeutic plasma
exchange and even cyclophosphamide therapy.
Leptospirosis patients often have hypo/anorexia in excess of what is suspected based
on their biochemistry panel. Enteral feeding tubes (nasogastric, esophagostomy) are often
needed for nutritional purposes in the short and intermediate term. Follow up care involves, at a
minimum, a recheck of a chemistry panel and urine specific gravity +/- CBC (if cytopenias
present) a week following discharge. Sampling for convalescent MAT testing may also be
performed if enough time (2-4 weeks between submissions) has occurred.
Therapies for chronic renal/hepatic leptospirosis involve doxycycline antibiotics as above
for acute leptospirosis. Depending on the degree of renal/hepatic derangement, other therapies
may be necessary for the management of chronic kidney disease (renal diet +/antihypertensives, phosphate binders) and chronic hepatitis therapies (including
hepatoprotectants as above).
Prognosis:
The prognosis for acute leptospirosis ranges from poor to good, depending on several
factors. The reported mortality rate ranges from 13% (at UC Davis where hemodialysis is
available) to up to 48% (Sykes et al, Knopfler et al). Not surprisingly, dogs with more severe
azotemia, more severe manifestations of hepatic dysfunction (higher bilirubin) and respiratory
compromise were associated with higher mortality (Sykes et al, Knopfler et al). Patients with
severe respiratory compromise or qualifying for dialysis have poor to grim prognoses without
aggressive interventions (mechanical ventilation, hemodialysis). Patients that survive acute
leptospirosis infections may have residual renal/hepatic dysfunction of varying magnitude, and
may need ongoing/lifelong therapy for chronic kidney disease +/- hepatic dysfunction.
The prognosis for dogs with chronic kidney/hepatic dysfunction is open; no studies exist
to look at survival vs. other causes of chronic renal/hepatic disease. It is suspected their
prognosis would be determined by the severity of renal/hepatic dysfunction at the time of
diagnosis, and is likely similar to a cohort of dogs with noninfectious chronic kidney
disease/hepatitis.
Cats:
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Cats have been long suspected to be more resistant to leptospirosis than are dogs.
Acute leptospirosis has not been documented in cats as it has been in dogs and man, though
many cats (0-35%) do have detectable antibodies to Leptospira species. Cats have been found
to be shedding pathogenic leptospiral serovars in their urine (aclinical) and they may serve as
reservoirs of disease in populations. Active clinical disease or a connection with chronic kidney
disease and leptospiral infection in cats has not been made to date, though research is ongoing
(Hartmann et al). Histopathologic changes have been detected in the livers and kidneys of
experimentally infected cats suggesting microscopic injury. Treatment with antibiotics as for
dogs is recommended if leptospirosis is confirmed with PCR or a detectable MAT (not
complicated by vaccination as in dogs). There is no licensed leptospirosis vaccine for cats.
Zoonotic potential:
Humans can contract leptospirosis and have an incubation of 2-25 days. Signs can
range from totally asymptomatic to hepatic/renal failure (Weil’s disease), often preceded by an
initial fever/myalgia/conjunctivitis. Animals are unlikely to serve as reservoirs of infection in the
US but can be in developing countries. Most humans are exposed to leptospirosis by activities
in contaminated water, though 10% of lepto cases in California in the early 2000s were from pet
contact (Meites et al). Despite that study, a more recent study failed to demonstrate
seropositivity in veterinarians/staff or pet owners of dogs with acute leptospirosis (Barmettler et
al). Owners of patients testing positive for Leptospria infection should be advised to avoid
contact with their pet’s urine and avoid walking other animals in the area the infected pet voided.
The owners should also be made aware that there are likely wildlife/farm animals in the
environment are likely carriers and any dogs in the household should be vaccinated and
considered at risk for infection. Owners should report any personal signs of illness immediately
to their physician.
Vaccination:
Vaccination against leptospirosis for all dogs living in this part of California is
recommended, given the relatively high rates of infection and the significant associated
morbiditiy/mortality of infection (UC Davis vaccination guidelines). The quadrivalent
inactivated/killed vaccine is recommended as an initial series of two vaccines given as early as
12 weeks of age and separated by ~3 weeks. This vaccine is boostered yearly. Separating the
leptospirosis vaccine temporally from other vaccines (in an attempt to lessen the antigen loans
and potential for adverse reactions) is not recommended due to lack of proven benefit in limiting
reactions and concern for decreased owner compliance (UC Davis vaccination guidelines).
Protection against vaccinated serovars has been shown to last at least one year (Sykes et al)
and possibly as long as 15 months (Grosenbaugh et al). Despite the vaccine only being directed
against four serovars, experts have reportedly failed to diagnose a severe leptospiral infection
(of any serovar) in a dog fully vaccinated and kept up to date (Sykes et al).
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Leptospirosis vaccination will induce positive titers that can be detected on MAT testing.
These can be in excess of >1:1600 and remain significantly elevated (>1:800) for up to 15+
weeks post vaccination (Martin et al). IgM testing can also be positive post vaccine (Lizar et al).
This is why establishing a vaccination history in light of antibody testing is so critical.
Convalescent MAT titers or PCR should be used to further prove/refute leptospiral infection in
an appropriately vaccinated patient with appropriate clinical signs and provocative serology
testing results, as vaccine breaks can occur with any vaccine.
Reactions to the leptospirosis vaccine have been reported to occur with higher frequency
than other vaccines, and anecdotally with more reports of anaphylaxis (Sykes et al, UC Davis
vaccination guidelines, Robbins). Despite this, the overall reported rate of adverse reactions is
0.069%, or put another way, ~7 events per 10,000 vaccinations given (Robbins). Given this,
vaccination is recommended for all dogs in Northern California unless they have a proven
reaction to a previous leptospirosis vaccine.
Dogs recovering from natural leptospirosis infection are suspected to have some degree
of immunity to reinfection, though the duration of protection and degree of cross-serovar
protection is unknown (Sykes et al). As such, vaccination of previously infected dogs is
recommended, especially as the organism has already been proven to be in the dog’s
environment.
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Feline Diabetes Mellitus
Heidi Fink
DVM, MS, DACVIM (SAIM)
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Endocrine Pancreas
Insulin
• Released from beta cells
during hyperglycemia
• Anabolic hormone

Glucagon
• Released from alpha cells
during hypoglycemia
• Catabolic hormone
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Insulin Actions

• Liver uptake, storage of
glucose
• Conversion of glucose → FA
• Inhibition of gluconeogenesis
• Fat, protein synthesis +
storage
• Glycogen storage (muscle)
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What is Diabetes Mellitus?
• Syndrome of hyperglycemia d/t defects in insulin secretion,
insulin sensitivity to target tissues, or both
• Insulin deficiency → abnormalities in protein, fat,
carbohydrate metabolism

• Individual variation in abnormalities in insulin secretion and
action
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Classification of Diabetes
Mellitus
Human medicine:
• Type I = beta cell destruction, absolute
insulin deficiency (immune-mediated,
idiopathic)
• Type II = combo insulin secretory defect
+ insulin resistance
• Gestational
• Prediabetes
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Feline DM Classification
Similarities to Type II DM in people:
• Obesity, physical inactivity major risk factors
• Age of onset (middle-aged to older)
• Islet histology (vacuolization and amyloidosis)

Differences:
• Not all cats qualify....DM secondary to: endocrinopathies,
exocrine pancreatic disease

→ These types vary significantly in tx response, remission
rates
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Endocrine Pancreas in Feline DM
Zini et al., Vet Path 2015:
• 65% beta cell loss vs. control
• Amyloid deposition similar (54%) vs.
control (40%)
• Lymphocytes greater (21%) vs. control
(5%)
• Subset diabetic cats had lymphocytic
infiltration of islets
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Type II DM Pathophysiology
• Beta-cell dysfunction →
insulin deficiency
• Insulin resistance due to:
• Obesity
• Concurrent
endocrinopathies
• Drug-induced
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Prevalence/Risk Factors
• Breeds = Maine Coon, Russian Blue,
Siamese, Burmese
• Male > female (1.5:1)
• Obesity, indoor confinement, physical
inactivity, free-feeding
• Repeated or long-acting steroid
administration
• Melanocortin-4-receptor gene (Mc4R)
41

Diagnosis

• NO BRAINER!
• Hyperglycemia with concurrent glucosuria
• Concurrent clinical signs = weight loss,
PU/PD, polyphagia
• Stress hyperglycemia (and glucosuria) must
be ruled out... fructosamine
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Initial Evaluation of Diabetic Cat

• Good clinical history + physical exam – VERY important!
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Muscle condition score
• Epaxial muscle loss
noted first
• Grade mild, moderate,
severe
• Document on all
physical exams!
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Initial Evaluation of
Diabetic Cat
•
•
•
•
•

Biochemistry, CBC, urinalysis
Total T4
Serum fructosamine
IGF-1?
+/- Abdominal ultrasound
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Management Goals
• Prevention of hypoglycemia
• Prevention of diabetic ketoacidosis (may not be possible with
concurrent disease...)
• Control clinical signs (PU/PD, weight loss, appetite)
• Achieve diabetic remission
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Management
•
•
•
•

Diet – many need weight loss plan*
Environmental enrichment
Concurrent disease
Insulin therapy - (likely) cat’s entire life
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Dietary Management

• Low carbohydrate (<12% ME; <3.5 g/100 kcal) – NOT
generally low in calories
• Low calorie (if overweight)
• High protein (>40% ME; >12 g/100 kcal)
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Insulin Pharmacology
• Stored as hexamer (crystallized) linked to zinc in
pancreatic beta-cells
• Following release into blood stream, zinc dissociates
→ insulin dimers and monomers (active form)
• Ideal insulin formulation mimics natural release of
insulin
• Bolus phase = rapid secretion following meal
• Basal phase = constant low-level secretion
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Insulin Formulations
• Traditional human recombinant = human insulin + zinc or
protamine carrier
• Neutral protamine hagedorn 100 U/ml (NPH)
• Protamine zinc insulin 40 U/ml (ProZinc®/PZI®)

• Purified porcine insulin 40 U/ml (Vetsulin®)
• Long acting human insulin analogs

• Glargine 100 U/ml (Glargine®) or 300 U/ml (Toujeo®)
• Detemir 100 U/ml (Levemir®)
50

Neutral protamine hagedorn
•
•
•
•
•

NPH (Humulin-N®, Novolin-N®)
Peak activity = 1-2 hours
Duration of effect = 7-8 hours
Formulation 100 U/ml → use U-100 syringes
Gentle roll prior to administration

→ NOT recommended in cats due to short activity
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Protamine Zinc Insulin
• Human-labeled product = PZI®
• Veterinary licensed product = ProZinc®, PZI VET®
•
•
•
•
•
•

Peak activity = 2-6 hours post-injection
Duration of effect = 13-24 hours
Long-acting insulin
Formulation 40 U/ml → use U-40 syringes
Twice daily
Gentle roll prior to administration
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Purified porcine insulin
•
•
•
•
•
•
•

Vetsulin® (veterinary labeled product)
Formulation 40 U/ml → use U-40 syringes
Peak activity = 2-8 hours post-injection
Duration of effect = 8-10 hours
Intermediate-acting insulin
Shake vigorously prior to administration
NOT ideal first line insulin d/t shorter duration of effect
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Long-acting human insulin analogs
• Revolutionized management of DM in people

• Minimal inter- and intra- patient variability
• Decreased hypoglycemic events, weight gain

54

Glargine 100 U/ml
• Lantus®
• U-100 syringes
• Peak activity = 12-14 hours
• Duration of effect = 12-24 hours
• Long-acting insulin
• No shaking/rolling necessary
• Twice daily
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Detemir
•
•
•
•
•
•
•

Levemir®
U-100 syringes (or pen)
Peak activity = 12-14 hours
Duration of effect = 12-24 hours
Long-acting insulin
No shaking/rolling necessary
Twice daily
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Glargine 300 U/ml (Toujeo)
• Toujeo® (glargine 300 U/ml) identical molecular composition to
Lantus® (glargine 100 U/ml)
• Pharmacokinetic/pharmacodynamic (PK/PD) profiles in people
flatter, more predictable than Lantus®
• Reduction of nocturnal hypoglycemia, weight gain
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Glargine 300 U/ml (Toujeo)
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Glargine 300 U/ml (Toujeo)

• U-100 syringes (or pen)
• ONCE daily insulin
• Starting dose = 0.4-0.5 U/kg q24 (dogs,
unknown in cats)
• No shaking/rolling necessary
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Insulin Summary
Long-acting insulin first choice in cats:
• Glargine (1 unit/cat BID)
• PZI (1 unit/cat BID)
• Detemir (0.1 U/kg BID)

Look out for future studies on Toujeo...
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Diabetic monitoring
• Clinical signs – weight, PU/PD, appetite
• Fructosamine
• Blood glucose curve
• At-home glucose monitoring
• Urine glucose/ketone strips
• Continuous glucose monitor (Freestyle libre)
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Fructosamine
• 2-3 week average blood glucose
• Variable reference ranges dependent on assay
• False elevation (hyperfructosaminemia):

• Hypothyroidism, Cushing’s disease or exogenous steroids, obesity,
male cats

• False decrease (hypofructosaminemia):

• Hyperthyroidism, hypoproteinemia, hyperlipidemia, azotemia (dogs)
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Blood glucose curve
• Stress hyperglycemia significantly affects
results
• 50% day-to-day variability!!
• q2 hours not accurate assessment of
insulin pharmacokinetics
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At-home glucose monitoring
• More accurate than in-hospital (stress hyperglycemia)
• Alphatrak – most accurate/predictable
• Ear or paw-pad prick
• Uses: at-home glucose curve, if concerns at home about
hypoglycemia
• Discourage overuse by owner – stressful for cat, usually
unnecessary to perform daily
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Freestyle libre (CGM)
• 93-99% accurate (in comp. to Alphatrak) in
dogs (Corradini, JVIM 2016)
• 10 or 14 day monitors (q1 minute interstitial
glucose readings)
• Handheld monitor
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Monitoring Summary
•
•
•
•

ALWAYS assess testing in light of clinical signs!
Specific testing varies depending on individual patient
In-hospital blood glucose curves are poorly accurate in cats
Minimum:
•
•
•
•

Thorough history and PE
Blood glucose
Fructosamine
Q2 weeks initially
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Novel Therapies
• Bydureon (exenatide extended release)
• Pioglitazone
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Bydureon (exenatide extended release)
• GLP-1 analog
• GLP-1 = hormone released from cells in GI tract
• Actions:
• Increase satiety
• Delay gastric emptying
• Improve pancreatic beta-cell function
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Bydureon
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Bydureon

•
•
•
•

Increases insulin secretion in healthy cats
Exenatide ER once weekly → 40% remission, 89% good control
Placebo → 20% remission, 30% good control
AEs: decreased appetite > vomiting
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Bydureon
• Most effective in early diabetic stage
• 2mg/cat q2 weeks for first 2 months, then q1 month
• 1 vial = 2mg (single use)
• Current cost = $200/vial ($800 for box 4 pens)
• If remission achieved, continue tx?
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Pioglitazone

•
•
•
•
•

TZD insulin sensitizer (thiazolidinedione) for people with T 2 DM
No adverse effects in healthy obese cats (3 mg/kg PO SID)
Positive effect on insulin sensitivity
Lower TG, cholesterol
Unknown benefit in diabetic cats
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Questions?
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Heidi Fink, DVM, MS, DACVIM

Canine Influenza FAQ
What is Canine Influenza?
Influenza viruses are from the family Orthomyxoviridae. They are negative- sense, singlestranded, segmented RNA, enveloped viruses. Various types are categories A, B, and C. Types B
and C are rare in animals. However, experimental intranasal and intravenous infections in dogs
with all types have provided evidence that these viruses are able to replicate in canine hosts.
Clinical signs in these experiments were absent or mild.
Influenza type A is further categorized by the antigenic nature of two surface glycoproteins,
which are hemagglutinin and neuraminidase. These are designated by first letter of the
glycoprotein and a number, such as H3N2 and H3N8, which are the two different subtypes of
influenza A that have been shown to have sustained transmission in canine populations. These
two subtypes are currently associated with the term canine influenza.
The H3N8 subtype originated from a strain of equine influenza. Serologic testing suggests this
virus was identified in dogs as early as 1999. It evolved to have sustained transmission in racing
greyhounds in the United States. An outbreak was first identified as early as 2004 in Florida.
From there, sequence analysis identified homologous isolates from respiratory outbreaks in
several states involving the pet population.
The H3N2 subtype originated from a strain of avian influenza. It was first observed to be
circulating amongst dogs in Asia in 2005. In early 2015, the first canine outbreak in the United
Stated was identified in Chicago and linked to homologous isolates from South Korea. Several
outbreaks among other states were later identified.
How is canine influenza transmitted?
Dense host populations such as shelters and kennels are thought to enable long-term maintenance
of the virus. Transmission can be through direct contact dog to dog, fomites, or airborne via
aerosolized airway secretions. In H3N8, viral replication and shedding are greatest in the first 2
to 4 days with rapid decline that can last up to 7 to 10 days. In H3N2, shedding is greatest in the
first 1 to 5 days with low level shedding that can last up to 3 weeks.
In the environment, the virus is relatively susceptible. Survival is prolonged in colder, moist
conditions. The virus can generally last in the environment for up to 48 hours at room
temperature but can survive up to a month when frozen.
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How do I minimize transmission within the hospital?
Many patients can be successfully treated with outpatient care. Clients should be encouraged to
voluntarily quarantine their sick pets at home. While keeping staff, client, and patient safety in
mind, most exams and treatments can be performed in a designated area with a preemptively
developed protocol outside the hospital. Exams can be performed while donning personal
protective equipment (PPE). Equipment needed to perform a proper exam (e.g. stethoscope,
rectal thermometer, thermometer covers) and supplies needed for cleaning (e.g. trash receptacle,
spray disinfectant, paper towels) can be designated and kept outside for anticipated patients. New
PPE should be kept and donned within the hospital. Before returning into the hospital, PPE
should be removed and thrown away in a designated receptacle outside. Samples collected for
lab submission should be cleaned with proper disinfectant and contact time before taking them
into the hospital.
For the hospitalized patient, a designated isolation space and isolation protocol should be
preemptively developed to minimize both contact and airborne transmission. Routine training of
hospital staff in isolation practices is paramount in building compliance and minimizing
transmission within the hospital.
What can be used to disinfect the environment?
The virus is labile in the environment not lasting more than 48 hours after exposure in room
temperature and 24 hours on clothing or hands. The virus is inactivated at temperatures greater
than 133°F for more than 30 minutes.
Most common disinfectants inactivate the virus. A minimum of 10 minutes of contact time is
recommended. Effective disinfectants include: 1% sodium hypochlorite, quarternary ammonium
compounds, 70% ethanols and aldehydes, phenols, potassium peroxymonosulfate and bleach
solutions (1:30 dilution).
What are clinical signs of canine influenza?
In H3N82 infection, onset of clinical signs occurs within 5 days of infection, most commonly 2
to 3 days. Fever has been noted 2 days before onset respiratory signs in experimental inoculation.
In H3N2 infection, onset of clinical signs may occur between 2 to 8 days.
Clinical signs of infection can be difficult to differentiate from kennel cough. In both subtypes,
clinicals signs can include lethargy, anorexia, oculonasal discharge, sneezing and fever. A dry,
cough may persist for several weeks. Nasal discharge can progress from clear to mucopurulent.
Rarely, vomiting may be observed. Bacterial pneumonia may occur secondarily from
compromised defenses. Death is rare.
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How is it diagnosed?
PCR can be used directly from specimens. Highest levels are found in nasal swabs collected 2 to
4 days after infection with lower levels in other tissues. Since viral shedding rapidly declines
after 4 to 5 days, false negatives are common when dogs are tested while exhibiting clinical
signs.
Serum antibody determination can be achieved with acute and convalescent samples taken within
the first 7 days of illness, then 14 days later. A fourfold change in antibody titer suggests active
infection.
What are the treatment options?
The virus is self-limiting, and treatment is mainly focused on abating clinical signs. This may
include cough suppressants for persistent unproductive coughing, fluid therapy for persistent
inappetence and dehydration, appetite stimulants and antiemetics.
Oseltamivir (Tamiflu) is a reversible competitive inhibitor of the neuraminidase enzyme
expressed on the surface of the influenza virus, which can inhibit virion release from the infected
cell and reduce the spread of the virus. It has been shown to have good antiviral activity against
highly pathogenic avian influenza (HPAIV) H5N1 experimentally. In humans a dose of
75mg/60mg Oseltamivir is used for treatment and prophylaxis of HPAIV H5N1. There are no
studies evaluating this antiviral as a treatment option in canine influenza.
How can it be prevented?
Vaccines for both subtypes are commercially available and recommended when dogs are
intended to be in dense populated situations such as dog parks, groomers, boarding kennels or
day-care facilities.
The vaccine is killed and should be administered subcutaneously with two initial doses, 2 to 4
weeks apart, then yearly thereafter. It may take up to two weeks after vaccination for humoral
immunity to fully develop. Vaccination can be started in puppies, as young as 6 weeks of age.
Despite vaccination, mild infection and transient shedding is possible.
Additional prevention includes client education, proper testing in respiratory cases to maintain
surveillance, and notifying your local public health veterinarian when an outbreak is suspected.
What are the risks to humans and other animals?
Risks are largely unknown. Canine influenza has not been documented to transfer to humans.
H3N2 in canines is antigenically distinct from H3N2 in humans. However, H3N2 has a broad
host range in experimental challenges. Transmission of H3N2 from dogs to cats has been
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documented in shelter populations within South Korea and the United States. Despite high levels
of viral shedding in cats, sustained transmission in household cats has not been identified.
REFERENCES
1. Dubovi EJ, Njaa BL. Canine influenza. The Veterinary clinics of North America Small
animal practice. 2008;38(4):827-835, viii.
2. Sun H, Blackmon S, Yang G, et al. Zoonotic Risk, Pathogenesis, and Transmission of AvianOrigin H3N2 Canine Influenza Virus. Journal of virology. 2017;91(21).
3. Vahlenkamp TW, Greene CE, and Hartmann K. Influenza Virus Infections. Green, CE,
editor. In: Infectious Diseases of the Dog and Cat, 4th ed. St. Louis: Elsevier; 2012 202-209.
4. Voorhees IEH, Glaser AL, Toohey-Kurth K, et al. Spread of Canine Influenza A(H3N2)
Virus, United States. Emerging infectious diseases. 2017;23(12):1950-1957.
5. Zhu H, Hughes J, Murcia PR. Origins and Evolutionary Dynamics of H3N2 Canine Influenza
Virus. Journal of virology. 2015;89(10):5406-5418.

79

Key learning objectives

Kidney disease is common

o Em phasize that traditional diagnostics can m iss kidney disease in well and sick patients.

Reasons for diagnostic testing

o Review the studies showing that SDM A increases earlier than creatinine in pets with

o W ellness visit

kidney disease and that SDM A is not im pacted by lean m uscle m ass.

o Preanesthetic testing

o Introduce the Catalyst ® SDM A Test and provide data supporting its accuracy.

o Clinical signs

o Outline what next steps should be taken when kidney disease is suspected.

o M onitoring pets with known disease
o Sick pet testing

o Review the International Renal Interest Society (IRIS) CKD guidelines.

Identifying Kidney Disease Earlier for Optimal Care
during the Patient Visit

o Discuss when it is im portant to know a pet has kidney disease during the patient visit
and how this can positively im pact clinical outcom es.
In time, at least 1 in 3 cats1 ,2 and 1 in 10
dogs3 may develop kidney disease.

Dr. Graham Bilbrough, Associate Director, Medical Affairs, IDEXX

S o u rc e s :
1.

2

Limitations of traditional kidney diagnostics
Creatinine
• Late marker
• Impacted by other factors
including muscle mass

Urine protein:creatinine
(UPC) ratio
• Urine test
• False positives with UTI
• Can be normal with
kidney disease

BUN
• Late marker
• Impacted by other factors
including diet, liver disease

4
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GFR
• Expensive
• Not practical
• Rarely done in practice

Microalbuminuria
• Urine test
• False positives
• Not specific for kidney

2.

M a r in o d a t a ; M a r in o C L , D u n c a n B , L a s c e lle X , e t a l. T h e p r e v a le n c e a n d c la s s if ic a t io n o f c h r o n ic k id n e y d is e a s e in c a t s r a n d o m ly s e le c t e d f r o m f o u r a g e g r o u p s a n d in c a t s r e c r u it e d f o r d e g e n e r a t iv e jo in t d is e a s e s t u d ie s . J F e lin e M e d S u r g . 2 0 1 4 , 1 6 ( 6 ) : 4 6 5 - 7 2 .
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What is SDMA?

Specific gravity
• Urine test
• Later marker
• Impacted by other factors and
other diseases (e.g., diabetes)

L u lic h J P , O s b o r n e C A , O 'B r ie n T D , P o lz in D J . F e lin e r e n a l f a ilu r e : q u e s t io n s , a n s w e r s , q u e s t io n s . C o m p e n d C o n t in E d u c P r a c t V e t . 1 9 9 2 ; 1 4 ( 2 ) : 1 2 7 – 1 5 3 .

© 2018 IDEXX Laboratories, Inc. All rights reserved.

SDMA is an essential element of the chemistry panel

o Symmetric dimethylarginine—a methylated form of arginine in
intracellular proteins of all nucleated cells
o Released into circulation when intracellular proteins are
processed
o Excreted by the kidneys
o Stable production of SDMA is part of daily cell activity
o Proven renal biomarker shown to correlate with glomerular
filtration rate (GFR) in humans, dogs, and cats
o Increases earlier than creatinine when GFR decreases with
both acute and chronic kidney disease
o Not impacted by lean muscle mass
o May indicate concurrent diseases that impact kidney function
The IDEXX SDMA® Test is available from IDEXX Reference Laboratories
The IDEXX Catalyst ® SDMA Test is available to perform on the in-clinic Catalyst® Dx or Catalyst One analyzers.
5
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SDMA is more reliable than creatinine
as an indicator of kidney function
because it is not influenced by common
confounding conditions.4 ,5

SDMA is an earlier indicator of
progressive kidney function loss, often
increasing before other parameters.2 ,3

An increased SDMA may also serve as
an indicator of concurrent diseases
that may have a secondary impact on
kidney function.6
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H a ll J A , Y e r r a m illi M , O b a r e E , Y e r r a m illi M , M e le n d e z L D , J e w e ll D E . R e la t io n s h ip b e t w e e n le a n b o d y m a s s a n d s e r u m r e n a l b io m a r k e r s in h e a lt h y d o g s . J V e t I n t e r n M e d . 2 0 1 5 ; 2 9 ( 3 ) : 8 0 8 – 8 1 4 .

6.

D a t a o n f ile a t I D E X X L a b o r a t o r ie s , I n c . W e s t b r o o k , M a in e U S A .

t r ig ly c e r id e s . V e t J . 2 0 1 4 ; 2 0 2 ( 3 ) : 5 8 8 – 5 9 6 .

6
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SDMA is a sensitive indicator of kidney
function that detects as little as 25% loss
of function.1 – 3

© 2018 IDEXX Laboratories, Inc. All rights reserved.

Back to Table of Contents

SDMA is more sensitive than creatinine

Studies evaluating effect of lean body mass on SDMA and
creatinine in dogs and cats

Detect kidney health issues with

Design:

Why is SDMA more reliable than traditional diagnostics?

o 32 cats; m ean age 14.0 (range 8.3–19.6 years) 1

as little as

up to

loss of kidney
function1,2

loss of kidney
function

25%

75%

o 39 beagles; m ean age 9.9 (range 3.1–14.8 years) 2
o Assessed SDM A, creatinine, GFR
o M easured lean body m ass by dual energy x-ray absorptiom etry (DEXA)
S o u r c e : H a ll J A , Y e r r a m illi M , O b a r e E , Y e r r a m illi M , Y u S , J e w e ll D E . C o m p a r is o n o f

S o u r c e : H a ll J A , Y e r r a m illi M , O b a r e M , Y e r r a m illi M , M e le n d e z L D , J e w e l D E . R e la t io n s h ip b e t w e e n le a n b o d y m a s s a n d

s e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e a s k id n e y f u n c t io n

s e r u m r e n a l b io m a r k e r s in h e a lt h y d o g s . J V e t I n t e r n M e d . 2 0 1 5 ; 2 9 ( 3 ) : 8 0 8 – 8 1 4 .

b io m a r k e r s in h e a lt h y g e r ia t r ic c a t s f e d r e d u c e d p r o t e in f o o d s e n r ic h e d w it h f is h o il, L c a r n it in e , a n d m e d iu m - c h a in t r ig ly c e r id e s . V e t J . 2 0 1 4 ; 2 0 2 ( 3 ) : 5 8 8 – 5 9 6 .

Creatinine

SDMA

using other m ethods 1–3
S o u rc e s

S o u rc e s :

1.

N a b it y , M B , e t a l. S y m m e t r ic d im e t h y la r g in in e a s s a y v a lid a t io n , s t a b ilit y , a n d e v a lu a t io n a s a m a r k e r f o r t h e e a r ly d e t e c t io n o f c h r o n ic k id n e y d is e a s e in d o g s . J V e t I n t e r n M e d . 2 0 1 5 ; 2 9 ( 4 ) : 1 0 3 6 – 1 0 4 4 .

2.

H a ll J A , e t a l. C o m p a r is o n o f s e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e a s k id n e y f u n c t io n b io m a r k e r s in c a t s w it h c h r o n ic k id n e y d is e a s e . J V e t I n t e r n M e d . 2 0 1 4 ; 2 8 ( 6 ) : 1 6 7 6 – 1 6 8 3 .

3.

H a ll J A e t a l. S e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e in d o g s w it h n a t u r a lly o c c u r r in g c h r o n ic k id n e y d is e a s e . J V e t I n t e r n M e d . 2 0 1 6 ; 3 0 ( 3 ) : 7 9 4 – 8 0 2 .

7

1.

H a ll J A , Y e r r a m illi M , O b a r e E , Y e r r a m illi M , e t a l. C o m p a r is o n o f s e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e a s k id n e y f u n c t io n b io m a r k e r s in h e a lt h y g e r ia t r ic c a t s f e d r e d u c e d p r o t e in f o o d s e n r ic h e d w it h f is h o il, L - c a r n it in e , a n d m e d iu m - c h a in t r ig ly c e r id e s .
V e t J . 2 0 1 4 ;2 0 2 (3 ):5 8 8 – 5 9 6

2.
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8

SDMA increases earlier than serum creatinine in cats and
dogs with CKD

H a ll J A , Y e r r a m illi M , O b a r e E , Y e r r a m illi M , e t a l. R e la t io n s h ip b e t w e e n le a n b o d y m a s s a n d s e r u m r e n a l b io m a r k e r s in h e a lt h y d o g s . J V e t I n t e r n M e d . 2 0 1 5 ; 2 9 : 8 0 8 – 8 1 4 .

9
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SDMA is an earlier indicator of progressive kidney function
loss

Retrospective, longitudinal studies in dogs and cats with CKD at Hill’s® Pet Nutrition dog and
cat colonies

Cats1

Dogs2

o 21 cats

o 19 dogs

o SDM A earlier than creatinine m ean of

o SDM A increased on average 9.8 m onths

17.0 m onths (range 1.5–48 m onths)

(2.2–27 m onths) earlier than creatinine

48

months

earlier in cats 1

27

o CKD is defined as persistent renal function loss
o IRIS recom m ends SDM A as a diagnostic indicator of CKD
o IRIS recom m ends SDM A to m onitor and select treatm ent

H a ll J A , Y e r r a m illi M , O b a r e E , Y e r r a m illi M , e t a l. C o m p a r is o n o f s e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e a s k id n e y f u n c t io n b io m a r k e r s in c a t s w it h c h r o n ic k id n e y d is e a s e . J V e t I n t e r n M e d . 2 0 1 4 ; 2 8 ( 6 ) : 1 6 7 6 – 1 6 8 3 .
H a ll J A , Y e r r a m illi M , O b a r e E , e t a l. S e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e in d o g s w it h n a t u r a lly o c c u r r in g c h r o n ic k id n e y d is e a s e . J V e t I n t e r n M e d . 2 0 1 6 ; 3 0 ( 3 ) : 7 9 4 – 8 0 2 .
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underlying diseases:
• Hyperthyroidism1,2

months

• Hypertension3

earlier in cats 1

27

months2

earlier in dogs

2.

o SDM A indicates kidney function is im pacted and enables investigation for

48

• Cardiorenal syndrome4
• Cancer (lymphoma)5

o Persistent increases in SDM A provides identification of CKD early

earlier in dogs

• UTI (pyelonephritis)6
• Urolithiasis7
S o u rc e s
1.
2.
3.
4.
5.

S o u rc e s :

10

SDMA serves as an indicator of concurrent diseases
o Several diseases have a secondary im pact on kidney function.

months2

1.
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D a t a o n f ile a t I D E X X L a b o r a t o r ie s , I n c . W e s t b r o o k , M a in e U S A .
T a y lo r S S , S p a r k e s A H , B r is c o e K , e t a l. I S F M c o n s e n s u s g u id e lin e s o n t h e d ia g n o s is a n d m a n a g e m e n t o f h y p e r t e n s io n . J F e lin e M e d S u r g . 2 0 1 7 ; 1 9 : 2 8 8 – 3 0 3 .
O r v a lh o J S , C o w g ill L D . C a r d io r e n a l s y n d r o m e : d ia g n o s is a n d m a n a g e m e n t . V e t C lin N o r t h A m S m a ll A n im P r a c t . 2 0 1 7 ; 4 7 ( 5 ) : 1 0 8 3 – 1 1 0 2 .
C o y n e M , D r a k e C , M c C r a n n D J . T h e A s s o c ia t io n b e t w e e n S y m m e t r ic D im e t h y la r g in in e C o n c e n t r a t io n s a n d N e o p la s ia in D o g s a n d C a t s . P a p e r p r e s e n t e d a t : A m e r ic a n C o n g r e s s o f V e t e r in a r y I n t e r n a l M e d ic in e . J u n e 1 3 - 1 6 , 2 0 1 8 ; S e a t t le , W A .

6.

C o w g ill L D , P o lz in D J , E llio t J , e t a l. I s p r o g r e s s iv e c h r o n ic k id n e y d is e a s e a s lo w a c u t e k id n e y in ju r y ? V e t C lin S m a ll A n im a l P r a c t . 2 0 1 6 ; 4 6 ( 6 ) : 9 9 5 – 1 0 1 3 .

7.

H a ll J A , Y e r r a m illi M , O b a r e E , L i J , Y e r r a m illi M , J e w e ll D E . S e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e in c a t s w it h k id n e y s t o n e s . P L o S O n e . 2 0 1 7 ; 1 2 ( 4 ) : e 0 1 7 4 8 5 4 .

12
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V a s k e H H , A r m b r u s t L , Z ic k e r S C , e t a l. A s s e s s m e n t o f r e n a l f u n c t io n in h y p e r t h y r o id c a t s m a n a g e d w it h a c o n t r o lle d io d in e d ie t . I n t J A p p l R e s V e t M e d . 2 0 1 6 ; 1 4 ( 1 ) : 3 8 – 4 8 .
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IDEXX SDMA® Test diagnostic algorithm

IDEXX SDMA® Test diagnostic algorithm

Consider other evidence of kidney disease:
When SDMA
result
is ≥20
µg/dL
o Inappropriate
urine
specific
gravity
(USG) of When SDMA result is 15–19 µg/dL
<1.030 in a dog or <1.035 in a cat
o Active urinary sediment, particularly casts,
white blood cells, or bacteria
Perform
complete
urinalysis (UPC)
Perform a complete urinalysis
o Proteinuria
or aurine
protein:creatinine
ratio >0.5 in a dog or >0.4 in a cat
o History of weight loss, decreased appetite,
Other evidence of kidney disease?
polydipsia, polyuria
o Physical examination findings, such as
YES
NO
palpable kidney abnormalities
o Creatinine, BUN, and/or phosphorus above
reference interval
Kidney disease probable—act immediately
o Creatinine increasing within reference interval
o Anemia
Followfindings
IMM protocol
o Other
diagnostic
(abnormal kidney
19
© 2018 IDEXX Laboratories, Inc. All rights reserved.
imaging, unexplained hypertension)

22

Perform a complete urinalysis

Perform a complete urinalysis

• Urine culture and MIC
susceptibility

• Hydration status
• Blood pressure
• Infectious disease testing
• History/possibility of toxin
• Urine protein:creatinine ratio
(Lyme disease, leptospirosis,
exposure?
• Thyroid status
ehrlichiosis, FeLV, FIV, FIP,
• History/exposure to potentially
toxoplasmosis)
nephrotoxic drugs?

Other evidence of kidney disease?

YES

Recheck in 2–4 weeks
If SDMA remains increased

NO

Kidney disease probable—act immediately

20

For confounding conditions, assess:

Recheck in 2–4 weeks

• Diagnostic imaging (stones,
pyelonephritis)

If SDMA remains increased

Follow IMM protocol

21
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Monitor

Treat appropriately

Provide kidney support
immediately

• Underlying disease if
identified
• Clinical dehydration

• Feed kidney-supportive diet
• Provide fresh, clean water
sources

© 2018 IDEXX Laboratories, Inc. All rights reserved.

When SDMA result is 15–19 µg/dL
To identify an underlying cause, perform:

Manage

• Persistent hypertension
• Persistent proteinuria
• Hyperthyroidism

Investigate

When SDMA result is ≥20 µg/dL

Adjust anesthesia protocols

• Provide intravenous fluids,
before, during, and upon
recovery
• Provide oxygen, before,
• Discontinue all potentially
during, and upon recovery
nephrotoxic drugs if possible
• Maintain and monitor blood
pressure and body
temperature
• If needed, use narcotic for
pain management

Underlying or confounding
disease identified

Underlying or confounding
disease not identified

Monitor as indicated

Recheck in 2 weeks

SDMA returns to normal

SDMA remains increased but
stable

SDMA continues to increase

• Kidney function has returned • If SDMA and creatinine are
• If SDMA and/or creatinine
to normal
stable, chronic kidney
are increasing, consider
• Monitor confounding
disease (CKD) is diagnosed
ongoing, active kidney injury
conditions and other
• Initiate appropriate treatment • Perform additional
underlying disease if present
based on International Renal
diagnostics to determine
Interest Society (IRIS) CKD
cause and to guide treatment
staging
23
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International Renal Interest Society (IRIS) CKD
guidelines

To diagnose early CKD

Overview of IRIS CKD guidelines

Canine and feline staging: Creatinine

One or more of the following

Traditional staging of CKD is based on stable creatinine

1

4

Step 1: Diagnose

3

Step 2: Stage
Step 3: Treat

2

S o u r c e : I n t e r n a t io n a l R e n a l I n t e r e s t S o c ie t y . I R I S C K D g u id e lin e s u p d a t e s 2 0 1 4 – 2 0 1 5 . I R I S w e b s it e . h t t p : / / ir is - k id n e y . c o m / g u id e lin e s / g u id e lin e s _ u p d a t e s _ 2 0 1 4 - 2 0 1 5 . h t m l. A c c e s s e d O c t o b e r 9 , 2 0 1 7 .

25
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Creatinine may understage CKD

26

27
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Treat based on IRIS CKD staging

SDMA can be a more sensitive and reliable indicator of kidney function

Indications for assessing kidney function during the
patient visit

28
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Why should SDMA be an essential parameter in your
chemistry panel?
The IDEXX SDM A ® Test:
o Is for all patients in all cases.
o Results are clinically actionable.
o Result increases with active and acute kidney injury.
o Allows for early diagnosis and m anagem ent of CKD.

Indications for assessing kidney function during preventive
care or preanesthetic visits
o All senior pets

o Findings suggestive of kidney disease; m onitoring pet with known kidney

o Pets with poor m uscle m ass

disease

o Breed predisposed to renal disease

o History of polyuria and/or polydipsia or urinary accidents

o Pets on NSAIDs
o Pets where owner is unsure if polyuria and/or polydipsia
o Positive Lym e or Ehrlichia result on the SNAP ® 4Dx
Plus ® Test

31
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Indications for assessing kidney function during the patient
visit for pets presenting with clinical signs

o Evidence of weight loss or poor m uscle m ass
o History of possible or confirm ed toxin exposure
o Suspect hyperthyroid cats; hyperthyroid cats on treatm ent

o Creatinine and/or BUN high norm al or m ildly increased

o Diagnostic im aging shows evidence of urolithiasis or renal abnorm alities

o Inappropriate urine specific gravity
(cat <1.035, dog <1.030), proteinuria, or active urinary
sedim ent

o Sick pet when infectious disease such Lym e disease, leptospirosis,
ehrlichiosis, FeLV, FIV, FIP, or toxoplasm osis is suspected or confirm ed

32

33
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Molly: Preanesthetic for spay

Molly: Preanesthetic for spay

Molly: Preanesthetic for spay

7-month-old, intact female shih tzu

7-month-old, intact female shih tzu

7-month-old, intact female shih tzu

Presenting reason: Ovariohysterectomy
Additional history: Healthy but has occasional
household urinary accidents

Investigation:

Physical examination:

o Abdom inal ultrasound: bilateral pelvic
dilation, sm all kidneys with m ildly thinned

o Urine culture: positive for E. coli

o Bright, alert, responsive, hydrated

renal cortices

o Normal temperature, pulse, and respiration
o Body condition score (BCS) 5–6 of 9

34
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Diagnosis: pyelonephritis and renal
dysplasia
35

36
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Pelvic dilation

Molly: Preanesthetic for spay

Baxter: Wellness visit

Baxter: Wellness visit

7-month-old, intact female shih tzu

14-year-old, neutered male domestic shorthair

14-year-old, neutered male domestic shorthair

Clinical impact of increased SDMA:

Presenting reason:

o Increased SDM A led to diagnosing and treating M olly for pyelonephritis.

o Biannual wellness visit

o Anesthetic precautions taken during M olly’s spay.

Additional history:

o M olly m anaged for IRIS CKD Stage 1 and m onitored closely for progression.

o Possible weight loss but eating well
Physical examination:
o Slightly thin with low body condition score (BCS) 2.5
of 9
o Tachycardic; heart rate 240 bpm
o Palpable thyroid nodule

37
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IDEXX SDMA® Test is a more reliable test for detecting kidney disease
in hyperthyroid cats
o Kidney disease is com m on in cats with
hyperthyroidism . 1
SDMA

Muscle mass

o Hyperthyroidism can m ask kidney
disease. 1,2,3

Baxter: Wellness visit

© 2018 IDEXX Laboratories, Inc. All rights reserved.

Jasper: Annual wellness visit

14-year-old, neutered male domestic shorthair
Clinical impact of
increased SDMA:

o Creatinine affected by decreased m uscle
m ass and

39
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o Increased SDMA led to diagnosis of
o Baxter’s kidney function was monitored
kidney disease prior to treatment of
closely during treatment.
hyperthyroidism.
o Baxter treated appropriately for IRIS
CKD stage 3 because of the
o Methimazole dose adjustments made to
disproportionately high SDMA.
avoid hypothyroidism.

9-year-old, neutered male Siamese
Presenting reason o Annual wellness visit

o SDM A not im pacted by m uscle m ass and
is a m ore sensitive biom arker.4,5

S o u rc e s :
1.

W illia m s T . C h r o n ic k id n e y d is e a s e in c a t s w it h h y p e r t h y r o id is m . C lin B r ie f . 2 0 1 5 ; S e p t : 1 0 – 1 2 . h t t p : / / w w w . c lin ic ia n s b r ie f . c o m / a r t ic le / c h r o n ic - k id n e y - d is e a s e - c a t s - h y p e r t h y r o id is m . A c c e s s e d O c t o b e r 9 , 2 0 1 7 .

2.

M o o n e y C T , L it t le C J , . M a c r a e A W . E f f e c t o f illn e s s n o t a s s o c ia t e d w it h t h e t h y r o id g la n d o n s e r u m t o t a l a n d f r e e t h y r o x in e c o n c e n t r a t io n s in c a t s . J A m V e t M e d A s s o c . 1 9 9 6 ; 2 0 8 : 2 0 0 4 – 2 0 0 8 .

3.
4.

P e t e r s o n M E , P e t e r s o n M E . H y p e r t h y r o id is m in c a t s : w h a t ’s c a u s in g t h is e p id e m ic o f t h y r o id d is e a s e a n d c a n w e p r e v e n t it ? J F e lin e M e d S u r g . 2 0 1 2 ; 1 4 : 8 0 4 – 8 1 8 .
H a ll J A , Y e r r a m illi M , O b a r e E , Y e r r a m illi M , e t a l. C o m p a r is o n o f s e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e a s k id n e y f u n c t io n b io m a r k e r s in h e a lt h y g e r ia t r ic c a t s f e d r e d u c e d p r o t e in f o o d s e n r ic h e d w it h f is h o il, L - c a r n it in e , a n d m e d iu m - c h a in t r ig ly c e r id e s .

5.

H a ll J A , e t a l. C o m p a r is o n o f s e r u m c o n c e n t r a t io n s o f s y m m e t r ic d im e t h y la r g in in e a n d c r e a t in in e a s k id n e y f u n c t io n b io m a r k e r s in c a t s w it h c h r o n ic k id n e y d is e a s e . J V e t I n t e r n M e d . 2 0 1 4 ; 2 8 ( 6 ) : 1 6 7 6 – 1 6 8 3 .

V e t J . 2 0 1 4 ;2 0 2 (3 ):5 8 8 – 5 9 6 .

40
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History

o Slight weight loss with possible
decrease in appetite
o Increased vocalization
o Not sure about drinking or urinating
o Indoor/outdoor cat

Physical
examination

o Bright, alert, responsive and hydrated
o Abdominal palpation: normal
o Rest of examination: normal

hyperfiltration. 1

41

42
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Chemistry and urinalysis results

Differential diagnoses in VetConnect PLUS

Investigation

Description: IDEXX SDMA (symmetric dimethylarginine) is a sensitive indicator of kidney function that detects as little as
25% loss of function in both acute and chronic disease, often detecting damage that other parameters miss. SDMA is a
reliable indicator as it not impacted by muscle mass, whereas creatinine can be falsely lowered in patients with poor muscle
mass. It is an early indicator of progressive kidney function loss, often increasing before other parameters. SDMA can aid in
the diagnosis and monitoring of chronic kidney disease (CKD), and in the selection of treatment options for patients staged
according to IRIS CKD guidelines. An increased SDMA can also be an indicator for concurrent diseases that may have
secondarily impacted kidney function. SDMA is, therefore, an essential part of the chemistry panel, adding incremental value
to bloodwork performed on dogs and cats that have presented for either wellness or sick patient examinations.

Urine culture:

Negative

Systolic blood
pressure:

151 mm Hg (borderline
hypertensive)

UPC:

0.18 (normal)

Radiographs:

Slightly small, irregular kidneys,
with small irregular areas of
mineralization, likely representing
kidney stones

Increased IDEXX SDMA (>14 µg/dL)

43
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3-week recheck visit summary
o Jasper doing sam e at hom e

• Kidney disease
o Includes both acute and chronic kidney disease
§ Infection (e.g. upper UTI, leptospirosis, Lyme)
§ Inflammatory (e.g. glomerulonephritis, tubulointerstitial nephritis)
§ Toxic (e.g. NSAIDs, ethylene glycol)
© 2018 IDEXX Laboratories, Inc. All rights reserved.
§ Ischemia
§ Congenital kidney disease (e.g. polycystic kidney disease, renal dysplasia)
Renal amyloidosis

45

Follow-up plan
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Clinical impact of increased SDMA

Spleen

o Ultrasound at specialist confirm ed kidney stones of the
ureter or urethra but no evidence stones causing
obstruction
Left kidney

Manage

Monitor

Treat based on IRIS CKD stage 2 guidelines:
o Plenty of fresh, clean water sources
o Kidney therapeutic diet to prevent
progression of CKD and new stone formation

46
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Owners instructed to monitor for any increase in
drinking or urination, appetite change, vomiting
or lethargy
Recheck in 2 to 4 months
o Feline senior bundle with Catalyst SDMA
o Blood pressure
o Radiographs to monitor stones

48
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o Including the Catalyst SDMA Test in Jasper’s
chemistry panel with his routine preventive care lab
testing lead to an early diagnosis of CKD with
concurrent kidney stones.
o Earlier treatment of CKD will help delay progression
and prevent additional kidney stones from forming.

87
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Right
kidney

Left
kidney

Dogs exposed to Lyme and Ehrlichia have an increased risk of
developing CKD and should be screened at least annually

Max: Preventive care visit
6-year-old, neutered male goldendoodle
SNAP®

Plus Test:
Positive for Ehrlichia

Exposure to Ehrlichia

Increased risk CKD

D a t a o n f ile a t I D E X X L a b o r a t o r ie s , I n c . W e s t b r o o k , M a in e U S A .
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6-year-old, neutered male goldendoodle

New research confirm s the

4Dx®

Dogs with Ehrlichia
antibodies in E. canis
endemic areas
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Max: Preventive care visit
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im portance of
com prehensive annual

Exposure to Lyme

screening. The
retrospective study 2 is
based on a large subset of
dogs with at least:

Dogs with antibodies to
the C 6 peptide of B.
burgdorferi in Lyme
endemic areas

o One IDEXX test result
for vector-borne
diseases
o Elevated creatinine

Increased risk CKD

o Increased SDM A
o Inappropriate urine

Read the full study at
idexx.com/ckdstudy

specific gravity (USG)
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Max: Preventive care visit

Joe Cocker: Drinking and urinating a lot

Joe Cocker: Drinking and urinating a lot

6-year-old, neutered male goldendoodle

12-year-old, male neutered cocker spaniel

12-year-old, male neutered cocker spaniel

Presenting reason: PU/PD
Physical exam ination:

Clinical impact of normal SDMA:

o M ild thinning of hair coat over dorsum

o Increased confidence that kidneys are currently
functioning well

o Slight pot-bellied appearance

o Owners instructed on clinical signs to watch for

o Hind end weakness

o Annual monitoring to allow for early intervention if
kidney disease develops

Differential diagnoses:
o Suspect Cushing’s syndrom e
o Before proceeding with additional
diagnostics— need to rule out kidney
disease
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Joe Cocker: Drinking and urinating a lot

Joe Cocker: Drinking and urinating a lot

Joe Cocker: Drinking and urinating a lot

12-year-old, male neutered cocker spaniel

12-year-old, male neutered cocker spaniel

12-year-old, male neutered cocker spaniel

Clinical impact of normal SDMA:
o Kidney disease ruled out
o Low dose dexamethasone suppression test confirms
Cushing’s syndrome
o Abdominal ultrasound reveals normal kidneys and
enlarged adrenal glands bilaterally
o Treated successfully with trilostane

55

© 2018 IDEXX Laboratories, Inc. All rights reserved.

56

57

© 2018 IDEXX Laboratories, Inc. All rights reserved.

© 2018 IDEXX Laboratories, Inc. All rights reserved.

Icky: Lethargy, not eating, diarrhea

Icky: Lethargy, not eating, diarrhea

Icky: Lethargy, not eating, diarrhea

11-year-old, neutered male mixed breed dog

11-year-old, neutered male mixed breed dog

11-year-old, neutered male mixed breed dog

59

60

Presenting reason:
o Lethargic, inappetent, diarrhea day of presentation
Physical examination:
o Quiet, alert, responsive
o Body condition score 5 of 9
o Temperature: 102.9oF, Respiratory rate: 16 bpm, Heart
rate:110 bpm
o Abdominal palpation: very tense, no obvious masses
or organomegaly
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Icky: Lethargy, not eating, diarrhea

Icky: Lethargy, not eating, diarrhea

Icky: Lethargy, not eating, diarrhea

11-year-old, neutered male mixed breed dog

11-year-old, neutered male mixed breed dog

11-year-old, neutered male mixed breed dog
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Tentative diagnosis
o Gastroenteritis of unknown etiology
Supportive treatment:
o Subcutaneous fluids and metronidazole
o Hill's® Prescription Diet® i/d® Canine
o Medical board overnight, then discharged
Follow up after 48 hours
o Worsening condition, not eating, depressed
o Referred to specialty center
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Icky: Lethargy, not eating, diarrhea

Icky: Lethargy, not eating, diarrhea

Icky: Lethargy, not eating, diarrhea

11-year-old, neutered male mixed breed dog

11-year-old, neutered male mixed breed dog

11-year-old, neutered male mixed breed dog

Diagnosis
o Leptospirosis

Outcome:
o Persistent oliguria

o Oliguric acute kidney injury
o Hepatitis

o Referred for hemodialysis

Treatment

o Sudden difficulty breathing after fourth hemodialysis session

o IV fluids

• Pleural effusion, diffuse patchy alveolar pattern from suspected pulmonary vasculitis
o Cardiac arrest

o Ampicillin and sulbactam IV TID
o Doxycycline IV BID
o Cerenia IV SID
o Pantoprazole SID
o Lasix and mannitol
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Icky: Lethargy, not eating, diarrhea

Lucky: Lethargic and not eating

Lucky: Lethargic and not eating

11-year-old, neutered male mixed breed dog

11-year-old, neutered male domestic shorthair

11-year-old, neutered male domestic shorthair

Presenting reason:
Clinical impact of not investigating increased SDMA:

o Lethargic and not eating past few days

o Delay in diagnosis and treatment of leptospirosis

Physical examination

o Earlier definitive treatment may have resulted in better
outcome

o Approximately 5-10% dehydrated

o Depressed
o Tachycardia; heart rate: 200 bpm
o Right kidney slightly enlarged and painful

67

© 2018 IDEXX Laboratories, Inc. All rights reserved.

68

69

© 2018 IDEXX Laboratories, Inc. All rights reserved.

Lucky: Lethargic and not eating

Lucky: Lethargic and not eating

11-year-old, neutered male domestic shorthair

11-year-old, neutered male domestic shorthair

Diagnosis after workup:
Right ureteral obstruction

© 2018 IDEXX Laboratories, Inc. All rights reserved.

SDMA is more
reliable than
traditional
diagnostics.

o Postrenal obstruction diagnosed

o Lucky managed and monitored for life
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Key takeaways

Clinical impact of increased SDMA:
o Subcutaneous ureteral bypass device placed
o SDMA returned to normal
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• Increases earlier
than creatinine with
acute and chronic
kidney disease
• Not impacted by
lean muscle mass
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There is something
that can be done if
SDMA is increased.
• Investigate,
manage, and
monitor kidney
disease earlier!

© 2018 IDEXX Laboratories, Inc. All rights reserved.

SDMA has been
added to the IRIS
CKD diagnosis and
staging guidelines.

The Catalyst®
SDMA Test is now
available.
• Same quality and
reference intervals
as the IDEXX SDMA
Test at IDEXX
Reference
Laboratories

With the Catalyst
SDMA Test, you can
now identify kidney
disease earlier
during the patient
visit.
• Enables you to
make immediate
clinical decisions
• Helps you improve
owner compliance
• Increases potential
for positive impact
on clinical outcomes
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Track 2

Pain Management Alternatives – Moving Beyond Opioids in Your Practice (Creating Flexible Plans in the Face of Shortages)
Kris Kruse-Elliott, DVM, PhD, DACVAA
Anesthesiologist Sage Veterinary Centers and AnimalScan MRI
Currently our arsenal includes:
Pure mu agonists (Meperidine, Hydromorphone, Oxymorphone, Morphine, Methadone, Fentanyl)
Mixed agonist/antagonists (Buprenorphine, Butorphanol, Nalbuphine)
Antagonists (Naloxone)

Advantages of opioids in veterinary medicine
Generally safe and well tolerated
Perhaps our strongest and most reliable analgesics
Provide sedation for most of our patients
Generally, easily reversed
Control acute pain and help us prevent persistent chronic pain

Disadvantages of opioids in veterinary medicine
Euphoria and dysphoria in some species and breeds
Urinary retention
Nausea and vomiting
Ileus and inappetence
Some herding breeds can have rare hyperexciteability and hyperalgesia
Diversion potential

Lots of reasons for current shortages
Issues of addiction and diversion in people with increasing goal by FDA and DEA to reduce their use and production
Manufacturing problems responsible for current critical shortage

Current veterinary products still readily available
Butorphanol
Buprenorphine SR

Back to Table of Contents
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Simbadol
Strategies for limiting opioid use, preserving your supply
Reserve pure mu agonists for pain control not sedation
Use other drugs for sedation
Don’t draw up drugs in anticipation of potential use – wait until you need them
Consider other non-opioid drugs that have analgesic properties – expand your multimodal approach

Pain management strategy – differs with mild, moderate, and severe pain. Develop your plan based on current pain status,
anticipated painful procedure, expectation of post-procedure pain and expected degree and duration.

Adjunct analgesia options you can use alone or in combination to decrease opioid requirements. Consider balanced
anesthesia/analgesia to produce desired effect with combination of appropriate drugs.

Drugs to consider – ketamine, dexmedetomidine, lidocaine
Non-opioid CRIs (see doses below)
Ketamine in dogs or cats
Lidocaine in dogs
Dexmedetomidine in dogs or cats
Can also use these as “rescue” drug(s) to buy you some short term additional analgesia.

Incorporate local and regional analgesia and anesthesia in your patients – think beyond just dental blocks

Conveniently this is the only place where a cat = a dog. When using 2% lidocaine or 0.5% bupivacaine the dose in either species is
0.4 ml/kg total dose spread among the various locations you need to block.

Be aware of potential complications with local/regional blocks
Intravascular injection
Nerve injury
Allergic reactions
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Prevent complications – label all syringes and double/triple check doses, aseptic technique, aspirate/aspirate/aspirate, minimal
resistance to injection, verify appropriate motor stimulation when using a nerve stimulator

Instituting new blocks – document everything

Things we can do with local anesthetics
Local infiltration or soaker catheters
IV regional blocks for below the carpus or tarsus
Intra thoracic and intercostal blocks
Brachial plexus blocks (need nerve stimulator)
RUMM block (ideal with nerve stimulator but you can do it without),
Femoral/sciatic block (need nerve stimulator)
Ring blocks, digit blocks
Epidurals with morphine +/- local
Sacrococcygeal block
Testicular block, pedicle block, line block

The new kid on the block – Nocita. Liposome encapsulated bupivacaine suspension (https://www.aratana.com/nocita-bupivacaineliposome-injectable-suspension/).

Local anesthetic adjuncts – opioids, epinephrine, alpha-2 agonists, sodium bicarbonate – nothing is approved, all are off label.
Oral analgesia
Tramadol
Gabapentin
Hydrocodone
NSAIDs
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CAT AND DOG SEDATION AND ACUTE PAIN MANAGEMENT OPTIONS FOR SURGERY AND POSTOP (not an all-inclusive list)
At home oral sedation for the anxious patient:
Night before and 2 hours before presentation to clinic
Gabapentin at 10-20 mg/kg for cats
and/or Trazodone at 5-10 mg/kg
Phenobarbital at 10 mg/kg for “bad dogs” the morning of – at least 2 hours before. Can be combined with the above.
Sedation options in the clinic:
Butorphanol at 0.2-0.4 mg/kg IM or IV
+ Dexmedetomidine at 2-10 ug/kg IM or 2-5 ug/kg IV
Butorphanol at 0.2-0.4 mg/kg IM or IV
+ Acepromazine at 0.02-0.05 mg/kg IM or 0.01-0.02 mg/kg IV
Intraoperative analgesia rescue options:
If you have a pure mu agonist available, you can use a single dose of that drug
Hydromorphone 0.05 mg/kg
Fentanyl 10 ug/kg
Methadone 0.25 mg/kg
Morphine 0.1 mg/kg (slowly)
Ketamine at 0.5-1 mg/kg
Dexmedetomidine at 0.1-0.25 ug/kg
Lidocaine 2 mg/kg in dogs
If you have them available - Opioid CRIs:
Fentanyl
Cats and Dogs: Loading dose of 1-5 ug/kg, then 2-20 ug/kg/hr. Recommend 1-2 ug/kg bolus when increasing dose during CRI.
Hydromorphone
Cats: Loading dose of 0.025 mg/kg, then 0.01 mg/kg/hr
Dogs: Loading dose of 0.05-0.1 mg/kg, then 0.01-0.05 mg/kg/hr
Morphine
Cats: Loading dose of 0.05-0.1 mg/kg SLOWLY, then 0.05-0.1 mg/kg/hr
Dogs: Loading dose of 0.1-0.3 mg/kg SLOWLY, then 0.1-0.3 mg/kg/hr
Butorphanol
Cats and Dogs: Loading dose of 0.1-0.2 mg/kg, then 0.1-0.2 mg/kg/hr
Non-opioid CRIs:
Ketamine
Cats and Dogs: Loading dose of 0.25 mg/kg, then 0.12-1.2 mg/kg/hr
Lidocaine
Dogs: Loading dose of 0.5-1.0 mg/kg. then 1.5-3.0 mg/kg/hr
Dexmedetomidine
Cats and Dogs: Loading dose of 1-2 ug/kg, then 0.5-2 ug/kg/hr
More an adjunct to other analgesia and/or as a sedation protocol. Best used in cardiovascular stable patients with no major organ
compromise.
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Local-Regional Blocks to Consider:
Epidural analgesia
Abdominal and some thoracic procedures, Hind-limb orthopedic procedures, Forelimb amputations. For thoracic and forelimb
procedures do not use local anesthetics.
Epidural doses (total volume should be 0.2-0.3 ml/kg):
Morphine (preservative free) 0.1 mg/kg
Buprenorphine 0.005 mg/kg
Bupivacaine (0.5%, no epinephrine) 1 mg/kg
Lidocaine (2%, no epinephrine) 3 mg/kg
Contraindicated in coagulopathy, sepsis, hind-limb neurologic impairment, LS disease, skin disease over injection site. For local
anesthetics also contraindicated in any cardiovascular disease/collapse setting.
Volume calculations:
For hind limb and lower abdominal procedures use 0.2 ml/kg total epidural volume, max dose 6 ml.
For laparotomy, thoracic, fore-limb surgery use 0.3 ml/kg total epidural volume, max dose 9 ml.
Dilute with sterile saline as needed to get appropriate volume.
Nerve Locator/US Guided Blocks
Bupivacaine at 1.5 mg/kg
Ropivacaine at 1-3 mg/kg
+ 0.5 ug/kg dexdomitor
+ 3 ug/kg buprenorphine
0.1-0.3 ml/kg/site (depends on block location, local anesthetic being used, concentration of local anesthetic)
Consider dilution for small dogs and in very large dogs reducing dose/volume. The more accurate you are with nerve localization,
the more likely you can use the smaller volume and be effective.
Maximum total bupivacaine dose/dog is 0.4 ml/kg (of 0.5%) and given the volume, the maximum total ropivacaine dose/dog is 0.50.6 ml/kg (of 0.2%). Note-you can still use Nocita in the usual manner when closing the incision as the slow release and uptake of
the bupivacaine from the liposomes makes toxicity unlikely.
Overall, careful aspiration (double, triple check!) and careful dose calculation makes toxicity unlikely when performing local/regional
blocks. Always calculate the total dose and divide among locations if doing multiple blocks. Patient should be connected to ECG and
pulse oximeter and injections should always be done slowly.
Generally, toxic doses of bupivacaine or ropivacaine are associated with cardiovascular collapse.
Treatment – IV fluids, vasopressors, inotropes, anticholinergics, etc.
Lipid rescue with Intralipid at a dose of 1 mg/kg IV + CRI at 0.25 ug/kg/min
Equipment for Nerve Stimulator blocks (check eBay or other sources for inexpensive used nerve stim device – the EZ Stim II is often
available as a used nerve stimulator on eBay or other resale sites)
Insulated needles to use with nerve locator
www.milainternational.com
Stimulating needles:
22 ga x 5 cm (2 inches) NB2205
21 ga x 8 cm (3.1 inches) NB2108
21 ga x 10 cm (4 inches) NB2110
Femoral/sciatic block uses 5-8 cm needle
Brachial plexus block uses 8-10 cm needle
RUMM block, intercostal blocks use 5 cm needle
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BRIEF FORMULARY OF DOSES
ACEPROMAZINE
0.01-0.05 mg/kg IM or SQ with maximum 2 mg total dose
0.01-0.02 mg/kg IV before recovery for sedation
ALFAXALONE
2 mg/kg IM for sedation in cats and small dogs
3-5 mg/kg SQ for sedation – upwards of 45 min to be effective so not recommended
1-2 mg/kg IV with premedication, up to 5 mg/kg if not sedate
CRI rate of 4-6 mg/kg/hr
ACETAMINOPHEN (Canine only!!!)
10 mg/kg orally q 8 hours for maximum of 5-7 days
BUPRENORPHINE
0.02-0.03 mg/kg IV or IM every 8 hours
0.02-0.03 OTM every 8-12 hours
SR Forumula in cats 0.12 mg/kg SQ every 72 hours
Simbadol in cats 0.12-0.24 mg/kg SQ every 24 hours for up to 3 days
BUTORPHANOL
0.1-0.4 mg/kg IM or IV every 1-2 hours
DEXMEDETOMIDINE
1-10 ug/kg IM or 1-5 ug/kg IV for sedation depending on patient
0.25-0.5 ug/kg IV for postoperative sedation
0.1-0.25 ug/kg IV for intraoperative rescue
ETOMIDATE
1-3 mg/kg IV with a minimum of midazolam premedication
FENTANYL
5-10 ug/kg IV for premedication
0-20 ug/kg/hr for CRI with 1-2 ug/kg bolus as needed
FENTANYL PATCH
Dose at 2-5 ug/kg/hr so, for example, 50 ug patch = 50 ug/hr
Aim on the lower end of dose range if concern for dysphoria or history of dysphoria
GABAPENTIN
10-20 mg/kg for oral sedation at least 2 hours prior to visit
5-20 mg/kg for oral adjunct analgesia every 8 hours – start low and increase as needed
HYDROCODONE
0.44 mg/kg orally every 6-8 hours for analgesia
HYDROCODONE (10) /ACETAMINOPHEN (325) (canine only)
1 per 20 kg every 8 hours
HYDROMORPHONE
0.05-0.1 mg/kg IV every 2-4 hours, up to 6 hours
0.1-0.2 mg/kg IM every 2-4 hours, up to 6 hours
KETAMINE
1-5 mg/kg IM or SQ as part of sedation combination
1-5 mg/kg IV for induction
0.5-1.0 mg/kg IV for intraoperative rescue
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MEPERIDINE
2-5 mg/kg IM every 1-1.5 hours (do not give IV)
METHADONE
0.25-0.5 mg/kg IM or IV every 4-6 hours
MIDAZOLAM
0.1-0.2 mg/kg IV or IM
MORPHINE
0.5-1.0 mg/kg IM or IV (slowly) every 4-6 hours in dogs
0.2-0.5 mg/kg IM or IV (slowly) every 4-6 hours in cats
NALOXONE
0.01-0.02 mg/kg IV, IM, sublingual
PHENOBARBITAL
10-20 mg/kg orally 2 hours before travel to clinic
PROPOFOL
2-4 mg/kg IV slowly titrated to effect, less needed with premedication
TRAZODONE
5-10 mg/kg orally
TRAMADOL
2-5 mg/kg every 6-8 hours in dogs
2-4 mg/kg every 8-12 hours in cats
NSAIDS

CARPROFEN
2 mg/kg SQ or orally q 12 hours in dogs
1-4 mg/kg SQ once in cats
MELOXICAM
0.2 mg/kg SQ, IV, or PO, then 0.1 mg/kg every 24 hours in dogs
0.1 – 0.3 mg/kg PO or SQ once in cats
ROBENACOXIB (ONSIOR)
1-2 mg/kg PO in dogs every 24 hours
1-2.4 mg/kg PO in cats every 24 hours for maximum of 3-6 days
2 mg/kg SQ every 24 hours for maximum of 3 days
GALLIPRANT
2 mg/kg PO in dogs every 24 hours
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Thoracic Imaging: When
Radiographs Are Not Enough
Sunday March 24, 2019

Trisha Oura, DVM, DACVR
Veterinary Specialty Hospital
San Diego, CA
100
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General Approach to Respiratory Diagnostics
• Dog or Cat?
• Localize based on PE
• History, history, history
• Differentials
• Next steps? (cost, availability, owner wishes)
• Treatment options?
• Prognosis?
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Imaging and Next Steps
•
•

•
•
•
•
•

MORE radiographs $-$$
Echocardiography $$-$$$
•
NT pro-BNP testing $
Fluoroscopy $$-$$$
Computed tomography $$$
Laryngoscopy/bronchoscopy $$
T-FAST scan $ vs. full ultrasound $$-$$$
Cytology $$
102

When Radiographs Aren’t Enough…
•
•
•

•
•

Radiographs inconclusive
Dynamic disease
Large volume effusions
• Nature of effusion helps interpret rads!
Cardiomegaly
Cytology or histopathology required
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Goose
•

8 yo FS “giant” Yorkie TerrierX

•

Loud honking cough worse with exercise

•

Historic low grade heart murmur for past few years—no
change in severity
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Goose PE
•

Overconditioned

•

Easily inducible cough

•

Flattened trachea palpated at thoracic inlet

•

Rest of PE WNL
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Goose
•

•

Heart?
•

Cardiomegaly?

•

Vessel enlargement?

•

Pleural effusion?

Lungs?
•

Airway?

•

Non-airway?
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L

Goose – Are Radiographs Enough?
•

Differentials?

•

Next steps?
107

L

But Wait, What Can I Do About It?
•

Optimize medical management
• Prednisone
• Cough suppressants
• Weight loss/harness
• Anxiolytics
• Antibiotics

•

Rare surgical intervention
• Stent/Rings
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Chester

R
109

Cocoa

L

R
110

Notes for Goose
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Daphne
•

8 yo MN CavalierX

•

Presented for collapse, tachypnea, loud breathing
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Daphne PE
•

Tachypnea, hard to auscult

•

Easily stressed, placed in oxygen and given small dose of
sedation in order to get thoracic radiographs
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Daphne
•

•

Heart?
•

Cardiomegaly?

•

Vessel enlargement?

•

Pleural effusion?

Lungs?
•

Airway?

•

Non-airway?
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Daphne
•

Differentials?

•

Next steps?
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Notes for Daphne
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Bonesaw
•
•
•
•

9 year old FS mixed breed
Obtained a puppy, had murmur, but went away per owner
Eats a grain –free boutique diet
Presents with racing heart rate and cough
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Bonesaw PE & EKG
• PE:
• Harsh lung sounds
• 4/6 systolic murmur left side (hard to hear)
• Strong pulses
• EKG:
• Atrial fibrillation
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Bonesaw
•

Differentials?
• Mitral valve disease
• Dilated cardiomyopathy (does have the grain free diet, but
pulses are strong…)
• Congenital disease (but she’s kind of old & the ”puppy murmur”
went away)
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Bonesaw
•

Heart?
• Cardiomegaly?
• Vessel enlargement?
• Pleural effusion?

•

Lungs?
• Airway?
• Non-airway?
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Notes for Bonesaw
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Milo
•
•

•
•
•

11 yo FS DLH
Intermittent cough for several years, but now seems more
frequent
Cough is non-productive
Now hiding more, slightly inappetant
Comes with radiographs from 1 year ago
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Milo: last year

123

Milo: today
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Milo
•

•

Heart?
• Cardiomegaly?
• Vessel enlargement?
• Pleural effusion?
Lungs?
• Airway?
• Non-airway?
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Milo
•

Differentials?
•
•
•

•

Progressive airway?
CHF + airway?
Cancer + airway?

Next steps?
•
•
•

BNP?
US?
CT?
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Notes for Milo
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Drew
•
•
•

7 yo FS springer spanielX
Cough for months
Otherwise feels well
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Drew
•

Heart?
• Cardiomegaly?
• Vessel enlargement?
• Pleural effusion?

•

Lungs?
• Airway?
• Non-airway?
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Drew
•

Differentials?

•

Next steps?
• CT?
• Fluoro?
• More radiographs?
• Empiric Tx?
130

Notes for Drew
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Take Home Points
•
•

Sometimes radiographs ARE enough (or at least
repeat rads are)
Modality selection determined by a lot of factors:
•
•
•

•

Availability
Cost/risk benefit
Owners!

Need to prioritize differentials and decide what
more imaging will change your plan
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Wound Management and Appropriate Antibiotic Use to Avoid Resistance and Improve Healing

Lissa Richardson, DVM, Diplomate ACVS
Presented at Sage Symposium 2019
This presentation/notes will discuss some strategies for wound management with attention
given to the role bacteria play in disrupting healing in dogs and cats. A critical aspect of wound
care is to first triage the animal and provide proper supportive care. Assessment for and
treatment of shock, pain management and initial clipping and cleaning are integral to speed
wound healing. Some of the setbacks that we can encounter and underlying pathology and
treatment will be discussed in the following case presentation.

Buddy is a 2-year-old male castrated Doberman pinscher. He was running in the yard and came
inside with a large 25 cm triangular degloving laceration to the left lateral humeral area. The
rest of his exam was normal. Under anesthesia sterile KY was placed in the wound and the skin
was clipped. Still copious amounts of hair were adhered to the SQ. The wound was scrubbed
with chlorhexidine and lavaged with saline. The tedious process of removing all adhered hair
was done by primarily excising the loose areolar tissue to which it was adhered. Viability of the
flap was evaluated and skin with no supporting SQ was excised. There was an irregular defect of
about 10 cm left when the skin was laid on the muscle/fascia. To help close, walking sutures
were placed. These are very helpful in advancing skin so there is no tension at the edges. PDS or
monocryl can be used and a bite of SQ far from the edge is taken on the skin to be closed and
then a corresponding bite of the deep fascia that is further away is taken and secured with
surgeon’s knot or slip knot. Be careful to avoid a solid line of tension. Still with the skin
advancing technique, a 5 by 8 cm irregular defect was left. A tie over bandage was planned.
Sutures of 2-0 nylon were placed in the skin in a large loop. About 10 suture loops were placed.
Care was taken to make sure the loops were not to close to the wound edge, rather they were
3 cm back. Manuka honey was placed on the wound, followed by a non-adherent pad (telfa)
and the lap pads and secured with large suture woven across the wrap and through the loops.
Why Manuka honey? It inhibits bacterial growth bacteria that are found in wounds while
promoting the growth of granulation tissue. There are multiple mechanisms of action, some
well characterized and some still needing further elucidation.
There is an excellent review of Manuka honey in the Frontiers of Microbiology by Dee Carter et
al 1. The title of the article indicates it is no longer considered an “alternative therapy” but has
1

Front Microbiol. 2016; 7: 569. Published online 2016 Apr 20. doi: 10.3389/fmicb.2016.00569
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entered the mainstream. While honey is an ancient remedy use to treat superficial infections, it
was pushed aside with the advent of antibiotics in the 1950s and 60s. However, there is now
more multidrug resistant bacteria in wounds and medical communities are searching for other
treatments; Manuka honey is one.
Many different types of honey produce low levels of hydrogen peroxide when the glucose
oxidase in honey, which is derived from the honey bee, reacts with glucose and water in the
wound bed. Bacteria are also inhibited by the high glucose and low pH. The antibacterial
properties specific to Manuka honey were first described by Prof. Professor Peter Molan of
Waikato University, New Zealand in the 1980s. He described that even low concentrations of
Manuka honey killed bacterial pathogens, the specific active ingredient responsible for this
remained unknown. In 2008, this unique antibacterial activity, called “non-peroxide activity” or
NPA, was shown to be due to methyl glyoxal (MGO) by 2 different researchers. 2 3 MGO is
formed by spontaneous dehydration of dihydroxyacetone (DHA), a naturally occurring
phytochemical found in the nectar of flowers of Leptospermum scoparium, Leptospermum
polygalifolium. Hence, only Manuka honey from these flowers will show the unique
antibacterial qualities. Since 2008 however, other mechanisms besides MGO have been noticed
and there is ongoing research to define these. Here is a table on the many different ways
Manuka honey promotes wound healing:

Studies of manuka honey: findings, gaps, and future studies from Dee et al.

Study

Findings to date

Gaps and

Suggested future studies

controversies

Chemical

MGO is responsible for most but

Constituents that

Fractionation, purification, and

analyses

not all of the antibacterial and

modulate activity,

testing of constituents alone and in

anti-biofilm activity in manuka

produce synergy

various combinations.

honey; hydrogen peroxide is

between honey and

responsible for most but not all of

antibiotics and

the activity in non-manuka
honeys; leptosin may modulate

2

Adams C. J., Boult C. H., Deadman B. J., Farr J. M., Grainger M. N. C., Manley-Harris M., et al. (2008). Carbohydr.
Res. 343 651–659. 10
3
Mavric E., Wittmann S., Barth G., Henle T. (2008). Mol. Nutrit. Food Res. 52 483–489.
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Study

Findings to date

Gaps and

Suggested future studies

controversies

activity; phenolics can act as

promote wound

antioxidants and promote wound

healing are not known.

healing.

Pathogen

Manuka honey inhibits growth of

Few studies on non-

Test honey on pathogenic fungi,

inhibition

all bacterial pathogens tested,

bacterial pathogens

parasites, and viruses; analyze

prevents biofilms and can

and on mixed-species

biofilms produced by consortia of

disperse and eradicate pre-formed

biofilms.

bacteria and yeasts.

Contextualize using advanced

biofilms.

‘Omics and

Treatment with manuka honey

Analyses restricted to

systems

results in a unique signature of

differential expression; systems biology tools; assess

biology

differential gene expression with

only single time-points

dynamics of cell response;

down-regulation of stress

explored; only

validate using quantitative PCR

response and virulence-related

performed in E.

and gene deletion/overexpression

genes.

coliand S. aureus; very

strains.

little validation.

Ultrastructure

Vastly different morphological

Few species/strains

Extend to additional strains and

alterations in different bacterial

analyzed to date.

species including mixed-species

species; suggests S. aureus fails

biofilms and wound biopsies.

to complete cell cycle; P.
aeruginosa has extensive cell
degeneration and lysis.
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Study

Findings to date

Gaps and

Suggested future studies

controversies

Drug

Manuka honey is synergistic

Only S. aureus and

Extend to additional strains and

interactions

and/or enhances activity of a

MRSA tested to date

species; test honey fractions to

variety of antibiotics, prevents

and substantial

determine compound/s responsible

development of resistance and

differences occur

for synergy; determine strain-

renders resistant strains

among strains;

specific differences in response

susceptible; MGO not responsible

substance/s causing

using ‘omics approaches.

for synergy.

synergy unknown.

In vivo use

Case studies and use of

Robust clinical trials

Use data obtained from above to

and clinical

therapeutic manuka honey on

have not been

inform treatment and devise

trials

wounded animals shows honey

undertaken.

clinical trials.

can clear infections and promote
wound healing.

Manuka honey inhibits growth of all bacteria that are seen on wounds, even multidrug resistant
ones. Moreover, it can inhibit the growth of bacteria living in biofilms. Manuka honey can also
disrupt the biofilm and even prevent biofilm formation 4.
There is a lot of focus on the role biofilms are playing in chronic wounds in people and in
animals. There are different phases that bacteria can assume. Planktonic (phase) bacteria are
free floating, as in water or on the surface of wounds. The same bacteria can be in biofilm
phase. Biofilms are aggregates of bacterial cells that are encased in extracellular matrix and
adhere to surfaces like wounds, implants, even mucosal surfaces. The biofilm protects the
bacteria from antimicrobial agents delivered either topically or via blood supply. The biofilm
bacteria are not rapidly growing, they are in a slowed metabolic state called persistor cells.
Even if antibiotics could reach them, the cells are nearly dormant. But their presences still
results in marked inflammation and protease production which stalls wound healing.
4

Maddocks S. E., Lopez M. S., Rowlands R. S., Cooper R. A. (2012). Microbiology 158 781–790.
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About 80% of chronic wounds in people have biofilms present 5. Biofilms have been found in
equine wounds6 . A case report was published that showed the presence of biofilm in a chronic
ulcerated elbow callus infection in a 4 yr mastiff 7.
When wound healing has slowed or stalled, the presence of biofilm should be suspected. A
human medicine work group called Wound Care International as published a short list of
guidelines called the Principles of Biofilm-Based Wound Care. The most applicable of the 4
guidelines for veterinary clinical practice are the first two.
1. Frequent sharp debridement of wound, physically remove the biofilm.
a. In porcine model, reforms in 3 days
2. Use effective fast acting antimicrobial dressing.
3. Alter topical antimicrobial treatment based on testing
a. Note: usually this is with bacterial DNA analysis in humans. Our techniques of
aerobic and anaerobic culture will only identify the planktonic bacteria.
4. Step-Down-Step-Up treatment used to rapidly decrease biofilms and proteases
a. Note: This is a treatment guideline that recommends to aggressively treat for
biofilms first before using substances like growth factors, collagen or amniotic
membranes. 8

There is a very good review article discussing different treatments to disrupt biofilm in humans
here 9
In clinical veterinary practice, the most practical is often sharp debridement. It is often best
done under sedation (often dexmedetomidine and butorphanol IV) and scrape or excise with a
blade. A topical dressing of Manuka honey and a non adherent pad and a bandage completes
the treatment.
The choice for a tie over bandage was made as Buddy’s lateral humeral wound could not be
easily bandaged. The tie over bandage can be placed nearly anywhere. Three factors that are
needed to have a successful tie over bandage. The first is that the loops need to be 1 to 3 cm
away from the wound edge. If it is to close, the wound will be exposed. The second is to place
many loops. This will help disperse tension and keep the padding in place. The third is use
several shorter segments of suture or umbilical tape to tie over. This allows better distribution
Malone et.al. Journal of Wound Care 2017 Jan 2;26(1):20-25
Westgate et.al. Vet Microbiology 2011 May 12;150(1-2):152-9
7
Swanson et al. JAVMA, Vol 244, No. 6, March 15, 2014
8
Schultz G, Bjarnsholt T, James GA, et al; Global Wound Biofilm Expert Panel. Consensus guidelines for the
diagnosis and treatment of biofilms in chronic non-healing wounds. Wound Repair and Regeneration. Unpublished
data 2017.
5
6

Snyder et al, Wound Biofilm: Current Perspectives and Strategies on Biofilm Disruption and Treatments, Wounds
2017

9
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of tension. We then placed burn stockinette on both front legs and tied them together at the
spine to help placed mild compression of the bandage. Often the tie over bandages are
uncomfortable as they tug on the skin with movement. I like to have some sort of light
compression over them. I use products like a suitical recovery sleeve ifor the front leg, Doglegg
Surgisox ii for the torso and home made leggings and a harness for the rear legs. You can also
use body suits like the shed defender iii
Buddy was discharged with amoxicillin and clavulonic acid for 10 days, fentanyl patch,
carprofen for 5 days and gapapentin (10 mg/kg PO BID). The later was continued until wound
healing was complete (5 weeks). There can be significant neuralgia with the granulation tissue
and the gabapentin can help mitigate this.

Initially Buddy was seen every 3 to 4 days for a bandage change. He was sedated for the first 3
with dexmedetomidine and butorphanol IV. The skin was scrubbed aggressively with
chlorhexidine scrub. The wound bed was lavaged with saline and then dilute cholorhexadine
solution (1:20). Any further necrotic skin or fascia was excised. Granulation tissue started to
appear at about 7 days after the wound occurred. Manuka honey and a non-adherent were
placed and the tie over bandage. At day 10, there was healthy granulation tissue present and a
smooth surface to the wound (no edges or gaps). At this point, the topical dressing was
changed. We applied jumpstart iv. This is a polyester fabric that has imbedded islands of silver
and zinc. When it is moistened, it produces a micro current in the tissue. It has been showed to
be anti-bacterial 10, disrupts biofilm 11 and promotes epithelization 12, mostly in vitro,. After
routine cleaning of the wound, we placed a gel (provided by Arthex for use with this product)
and the jumpstart. It was secured in place with the tie over bandage. One big benefit is that this
bandage can be changed every 7 days. We no longer needed sedation.
The wound continued to heal by both contraction and neoepithelium. The bandage was
changed every 7 days for 2 weeks. After this, the wound had very healthy granulation tissue
and was 3 cm across. At this point, the client had marked financial constraints and indicated she
could no longer come in for bandage changes. We changed the dressing and applied a hydro
gel v. It is a biodegradable polymer that is mixed right before using and applied to wounds. As
the name implies, it can also be applied over incisions. It takes about 90 seconds to dry and will
last 2 weeks. We taught the owner how to do this and she repeated this if needed. Just a homemade “legging” was placed over the wound after application. The tie over loops were removed.
The manufacturer states that the gel, once dry is lick and chew resistant. We still encouraged
10
11

•

12

Kim et al, Open Microbiol J, 2014; 8: 15–21
Kim, Izadjoo, J of Wound Care, vol 24, No. Sup 2 Feb 2015

Banerjee et al. Published: March 3, 2014, PLOS ONE https://doi.org/10.1371/journal.pone.0089239
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the use of the E collar so he would not self-traumatize the wound. With this change in dressing,
the wound completed healing in 2 weeks. Total wound healing time was 5.5 weeks.
There is not much in the literature about SutureSeal. There is a small study of 30 days where it
was placed on the incision of half, the other half had adhesive bandage for 1 day. No difference
in wound healing or infections13. We use it mostly on wounds with very mature granulation
tissue that are not effusive. Most of them are then not covered. I have been very pleased with
the results and it is very cost effective.

In summary, with the addition of products like Manuka Honey and Jumpstart, veterinarians are
able to limit the use systemic antibiotics to the first 7 to 10 days. After this, just topical antimicrobial and anti-biofilm dressings should be used. When wounds are deep or pocketing is
present, then continued use of antibiotics guided with proper culture and sensitivity should
continue. If healing has stalled, the presence of biofilms should be suspected, and debridement
should be done.

Suitical.com, the Netherlands
DogLeggs LLC York PA
iii
Sheddefender.com
iv
Jumpstart from Arthrex, Naples FL
v
SutureSeal, Medicus Biosciences Carlsbad, CA
i

ii

13

Harrison et al. New Zealand Vet J, volume 65, 2017, issue 1
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Introduction
The goal of this presentation is to review the fundamental concepts of veterinary oncology and their
application in daily clinical practice. Many of these principles can be applied in the general practice
setting - depending on your experience and comfort - while others will ultimately require consultation
with, or referral to, a board-certified oncologist.
Along with becoming familiar with medical concepts involved in oncology, one most also expand one’s
spectrum of communication style in order to guide pet owners through the multiple stages of their pets’
diseases – in regard to both recognizing changes in patient status, and providing emotional counseling
to ensure they feel adequately supported through the decision making process.

Definitions: These are some of the most commonly-used vocabulary terms in daily oncologic practice
Neoplasia: Literally means “new growth.” Refers to aberrant proliferation of tissue, either in the form
of a solid tumor, or expanded blood cells (hematopoietic).
Tumor: A mass of abnormal tissue, typically neoplastic, but does not have to be (ex. hamartoma,
abscess, granuloma, cyst). A neoplastic tumor can be benign or malignant.
Benign: Refers to a mass (neoplastic or not) which does not invade into adjacent tissues (respects
boundaries/planes) and does not metastasize to other organs. However, benign tumors can still result
lead to patient morbidity based on location (e.g., meningiomas are benign, but can cause lifethreatening clinical signs).
Malignant: Refers to a neoplastic mass that can invade into adjacent tissues and has the potential to
metastasize.
Cancer: Specifically refers to a malignant neoplasm.
Grade: Refers to a microscopic description of cancer cells. Grade is often used to predict clinical
behavior of a malignant tumor. For some cancers, grade is statistically correlated with prognosis, while
for others it is not. Grade is usually determined via histopathology, and occasionally via cytology.
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Stage: Refers to the physical extent of measureable disease within any organ system (primary site,
lymph nodes, lungs, etc.)
Metastasis: Complex process by which cancer cells actively separate from their primary tumor mass,
migrate through the extracellular/interstitial space, intravasate into either the lymphatic or hematologic
circulation, extravasate at a distant location, migrate again into the interstitium, and successfully
proliferate into a secondary tumor. Overall, a very inefficient process, requiring adaptation to atypical
stressors including the interstitial environment, evasion of the immune system, and necessity to create a
de novo vascular supply (angiogenesis).
Carcinoma: Malignant tumor of epithelial tissue. Ex. squamous cell carcinoma, hepatocellular
carcinoma, transitional cell carcinoma. Carcinomas usually metastasize via the lymphatic vasculature.
Sarcoma: Malignant tumor of mesenchymal tissue (aka “connective” tissue). Ex. hemangiosarcoma,
osteosarcoma, malignant peripheral nerve sheath tumor. Sarcomas usually metastasize via the
peripheral circulation (hematogenously).
Hematopoietic: Specific category of sarcomas, involving red or white blood cells. Ex. lymphosarcoma,
histiocytic sarcoma, multiple myeloma, leukemia.

The following is a brief description of the most common malignant cancers seen in veterinary medicine.
Lymphoma – Malignant proliferation of lymphocytes. Two primary forms of lymphoma are seen
clinically, although many subclassifications have been described:
High grade: Also called ‘large cell’ lymphoma. Characterized by rapid progression, often affecting
multiple organ systems. Invariably fatal, such that left untreated, most patients will succumb within 1-2
months of diagnosis.
Dogs: Organs most commonly involved include lymph nodes (peripheral + intra-cavitary), spleen, liver,
bone marrow and peripheral blood.
Commonly affected breeds include Golden Retrievers, Rottweilers, Boxers, German Shepherds.
Cats: Organs most commonly involved include gastrointestinal tract, intra-cavitary lymph nodes, liver,
spleen, kidneys.
Commonly affected breeds include Siamese.
Low grade: Also called ‘small cell’ lymphoma. Characterized by slow/indolent growth, with many
patients experiencing no/slowly-progressive clinical signs for months-years.
Dogs: Usually involves lymph nodes and/or spleen.
Cats: Usually involves small intestines + mesenteric lymph nodes.
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*May develop as progression of chronic inflammatory bowel disease
Clinical signs are influenced by organs affected: Lethargy, hyporexia, weight loss, vomiting, diarrhea

Mast Cell Tumors (MCT) – Very common cutaneous neoplasia (can rarely originate in visceral organs)
MCT are highly variable in appearance and biologic behavior. Masses may be cutaneous or
subcutaneous, discrete or poorly-demarcated, soft or firm. Common sites of metastasis include regional
lymph nodes, spleen, liver and bone marrow.
Mast cells produce numerous vasoactive mediators, which do not influence tumor growth, but can
contribute to tumor-associated morbidity (aka, paraneoplastic syndromes)
Histamine: Erythema, swelling, pruritus, cardiac arrhythmias, hypotension, gastrointestinal
ulceration
Heparin: Bruising, bleeding/coagulopathy
In dogs, the relative degree of malignant behavior is best predicated by determining the histologic
grade. Multiple grading systems have been proposed. The original system (Patnaik et, al) was based on
multiple microscopic features of neoplastic cells, and stratified MCT into grades I, II and III. More-recent
grading schemes focus primarily on mitotic index and anisocytosis/anisokaryosis as independent
indicators of prognosis.
Cytology cannot accurately predict grade, although clinical pathology reports will occasionally suggest
the expected grade based on cytologic evaluation.
Grade is not predictive of biologic behavior/prognosis in feline MCT.
Dogs: Commonly affected breeds include Boxers, Pugs, Boston Terriers, Labrador Retrievers, Golden
Retrievers
Cats: Commonly affected breeds include Siamese

Fibrosarcoma (FSA) In cats, FSA usually develops at sites of previous injections. Vaccinations (Rabies, FeLV) have been mostheavily implicated, although other injections have been associated as well: depository corticosteroids,
antibiotics, lufenuron, meloxicam.
The reported incidence of FSA is estimated to be ~ 1 in 10,000 injections administered. The interval
between injection administration and tumor development has been reported from as early as 3 months
to up to 10 years.
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Commonly affected anatomic locations involve typical sites of injection administration: interscapular
skin, lateral aspect of limbs, lateral abdominal wall.
FSA is highly invasive in its primary location due to microscopic extension of tumor tendrils. The overall
metastatic rate is ~ 20-25%, with the lungs affected most commonly. Histologic grade does not
correlate with risk for metastasis.
The vaccine associated sarcoma task force (VASTF) was created in order to study the characteristics of
FSA. They created a recommended, standardized vaccination protocol in order to identify which
vaccines are most commonly associated with the disease:
FeLV: Left pelvic limb; Rabies: Right pelvic limb; FVRCP: Right thoracic limb.
All vaccines should be administered as distally along the limb as possible. This is in effort to facilitate
surgical removal (i.e., amputation) if needed to treat FSA.
As cats will commonly develop transient vaccine reactions (granulomas) at the site of injection, the
VASTF also created guidelines regarding when to suspect a sarcoma/when to perform a biopsy. This is
known as the “1, 2, 3 rule”
-

If a mass is growing for > 1 month

-

If a mass is > 2cm in diameter

-

If a mass is present for > 3months

Biopsies should be performed with respect to surgical principles outlined below, in order to minimize
the risk of adjacent tissue contamination, and to maximize the chances of successful treatment.

Vaccine-associated sarcomas are rare in dogs. However, spontaneous soft tissue sarcomas are very
common. These most commonly arise on the trunk of the body (thorax/abdomen) and on the limbs.
They are similarly highly-invasive in their primary site of growth. As in cats, the most common site for
distant metastasis is the lungs. The risk of metastasis depends on histologic grade, as determined by
biopsy:
Grade 1: ~ 10%, Grade 2: 10-20%, Grade 3: 40%
Principles of biopsy are similar to those for cats.

Diagnostic Testing
Taking a detailed history is essential when evaluating oncology patients. Data of specific importance
include when tumors were initially noticed/how quickly they have grown, the duration and progression
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of any clinical signs, and any other concurrent disease processes which may contribute to clinical signs
and/or confound investigation of cancer.
A complete physical exam is also very important – both when evaluating a patient with known cancer,
and as part of regular preventive care. Particular attention should be paid to the following sites:
-

Oral cavity – Evaluate the mucosa, gingiva, palate, lip margins and dorsal/ventral aspect of
the tongue for masses.

-

Peripheral lymph nodes - Palpate for enlargement and/or firmness.

-

Mammary glands – All glands should be palpated for firm nodules, particularly in intact
female dogs/cats.

-

Digits – Evaluate the subungual tissues and interdigital space.

-

Ventral cervical region – Palpate for tumors of the thyroid gland, both in cats and dogs.

-

Rectal exam – This is very commonly overlooked in the routine physical exam, but can
provide valuable information. The anal glands, urethra, and prostate gland (in male dogs)
should be evaluated for masses, thickening, firmness, or pain. The integrity of the rectal
mucosa should be assessed, and the dorsal rectal wall should be inspected for enlarged
sublumbar lymph nodes.

All cutaneous/subcutaneous masses along the thorax, abdomen, head, neck and limbs should be
measured, and their location, size, and other physical features should be recorded in the medical record
for future comparison. A body map is helpful for summarizing this information. Ideally, all masses
should also be aspirated to collect samples for cytologic evaluation. Benign lesions (lipomas, sebaceous
adenomas, etc) can often be monitored without further intervention.

Imaging is an important part of staging and monitoring patients with cancer. The location of a tumor
will influence which imaging modality is most appropriate.
-

Radiographs – Lungs, most bones.

-

Ultrasound – Most abdominal masses; can also be used for thyroid/parathyroid tumors,
cardiac/mediastinal lesions, and peripheral lung tumors.

-

CT – Bones of the skull, nasal cavity, sinuses. CT can also provide superior visualization of
the lungs if results of radiographs are equivocal.

-

MRI – Brain, spinal cord, deep subcutaneous masses
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Sample collection
Collecting tissue samples for cytologic/histologic evaluation is the foundation for distinguishing benign
vs. malignant tumors. Furthermore, biopsies provide information regarding the grade of the tumor,
which can impact prognosis.
Fine needle aspiration (FNA) – This is a simple, minimally-invasive procedure which can be used to
collect samples from most body regions. (Sub)cutaneous masses can often be aspirated via direct
palpation. Deeper/intra-cavitary masses may require imaging (ultrasound, CT) to guide needle
placement. Most lesions can be aspirated with simple manual restraint. However, anxious animals may
require sedation, especially for intra-abdominal/intra-thoracic tumors.
Techniques for FNA include:
1.

Using a needle (held with the hand) which is inserted and withdrawn rapidly multiple times
(“stabbing”), while redirecting within the mass.

2. Attaching a syringe to the needle to enable active aspiration/creation of negative pressure. This
procedure often results in greater blood contamination, and so is typically reserved for when
technique #1 fails to retrieve a diagnostic sample.
Round cell tumors (lymphoma, mast cell) and epithelial tumors usually exfoliate readily with FNA.
However, sarcomas tend release fewer cells, so samples are often sparse.
When collecting fine needle aspirates, evaluate samples with your in-house microscope to ensure
adequate cellularity before submitting to a clinical pathologist. Frequent practice will also improve your
diagnostic confidence. Finally, consider keeping a few slides after submission in order to compare to
the pathologist’s interpretation.

Biopsy – This involves collection of larger specimens, thereby providing more tissue for evaluation by a
pathologist. This reduces the likelihood of receiving inconclusive results. Biopsies can be incisional
(procuring small samples solely for diagnostic screening) or excisional (both diagnostic and therapeutic).
When performing incisional biopsies, it is important to minimize penetration/contamination of adjacent
normal tissues so as to avoid dissemination of cancer cells. If surgical removal is anticipated for
subsequent treatment of a tumor, position the incisional biopsy tract such that it can also be excised at
the time of surgery. Various biopsy techniques are available, depending on size and location of a tumor:
-

Needle biopsy – Similar to fine needle aspirates. For (sub)cutaneous masses, this can
sometimes be performed with sedation + local anesthesia, whereas other patients may
require anesthesia.

-

Punch/incisional biopsy – Usually reserved for superficial (sub)cutaneous masses. For
(sub)cutaneous masses, this can sometimes be performed with sedation + local anesthesia,
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whereas other patients may require anesthesia. Can also be performed during surgery (i.e.,
laparotomy) when sites can be directly sutured/handled to achieve hemostasis.
When submitting cytology and biopsy samples, it is very important to provide the pathologist with a
complete history in order to aid in interpretation. Some veterinarians deliberately omit this information
out of concern for biasing the interpretation. However, pathologists disapprove of this practice, and
instead prefer to have clinically important background information to aid in their assessment. Describe
the location, duration of growth, and physical features of the mass. Also include any relevant clinical
signs or changes in patient status.
Most pathology lab requisition forms offer the option of whether or not to include a microscopic
description on biopsy reports. This is often declined to reduce costs. However, details of the
microscopic description are important in the clinical interpretation, as they often influence treatment
recommendations and expectations regarding prognosis. Indeed, when primary veterinarians seek
consultation with oncologists regarding a biopsy result, this information is essential for providing
accurate feedback.

Therapy
Treatment of cancer may consist of localized modalities – including surgery and radiation therapy – or
systemic treatment such as chemotherapy and immunotherapy. Depending on the type of cancer that is
diagnosed, as well as its stage, a combination of treatment strategies may be employed.

Surgery – Due to the tendency of most malignant tumors to invade microscopically into the periphery,
surgical excision requires removal of not only the grossly visible mass, but also of an additional margin of
healthy-appearing adjacent tissues. Depending on the tumor type, recommended margins will vary (etc.
2-3cm for MCT, 3-5cm for soft tissue sarcomas). Location of the tumor can also influence the type/size
of margin. Ex, limb amputation is typically performed for appendicular bone tumors; body wall
reconstruction for deeply invasive (sub)cutaneous masses.
For some masses, the surgical margins may be planned based simply on external appearance/physical
examination findings. However, for other tumors, advanced imaging is recommended to better-assess
the full extent of growth (ex. soft tissue sarcomas), which is often larger than what is externally
visible/palpable.
Surgery may also be used as a debulking procedure, such that cure is not the intent. Instead, a relatively
conservative procedure is performed, which is then followed by another modality - such as radiation
therapy. This combination is commonly used for tumors that are too large/growing in precarious
locations which preclude creation of wide surgical margins (ex. MCT on limb). In these instances, it is
essential to adequately educate pet owners about the realistic expectations of surgery (i.e., not curative)
and the need for multiple treatment modalities in order to achieve maximum control of cancer.
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Regardless of the goals of surgery, additional principles need to be followed in order to minimize
contamination of healthy tissues:
-

Surgical instruments and gloves should be exchanged once the tumor has been removed,
immediately prior to closure. This will reduce inadvertent seeding of tumor cells in the
closure layers.

-

Similarly, if multiple masses are removed during the same procedure, instruments + gloves
should be changed between each site.

-

Indwelling drains should be avoided whenever possible. The tunneling of instruments/drain
tubing through the tumor bed may also contaminate the adjacent subcutaneous tissues.

Radiation Therapy (RT) – This modality incorporates ionizing photon + electron beams which induce
cellular death by causing oxidative damage to DNA. If the damage is severe/irreparable, the affected
cells will undergo apoptosis during the next attempted mitotic division.
-

The dose of RT is expressed in units called Gray (Gy). 1Gy = 1 joule/kg. RT is administered in
individual sessions called ‘fractions.’

-

Radiation is applied in two primary clinical contexts:

1. Definitive: Curative intent – Traditionally, this consists of multiple (16-20) fractions of radiation,
typically administered on a once-daily schedule. Most definitive RT protocols involve 2.5-3Gy per
fraction, for a cumulative dose of 48-60Gy.
Definitive RT is most commonly applied following incomplete surgical excision of a tumor, such that the
target area consists of only microscopic residual disease. An incomplete surgical margin may be
inadvertent, or may be intentionally planned for multimodal therapy (as described previously in the
Surgery section).
-

Ex. MCT, soft tissue sarcomas, melanoma

Stereotactic radiation therapy (SRT) is a relatively-newer application of definitive treatment. This allows
for highly-accurate delivery of radiation, such that high-dose treatment can be completed in only 1-3
fractions (10-20+Gy per fraction). This requires advanced technology, including specific radiation
delivery systems and associated computer software. SRT can be administered either following
incomplete surgical removal of a tumor, or as the sole therapy (i.e., without prior surgery). SAGECampbell began offering SRT in September 2017 through a partnership with PetCure.

2. Palliative: Primary goal is alleviation of significant clinical signs/morbidity associated with tumors,
when cure is not a feasible expectation. Palliative RT is therefore generally applied to
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gross/macroscopic areas of cancer growth, and consists of a shorter treatment schedule (2-5
fractions, 5-8Gy per fraction). If long-term improvement is achieved, palliative RT can be repeated.
-

Ex. Osteosarcoma, transitional cell carcinoma, nasal tumors, inoperable oral tumors

If a patient is a potential candidate for radiation therapy, please consult with an oncologist, before
instituting any treatment, to review options in order to optimize management strategies.

Chemotherapy – Optimal use of chemotherapy demands a thorough understanding of the biologic
mechanisms of action of individual medications, their potential toxicities, and monitoring strategies.
Furthermore, due to the highly toxic nature of anti-neoplastic drugs, particular care must be taken to
minimize exposure to veterinary staff.

Safety
Most chemotherapy agents are administered as intravenous injections. However, some are also
available as oral formulations. It is a common misconception by pet owners that oral chemotherapy is
less-toxic/less-effective compared to injectable medications. This is incorrect, and it is therefore
important to educate clients thoroughly regarding the safe handling of medications that are
administered at home.
Most injectable chemotherapeutics are vesicants, such that they may cause varying degrees (mild to
severe) of damage to the perivascular tissues if they extravasate. Along with having only highly-skilled
venipuncturists administer chemotherapy, other strategies that will reduce the risk for extravasation
involve minimizing patient stimulation/movement during treatment. These include using a dedicated,
quiet suite for chemotherapy patients - with strict guidelines preventing other staff members from
entering, having at least 2 technicians involved in treatment (one or more for restraint, and one for
administration), and employing chemical restraint for resistant/aggressive patients.
In addition to these steps, it is imperative that staff members be properly trained regarding
response/treatment protocols for when chemotherapy extravasations occur. This may involve
strategies for diluting drug accumulations within the perivascular tissues, secondary agents (“antidotes”)
that can reduce tissue damage, and guidelines for monitoring the degree of tissue damage. Implied in
this is the recommendation that all “antidote” agents be stocked and available for immediate use at all
times. As extravasations are fortunately rare when these strategies are employed, there is the risk for
expiration of secondary medications. However, this potential loss of inventory is necessary in order to
ensure that extravasations can be treated as rapidly as possible when they do occur.
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Multiple strategies are also available to minimize exposure of veterinary staff to chemotherapy. These
include personal protective equipment (gloves, gowns, masks, boot covers, face shields/goggles),
negative exhaust fume hoods (for drug reconstitution + preparation), and closed system administration
systems (such as Pha-seal or Equashield). Absorbent mats should be used with every treatment, and
spill kits should be available at all times to address accidental mishandling of medications.

USP800 – US Pharmacopeia: Newly-published, federal guidelines for handling of hazardous drugs in
healthcare settings.
-

Redefines multiple medications as potentially hazardous

-

Provides recommendations for receiving, handling, storage, preparation, and administration
of agents, as well as requirements for physical space/protective measures

-

Veterinary institutions are specifically mentioned in the monitoring for compliance with
these guidelines

-

Scheduled to take effect December 2019

http://www.usp.org/compounding/general-chapter-hazardous-drugs-handling-healthcare

Pet owners should also be educated regarding minimizing exposure to chemotherapy residues in patient
wastes. Most drugs will be eliminated to varying degrees in both the urine + feces. Unfortunately, there
is little published information regarding the duration of excretion for most agents. Veterinary pharmacy
formularies report that most drugs are cleared within 2-3 days. However, some agents have been
detected in the urine up to 3 weeks following administration. If clients have specific concerns regarding
their personal medical conditions while their pets are receiving chemotherapy, they should consult their
physicians.

Monitoring
Side effects of most chemotherapeutic agents occur as a result of damage to rapidly dividing cells within
normal tissues, such as intestinal epithelial crypt cells and hematologic precursors in the bone marrow.
This may result in signs of gastrointestinal distress (nausea, anorexia, vomiting, diarrhea) and
myelosuppression, respectively. Monitoring of patients involves a combination of regular examinations
+ laboratory testing. Complete blood counts (CBC) are performed to screen for neutropenia and, lesscommonly, anemia + thrombocytopenia. Serum chemistry panels can monitor hepatic + renal
parameters as needed for individual medications that may affect these organs.
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Accurate medical records should be kept summarizing each patient’s chemotherapy protocol (including
dosing information, routes of administration, and any treatment complications), results of bloodwork,
and remission status (to document response to therapy). A flow chart is helpful for consolidating this
data into a quick-reference guide.

Communication
One of the most complicated aspects of veterinary oncology is creating a culture of open + honest
communication with pet owners in order to ensure that they are adequately educated about the nature
of their pets’ diseases, and to foster confidence in the treatment/management plan. A diagnosis of
cancer often elicits emotions that are stronger and more-disturbing than with other disease processes.
As such, pet owners will commonly feel scared, helpless, and will frequently call upon external, cultural
influences (television and other media) and personal family experiences with cancer, to guide decision
making for their pets. Without proper education dispelling common myths, clients may make poorly –
guided choices that deprive patients of treatments that may otherwise improve their quality of life (and
longevity).
After reviewing background information about a patient’s disease, defining goals of therapy (palliative
vs. definitive/curative) is essential for providing realistic long-term expectations. For many diseases, the
veterinary literature offers data for accurately guiding these conversations with clients. However, there
also multiple cancers for which there is a paucity of published information, such that prognosticating is
instead based on anecdotal experience.
In contrast, it is equally important to be direct and honest when an individual patient’s cancer is very
advanced. Again - in the context of fear, uncertainty, and other strong emotions, pet owners may have
unrealistic expectations when pursuing treatment. Another critical role of the veterinary oncologist
therefore involves providing ‘hard truth’ information to clients so that futile decisions are not made that
may subject patients to potential treatment-related toxicities when the expected benefit of therapy is
minimal. This is may be difficult for clients to accept - and often necessitates multiple conversations to
ensure that the information is understood – which can also be emotionally taxing for the veterinary care
team. Nevertheless, it is critical that pet owners be thoroughly educated so as to not expend emotional
and financial resources when there is little hope that an appreciable clinical improvement will be
achieved.
Regardless of an individual patient’s anticipated prognosis, such communication consists of providing
frequent updates on positive and negative changes in clinical status, repeating previous conversations
regarding disease pathogenesis and rationale for prescribed therapies, and ensuring that systems are
established for medical guidance when the primary clinician for an individual patient is off-duty (i.e.,
thorough medical records, communication with other doctors).
As training in communication is currently limited in most veterinary curricula, honing these skills can
involve both repeated experience, as well as external education opportunities that focus on
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communication in medical contexts. Furthermore, in consideration of the intense emotions involved in
managing patients with cancer, access to/consultation with a social worker who focuses on grief
counseling can be an invaluable resource to provide professional psychological support for clients who
are particularly distressed.

Consultation
Board-certified veterinary oncologists offer a variety of resources for general practitioners who routinely
provide anti-cancer therapies. We are always happy to consult on cases via telephone/email in order to
provide background information and clinical guidance, such that optimal medical options may be
offered to clients. This will often consist of treatments that may be administered by the primary
veterinarian. However, in other cases, recommendations for the best-quality care may involve referral
to a specialty center, where advanced diagnostics/therapies (CT, MRI, radiation, complex surgeries) are
available. In either instance, it is important to remember that without an established veterinary-clientpatient relationship, an oncologist who is contacted for peripheral consultation is legally constrained
from making detailed treatment recommendations.
Guidelines for referral to an oncologist include (but are not limited to):
-

Inexperience with an individual disease or atypical presentation of an otherwise common
malignancy

-

Limitations of equipment/resources necessary for specific diagnostic/treatment
recommendations

-

Recommendation following consultation between primary veterinarian and oncologist

-

Specific request by a pet owner
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MAST CELL TUMORS
Beki Regan DVM, DACVIM (Onc)
Sharon Ullman MS, DVM, DACVS

An approachable team of specialists providing
advanced, collaborative, and compassionate care.
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Outline
• Diagnosis
• Staging
• Surgical excision
• Surgical complications
• Understanding the histopathology report
• Post-operative management

MCT – can look like anything

Who gets them?
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FNA
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Mast cell granules
• Histamine
• IL-5 (eosinophil chemoattractant)
• Heparin
• Serotonin

Pretreat before FNA?
• Only if highly suspicious
• Need to wait for Benadryl to take effect
• Reactions rare but possible
– Swelling, redness, anaphylactoid reaction

Staging - FNA node
• Even if normal in size
• If one can be found
• Especially on oral or muzzle tumors
– Other aggressive locations: prepuce/scrotum,
vulva, digit, +/- pinna
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Muzzle mast cell tumors
• 60% regional LN mets at diagnosis
– Dogs with LN mets had shorter survival

Prepucial/scrotal MCT
• Inguinal location may be more aggressive –
no difference between these and other
cutaneous sites in one study, yes difference
in another
– However, prepuce/scrotum location had a
shorter DFI: 4 months vs. 33 months

Aural MCT
• Possibly more aggressive location
• Recent study
– Grade III, dirty margins, large size, high MI did
worse
– Similar behavior to other locations

156

2/11/2019

Should we stage further before
surgery?
• Can be low yield, but….
– Yes - if surgery is going to be large/invasive
– Yes - Node metastasis
– Yes - aggressive location
– Yes – recurrent tumor

• AUS
– Lungs not a common metastatic site

Aspiration of internal organs
• Some resident mast cells are normal
– Abnormal: clustering, large #s, atypical
morphology

(Stefanello 2009)

(Stefanello 2009)
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While waiting on results….
• All dogs with gross disease MCT should
ideally have H1 and H2 blockers
– Diphenhydramine (2 mg/kg BID) and
famotidine (1 mg/kg SID)

Neoadjuvant therapy
• Prednisone – 60% response rate
• Can add vinblastine or Palladia
• Problems with neoadjuvant therapy?

Surgical excision of MCT
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a little about me….

“The great imitators”
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“The great imitators”
Can be found anywhere – always aspirate
• Widely varying
appearance
• Solitary or multiple
• Often hairless
• Seem to arise
overnights
• Or have been present
for a very long time

Treatment
• Based on location, size, histologic grade
and stage of disease

Surgery alone
•
•
•
•

Grade 1 or 2
2 cm margins attainable
Mark margins for histologic evaluation
Wide clip – always be prepared for flap if
needed
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Closure without tension

Closed

Closed
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Intramuscular MCT – Grade I

Multiple tumors
• If not amenable to
surgery

Feline Mast Cell Tumors
• Second most common malignant
cutaneous tumor
• Solitary, multiple
• Tend to be well differentiated with benign
clinical course
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Complications
• Infection
• Dehiscence
• Tumor at margins

Systemic & local symptoms
secondary to granules
• Gastrointestinal ulceration
– Histamine effects on parietal cells

• Hypotensive event
– Vasoactive amines

• Coagulation abnormalities
– Heparine release

• Delayed wound healing
– Proteolytic enzymes
– Vasoactive amines

Tumor seen at margins

• Second surgery (if feasible)
– Include entire scar plus another 2 cm

• Radiation therapy
•

Kry, et al. Vet Surg. 2012 Additional Local Therapy With Primary
Re‐Excision or Radiation Therapy Improves Survival and Local
Control After Incomplete or Close Surgical
Excision of Mast Cell Tumors in Dogs
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Tumor seen at margins
• Milovancev M, Townsend KL, Bracha S,
Gorman E, Curran K, Russell DS.
Reductions in margin length after excision
of grade II mast cell tumors and grade I
and II soft tissue sarcomas in dogs.
Veterinary Surgery. 2018;47:36-43

Patnaik vs. Two-tiered grading
• Patnaik: grade 1-3 (best to worst)
• Kiupel: high vs low

(Kiupel 2011)

So, who needs post-op chemo?
• Dirty margins? – no
• All grade III
• Some grade II
– Aggressive location
– Worrisome histopath
• Grade II/”high”
• MI >5/10 HPF
• LN mets
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Chemotherapy for mast cell
tumors
• Vinblastine/prednisone
– Once weekly for 4 weeks, then every other
week for 4 treatments in microscopic disease
setting
– BAG side effects

Palladia

Palladia
• Some MCTs have KIT activating mutations
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Palladia
• MWF orally – LOWER THAN LABEL
DOSE!
• Potential side effects: GI, muscle pain,
proteinuria, hematologic, liver enzyme
elevation
• “Drug holidays” common

Other chemo options
• Lomustine
• Cytoxan
• Chlorambucil
•

…..Paccal-vet, Hydroxyurea, Kinavet

LN metastases
• LN mets of grade II tumors not necessarily
a negative in terms of life span
– MST following surgery and chemo - ~3.5 years
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Non-resectable MCT
• Palliative RT
• Palliative care
– Prednisone 0.5-1 mg/kg day (lowest effective
dose)
– Diphenhydramine
– famotidine or omeprazole

Dirty margins
• Difference between surgical and histologic
margins
• What does “clean” mean?
• Recurrence rates
– Grade II – 20-40%
– Grade III – majority recur

Dirty margins – Radiation
therapy
• Radiation can provide long term tumor
control in most cases
• 3-4 weeks of treatment vs. 1 SRS fraction
• Acute vs. late side effects
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Multiple mast cell tumors
• Common in bully breeds
• Does not necessarily mean a worse
prognosis
– Unless a manifestation of systemic disease

New on the horizon
• Effects of spay/neuter
– Increased risk of MCT in female GR and labs
spayed between 2-8 compared to intact
– Similar in Vizslas (data not as strong)

Questions?

Thank You
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THE SKINNY OLD CAT
Elizabeth J. Colleran DVM, MS Diplomate ABVP feline

In both people and companion animals, cachexia and sarcopenia are two important syndromes
that occur in a variety of chronic diseases and aging, respectively. Although cachexia has been
recognized in people for over 2,000 years, only recently has it become acknowledged as a
common and detrimental finding that is associated with increased morbidity and mortality, and
with this observation has come rapidly expanding interest and research. Both of these syndromes
are becoming increasingly important in human and veterinary medicine because of their high
prevalence and adverse clinical effects, and a better understanding of the mechanisms
underlying these syndromes is critical for optimal patient care, whether human or veterinary. i
Cachexia is defined as loss of weight and muscle mass secondary to chronic inflammation or
disease. Sarcopenia, “poverty of flesh”, is an age-related loss of lean body mass. Sarcopenia is
not caused by disease, is a gradual process and progresses with age. Loss of muscle can occur
without fat loss or a decrease in Body Condition Score (BCS). Individual cats, particularly those
with long coats or a history of obesity may appear to have a high BCS and yet be under muscled.
One of the keys to the management of cachexia and sarcopenia in cats is recognizing it in its
earliest stages. To achieve this, BCS and Muscle Condition Score (MCS) must be consistently
assessed. The goal for BCS in a healthy cat is 4–5 on a 9-point BCS scale. However, in certain
diseases (i.e. CHF, CKD), a slightly higher BCS may be desirable (i.e. a BCS of 6–7/9), although
further research is required to make specific recommendations. Even in animals with these
diseases, obesity (BCS > 7/9) should be avoided. ii
The MCS differs from the BCS in that it specifically evaluates muscle mass. Evaluation of muscle
mass includes visual examination and palpation of the head, scapulae, epaxial muscles over the
thoracic and lumbar vertebrae, and pelvic bones.
In people, the loss of LBM has direct and deleterious effects on strength, immune function, wound
healing, and survival. In fact, cachexia is an independent predictor of survival in people. The
specific deleterious effects of muscle loss have not been as well studied in cats although there
are studies associating thin body condition with decreased survival. iii
The weight loss that occurs in cachexia is unlike that seen in a healthy animal that loses weight.
In a healthy animal that is receiving insufficient calories to meet requirements, metabolic
adaptations allow fat to be used as the primary fuel source, thus preserving LBM. Conversely,
acute and chronic diseases alter concentrations of a variety of mediators (e.g., inflammatory
cytokines, catecholamines, cortisol, insulin, glucagon), which then decrease the ability to make
metabolic adaptations required to switch to fat utilization, and amino acids continue to be used as
a primary source of energy. Therefore, muscle and LBM quickly are catabolized.
Numerous other factors can contribute to muscle and weight loss. Maintenance energy
requirements vary with age, genetics, health status and gender (intact or altered). In presence of
some disease states, maintenance energy requirements increase significantly. Decreased
nutrient absorption is another possible mechanism for muscle loss in cachexia and sarcopenia.
Studies in cats have shown decreased digestive ability. One investigator showed a reduced
ability to digest protein in 20% of geriatric cats with about 33% having a significant reduction in
ability to digest dietary fat. Micronutrient absorption, potassium, phosphorus, sodium, choline, B
vitamins and Vitamin E, is also decreased. iv
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Cats derive most of their energy requirements from protein and are metabolically less able to
handle decreased amounts of protein and increased amounts of carbohydrates to maintain their
energy requirements. Omnivores adapt to lower dietary protein by down regulation of their protein
metabolism (protein sparing) but cats have been proven to be unable to make this physiologic
adaptation. This preferential use of protein for energy can have clinical effects when cats are ill or
anorectic as protein malnourishment can occur.
An important problem in cardiac and other forms of cachexia is a decreased calorie intake. The
anorexia may be secondary to fatigue, dyspnea, or may be because of medication toxicity or
alterations in appetite that often accompany CHF, cancer, and CKD in cats. Absolute food intake
may decrease in animals with these diseases, but there also may be altered food preferences,
cyclical appetite, and other issues that negatively affect overall food intake. Anorexia, for
example, is present in 34–84% of dogs and cats with heart disease. v
Increased energy requirements, alterations in nutrient absorption, and decreased energy intake
all likely play important roles in the pathogenesis of cachexia by causing a net calorie deficit.
However, a healthy animal that has a calorie deficit, either as a consequence of decreased food
intake or increased energy requirements, would primarily lose fat. Therefore, these factors are not
sufficient to explain the muscle and LBM loss and relative sparing of fat that are the hallmarks of
cachexia and sarcopenia. This discrepancy suggests that metabolic alterations also are present.
Because of the important implications of cachexia and sarcopenia on morbidity and mortality in
people, there is now extensive research into the prevention, diagnosis, and treatment of these
syndromes. There are exciting opportunities for new and effective targets to decrease energy
requirements, enhance energy intake, improve nutrient absorption, and modify metabolic
alterations to prevent and even reverse the effects of both cachexia and sarcopenia.
A 2008 study on longevity in aging cats studied in a controlled environment for 5 years showed
that all cats lost weight over time. However, cats supplemented with dietary antioxidants, prebiotic
chicory root and a blend of Omega 3 and 6 fatty acids had a beneficial effect over a commercially
fed diet alone or one supplemented only with antioxidants (Vitamin E and beta carotene). Cats in
the fully supplemented group lost less weight, lived longer, had better LBM scores, improved
fecal flora and fewer diseases. vi
In many cases, practical methods to help owners manage their animal’s appetite are critical to
success. This is particularly important because anorexia is one of the most common contributing
causes to an owner’s decision to euthanize his or her pet.
Any issues that potentially can affect food intake should be addressed, whether physical or
environmental. Dental disease, for example, can substantially impair food intake in an otherwise
healthy or sick animal. Pain (i.e. back or joint) can decrease an animal’s mobility and make it
more difficult to secure adequate food intake. Environmental issues also can negatively impact
food intake. Multi-pet households may impede the ability of an individual animal to gain access to
food (i.e., a more frail or timid animal may be crowded out from the food bowl). Stress often can
increase for animals after diagnosis of any illness because of lifestyle changes (i.e. medication
administration, new foods), as well as increased stress on the part of the owner, which may be
detected by the animal.
Once environmental issues are ruled out as a cause of weight loss, a nutritional screening is
crucial. Older cats may need 5-6 g of protein/kg to prevent protein catabolism. Reduced digestive
ability indicate that a high energy, highly digestible diet may be needed. Some kitten formulas
may be more appropriate. Folate and cobalamin supplementation may be useful. Commercial cat
foods vary quite widely in caloric density. Specific formulas should be investigated for adequacy.
Cachexia should be anticipated in animals with chronic diseases such as CHF, CKD, cancer, and
others. Consistently evaluating MCS in all patients will help identify muscle loss at an early, mild
stage in aging or ill animals, rather than waiting until muscle loss is moderate or severe, when it
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may be more difficult to successfully manage. Similarly, as animals age, muscle loss is likely to
occur, even in healthy individuals. Therefore, muscle mass should be thoroughly evaluated in
geriatric cats and dogs.
DISCLOSURE
Dr. Colleran is a paid consultant of Kindred Biosciences, Inc.
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Acute Respiratory Distress
Sage Symposium
24 March, 2019

Jessica Beymer, DVM, DACVECC
Sage Concord

Acute respiratory distress is the perception of working to breathe beyond the normal effort or the
sensation of not getting enough oxygen. It can occur suddenly and drastically
increase the work of breathing, leaving the patient exhausted. Typically associated with a
decrease in oxygen delivery to tissues, it affects ATP energy production. This worsens the
patient's ability to compensate. Exhausted, decompensated patients tend to stop breathing so
timely and aggressive intervention is key to survival.
These patients are often stressed and fragile at arrival. The usual sequence of history, physical
exam, diagnostics and intervention rarely serves their emergent needs.
Instead, consider initial steps of minimal handling, placing them into oxygen rich environments,
and observation. Breathing pattern, rate and sounds, mucous membrane color and temperature
give clues to the cause. Auscultation, thoughtful sedation, trials with fast acting drugs, historytaking and quick diagnostic imaging may be the next steps.
There are many potential causes of acute respiratory distress. The following is a location-based
scheme that can be used with the usual minimum database and specific disease testing.
Upper Airway
This includes the nares, oropharynx, larynx, trachea and soft tissues of the neck.
Sounds are often loud like stertor or stridor; possibly a cough with tracheal disease. Breathing
pattern often shows inspiratory dyspnea.
Causes include foreign bodies, obstructive polyps or masses, laryngeal paralysis/collapse,
brachycephalic conformation with everted saccules, soft tissue edema or air from trauma.
Therapy may include cooling measures as hyperthermia adds to the respiratory drive, especially
in laryngeal disease. Consider clearing nares, nebulization/humidification, sedation, antiinflammatory drug therapy.
Complete upper airway obstruction can be catastrophic so intervention may include Heimlich
maneuver, immediate induction and intubation, foreign body removal or by-pass with
tracheostomy. Less complete obstructions may be addressed with sedation, endoscopy, mass
debulking and anti-inflammatory drugs.
History may include trauma, access to foreign objects, breed predilections, exposure to infectious
agents, or increasing trend in airway noise.
Diagnostics may include head, neck and chest radiography, fluoroscopy and CT scan, along with
direct visualization during sedated oropharyngeal exam.

Lower Airway and Pulmonary Parenchyma
This includes the larger conducting airways and lung tissue, including blood vessels.
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Sounds are often wheezy, harsh, crackly or loud. Cardiac murmurs or arrhythmias are possible,
but can be obscured by louder breathing sounds, making repeat auscultation an important
diagnostic tool.
Breathing pattern is variable, but lower airway inflammation can result in expiratory effort,
including wheeze.
Causes include asthma/reactive airway disease, cardiogenic and non-cardiogenic pulmonary
edema, pulmonary contusions, pulmonary hypertension, pulmonary thromboembolic disease,
pneumonia/pneumonitis, primary or metastatic masses.
Therapy may include diuretics, antibiotics, bronchodilators, nebulization, anti-inflammatory
drugs, anti-coagulants and phosphodiesterase inhibitors.
History may include vomiting, heart murmur or heart disease, cough, previous cancer, Cushings,
heart worm or IMHA diagnosis, protein losing nephropathy or enteropathy, sepsis or DIC.
Diagnostics may include radiography, tFAST, echocardiography, BNP and heartworm testing,
airway sampling, airway cytology, CT scan and fine needle aspirate of mass effect.
Pleural Space and Thoracic Structures
This includes the pleural space, pericardial space, mediastinum, thoracic wall and ribs.
Sounds are often quiet or dull, but can be normal. With pericardial disease, heart sounds may be
diminished.
The pattern may show inspiratory effort, rapid and shallow breathing, or increased abdominal
motion.
The chest wall may be visibly deformed with flail segments, pneumothorax and some masses.
Causes include pleural effusion, pericardial effusion, pneumothorax, rib fractures, mediastinal or
pleural space masses.
Therapy may include thoracocentesis, pain relief, chest wraps, nerve blocks and antiinflammatory drugs.
History may include trauma or bite wounds, exposure to foreign bodies like foxtails, previous
cancer diagnosis or heart disease.
Diagnostics may include thoracocentesis with cytology and culture, tFAST, radiography and CT
scan.

Abdomen
This includes the abdominal space, diaphragm and abdominal body wall.
Sounds are variable, but breathing pattern tends to be shallow and fast.
The abdomen may be visibly or palpably distended, or traumatic signs seen externally.
Causes include trauma leading to diaphragmatic hernia or organ avulsion, bleeding, ascites from
right heart failure, pericardial tamponade or neoplastic effusions, fat accumulation, organ
distension, especially gastric dilatation and volvulus, pregnancy, hepato or splenomegaly.
Therapy may include abdominocentesis, trocarization, treatment of underlying disease, and
surgery.
History may include previous cancer or heart disease diagnosis, vomiting or retching, pregnancy,
IMHA or trauma.
Diagnostics may include aFAST, centesis, diagnostic ultrasound, CT or surgery.
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Look Alikes
This list includes processes which may indirectly impact respiration or ones which produce
external signs mimicking respiratory distress.
Sounds and pattern are highly variable.
Causes include fever, pain, anxiety, metabolic disease producing acidosis, CNS or peripheral
nerve disease.
History may include diabetes or hypoglycemic events, trauma, brain disease, tick or toxin
exposure.
Diagnostics typically include the minimum data base, including ketone testing, venous blood
gases, neurological exam, and response to therapy with pain or anxiety relieving drugs.
Tools and Trickery
Oxygen delivery is one of the most important steps with respiratory distress patients.
Options include oxygen cages or incubators, blow by or mask oxygen, nasal insufflation or nasal
prongs, and intubation with anesthetic gas/oxygen mixture.
Simple observation is easy to overlook in the stress of the moment- remember to evaluate rate
and pattern. Trending rate and effort every hour is an effective and low stress tool to assess
response to therapy in oxygen dependent patients.
Drug therapy may be needed before any further exam can be done. Consider Butorphanol at 0.1
to 0.4 mg/kg in cats and dogs, or Buprenorphine 0.02-0.03 mg/kg in cats, IM or SQ. If
auscultation suggests congestive heart failure, we will often give Furosemide at 2 mg/kg IM or
SQ and repeat hourly pending diagnostics. If a more painful process like trauma is the cause,
pure mu agonists are preferred. Recall that Methadone is less emetogenic than Morphine or
Hydromorphone, and Fentanyl bolus may only last 30-45 minutes.
In young to middle aged cats with normal temperatures, lower airway disease is more likely than
congestive heart failure. Consider a trial with an Albuterol puff or Terbutaline injection of 0.01
mg/kg IM or SQ.
Auscultation and pulse oximetry may be tolerated, along with quick palpation and temperature
taking after 5-10 minutes with oxygen support. Low temperature often correlates with heart
disease and shock signs in trauma patients, but pneumonia cases may or may not exhibit fever.
Point of care ultrasound is a fast and effective way to find effusions. It can also highlight
pulmonary infiltrates and reveal masses. This can usually be done without moving the patient
which helps reduce stress.
Crackles can be heard with congestive heart failure, pleural effusions and chronic airway disease
Very few airway sounds are heard in catastrophic upper and lower airway disease.
In near or complete upper airway obstruction, fast action is warranted. Crash induction can be
done with immediate IV catheter placement and titrated Propofol, opioid and Dexmedetomidine,
with or without Ketamine. Also consider Alfaxalone with opioids and benzodiazepines. Be
aware that both Propofol and IV Alfaxalone can cause apnea. Endotracheal intubation can be
very difficult in airway obstruction- be prepared with suction and tongue forceps to grasp
objects. Red rubber catheters can be fed past obstructions for tracheal insufflation and Foley
catheters can be passed beyond foreign bodies, inflating the cuff to help pull objects out of the
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airway. IV catheters inserted between tracheal rings can be used to deliver trans tracheal oxygen,
though emergency tracheostomy may be the last option for these cases.
When radiography is tolerated, consider taking a DV view for patient comfort, then returning to
an oxygen rich environment for 5-10 minute before attempting a lateral view. Recall that VD
views may hide effusions as they pool in the dorsal gutter of the thorax.
Evaluation of radiographs should include the entire image- body wall integrity, heart shape and
size, organ placement and size, vertebral column and soft tissues, mediastinal size, left atrial
enlargement, effusions, diaphragmatic borders, structures of the neck, large airways, esophagus
and pulmonary parenchyma.
Fulminant congestive heart failure can look like almost any pattern in the cat. It will often
manifest as perihilar density in dogs. Bronchial disease in cats can be almost neoplastic in
pattern.
When evaluating thoracic effusions, rounded lung lobes suggest chronicity. Effusion removal
may not completely resolve respiratory distress if the lobes are restricted. Iatrogenic
pneumothorax is a known risk of centesis.
Lastly, oxygen is a drug with toxic potential inducing changes to the pulmonary basement
membrane in as little as 24 hours. Use the lowest effective amount to satisfy patient comfort and
monitoring parameters.
References:
1. Respiratory Distress in Dogs and cats, Rozanski, E. DVM 360, 2011
2. Approach to Respiratory Distress in Dogs and Cats, Sharp, CR. Today’s Veterinary
Practice, 2014
3. Acute Respiratory Distress, Kirby, R. DVM 360, 2008
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Track 3

Cardiopulmonary resuscitation: clinical consensus guidelines in dogs/cats
Terence Krentz, DVM
Matthew Blanchong, MS, DVM
Department of Emergency and Critical Care
I.

II.

III.

IV.

Reassessment campaign on veterinary resuscitation (RECOVER)
a. Develop clinical consensus guidelines for practice of CPR in dogs/cats based on
extensive, systemic literature review.
Preparedness/prevention
a. Equipment organization and cognitive aids
i. Location, storage, content of equipment should be standardized and regularly
audited.
ii. Checklists, algorithm charts, dosing carts are shown to improve compliance with
CPR guidelines.
b. CPR training
i. RECOVER certification course.
ii. Refresher training every 6 months.
iii. Structured assessment after CPR training.
Basic life support (CLS)
a. CAB: compressions  airway  breathing
i. Performed in 2min cycles, alternating personnel.
b. Chest compressions
i. Cardiac pump: ventricles directly compressed between sternum/spine in dorsal
recumbency, or between ribs in lateral recumbency.
ii. Thoracic pump: compressions increase overall intrathoracic pressure,
secondarily compressing aorta and collapsing vena cava, leading to blood flow
out of thorax.
iii. Most large/giant dogs: hands placed over widest portion of chest.
iv. Narrow, deep chest dogs: hands placed directly over heart.
v. Barrel chested dogs: sternal compressions in dorsal recumbency.
vi. Cats/small dogs: 1-hand technique with fingers wrapped around sternum at
level of heart.
vii. Compressions 100-120/min, deep compression 1/3 to 1/2 width of thorax.
c. Ventilation
i. Rapid intubation in lateral recumbency with endotracheal tube (ETT).
ii. Ventilation 10 breaths/min, tidal volume 10mL/kg, inspiratory time 1sec.
iii. Mouth to snout technique: mouth closed firmly with one hand, neck extended
to align snout with spine, rescuer makes seal over nares with his/her mouth.
1. Can’t be simultaneously performed with compressions: alternating
compressions:ventilations at 30:2 for 2min cycle.
Advanced life support (ALS)
a. Epinephrine: 0.01 mg/kg IV q3-5min. Vasopressor (α1) and inotrope/chronotrope (β1).
b. Atropine: 0.04 mg/kg IV. Paraympatholytic.
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V.

VI.

c. Vasopressin: 0.8 U/kg IV. Vasoconstriction via V1R vascular smooth muscle.
d. Defibrillation
i. Monophasic: 4-6 J/kg
ii. Biphasic: 2-4 J/kg
iii. Recommended immediately in cases of VF/pulseless VT.
iv. Single shock followed by full 2-min cycle.
e. Anti-arrhythmic drug therapy
i. Amiodarone: 5 mg/kg
ii. Lidocaine: 2 mg/kg
f. Reversal agents
i. Naloxone: 0.04 mg/kg IV. Opioids.
ii. Flumazenil: 0.01 mg/kg IV. Benzodiazepines.
iii. Atipamezole: 100 mcg/kg IV. α-2 agonsts.
g. Other therapies
i. No benefit to use of steroids.
ii. Impedence threshold devices can increase venous return; only in dogs >10kg.
iii. Worsening of outcomes/metabolic derangements with bicarbonate therapy.
iv. Intratracheal route: drugs diluted with saline/sterile water and administered via
catheter longer than ETT.
v. Supplemental O2 targeting normoxemia (PaO2 80-105 mm Hg).
vi. IV fluid therapy
1. Use in euvolemia associated with decreased coronary perfusion
pressure.
2. Pre-existing hypovolemia likely to benefit.
vii. Open-chest CPR: tension pneumothorax or pericardial effusion.
Monitoring
a. Diagnosing cardiopulmonary arrest (CPA)
i. Pulse palpation is an unreliable technique.
1. Start CPR in ANY patient where pulse not readily identifiable during CAB
assessment.
b. Verification of correct ETT placement via laryngoscope.
i. End tidal CO2 (EtCO2) monitoring as adjunct for verification.
c. ECG: susceptible to artifact during chest compression.
i. Evaluation during intercycle pauses.
d. EtCO2: early indicator of return of spontaneous circulation (ROSC).
i. EtCO2 >15 mm Hg dogs, >20 mm Hg cats associated with increased ROSC.
Post CPA care
a. Hemodynamic optimization: goal directed therapy.
i. ScvO2, Lac, SBP, CVP, PaO2 or SpO2, PCV.
b. Control of respiratory function
i. Normocapnea: PaCO2 32-43 mm Hg dogs, PaCO2 26-36 mm Hg cats.
ii. Mechanical ventilation for respiratory arrest, hypoxemia.
1. Normoxemia: PaO2 80-100 mm Hg, SpO2 94-98%.
c. Mild therapeutic hypothermia.
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d. Hyperosmothic therapy for cerebral edema: hypertonic saline or mannitol.
e. Seizure prophylaxis: phenobarbital.
Resources:
Fletcher DJ, Boller M, Brainard BM et al. RECOVER evidence and knowledge gap analysis on veterinary
CPR. J Vet Emerg Crit Care 2012, 22: Suppl 1: S4-101.
Meumar RW, Shuster M, Callaway CW et al. 2015 American Heart Association Guidelines Update for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2015, 132: S315-589.
Fletcher DJ, Boller M. Updates in small animal cardiopulmonary resuscitation. Vet Clin North Am Small
Anim Pract 2013, 43: 971-87.
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Track 4

Acquiring a Thorough and Accurate Patient History
Kim Adams, BS, RVT
Sage Symposium March 24, 2019
How to approach the client and patient:
This part of history acquisition is the most overlooked component. The initial greeting of not only the owner,
but the patient too, is very important. It sets the tone for the rest of the appointment.
Before the appointment:
1. Wear a nametag.
• This gives the owner a reference for who is helping them and makes you more accessible if
they have questions.
2. Know the pet’s name and sex.
• There are a plethora of patients named “Bailey”. Know if the one you’re seeing is a male or
female.
3. Know the owner’s name.
• This allows for a sense of familiarity when you greet them and is a quick way to build trust.
4. Know why they’re there.
• You have appointments all day. Each appointment you see is unique to that client. They don’t
care about the other appointments. They care about their appointment.
If you can enter the appointment knowing all the above information, it makes the appointment more
efficient, and you can start talking about the nature of the visit sooner.
When approaching the canine client and patient:
1. Be mindful of your body language.
• The patient is already reading you well before you have come close enough to speak to the
owner.
• For a canine patient, squared shoulders, petting the patient over the top of its head, and
standing over the patient (even if to lean down and shake hands with the owner) are all
aggressive/dominant behaviors.
• Approach casually, and either turn perpendicular to the patient, or slouch one shoulder and lean
to the side on one hip. These postures instantly diffuse tension for the canine patient.
2. Be mindful of your voice.
• Dogs and cats read not only volume, but tone, and cadence. If you are speaking softly and
sweetly but quickly, that is alarming for them.
3. Don’t forget to introduce yourself, not only to the client, but the patient as well.
• Introduce yourself by name to the client and let them know what to expect: “Hi Mrs. Jones, my
name if Kim. I’ll be the technician helping you and Fluffy today. Let’s head into an exam room
and talk a little bit about Fluffy and then I can have the doctor come in.”
• Introduce yourself to the canine patient.
o Don’t put your hand in its face.
o Do squat down to make yourself smaller, and turn your side to the dog. Don’t make
prolonged eye contact and allow it to come check you out.
o Don’t pet the dog over the top of its head, even if it approaches you and seems
comfortable.
o Do pet underneath its chin and give rib pats.
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When approaching the feline patient and client:
*Hopefully, cats are in a carrier of some sort. If they are not, bring them into treatment and put them in an
enclosure while you talk to the client in the lobby, or place both owner and patient in an exam room if possible.
• If the owner refuses to be separated from the patient, it’s not in a carrier, and there are no exam rooms
available, explain that there are other patients coming and going, and you are unable to keep the pet
safe if it’s not contained.
• You can also loan a carrier to the owner if you have one available.
1. Be mindful of your body language.
• The patient is already reading you well before you have come close enough to speak to the
owner.
2. Be mindful of your voice.
• Cats and dogs read not only volume, but tone, and cadence. If you are speaking softly and
sweetly but quickly, that is alarming for them.
3. Don’t forget to introduce yourself to the client.
• Introduce yourself by name to the client and let them know what to expect: “Hi Mrs. Jones, my
name if Kim. I’ll be the technician helping you and Fluffy today. Let’s head into an exam room
and talk a little bit about Fluffy and then I can have the doctor come in.”
*Cats are usually more environmentally sensitive and reactive to new environments than dogs. If the
cat is comfortable and the appointment is routine, leave the cat in its enclosure until it’s time to perform
vitals, a physical exam, or other physical/invasive procedures.
How to obtain a thorough history
Obtaining an accurate and thorough history can be challenging for a number of reasons. Some of the more
common challenges are:
• The owner tells different staff conflicting information
• There is a language barrier
• The client is away and the person who brought the pet in is not the owner.
It’s still important to get as much information as possible.
Our patients don’t speak the way we do, so acquiring as thorough a history as possible will help treat the
patient, as well as express interest to the owner in their pet. History taking is another great opportunity to gain
trust and build a good rapport with the client.
1. Start asking open-ended questions relating to the reason for the visit.
• Open-ended questions are questions that do not have a “yes” or “no” answer.
• Ex: “How is Fluffy doing at home?”
“How is Fluffy doing on his medications?”
“I understand Fluffy doesn’t seem to be feeling well. Why don’t you tell me a bit
more about that?”
2. When the reason for the visit has been answered to your satisfaction, start asking close-ended
questions and ask the same questions every time.
• Is Fluffy on any medications?
o Ask about over-the-counter medications, flea/tick prevention, and supplements as well.
If yes, answer questions a-e
a) What is the medication?
b) What strength?
c) How often is it given?
d) How long has Fluffy been on it?
e) When was it last given?
• Any known allergies?
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•

•
•
•

•

•

o If yes, to what?
What does your pet eat? Ask questions a-d
a) How much?
b) How often?
c) Any treats?
d) Any table scraps?
Are the vaccines current?
Including Rabies?
Any coughing or sneezing? If yes, answer questions a-d
a) When did it start?
b) How often does your pet cough or sneeze?
c) Describe the cough or sneeze: dry/hacking, productive, high-pitched wheeze?
d) Did the pet lose consciousness before or after the coughing or sneezing?
If yes:
i.
How long was the pet unconscious?
ii.
What was their mucus membrane color?
Any increased thirst and/or increased urine output?
o If yes, ask questions a-c
a) How long?
b) How much water is being consumed?
c) Is there anything consistently happening immediately before or after the pet
drinks a lot or urinates a lot?
Any vomiting or diarrhea? If yes, answer questions a-h
a) When did it start?
b) How often are they vomiting/having diarrhea?
c) Is there any blood or mucus?
d) What color is it?
e) What is the volume?
f) Could the pet have eaten anything it shouldn’t have?
g) Does the pet get table scraps or human food?
If yes:
i.
What does the pet get? Include seasoning
ii.
How often?
iii.
When did the pet get it last?
h) Has there been a recent diet change?
If yes:
i.
When did the change occur?
ii.
What is the name of the old and new food?
iii.
What is the nature of the old and new food? (ex: kibble vs. raw
diet)
iv.
Was there a transition over a number of days, or a quick switch?

•

•

Any toxin ingestion or exposure? If yes, answer questions a-d
a) What was it?
b) How much?
c) How long ago?
d) Has the owner called poison control?
If no: Give them the poison control number:
ASPCA Poison Control (888) 426-4435
If yes: Record case number
Primarily indoor or outdoor?
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o Is there a pet door/doggie door with free access to outside?
Is your pet altered (if this is not known)?
Any other pets in the home?
o If yes, are they all ok?
Any recent travel history?
If yes
a) Where?
b) When?
Have there been any environmental changes? (ie: moves, construction, new pets/people in the
home, etc)
Is your pet urinating and defecating ok? If no, answer questions a-i
a) Describe what’s abnormal
b) When did it start?
c) Is the change daily?
d) Has the frequency increased or decreased?
e) When was the last time it was normal?
f) Is there any straining?
g) Does the pet every posture without production?
h) Is the odor stronger than usual?
i) What is the color?
Is your pet eating and drinking ok? If no, answer questions aa) Describe what’s abnormal
b) When did it start?
c) Has anything changed at the time of food intake? (ie: weather, visitor, new baby,
new pet, new home, vacation, prescriptions, OTC meds and supplements)
Any significant medical history?
a) Surgeries?
If yes
i. Why?
ii. When?
iii. Where?
b) Prior hospitalizations?
If yes
iv. Why?
v. When?
vi. Where?
c) Seizure history?
If yes:
vii. When was the last seizure?
viii. What did it look like?
ix. How long did it last?
x. Were there anti-epileptics prescribed?
d) Heart disease?
If yes:
xi. What kind?
xii. Any meds?
xiii. Where was it diagnosed?
xiv. When was it diagnosed?
xv. What is the severity? (ie: Heart murmur grades I-VI)
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•

Any behavior changes? If yes, answer questions a-h
a) How is it different?
b) Eliminating in the house?
c) Having to go out or eliminate more often?
d) Sleeping pattern changes?
e) No longer coming when called?
f) Seems depressed or dull?
g) Become more/less active?
h) ANY signs of aggression?
If yes:
i.
Describe in detail

The following page has a sample printable form to fill out for each appointment.
*A version of this form was used at SAGE before we were paperless. The technicians would write the history
and record vitals, then transcribe it to the computer. The doctors would make notes on it, then transcribe their
findings into their SOAP in the computer as well. The form was then hole-punched and saved in the paper
record.
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Patient History
Patient Label Here
Last
Name:____________________________

Your Clinic Name/Logo Here

Pet
Name:_____________________________
Client Check-In Time: __________

Rooming Time: __________

DVM: __________

Room #: ___________

Presenting Complaint: _______________________________________________
Mentation:_______ Temp:_______ HR: _______ RR: _______ WT: _______ MM: _______ CRT: ______
Current Medications: ______________________________________________________________________
_______________________________________________________________________________________
Allergies: __________________________________
Vx’s UTD? Y / N

Rabies UTD? Y / N

Toxin/Plant Exp Y / N

Indoor / Outdoor

Intact Y / N

Other Pets? Y / N

Any env.

U/BM ok? Y / N

E/D ok? Y / N

Sig. Med Hx? Y / N

‘s? Y / N

C/S

Diet: _______________________________________
Y / N

PU/PD?

Y / N

V+/D+

Y / N

Travel Hx? Y / N
Behavior

‘s? Y / N

Nurse Notes: ____________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
DVM Notes: _____________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
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Why would you ask all those questions every time?
It looks like a lot of questions, and seems like it would take forever, right? Not really. A lot of the above
questions you won’t need to ask every time if you already have the answer:
a) Your records (like vaccines and whether or not the pet is spayed/neutered)
b) You find out in the opening conversation
The longest part of history acquisition is the first, open-ended dialog. All the yes and no questions go pretty
quickly and give you a lot of focused, specific information.
One of the biggest challenges we face in this field is client compliance. Starting with open-ended questions
and then funneling down to short yes and no questions can also confirm or deny whether or not the client has
done what you’ve recommended.
Summarizing
Once history has been taken and completed, it’s important to summarize with the client. This can be just a
quick rundown of the information you’ve gathered to confirm accuracy and verify understanding:
“Ok Mrs. Jones, just to make sure I have everything, Fluffy came in for limping for 2 weeks, and he started
limping after he was playing with the other dog, but everything else is normal for him, right?”
This also allows the owner to confirm/deny the broader details and will help avoid any confusion as the
appointment goes on.
Recording the history in the medical record
When speaking to the client, use relatable terms vs. medical terminology. When recording the history in the
medical record, use terminology.
Ex: When speaking to the owner, say “increased thirst” or “increased urination”. In the record, enter
“polydipsia” and “polyuria”.
Start with the presenting complaint, then enter the “yes and no” questions as bullets. If all the information is
compiled in paragraph format, it is harder to discern important facts.
Ex:
Fluffy presented for limping on LPL for 2 weeks. Fell off bed when playing with other dog.
No medications, no known allergies
Eats Iams Adult dry, 1C PO BID, last meal this am
Vxns up to date including Rabies
No C/S/V/D, no PU/PD
No known toxin ingestion or exposure
Primarily indoor, no free access to outside
Other dog in the home WNL per owner
No recent travel history, no environmental changes
U/BM ok, E/D ok
No other significant medical history
No behavior changes, but activity level down since injury.
Try to keep the abbreviations and terminology aligned with what is approved by the American Medical
Association. Along that vein, don’t use “O” for owner and “C” for client. It’s not universally recognized and can
be confusing if you were to send the records elsewhere for referral. Instead, type out (or write out,
respectively) the word in its entirety.
The following pages contain a common terminology list with definitions, followed by a list of common medical
abbreviations:
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Terminology with definitions
Abdominal
Abdominocentesis
Anemic
Anisocoria/Anisocoric
Anuria
Apnea
Blepharospasm
Caudal
Cephalic Vein
Cranial
Cyanosis
Cystocentesis
Distal
Dysphoria
Dyspnea
Dysuria
Dystocia
Epistaxis
Emesis
Hematemesis
Hematochezia
Hematuria
Hemoabdomen
Hemoglobin
Hemoptysis
Hemorrhagic
Hyperalgesia
Hyperesthesia
Hyperthermic
Hyporexia
Hypoxemia
Febrile
Lateral
Leukocytosis
Leukopenic
Medial
Melena
Polydipsia
Polyphagia
Polyuria
Proximal
Ptyalism
Pyrexia/Pyrexic
Saphenous
Scald
Strabismus
Stranguria
Tenesmus
Thoracic

Pertaining to the abdomen – from the diaphragm to the pelvic floor
Puncture of the abdominal cavity for extraction of fluid
Low red blood cells
Pupils of different sizes when they should be bilaterally even
No urine production (usually due to the failure of the kidneys to produce it, not to
be confused with an obstruction. The body is still producing urine, the pet just
can’t eliminate it).
Not breathing
Involuntary tight closure of eyelids
Toward the tail
Superficial vein of a thoracic limb
Toward the head
Bluish discoloration of the skin and mucus membranes due to an increased
amount of oxygen-depleted hemoglobin in the blood
Puncture of the bladder to extract fluid
Away from the body
An emotional state marked by anxiety, depression, and restlessness
Difficulty breathing
Difficulty urinating
Difficult birth
Persistent nosebleed
Vomit
Bloody vomit
Bloody stool
Bloody urine
Blood in the abdomen
Protein in the red blood cell that transports oxygen in the blood
Coughing up blood
Profuse bleeding
Increased sensitivity to pain
Increased sensitivity to stimuli
Above-normal increase in body temperature
Decreased appetite
Oxygen deficiency in the blood
Fever
On or toward the side
High leukocyte cell count
Low leukocyte cell count
Toward the middle
Black stool (digested blood)
Increase in thirst or water intake
Increase in hunger or food intake
Increase in urine production or elimination
Toward the body
Drooling
Fever
Superficial vein in the pelvic limb (medial and lateral)
Skin irritation caused by repeated wetting from urine, feces, or other bodily fluids
a vision condition in which both eyes cannot align simultaneously under normal
conditions (cross-eyed or wall-eyed)
Unusual urine habits
The urge and/or effort to defecate without production
Pertaining to the chest (diaphragm to thoracic inlet)
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Medical Abbreviations
~
# or lbs
A/P
Abx
ACL
AD
ADR
AFAST
ALB
ALS
AMA
ARF/AKF
AS
ASAP
AU
AUS
BAL
BAR
BBBD
BCS
BG
BID
BLS
BM
BP
BUN
BW
Bx
C
CA
CBC
CC
CHF
Cl
CO2
CPR
CRF
CRT
C/S/V/D
D/C
D5W
DIC
dL
DNR
DOA
Dx
Dz
ETCO2
ETT
FAD
FC or F/C

Approximately
Pounds
Anterior/Posterior (shooting an x-ray of a limb or paw from the top through the
bottom)
Antibiotics
Anterior Cruciate Ligament
Right Ear
Ain’t Doin’ Right (generic term for overall malaise, but Dr’s don’t like this term so
try to avoid it by being more specific with symptoms)
Abdominal Focused Assessment with Sonography for Trauma
Albumin
Advanced Life Support
Against Medical Advice (Form)
Acute Renal/Kidney Failure
Left Ear
As Soon As Possible
Both ears
Abdominal Ultrasound
Bronchio-Alveolar Lavage
Bright, Alert, Responsive
Bit By Big Dog
Body Condition Score
Blood Glucose
Twice daily (every 12 hours)
Basic Life Support
Bowel Movement
Blood Pressure
Blood Urea Nitrogen (kidney function)
Bloodwork
Biopsy
Client
Calcium
Complete Blood Count
Cubic Centimeter (Same as mLs)
Congestive Heart Failure
Chloride (electrolyte)
Carbon Dioxide
Cardiopulmonary Resuscitation
Chronic Renal Failure
Capillary Refill Time
Coughing/Sneezing/Vomiting/Diarrhea
Discontinue
Premade IV fluid bag at 5% Dextrose in Sterile Water
Disseminating Intravascular Coagulopathy
Deciliter
Do Not Resuscitate
Dead On Arrival
Diagnostics
Disease
End Tidal Carbon Dioxide (number on capnogram)
Endotracheal Tube
Flea Allergic Dermatitis
Free Choice (like leaving water or food in a cage for a patient)
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FCoV
FeLV
FIP
FIV
FLUTD
FNA
FUO
Fx
g
HBC
HCT
HgB
HGE
HWT
Hx
iCA
IM
IMHA
IO
ITP
IV
IVC
IVF
K
kg
L
LCV
LLSV
LMSV
LPL
LRS
LTL
ManDiff
mcg
MCL
MCT
MCV
mEq
mg
mLs
MM
Na
NaCl
NH3
Norm-R
NPO
NSF
P
PD
PP
PU
OD
OS
OU

Feline Coronavirus (same as FIP)
Feline Leukemia
Feline Infectious Peritonitis (same as FCoV)
Feline Immunodeficiency Virus
Feline Lower Urinary Tract Disease
Fine Needle Aspirate
Fever of Unknown Origin
Fracture
Grams
Hit By Car
Hematocrit (Same as PCV)
Hemoglobin (protein in the RBCs that carries oxygen)
Hemorrhagic Gastroenteritis
Heartworm Test
History
Ionized Calcium
Intramuscular
Immune-Mediated Hemolytic Anemia
Intraosseus (in the bone)
Immune-mediated Thrombocytopenia
Intravenous
Intravenous Catheter
Intravenous Fluids
Potassium (electrolyte)
Kilogram
Liter (1000 mls)
Left Cephalic Vein (to indicate catheter placement)
Left Lateral Saphenous Vein (to indicate catheter placement)
Left Medial Saphenous Vein (to indicate catheter placement)
Left Pelvic Limb (left hind limb)
Lactated Ringer’s Solution (type of fluids)
Left Thoracic Limb (left front limb)
Manual Differential (Manual CBC)
Micrograms
Medial Cruciate Ligament
Mast Cell Tumor
Mean Corpuscular Volume
mL equivalents
Milligram
Milliliters
Mucous Membranes
Sodium (electrolyte)
Sodium Chloride (Saline)
Ammonia
Normosol R (type of fluids)
Nil Per Os – Nothing by mouth (fasted- no water or food)
No Significant Findings
Patient
Polydipsia
Polyphagia
Polyuria
Right eye
Left eye
Both eyes
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OTO
P
PCV
pDVM
PHOS
PLE
PLN
PLT
PO
PT
PTT
PVC
PU
q
QAR
QID
qs
RBC
RCV
RLSV
RMSV
RPL
RTL
RXN
SID
SOP
SQ or SC
SST
STAT
Sx
Sz
TBIL
TFAST
TID
TM
TPLO
TPR
TS or TP
Tx
U/A
U/G
UO
UOP
USG
VI
VPC
VXN
VTBI
WBC
WNL

One Time Only
Patient
Packed Cell Volume
Primary Veterinarian (sometimes called rDVM for regular vet)
Phosphorous
Protein-Losing Enteropathy
Protein-Losing Nephropathy
Platelets
Per Os – by mouth
Prothrombin (clotting factor)
Prothrombin Time (another clotting factor)
Preventricular Contractions (on ECG- same as VPC)
Perineal Urethrostomy
Every (i.e. q8h= every 8 hours)
Quiet, Alert, Responsive
Four times daily (every 6 hours)
Total Quantity ina fluid bag including what’s already in there (i.e.: qs to 20 mEq
KCl/L)
Red Blood Cells
Right Cephalic Vein (to indicate catheter placement)
Right Lateral Saphenous Vein (to indicate catheter placement)
Right Medial Saphenous Vein (to indicate catheter placement)
Right Pelvic Limb (right hind limb)
Right Thoracic Limb (right front limb)
Reaction
Once daily (every 24 hours)
Standard Operating Procedure (standards of care at SAGE)
Subcutaneous (under the skin)
Serum Separator Tube
From the Latin “Statim” meaning immediately
Surgery
Seizure
Total Bilirubin (liver function)
Thoracic Focused Assessment with Sonography for Trauma
Three times daily (every 8 hours)
Transmucosal (on the gums or mucous membranes)
Tibial-Plateau Leveling Osteotomy (sx to repair torn cruciate ligaments involving
plates, pins, and screws)
Temperature, Pulse, and Respiration
Total Solids or Total Protein (general liver function)
Treatment
Urinalysis
Urogenital
Urinary Obstruction
Urinary Output
Urine Specific Gravity
Volume Infused (on Heska Pump)
Ventricular Premature Complexes (on ECG- same as PVC)
Vaccine
Volume To Be Infused
White Blood Cells
Within Normal Limits
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Electrolytes Gone Wild!
Definition of Electrolytes: Electrolyte is a substance that dissociates into ions in solution
and acquires the capacity to conduct electricity.
Roles of Electrolytes:
• Maintaining intracellular and extracellular fluid distribution
• Energy production and utilization
• Electrical conductivity and muscle contraction in cardiac, skeletal and vascular
smooth muscle
• Clot formation
Electrolytes and Their Function
+
Sodium (Na ):
• Functions in determining the distribution of water throughout the body. In both
the extracellular and intracellular compartments.
−
Chloride (Cl ):
• Functions with sodium to maintain water balance and has an important role in
acid/base balance.
+
Potassium (K ):
• Responsible for the excitability and function of nerve and muscle cells, including
those in cardiac and vascular smooth muscle.
2+
Calcium (Ca ):
• Has a role in intra- and extra- cellular messaging, cardiac conduction and muscle
contraction.
2+
Magnesium (Mg ):
• Responsible for the production and use of energy, maintenance of the Na-K
gradient across the cell membrane, regulation of intracellular calcium, and
muscle and cardiac contraction.
2−
Phosphorus (HPO4 hydrogen phosphate):
• Maintenance of cell membrane integrity, enzyme activation and deactivations,
acid/base balance, clot formation and energy production and use.
−
Bicarbonate (HCO3 ):
• Important role in acid-base balance.
Cations: A positively charged Ion
Cations.
+
• Sodium (Na ) (Major extracellular cation)
+
• Potassium (K ) (Major intracellular cation)
2+
• Magnesium (Mg )
2+
• Calcium (Ca )
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Anion: a negatively charged ion
Anions
−
• Chloride (Cl ) (Major Extracellular Anion)
• Phosphorus (hydrogen phosphate) (Major Intracellular Anion)
−)
• Hydrogen Bicarbonate (HCO3
• For reference, but keep in mind the system you are using as normal values can
vary.
• Normal Values
•
Canine
Feline
• Sodium (Na+)
140 – 150 mEq/L
146 - 157 mEq/L
• Potassium (K+)
3.9 – 4.9 mEq/L
3.5 – 4.8 mEq/L
• Magnesium (Mg++)
1.6 – 2.5 mg/dl
1.9 – 2.6 mg/dl
• Total Calcium (Ca++)
9.8 – 11.7 mg/dl
9.1 – 11.2 mg/dl
• Ionized Calcium (Ca++) 1.25 – 1.5 mmol/L
1.1 – 1.4 mmol/L
• Chloride (Cl-)
109 – 120 mEq/L
116 – 126 mEq/L
• Phosphorus (P–)
2.8 – 6.1 mg/dl
3.0 – 6.6 mg/dL
• Bicarbonate (HCO3-)
22 (18 – 26) mmol/L 18 (14 – 22) mmol/L

Fluid Distribution:
o 60% of an animals total body weight (TBW) is water.
o Of that 60%, the total body water, 2/3 (40% of TBW) can be found intracellular
and 1/3 (20% of TBW) can be found in extracellular spaces.
o The extracellular spaces are comprised of the interstitial and the intravascular
spaces.
• The fluid in the interstitial space is the fluid in the spaces between the
tissue cells, constituting about ¾ of the extracellular water (15% of TBW).
• The intravascular water is part of the plasma and constitutes ¼ of the
extracellular water (5% of TBW).
Barriers to Fluid Distribution/ Membrane Permeability:
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o The endothelium which separates the intravascular space from the interstitial
space is permeable to water, as is the cell membrane that separates the
intracellular space from the interstitial space.
o Vascular endothelium is freely permeable to ions, but impermeable to large
plasma proteins and blood cells.
o Interstitial and intravascular fluid compartments have relatively similar ionic
concentrations, but different protein levels.
o Cell endothelium is functionally impermeable to ions.

Normal Electrolyte Physiology
o Cells exchange ions across a cell membrane in a balanced manner. Disrupting
this balance causes cells to react and leads to changes (symptoms).
o The sum of cations and anions are always equal
o Biochemical analysis of any electrolyte primarily found in the cell (K, P, Ca, Mg)
should be interpreted with care as they do not represent total body stores, just
what is in the extracellular space. These numbers can appear normal when
derangements exist.
Distribution Of Electrolytes
o Sodium
• Most abundant extracellular cation. Found mostly outside of cells.
o Chloride
• Most abundant extracellular anion. Found mostly outside of cells.
o Potassium
• Most abundant intracellular cation. Found mostly in cells.
o Phosphorous
• Most abundant intracellular anion. Found mostly in cells.
• 80-85% of total body Phosphorous is found in bone. 14-15% can be found
in soft tissue and <1% in the extracellular space
• Two forms of phosphorous in the body; organic and inorganic. Organic is
found mostly in the cell, inorganic is mostly extracellular.
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• Only inorganic phosphates are measured during blood chemistry analysis.
o Calcium
• 99% of Ca is contained in bones.
• Last 1% is in 3 forms
• Ionized (metabolically active) only form we will be discussing
• Complexed (part of a larger molecule)
• Bound (typically to albumin)
• Total Ca is the most often measured Ca value on biochemical analyzers.
Measures more than just the active form (iCa) so care should be taken in
interpreting Ca results.
o Magnesium
• Found mainly intracellularly, mostly in bone and muscle.
• Biochemistry analyzers measure total Mg, though iMg is the bioactive
form. No in house analyzer of iMg currently exists.
• Last 1% is in 3 forms
• Ionized (metabolically active)
• Complexed (part of a larger molecule)
• Bound to protein

Electrolytes move across membranes in two ways: diffusion and active transport.
Diffusion
o Diffusion: Random movement of molecules or atoms. Generally movement is
from high concentration to low concentration, which eventually equilibrates.
• Water diffuses across all fluid compartments
• Electrolytes diffuse across vascular endothelium.
No electrolytes are able to diffuse into the intracellular space due to cell membrane
permeability
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Active Transport:
o The movement of ions or molecules across a cell membrane, assisted by
enzymes and requiring energy
• How cells maintain specific intracellular and extracellular concentrations of
cations and anions.
• Na+/K+/ATPase pump: Main path of transport for Na and K. Na/K
channels pump two K into a cell and 3 Na out using ATPase
• ATPase: ATPases are a class of enzymes that catalyze the
decomposition of ATP into ADP and a free phosphate ion. This
dephosphorylation reaction releases energy, which the enzyme
harnesses to drive other chemical reactions that would not
otherwise occur. This process is widely used in all known forms of
life
• Ca and Mg play roles in stabilizing transport channels in the cell
membrane.
Sodium Disorders
 Hypernatremia: too much sodium in the bloodstream
 Hyponatremia: deficiency of sodium in the bloodstream
 Sodium disorders are far more often derangements in water balance as opposed
to total body sodium concentrations.
 Hypernatremia or hyponatremia can cause central nervous system (CNS)
disturbance resulting from changes in neuronal cell volume and function.
 With both hypernatremia and hyponatremia the severity of the clinical signs
depend on the rate of change as well as absolute sodium concentration.

195

Osmolality
Plasma sodium concentrations is the major determinant of plasma osmolality. When
there are higher concentrations of sodium in a space water is drawn to that space.
o Calculated Serum Osmolality = 2[K+ + Na+ ] + [Glucose]/18 + [BUN]/2.8
o Osmolality:
• Osmolality is a measure of how much one substance has dissolved in
another substance.
• The greater the concentration of the substance dissolved, the higher the
osmolality.
• Is recorded as the concentration of osmoles in a mass of solvent.
o Osmole:
• Is 1 mole of any fully disassociated substance dissolved in water.
• Effective Osmole: Osmoles that do NOT cross the cell membrane freely.
• Sodium is an effective osmole that exerts osmotic pressure across
the cell membrane.
• Ineffective Osmole: Osmoles that cross the cell membrane freely

Osmotic Pressure:
• The pressure that would have to be applied to a pure solvent to prevent it
from passing into a given solution by osmosis, often used to express the
concentration of the solution.
• Water permeable cell membrane is impermeable to Na and K so both are
effective osmoles and exert osmotic pressure across the cell membrane.
• The net movement of water into or out of cells is dictated by the osmotic
pressure gradient. Water moves to areas of higher osmolality in an
attempt to make the osmolality of the compartments equal.
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Regulators of Osmolality
• Small changes (2-3 mOsm/kg) in the osmolality are sensed by the
hypothalamus and alterations in thirst and ADH concentrations are
triggered.
• Antidiuretic hormone (ADH)
 Increased plasma osmolality ->hypothalamus releases ADH -> ADH
causes water retention in the kidneys -> water is resorbed and
osmolality decreases
• Thirst
 Increased plasma osmolality and decreased effective circulating
volume stimulate thirst via similar mechanisms that stimulate ADH
release.
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Osmotic Pressure vs. Diffusion
o Diffusion:
• The spreading of something more widely. The intermingling of substances
by the natural movement of their particles.
• Water diffuses across all fluid compartments
• Electrolytes diffuse across vascular endothelium.
• No electrolytes are able to diffuse into the intracellular space due to
functional cell membrane permeability.
o Osmotic Pressure:
• The pressure that would have to be applied to a pure solvent to prevent it
from passing into a given solution by osmosis
Higher concentration of certain electrolytes prevents water diffusing freely and increase
water retention in certain fluid compartment.
Hypernatremia: High Sodium
Symptoms: from cellular dehydration in the brain as water moves from the intracellular
to the extracellular space.
• Lethargy
• Nausea
• Depressed Mentation
• Ataxia and Weakness
• Neurologic signs can progress to seizures, coma and death
Potential Causes
• Vomiting
• Diarrhea
• Polyuria of low-sodium urine (Post obstructive diuresis)
• Administration of activated charcoal containing a cathartic
• Osmotic diuresis with mannitol
• Diabetes insipidus
• Syndrome of inadequate release of or response to ADH
• Ingestion of high sodium items (sea water, play-dough, paintballs)
• Hyperglycemia
Hyponatremia: Low Sodium
Symptoms: Results from cerebral edema as water moves into neurons
• Vomiting
• Ataxia
• Depression progressing to obtundation
• Seizures
• Coma
Potential Causes
• Gastrointestinal Disease
• Severe burns can cause loss of both sodium and water with relatively more
sodium loss.
• Loss of sodium through the kidneys in hypoadrenocorticism
• Diuretic administration
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•
•

Sodium wasting renal disease
Water retention and resultant hyponatremia (hypothyroidism with myxedema
coma, water intoxication)
SIADH (syndrome of inappropriate ADH secretion)

Treatment of Sodium Disorders
• Rapid correction can cause severe CNS signs. ***offering oral water included***
With hyponatremia ODS (osmotic demyelination syndrome) and hypernatremia
cerebral edema
• ODS: a disorder characterized by the wide spread development of
demyelination in the pontine as well as the extra-pontine regions leading
to irreversible brain damage.
• In volume resuscitation, an effort should be made to match the sodium
concentration
• Changes in sodium concentration should not exceed >0.5 to 1 mEq/L/hour or
10mEq/L over 24 hours.
• During treatment sodium concentrations should be checked every 2 to 4 hours.
Potassium Disorders
Hyperkalemia: a potassium level in your blood that's higher than normal
Hypokalemia: deficiency of potassium in the bloodstream

Cell Action Potential: An action potential is a rapid rise and subsequent fall in voltage or
membrane potential across a cellular membrane with a characteristic pattern
o A normal serum potassium concentration is essential for normal neuromuscular
function.
• Less K available makes a cell less excitable because less Na will flow.
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•

With excess K available a cell, resting potential moves closer to the
threshold potential because no more Na can move intracellularly making
the cell more excitable.
 Once the resting potential exceeds the threshold potential the cell
cannot repolarize or subsequently depolarize.
o When serum potassium exceeds 7.5mEq/L or severe EKG changes are present,
immediate therapy directed toward reducing and antagonizing the effects of
serum potassium is warranted.

Normal EKG

Hyperkalemic EKG
•
•

If hyperkalemia is suspected, e.g. bradycardic urinary obstruction, get an EKG.
Rate of increase or decrease in K plays a role, but there is no precise correlation
between K levels and EKG findings.
• As hyperkalemia increases the hearts ability to beat normally is increasingly
disrupted.
EKG changes due to hyperkalemia
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Bradycardia
Tall and tented T waves
Prolonged PR interval
Loss of the P wave
Widening QRS complex
Ventricular tachycardia and fibrillation can occur
Sine-wave pattern: QRS complexes merge with the T waves, sign of imminent
arrest.
EKG changes due to hypokalemia
o Depressed ST segment
o Decreased amplitude of inversion of the T wave
o Increased P wave amplitude
o Prolonged PR and QRS intervals
o
o
o
o
o
o
o

Hyperkalemia: high potassium (K> 7.5 mEq/L considered life threatening)
Symptoms
o Cardiac arrhythmia/Cardiac toxicity
o Muscle weakness with progression to paralysis
Causes
o Decreased urinary excretion (most common)
• Ruptured urinary bladder
• Urethral obstruction
• Acute kidney injury
• Anuria
• Hypoadrenocorticism
• Hypoaldonsteronism
• Drug therapy such as ACE inhibitors, NSAIDs, potassium sparing diuretics
o Translocation
• Acidosis
• Lack of insulin
• Reperfusion syndrome
• Acute tumor lysis syndrome
• Drug therapy such as beta blockers and digoxin
o Increased intake (rare)
Treatment of Hyperkalemia
o Drive potassium back into the ICF
• Insulin to promote cellular uptake (given with dextrose- onset of action:15
to 30 minutes)
• Dextrose to promote insulin release (onset of action: <1hr)
• Terbutaline stimulates Na/K ATPase to cause translocation of potassium
into the cell (onset of action: 20 to 40 minutes)
• Albuterol functions same as terbutaline (onset of action: 30 minutes or
more)
• Sodium bicarbonate increase extracellular pH, allowing for K to move
intracellularly (onset of action:15 minutes or longer)
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10% Ca Gluconate for cardio-protective measures: increases threshold
potential, does not lower serum K (onset of action: 3-5minutes)
• Promote diuresis with crystalloids devoid of K
o Loop (furosemide) or thiazide diuretics (chlorothiazide) after patient is
rehydrated.
 Hemodialysis and hemoperfusion can effectively and rapidly lower serum
potassium levels, but is not widely available.
• Hemodialysis: is a process of purifying toxins from the blood of a person
whose kidneys are not working normally
• Hemoperfusion: is a method of filtering the blood extracorporeally (that is,
outside the body) to remove a toxin.
o Treat underlying condition

Ca plays a role in repolarization and depolarization of cells. While K affects the resting
potential of the cell Ca affects the threshold potential. Supplementation of calcium can
raise the threshold potential in hyperkalemic patients so cell function is maintained.
This buys time to correct the hyperkalemia.
Threshold potential: the threshold potential is the critical level to which a
membrane potential must be depolarized to initiate an action potential
1. Stimulus: Initiates ion movement
2. Depolarization: Na ions move into the cell. In depolarization, the inside of
the membrane, which is normally negatively charged, becomes positive
and the outside negative
3. Repolarization: K ions move out of the cell. Repolarization refers to the
change in membrane potential that returns it to a negative value just after
the depolarization phase of an action potential has changed the
membrane potential to a positive value
4. Hyperpolarization: is a change in a cell's membrane potential that makes it
more negative. It is the opposite of a depolarization. It inhibits action
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potentials by increasing the stimulus required to move the membrane
potential to the action potential threshold.
5. Resting State: the electrical potential of a neuron or other excitable cell
relative to its surroundings when not stimulated or involved in passage of
an impulse.
Hypokalemia: Low Potassium
Symptoms: The main clinical manifestation in the dog and cat is hypokalemic myopathy
o Skeletal muscle weakness
• Recumbence
• Ventroflexion of the neck
• Plantigrade stance
• Hypoventilation if severe
Causes
o ICF relocation or redistribution
• Insulin therapy
• Metabolic alkalosis
• Refeeding syndrome (prolonged anorexia)
• B-agonist therapy
o Urinary loss and inadequate intake
• osmotic or postobstructive diuresis
• Diuretic therapy
• Chronic kidney disease
• Hyperaldosteronism
• Diabetes mellitus
• Chronic renal disease (especially in cats)
• Renal tubular acidosis
• Severe diarrhea
o Hypomagnesemia can cause refractory hypokalemia.
Treatment of Hypokalemia
o Rate of potassium infusion rather than total amount infused is of major
therapeutic importance.
o Potassium Supplementation
• Enterally: Food or drug administration via the GI tract
• Parenterally: Food or drug administration via route outside the GI tract,
such as IV
• IV infusion not to exceed 0.5 mEq/kg/hr (never bolus fluids containing
potassium)
• Concurrent Mg supplementation may be necessary to treat hypokalemia
effectively
o Treat underlying condition
Calcium Disorders
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o Severe hypercalcemia or hypocalcemia can be lethal in dogs and cats, especially
if rapid changes in serum Ca concentrations occur
o Hypocalcemia based on total serum Ca is often mild and less often requires
calcium-specific treatment than does hypercalcemia
Ca as a second messenger (Second messengers are intracellular signaling molecules
released by the cell in response to exposure to extracellular signaling molecules—
the first messengers.)
Physiologic Roles
o Muscle contraction
o Neuronal transmission (excitatory synapse)
o Fertilization
o Cell Growth or Proliferation
o Neurogenesis
o Regulating Enzyme activity
o Permeability of Ion Channels
o Activity of ion pumps and components of the cytoskeleton

Calcium Function: Cellular Messaging
2+
o The resting concentration of Ca in the cytoplasm is lower than in the ECF.
2+
• To maintain this low concentration, Ca is actively pumped from the ICF
to the ECF, the endoplasmic reticulum (ER), and sometimes into
the mitochondria.
• Endoplasmic Reticulum: a network of membranous tubules within
the cytoplasm of a eukaryotic cell, continuous with the nuclear
membrane. It usually has ribosomes attached and is involved in
protein and lipid synthesis
• Certain proteins of the cytoplasm and organelles act as buffers by binding
2+
Ca .
2+
• Signaling occurs when the cell is stimulated to release Ca ions from
2+
intracellular stores, and/or when Ca enters the cell through plasma
membrane ion channels

204

•

PMCA: The plasma membrane Ca²⁺ ATPase is a transport protein in the
plasma membrane of cells and functions to remove calcium from the cell.
• SERCA: Sarco/endoplasmic reticulum Ca²⁺-ATPase resides in the
sarcoplasmic reticulum (SR) within myocytes. It is a Ca2+ ATPase that
transfers Ca2+ from the cytosol of the cell to the lumen of the SR at the
expense of ATP hydrolysis during muscle relaxation.
• The sarcoplasmic reticulum is a specialized type of smooth ER that
regulates the calcium ion concentration in the cytoplasm of striated
muscle cells.
2+
o Movement of Ca ions from the extracellular compartment to the intracellular
compartment alters membrane potential.
• This is seen in the heart, during the resting state of ventricular
2+
contraction. In this example, Ca acts to maintain depolarization of the
heart.
o Calcium signaling through ion channels is also important in neuronal synaptic
transmission.

Calcium regulation
o Low Ca levels detected.
1. Stimulus of falling blood Ca
2. Leads to the release of PTH from the parathyroid gland
3. PTH stimulates Ca release from bones (primary storage location of Ca)
and increases CA uptake in kidneys and stimulate production of calcitriol
4. Increased Ca uptake in the kidneys leads to active Vitamin D (calcitriol)
• Enhances absorption of Ca in the intestines.
• Calcitriol promotes release of Ca from the bone
• Acts to promote reabsorption of ca in the Kidney
5. All of which leads to increased Ca in circulation.
o High Ca levels detected
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1. Parathyroid secretion of PTH inhibited. High levels of calcitriol will also
inhibit secretion of PTH
2. Without PTH stimulation Ca remains in bones and Ca is secreted from the
kidneys.
3. Active Vitamin D (calcitriol) is inhibited.
4. Less intake and more Ca secreted so Ca levels drop.
o Calcitonin’s Role: Decreasing Ca Levels
1. Inhibits osteoclast activity in bones: prevents release of Ca from bone
2+
2. Inhibits renal tubular cell reabsorption of Ca and phosphate, allowing
them to be excreted in urine
Hypercalcemia: High Calcium
o Toxicity from hypercalcemia is greatly magnified if the serum phosphorus
concentration is also increased
o Hypercalcemic crisis is most likely to occur when there is toxicity from excess
vitamin D metabolites circulating in the body.
Symptoms
• Polyuria and polydipsia
• Anorexia
• Weakness
• Lethargy
• Seizures
• Tissue mineralization: heart resulting in arrhythmias (bradyarrhythmia and
possibly ventricular fibrillation) and kidneys (resulting in loss of function) primarily
Causes
• Hyperparathyroidism
• Hypercalcemia of malignancy (e.g., lymphoma(#1), adenocarcinoma, multiple
myeloma)
• Osteomyelitis
• Acute kidney injury
• Toxin ingestions resulting in Hypervitaminosis D: Vit D rodenticides, anti-psoriasis
creams (calcipotriol, calcipotriene), day-blooming jessamine
• Hypoadrenalcorticism,
• Lab error
• Cats can be idiopathic
Hypocalcemia: Low Calcium
Symptoms:
• Muscle tremors and fasciculations
• Muscle cramping
• Facial rubbing
• Panting
• Pyrexia
• Polyuria and polydipsia
• Rarely hypotension
Causes:
• Hypoalbuminemia
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•
•
•

Chronic kidney disease
Acute kidney injury
Eclampsia
Hypoparathyroidism
Ethylene glycol toxicity
Protein-losing enteropathy
Massive blood transfusion with citrate
Hypomagnesemia
Acute tumor lysis syndrome

Treatment of Calcium Disorders
o No calcium-specific treatment is indicated if the ionized calcium level is normal,
despite an increase or decrease in the total serum calcium.
Hypercalcemia
• Diuresis (moderate to severe) ideally with normal saline since it cause
competition for Ca ion reabsorption and contains no Ca
• Diuretics (moderate to severe) Furosemide
• Glucocorticoids (moderate to severe) reduce intestinal absorption of calcium and
increase renal calcium excretion.
• Possibly calcitonin (for hypervitaminosis D intoxication)
• Bisphosphonates (severe): e.g. Pamidronate or Zoldronate Prevents osteoclast
reabsorption of Ca
• Bisphosphonates work by slowing down the cells which break down bone
(osteoclasts). Therefore, they slow down bone loss, allowing the bone
building cells (osteoblasts) to work more effectively. They can help to
strengthen bone and help to prevent it getting any weaker
Hypocalcemia
• Calcium administration while monitoring EKG for changes (bradycardia, P-R
interval prolongation, or Q-T interval shortening). Possible CRI
• In many instances, treatment of severe and symptomatic hypocalcemia involves
the administration of immediate intravenous boluses of calcium salts followed by
a constant rate infusion to maintain normal serum ionized calcium levels.
• Ionized hypocalcemia occurs more often than predicted when only the total
serum calcium is measured, especially in the critical care setting.
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Lecture:

Hematology?! Using the Stuff You Forgot (Blocked) From School

Yvonne Brandenburg, RVT, VTS Internal Medicine - Small Animal
Technician at SAGE Veterinary Centers Dublin, California, USA

Introduction
As technicians, one of the many valuable skills we can provide for our practices is blood
smear evaluations. The goals of the lecture are to review: 1) review slide preparation; 2) review
basic blood cells; and 3) what abnormalities to watch for.

Review of Slide Preparation
To prepare a sample for cytology use a sample in EDTA, lavender top tube, and gently
invert the sample ten times. Using a syringe, either 3 mL or 1 mL, gently aspirate a small sample
from the blood tube. Drop a small blood sample onto a clean, dry microscope slide. I prefer a 25
g needle as the drop is small enough to allow for a good blood smear. If the drop of blood is too
large, the smear may not provide a monolayer for cytologic evaluation. After the sample has
been smeared on the slide it is important to look for even spread with no holes and a rainbow
sheen indicating a monolayer of blood cells on the slide. Allow the sample to air dry prior to
staining.
For general hematology the stain used is the Romanowsky stain, or Diff-Quik®, with the
slides dipped in fixative reagent, eosinophilic solution, and basophilic solution for 10-15 seconds
in each followed by rinsing with distilled water. Some preparations require 30 seconds such as
lymph node aspirates, but blood smears only require 15 seconds.
It is recommended to change the stain every 1-2 weeks and clean the jars to prevent
artifacts on slides. Precipitate crystals can form in older stain or stain that has evaporated. To
prevent evaporation, make sure to keep the lids on the jars between uses.

Review of Hematologic Cytology
It is important to review a blood smear any time there are abnormalities noted on the inhouse CBC machine, there is a suspicion of an autoimmune disease, transfusion reaction, snake
envenomation, or a variety of other conditions.
Ideally a clinical pathologist would review the blood microscopically, however, this is
not readily available for most and a turnaround time of 12 to 24 hours is expected. Because of
this, technicians should have the training and be able to review a blood smear slide to look for
classic cytological changes.
When starting a blood smear evaluation, it is recommended to start by viewing the
stained slide in the monolayer at the lowest microscope setting, typically 4x magnification, for
gross changes like platelet clumping. After a quick scan view the slide under 100x magnification.
Using the battlement method perform a differential count and platelet count. While performing
the count look at the cells for any abnormalities. The more you perform slide evaluations and
compare them to the results from the in-house CBC machine and what the clinical pathologist
reports, the better you become.

Back to Table of Contents
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Abnormalities to look for include:
•

•

•

•

Red Blood Cells:
o Changes in colors of the red blood cells: polychromasia
o Different sized red blood cells: anisocytosis
o nRBC’s: nucleated red blood cells (usually counted per high power
field)
o Are there other abnormalities such as echinocytes or spherocytes
present?
White Blood Cells:
o Increases or decreases in cell numbers
o Hypo- or Hyper- segmentation of the neutrophils
o Do the neutrophils appear toxic?
Platelets:
o Are there adequate numbers of platelets?
 Estimate by counting platelets in 10 high power fields,
adding together and dividing by 10, and then multiplying
by 15,000-20,000
o Is there any platelet clumps present?
o Are there micro- or macroplatelets present?
Blood parasites:
o Common ones include microfilaria and babesia.

It is important to keep track of what you see and record it in the medical record. A
form can be used to record the results and keep within the medical record.
Table 1 Differential Form
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If you would like to use this Differential Form to track hematology results, please
go to: https://imfpp.org/differential and you can download a copy to use in your clinic.
There are also options for taking photos of the microscope images including
attachments to the microscope to use with your cell phone camera. Here is a link to the
one mentioned in the presentation: https://imfpp.org/microcamera
A good reference for hematology is Idexx’s Guide to Hematology in Dogs and
Cats (Idexx Laboratories, 2002). It has color photos to reference and easy to use. You can
order one from Amazon at https://imfpp.org/IdexxHematology

Conclusion
Basic hematologic evaluation is an important skill technicians can perform that can
provide valuable information about pets to help doctors provide a treatment plan. Proper
preparation and evaluation is key to providing accurate results. Knowing the common blood cell
abnormalities to monitor for can assist veterinarians in creating a treatment plan for patients.
References:

Idexx Laboratories. (2002). Guide to Hematology in Dogs and Cats. Jackson, Wyoming: Teton
NewMedia. https://imfpp.org/IdexxHematology
Differential Form https://imfpp.org/differential
Microscope lens adaptor https://imfpp.org/microcamera
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Small Mammal and Reptile Triage for the Emergency Clinician
Louisa M Asseo DVM, DABVP (canine/feline)
Owner and Medical Director of Oasis Veterinary Hospital
Objective: To identify common presentations of small mammal and reptile patients to a
veterinary emergency service and how to diagnose and treat these patients to help achieve a
better outcome.
•

•

•

Small Mammal Patients
o Triage
o Handling and Restraint
o Supportive Care
o Diagnostics
o Treatment Options
Reptile Patients
o Triage
o Handling and Restraint
o Supportive Care
o Diagnostics
o Treatment Options
Mini Pig Patients
o Triage
o Handling and Restraint
o Supportive Care
o Diagnostics
o Treatment Options
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THE BEEPING: Anesthesia monitoring for Emergency and Critical Care
Nicole Dickerson, RVT, VTS (ECC)
Sage Veterinary Centers, Redwood City, CA
Introduction
The emergency and critical care technician often plays the role of anesthetist for
animals that arrive to the hospital in various levels of crisis. Whether it be for gastric
dilatation volvulus, a bleeding splenic mass, or lacerations from flying through a plate
glass window, its imperative to know how the numbers on the anesthesia monitoring
equipment relate to that condition. The goals today will be to review three pieces of
monitoring equipment commonly available to us in the emergency room. We’ll cover
how they work, what we can discern from the values that we see, and how those values
may relate to cases that we routinely find ourselves anesthetizing both inside and outside
of the operating room.
Pulse Oximetry
The pulse oximeter is a non-invasive way of measuring the amount of oxygen
carried by the hemoglobin (Hgb) in red blood cells. It’s a relatively easy and useful way
to monitor a patient’s ability to perfuse their tissues with oxygen. The number that you
see displayed is a percentage of the oxygen that is bound to the Hgb. This is referred to
as saturation of oxygen or SaO2 and a normal value for an animal breathing room air is
between 95 – 99%. SpO2 stands for the saturation of peripheral oxygen, and since the
pulse oximeter probe is measuring a peripheral artery, this is commonly how we refer to
this percentage value.
The machine works by emitting two different wavelengths of light that pass
through the tissue bed, one red and one infrared. The infrared light measures oxygen
saturation and the red light gives you a pulse rate. Blood that is less oxygenated has a
darker color than blood containing a high saturation of oxygen. This is apparent if you
have ever done a blood draw on a patient intra-op after they have been under gas
anesthesia for a while. The sample will look a much brighter red since they have been
breathing 100% oxygen. A photodetector on the opposite end if the sensor receives the
light and the software within the machine compares the absorption ratio of these two
wavelengths. Oxygen rich blood absorbs less light so more light is going to be sensed by
the detector and therefore give a higher percentage reading.
The most common type of probe we come across is the clip with the light source
on one side and the photodetector on the other. This clip is most easily placed on the
tongue in anesthetized animals to monitor the lingual artery. Other placements include
the pinna, lip, rectal mucosa, toe web, vulvar fold, base of the tail, and Achilles tendon.
It can get tricky with animals that are moving about. Ideally, the probe is in a place that’s
thin, hairless, and non-pigmented as this allows the light to pass through from source to
sensor.
A patient under general anesthesia is receiving 100% oxygen and therefore the
SpO2 should be 95% or above. Another value that we can measure is the partial pressure
of arterial oxygen (PaO2). We get this value by running a blood gas test on an arterial
blood sample. On room air, a SpO2 reading of 95 – 99% equals a PaO2 of approximately
85 – 100 mmHg. When a patient is receiving 100% oxygen, the PaO2 can rise up to as
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high as 500 mmHg. Now, let’s think about this as it relates to the SpO2 reading in the
operating room. If our anesthetized patient has a SpO2 reading of 90%, that could mean
that the PaO2 is dropping as low as 60 mmHg. Compare that to the 500 mmHg we
should be getting with 100% oxygen and you’ve got concern for hypoxemia. We aren’t
always able to get an arterial blood sample to compare these values, but a low pulse
oximetry reading does allow us to react quickly to what could be a significant change in
our patient.

The Oxyhemoglobin Disassociation Curve

First, we can check the probe placement. External light sources or debris on the
probe can interfere with the probe’s light and sensor. The tissue where the probe is
placed may be pigmented, or the probe may have been in the same place too long
therefore compressing the capillary bed and minimizing the amount of blood in that
particular spot.1 If you are using a drug that causes vasoconstriction such as
dexmedetomidine, this can affect a patient’s peripheral perfusion and the pulse ox will
have a more difficult time obtaining an accurate reading. More serious complications are
an inadequate delivery of oxygen from esophageal intubation, endobronchial intubation, a
low O2 flow rate, an obstruction of the endotracheal tube, an empty oxygen tank, or
respiratory failure. It’s more difficult to detect problems with a patients gas exchange
using this piece of monitoring equipment. It does not tell you if oxygen is being
transferred from the alveoli of the lungs into the blood stream, and this can be the source
of your problems when dealing with a patient with primary lung disease or if they are
being inadequately ventilated artificially. Remember: PINK doesn’t equal oxygenated.
Cyanosis does not occur until the patients SpO2 drops below 85%, so we should be
detecting hypoxemia before we start turning blue.
Animals arriving in the ER are often in a state a shock. Shock is defined as the
failure of the body to deliver adequate oxygen to the tissues. A good example of a
surgery candidate arriving in a state of shock is the dreaded GDV. Decreased venous
1

To gauze or not to gauze: I have seen many technicians moisten a piece of gauze and place it on the
tongue under the probe to get a better SpO2 reading. I’m not really sure why this would work, but
sometimes it does. My theory is that you are unclipping and moving the probe to a slightly different spot,
and consequently re-perfusing the capillary bed. The gauze may be inconsequential.
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return from the gas-filled stomach’s malpositioning and decreased cardiac output means
you may be hard pressed to get a pulse ox reading on one of these patients. With this
particular case, restoring adequate perfusion through intravenous fluids, de-rotation, and
pain control will help. The combination of pulse oximetry and capnograohy is valuable
in monitoring a GDV because you will see return of tissue perfusion while maintaining
adequate ventilation.
IMPRESS YOUR FRIENDS with some weird things:
The waveform that some pulse oximeters are able to generate is called the
photoplethysmogram (say that five times fast). It’s the tiny blood volume changes in
the microvascular bed of tissues. The pressure of the pulse creates the peaks that we see
in the graph and is also the source of the “beep-beep-beep” we all find so comforting.
We can look at this graph to measure pulse quality as it may relate to hypovolemia or
cardiac arrhythmias. You can see from the graph below that the VPC’s this patient is
having is represented on the photoplethysmogram generated from the pulse oximeter.

Methomoglobinemia is an unusual condition that affects the red blood cells
ability to carry oxygen. Hemoglobin is made up of four polypeptide chains (globins) that
are attached to a heme molecule. Heme has a central iron molecule that must be
maintained in its ferrous state of Fe2+ to be able to bind oxygen. When the iron molecule
is oxidized into its ferric state of Fe3+ an inactive form of hemoglobin is created called
methemoglobin (MetHb). The red blood cells become darker and the blood can turn a
chocolate brown color. The mucous membranes can turn dusky as well, mimicking
cyanosis. These animals are at risk of hypoxemia because of the red blood cells reduced
ability to deliver oxygen to the tissues. A healthy animal oxidizes Hb to MetHb, but the
amounts are small enough that the protective mechanisms of the body such as the enzyme
methemoglobin reductase can prevent it from causing a problem. We get into trouble
when those mechanisms are overwhelmed as with acetaminophen toxicity or a rare
congenital condition called methemoglobin reductase deficiency.
How does this relate to our pulse ox world? If MetHb levels exceed 30%, the
SpO2 will plateau at 85% regardless of the true oxygen content of the blood. Compare
the SpO2 to the arterial blood gas saturation. If the saturation gap is more than 5%,
you’ve got methemoglobinemia!
Capnometry and Capnography
For general anesthesia, this is my most favorite device for monitoring. It gives
me a lot of information in real time that I can react to quickly. Also, it does wonders for
assessing the effectiveness of CPR, but we’ll get to that later on in these notes.
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Capnometry is the measurement and evaluation of the level of carbon dioxide in a
patient’s exhaled breath. This is called end tidal CO2 or ETCO2. Capnography is the
measurement of CO2 through the breathing cycle and is displayed as a waveform. Both
are non-invasive, practical, and continuous ways of monitoring partial pressure of arterial
carbon dioxide (PaCO2), alveolar gas exchange, and ventilation of the patient. ETCO2 is
only slightly lower than PaCO2. Unlike the big differences that can happen between
SpO2 and PaO2, the values you see on the capnometer are usually pretty close to what’s
going on inside the blood stream.
There are two methods of sampling the gas in the anesthetic circuit, the
mainstream (non-diverted) or sidestream (diverted). The mainstream is a sensor that is
placed close to the patient between the endotracheal tube (ET tube) and the anesthetic
circuit. Because of this placement, it’s a much faster response time. The EMMA
capnometer is a good example of a mainstream capnometer. The sidestream monitor
samples airway gas through a small tube attached to the junction of the ET tube and the
breathing circuit. A vacuum draws a portion of the exhaled breath into the main unit.
Because of this air travel there is a bit of a delay in the reading that you see. These
disposable pieces of small tubing are what Sage Veterinary Centers uses in their
operating rooms.
The technology that these machines use can be quite complicated. The equipment
that we use for the most part in veterinary medicine uses infrared absorption to discern
gas content of the exhaled air. This is based on the concept that different gases have
unique and specific absorption spectra of infrared light. One has to be conscious of water
vapor accumulation with this method because it will interfere with the infrared light and
throw off the readings. This is the only way that mainstream devices are manufactured to
work although some sidestream devices use infrared light as well. Mass spectrometry is
less common but has the added benefit of also measuring oxygen, nitrogen, nitrous oxide,
and halogenated anesthetic gases (which includes isoflurane and sevoflurane), in addition
to carbon dioxide. This spectrometry is based on measuring the mass and charge ratios of
individual molecules. And if you thought that was fancy, wait until you hear about
Raman spectrometry. This uses a laser light to interact with the gas. Each molecule
vibrates and rotates creating wavelengths that are individual to each type of gas molecule.
Venkata Raman won the Nobel prize for the discovery of this phenomenon so the
technique carries his namesake.
Normal values for both dogs and cats are 35 – 45 mmHg. These values reflect the
body’s ability to exchange gases at the alveolar level in the lungs, a balance between CO2
production and elimination. CO2 is the main factor for controlling breathing. In a
conscious animal, any change in the CO2 production induces a proportional change in
alveolar ventilation. The partial pressure of carbon dioxide (PCO2) remains constant.
Under anesthesia, the balance can be lost so that changes in CO2 may not result in the
normal compensatory changes of the body. Diseases can also upset this balance, such as
something neurological where the respiratory centers of the medulla are not responding
properly. It could be muscular disease where the diaphragm can’t move well enough to
fill the lungs, or a primary lung disease that has compromised the ability of the alveoli to
exchange gasses at the capillary level. Usually these mechanisms will result in an
increase of ETCO2.
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Values above 45 mmHg or hypercarbia means that more CO2 is being produced
than can be removed. A decreased respiratory rate and decreased tidal volume will result
in elevations of ETCO2 as not enough CO2 is being “blown off” by the patient. This is
something an adjustment in ventilation should readily correct. One should be conscious
of not increasing positive pressure ventilation (PPV) over 20 cm H2O on the manometer
and consider an even lower maximum pressure for patients with compromised lung
pathology such as a bulla. There can be mechanical reasons for a rise in ETCO2. There
may be increased dead space in the anesthetic circuit, exhausted CO2 absorber in the
machine, leaks somewhere in the system, a kinked ET tube, or malfunctioning valve on
the anesthetic machine. All are reasons to leak check machines before inducing and look
at your patient.
Values below 35 mmHg means hypocarbia, a decrease in the amount of CO2.
This can happen with overzealous ventilation as the body is “blowing off” all the CO2
due to an elevated respiratory rate. There are other reasons for an elevated respiratory
rate, the patient may be in pain or in a light anesthetic plane. Hypothermia can cause a
decrease in CO2 as metabolism slows down. ETCO2 is directly correlated to cardiac
output so cardiac failure will result in a low value. This is why capnometers are
awesome for CPR. They can tell you how effective your chest compressions are because
when you increase cardiac output, your ETCO2 should also increase. Getting a value of
zero? Check that you haven’t intubated the esophagus. We’ve all seen this happen in the
beginnings of a rushed CPR. Remember the mistake isn’t the intubation of the
esophagus. The mistake is in not CHECKING that you intubated the esophagus.
Sometimes we want to keep the ETCO2 low. Elevated CO2 causes vasodilation,
as blood vessels want to deliver more blood and therefore oxygen to the tissues. This
increases intracranial pressure. In cases of head trauma or brain disease, the intracranial
pressure may already be high. The sympathetic nervous system responds to the stress on
the brain tissue by increasing systemic blood pressure, which results in a reflex
bradycardia. This is called the Cushing reflex and it’s bad. The patient is at risk for brain
herniation. We can keep these animals ETCO2 on the low end of the 35 – 45 mmHg
spectrum, but that too comes with some risk. Too low of a ETCO2 can have the opposite
effect, that being vasoconstriction.
The capnograph is a waveform providing us with a picture of inspiratory CO2
concentration, respiratory rate, and ETCO2 concentration. When I first started learning
about these waveforms, I was told to look for “happy little elephants on parade.” This is
essentially the shape we want for a normal capnogram.

These waveforms allow us to detect abnormalities in the breathing of the patient or with
the anesthetic equipment. Here are some good ones to know:
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Note that the “shark fin” one on the upper right can also be for a kinked endotracheal
tube or airway obstruction like a mucus plug. Like the numerical value that the
capnometer gives us, continuous capnography allows us to respond quickly as things are
changing with our patient.
There is an excellent website, www.capnography.com with lots of information
about these waveforms. I’m a big fan of the Capno Magic Screen. It has many different
types of capnographs in various circumstances moving along in real time.
IMPRESS YOUR FRIENDS, a word about blood gases:
We don’t look at blood gases as much as we should and an elevated ETCO2 is the
perfect time to think about them. CO2 is acidic. A rise in CO2 will cause a decrease in
the blood’s pH level.
é

CO2 = ê pH = acidosis

We’ve discussed how the control of ventilation in awake animals is due to the level of
CO2. This takes places in the brain stem, the medulla, where there are respiratory centers
that are sensitive to CO2 induced changes in blood pH. An increase in CO2 decreases
pH and stimulates us to take a breath. The acid/base balance in the body is a tightly
controlled operation, balancing both metabolic and respiratory compensations to keep the
blood pH in the normal range of 7.35 – 7.45. It’s amazing! The kidneys have a role to
play in this as well. They are in charge of the excretion and retention of bicarbonate
(HCO3-). If the pH of the blood is decreasing and becoming too acidic from retained
CO2, the kidneys will hang on to the HCO3- and that base element will help bring the pH
back to a normal level. Now, it’s worth noting that this metabolic compensation for a
respiratory acidosis is slow. It can take hours to days. Ventilatory compensation should
be the body’s first line of defense. A good example of the reverse happens with our DKA
patients. These guys are experiencing a metabolic acidosis due to the level of ketone
bodies in their system. Sometimes you will see these patients doing deep, labored breaths
without being in respiratory distress. This is called Kussmaul breathing and what we’re
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seeing is the body trying to correct its acidosis by lowering its CO2 content. It’s a
respiratory compensation for a metabolic problem.
If you want to get a good handle on interpreting the body’s compensatory
mechanisms for acid/base balance (and I know you do), you can quiz yourself with the
ABG Ninja at https://abg.ninja/abg. It’s excellent practice on a tricky subject.
Blood Pressure
This is a huge topic and could be lecture onto itself. Monitoring blood pressure in
emergency medicine allows us to gain a lot of insight into the well being of our patients
both inside and outside of the operating room. For our purposes here, we’ll focus on
monitoring blood pressure on our emergency patients under anesthesia, how we can best
understand the values we’re seeing, and how to react appropriately to changes.
There are two non-invasive ways of monitoring blood pressure that we see most
commonly in our small animal hospitals. One method utilizes the Doppler machine and
sphygmomanometer. The other is the oscillometer, consisting of a cuff connected to a
computerized monitor. This is what the Cardell monitoring units in the Sage operating
rooms routinely use.
The Doppler probe contains a crystal that emits high frequency sound waves.
When those sound waves encounter a pulsating artery, the frequency is changed, and the
machine will emit the “swish swish” sound that we are all familiar with. A cuff around a
leg or base of the tail is inflated until it occludes the artery lying beneath the probe. The
sound stops. As you slowly release the pressure in the cuff with the sphygmomanometer,
the pressure in the cuff will equal the pressure in the artery. The blood flow through the
artery will resume and the sound comes back. Where the needle is on the
sphygmomanometer when that happens is your systolic blood pressure value in
millimeters of mercury (mmHg). Systolic blood pressure is the arterial pressure
produced by the contraction of the ventricles of the heart. This is the highest pressure
produced in the cardiac cycle and is what propels oxygenated blood through the aorta and
major arteries. Normal systolic blood pressure in dogs and cats is around 120 mmHg.
Now, there are a couple of housekeeping things about using the Doppler. The
size of the cuff is important. It should be about 40% of the circumference of the limb. If
it’s too big or too small you’ll get wonky readings, the small cuffs being falsely high and
the loose-fitting, big cuffs being falsely low. Try and put the cuff in the same joint space
as the probe. No pulse in the limbs? Try the base of the tail! This has saved me
numerous times. I also like to put my stethoscope on the speaker of the Doppler so I can
hear very quiet pulses. Sometimes it’s just nice to be able to have a pair of “headphones”
in a bustling, distracting treatment area. It’s also worth noting that there was one study
on anesthetized cats that found that the Doppler underestimated the systolic pressure by
10 – 15 mmHg. This means it might be more closely correlated to mean arterial pressure.
It’s worth thinking about when treating our sick kitties and also to remember that the
numbers you get are not as precise as we would like. Normal MAP for dogs and cats is
90 – 100 mmHg in an awake animal, and 70 – 90 mmHg during anesthesia.
Oscillometric blood pressure is a little less labor intensive. The cuff is placed as
you would for a Doppler reading, but the machine inflates and deflates the cuff for you at
a programmed interval. I like to keep it measuring every two minutes. What the
computer is measuring is tiny oscillations, or variations in magnitude, within the air
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bladder of the cuff. The oscillations are caused by the pulsing of the artery, which
changes the volume of the limb ever so slightly. The computer is then able to calculate
the systolic, diastolic, and mean arterial pressure from the cuff pressure changes. The
diastolic pressure is one that we didn’t get with our Doppler. This is the pressure that we
get when the heart is in its resting phase between contractions and is the lowest pressure
throughout the cardiac cycle. What we like to see in our anesthetized patients is a
“dynamic” comparison of these two values. I may not have anything specific I can
correct with knowledge of the diastolic pressure on its own, but what I can see is how
well the heart is contracting. If the two numbers are super close together, it means the
heart isn’t really moving around as much as we want it to be. We want to see a strong
contraction, then a relaxation. If we’re narrowing the space between those two events,
the heart may not be pumping efficiently. Mean arterial pressure (MAP) is the average
pressure throughout the cardiac cycle, and is the best indicator for perfusion of the
internal organs. MAP equals cardiac output (CO) multiplied by systemic vascular
resistance (SVR).
MAP = CO x SVR
As with all blood pressure measurements, it’s good to follow a trend rather than a
single value. My eyebrows will start to rise if my MAP falls under 70 mmHg. Since
we’re talking about emergency surgery, our patients don’t often begin in a very stable
state so small changes can mean we have to react quickly. Hypotension is the most
common adverse effect of general anesthesia, so we know it’s coming anyway. In our
already compromised patients, they will be less able to compensate for this change so we
as emergency technicians have to anticipate the battle of hypotension. Have an extra bag
of plain fluids ready for crystalloid boluses, do the math ahead of time for pressor CRI’s,
and think about which colloid makes the most sense for the patient you are anesthetizing.
These oscillometric machines have their limitations as well. They just don’t work
as well on our smaller patients. The puppies and kittens will have inconsistent or NONexistent readings on the oscillometric and good luck with using it on a rabbit. The tubing
between the cuff and the machine can become kinked or flattened from the surgeon
leaning against the table. Movement will throw off a reading. Remember, its using slight
changes in limb size to determine values. When dubious of your Cardell machine’s
success, you can always take a Doppler into the OR with you. Tape the probe into the
right place before your patient disappears under the layers of surgical drapes.
Why do we care so much about blood pressure? That little formula above gives
us a lot to think about. Hypotension is the fight we will most likely be waging in
emergency surgery. We want to keep our organs perfused, most importantly the brain
and the kidneys. These are the most sensitive to drops in blood pressure. A loss of blood
pressure means a loss of oxygen delivery, and hypoxia is a dangerous thing. Patients can
suffer acute kidney injury from general anesthesia, particularly those already predisposed
to damage such as geriatric patients or those on non-steroidal anti-inflammatories. The
kidneys filter waste from our bodies and any impairment in their ability to do that will
result in a build-up of these metabolic waste products.
A lack of oxygen to the brain will impair its ability to make use of glucose and
consequently the brain cells will lose their function and begin to die. Lets think about
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hypotension in relation to that formula and the patients we are anesthetizing. CO
problems can be a reduction in preload, the ability of the heart to fill with blood. This
can be from severe dehydration, like a gastrointestinal foreign body that has gone
untreated for a week. It could be from blood loss, like from trauma or a bleeding splenic
mass. CO can also be a problem stemming from cardiac function, like dilated
cardiomyopathy (DCM) or cardiac tamponade caused by pericardial effusion. We had to
take an old Doberman with DCM to surgery for a GDV and so had to dance a fine line
between adequate perfusion and fluid overload to keep his MAP reasonable.
Diseases that cause a drop in SVR share the common mechanism of vasodilation.
We see this in our septic patients where inflammatory mediators have made the vessels
dilated and permeable. Fluids can accumulate in the tissues causing edema, and this
pooling of blood volume outside the vessels means oxygen delivery is impaired to the
vital organs. Its these cases where we can start to think about colloids and blood products
to increase our blood pressure as increased capillary permeability will cause crystalloids
to readily leak into tissues. These cases are also your candidates for advanced vascular
access such as triple lumen jugular catheters because peripheral IV catheters will start to
go bad in the animal’s edematous limbs. Take advantage of your patient being under
anesthesia and place these lines before they recover. They may not be stable enough to
be given sedation to place these lines later on in their hospital stay.
IMPRESS YOUR FRIENDS with some weird things:
Thankfully, hypertension isn’t something we deal with under general anesthesia
very often. Where you DO see it is when we give alpha 2 agonists such as
dexmedetomidine. Our patients receiving this drug tend to be the drive-by laceration
repairs getting a combination alpha 2 agonist and opioid. Alpha 2 agonists can cause
profound changes in cardiac output and blood pressure even at low doses. They cause
peripheral vasoconstriction, bradycardia, and respiratory depression, which is why it’s
always good to have flow by oxygen on these guys – preferably by face mask for most
effective oxygen delivery. Blood pressure readings on the limbs of these patients are
high, but this is not a hypertension that we treat. This is the drug causing peripheral
vasoconstriction. Another fun fact is that alpha 2 agonists block the release of
antidiurectic hormone (ADH). This means these drugs can cause a diuresis. Ever gotten
peed on while moving a sedated dog from the procedure table to the cage? Now you
know why!
Direct arterial pressure is the gold standard for blood pressure monitoring in both
veterinary and human medicine. It involves inserting an arterial catheter, which is then
connected to a pressure transducer and computer monitor. The set up is very specific;
rigid tubing connected to a bag of 0.9% NaCl with 1 unit per milliliter of heparin
pressurized to 300 mmHg. Invasive blood pressure monitoring allows for continuous
monitoring in real time. The placement if this catheter also gives us the ability to obtain
arterial blood samples to keep track of blood gases. Although the gold standard, this
method does not come without its complications. Arterial catheters are notoriously
difficult to place as it involves palpation of the artery and then essentially a blind stick.
Cats can develop necrosis distal to the catheter if left in longer than 6 - 12 hours. If the
tubing is too compliant then you can get erroneous readings. The catheters clot easily
and can result in hematoma formation at the site of venipuncture, whether the catheter
went in or not. These patients have to be monitored closely, as removal if these arterial
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catheters can result in a heck of a lot of bleeding. However, in a critical care setting with
very sick patients, its ideal to be able to monitor the blood pressure in real time to
accurately assess fluid resuscitation and use of pressors to maintain an acceptable
systemic blood pressure.
Conclusion:
Anesthesia monitoring is ALL THE THINGS. By all the things, I mean good
anesthesia monitoring encompasses knowledge of anatomy, physiology, mechanics,
physics, pharmacology, pathology, and a little bit of Macgyver. We’ve covered three
basic parameters that every emergency technician should be familiar with because they
give you a vast amount of information about your patient and are easily accessible.
Emergency technicians are by nature excellent multi-taskers and can utilize this skill
towards the careful monitoring of emergency surgery patients.
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Radiographic Positioning Techniques
A Look from Cranial to Caudal
Celline Whitley, RVT
Surgery Clinical Lead: SAGE Concord

•

•

Overview
o Advances in technology and veterinary medicine have contributed to the ease at which veterinary
technicians can safely perform radiographic studies on small animal patients within a hospital setting.
o Understanding the components of radiology equipment and how a high quality diagnostic image is
produced will allow veterinary technicians to feel more confident when planning a study.
o Knowledge of radiology safety and necessary safety equipment is essential for every veterinary practice.
o Formulate a plan of action that is unique to your patient’s needs based on available resources and aids.
o Understand the difference between chemical and mechanical restraint and how one or both can support
staff to limit their exposure to radiation.
o Execute proper positioning of the anatomic region of interest specific to the type of radiographic image
desired.
o Review image before submitting to the doctor to properly orient, crop, and label image.
o Identify the key landmarks the doctor intends to study and ensure proper parameters are met.
o Work as a team with fellow staff members to safely and efficiently produce high quality radiographs.
General terminology

Radiographic descriptions describe the direction the x-ray beam passes through your patient and your
patient’s position on the x-ray table.
o Examples include: lateral (LAT), recumbency (R) (L) (sternal) (dorsal), ventrodorsal (VD), dorsoventral
(DV), anterior-posterior (AP), posterior-anterior (PA), craniocaudal (CrCd), caudocranial (CdCr),
mediolateral and oblique.
Equipment: Digital machine and software
o Important components of a digital x-ray system include x-ray tube, collimator, generator, table, controls,
cassette holder and activating switches
o Digital radiographs are executed using a capturing software linked to the x-ray table and images are
reviewed/manipulated using a viewing software
Equipment: Safety
o Safe operating procedures for a veterinary hospital should include a good technique chart, positioning
aids, protective lead apparel and personnel monitoring dosimetry devices.
o Proper personnel protective equipment is required to be worn by any staff members that will be within
6 feet of the x-ray beam.
o All staff members who will be exposed to radiation are required to wear a dosimeter badge or some
form of personnel monitoring equipment to measure the level of ionizing radiation exposure.
o

•

•
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Examples of safety equipment include; lead gowns/gloves/thyroid shield (0.5mm lead equivalent),
radiology goggles, dosimeter badges, and restraint tools.
Equipment: Positioning aids
o Positioning aids assist staff by supporting the patient in the proper position to alleviate personnel strain
while capturing an image.
o Examples of positioning and restraint aids include; sandbags, foam v-trays, foam eggcrates, bandage
tape, foam wedges, angle irons, lead gloves, non-skid liner, spoon/spatula, and R/L position markers.
Planning your study: kVp vs mAs
o When planning a radiology study, it is important to set the digital machine to the proper kVp and mAs
settings to achieve the highest quality image
o kVp: Kilovolt Peak
 Controls the QUALITY of the x-ray beam produced
 Controls the CONTRAST or GRAY SCALE and penetrating ability
o mAs: Milliamp Seconds
 Controls the QUANTITY or AMOUNT of x-ray photons produced
 Controls BLACKENING or DENSITY of x-ray film
o Measure the thickness of the anatomic region of interest then compare to technique chart specific to
digital machine in use.
o

•

•

•

Planning your study: Radiation safety
o Essential goal of radiation safety is to prevent injury from exposure to ionizing radiation.
o Minimize personnel in the radiology room during imaging and rotate personnel if possible to decrease
occupational radiation exposure
o Pregnant women should avoid radiology
o Annual occupational exposure requirements: Maximum Permissible Dose (MPD) are monitored by
personnel monitoring devices (dosimeter badge)
Human Body Region
Whole Body (total effective
dose)
Skin and extremities (shallow
dose)
Lens of eye (ocular dose)

•

REM (roentgen equivalent man)
5 rems
50 rems
15 rems

Planning your study: Limiting staff exposure
o ALARA concept simply means that radiation exposure in the workplace should be As Low As Reasonably
Achievable.
o To practice the ALARA concept, staff should utilize a technique chart, become proficient in patient
positioning, wear appropriate lead apparel, use chemical restraint when possible, and consistently use
positioning aids.
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Planning your study: Restraint
o Chemical restraint is the use of tranquilizing drugs and/or narcotics to immobilize your patient
 Strive for lowest possible dose to achieve desired sedation level
 Safer in general for staff and patient
 Allows staff to exit room to avoid exposure when combined with mechanical restraint aids
 ALWAYS monitor patient vitals under sedation and maintain safe restraint techniques
o Neuroleptanalgesia: sedation achieved by combining a tranquilizer and a narcotic.
 ie: Dexdomitor/Torbugesic. *Dexdomitor reversible with Antisedan
Planning your study: Restraint
o Mechanical restraint is the use of positioning aid devices or physical restraint techniques to achieve
accurate positioning of anatomic region of interest
 Allows for minor adjustments to be made if retakes are necessary
 Provides comfort to patient while in unique positions
 Safely restrains patient to avoid injury to patient or staff
Planning your study: Things to consider
o Have a plan of action in place before placing patient on radiology table
o Work from head to tail
o Case study considerations
 Patient species
 Type of case study
 Size of patient
 Temperament of patient
 Available staff
 Doctor preferences
 Safety equipment needed
 Available restraint tools: chemical vs mechanical
Positioning your patient: Skull

o
o
o

Routine views of cranium are lateral and VD or DV
Sedation or general anesthesia usually required
Unique skull radiographs:
 Frontoccipital VD
 Open mouth lateral/VD
 Frontal sinus VD
 Open mouth oblique
 Dental Radiographs
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Positioning your patient: Spine

•

Spinal column is divided into sections working from head to tail
 Cervical
 Thoracic
 Lumbar
 Sacrum
 Caudal (tail)
 Thoracolumbar /Lumbosacral (TL and LS spine combines two regions)
o Key to spinal radiographs is to keep the spinal column as straight as possible
 Spine should be parallel to the x-ray table
 Support patient’s body with foam wedges and V-tray help keep spine straight and padded
Positioning your patient: Forelimb
o

o

o

o

Forelimb radiographs are described based on bone or joint of interest
 Scapula
 Shoulder
 Humerus
 Elbow
 Radius and Ulna
 Carpus
 Metacarpus and digits
Isolate the limb away from the rest of the body to highlight the region of interest
 Can be achieved with manual restraint or positioning aids
 When imaging a fracture, include the joint above and below the fracture to more easily visualize
its exact location
Proper angles of the limb should be met depending on the type of forelimb radiograph
 Natural stance
 Lateral 90 degrees versus straight AP views
 Flexion, extension, oblique and stress views
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Positioning your patient: Thorax

•

Routine views for thorax are lateral, VD or DV
 DV is often better for evaluating the heart
 VD is often better for evaluating the lungs and looking for metastatic nodules (3 view met check)
o Inhalation peak to see full lung expansion based on doctor preference
o Higher kVp and low mAs technique is used to attain proper scale of contrast to visualize structures in the
thorax
Positioning your patient: Abdomen

•

Routine views for the abdomen are lateral and VD
 Pull forelimbs cranially and hind limbs caudally to allow for expansion of the abdomen to
identify organs and structures
o Contrast or barium studies are used to highlight and visualize abnormalities within abdomen.
Positioning your patient: Pelvis

o

o
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Routine views for the pelvis are lateral and extended leg VD
 Right lateral: pull right pelvic limb down and cranially while pulling left pelvic limb caudally.
Support left pelvic limb with foam to keep pelvis in a natural position
 VD pelvis: usually requires manual restraint under sedation to achieve proper positioning. Limbs
are pulled caudally and slightly rotated inward to visualize patellas and create a straight line
o Other pelvis radiograph views
 Frog-leg VD
 Fire hydrant lateral
 OFA imaging
 DAR view
 THR pre and post radiographs
Positioning your patient: Hind Limb
o

•

o

o

o

o

Hindlimb radiographs are described based on bone or joint of interest
 Femur
 Stifle
 Tibia and Fibula
 Tarsus
 Metatarsus and digits
Isolate the limb away from the rest of the body to highlight the region of interest
 Can be achieved with manual restraint or positioning aids
 When imaging a fracture, include the joint above and below the fracture to more easily identify
its exact location
Proper angles of the limb should be met depending on the type of forelimb radiograph
 Natural stance
 Lateral 90 degrees versus straight PA views
 Flexion, extension, oblique and stress views
Radiographs for orthopedic procedures
 TPLO
 MPL
 Fractures
 Hyperextension and tendon injures
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•

•

Film Orientation and Labeling
o Should this radiograph be presented to the doctor like this?

o
o

Finishing touches can be achieved using capturing software before sending for doctor review
Consistency is important between pre and post radiographs as well as follow up recheck radiographs

o
o

Keep your doctors happy and smiling with attention to detail
Work as a team to safely and efficiently execute a radiology case study

References
o Ayers, Susie. Small Animal Radiographic Techniques and Positioning. Wiley-Blackwell, 1st edition, 2012.
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Why [Good] Positioning Matters
for Proper Interpretation
Sunday March 24, 2019

Trisha Oura, DVM, DACVR
Veterinary Specialty Hospital
San Diego, CA
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What is a Radiograph?
• An image of the number and
distribution of x-rays passing
through the patient
Air

• Differential attenuation is based
on composition and thickness

Plastic
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What is a Radiograph

Receiver
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5 Opacities
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3D à 2D: The Problem(s) with Radiographs
•
•
•
•
•

Magnification/Distortion
Unfamiliar images
Superimposition
Summation
Silhouetting
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Magnification/Distortion
• Magnified image will be larger
and less sharp
• Structure closer to the
plate/cassette will be smaller,
more sharply defined
• This is most noticeable with
limbs
234

Magnification/Distortion
• Special case of unequal
magnification
• Objects further from the plate
will appear larger
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Unfamiliar Images
• Orthogonal Views = 2 projections made at 90° to one another
• Helps combat the problem of unfamiliar views of familiar objects
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ALWAYS Take Orthogonal Views!

Images courtesy of Dr. Taeymans
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Thorax: Minimum 2 Views
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Why Right vs Left Lateral or DV vs VD?
• May not matter, but…
• Depends on what you are looking for:
• Most disease is better seen on the contralateral (opposite)
projection
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Why?
• “Down” lung becomes collapsed = atelectatic

• Atelectatic lung = less gas = more soft tissue opaque

• A lot of disease (tumors, pneumonia) = soft tissue opaque
• Soft tissue lesion + soft tissue atelectasis = silhouetting-can’t
differentiate the 2 things

• “Up” lung = aerated = gas opaque

• Soft tissue lesion + gas opaque lung = better visualization (more
contrast)
240
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Diseases of Interest
• Aspiration pneumonia
– Usually cranioventral

– Often right middle lung lobe
• Metastatic disease
– Should be diffuse disease
• Congestive heart failure
– Caudodorsal lobar vessel enlargement
– Caudodorsal lung fields usually first to have pulmonary edema
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Aspiration Pneumonia
• Which views do you want?

245

Metastatic Disease
• Which views do you want?
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Congestive Heart Failure
• Which views do you want?
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Is My Radiograph Straight?

• Legs forward
• Rib heads aligned
• Inspiration with diaphragm
caudal
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Ventrodorsal (VD)
Spinous processes should be round/teardrop
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Dorsoventral (DV)

Less stressful – good for cardiac
patients.

Notice visibility of caudal lobar
pulmonary vessels.
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Abdomen: Minimum 2 Views
•
•
•
•

Same rules apply as in thorax, but different goals
Still important to triangulate
Mostly concerned about GI anatomy
2 views vs. 3 view?
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Why Right vs Left Lateral?
• LEFT Lateral
•
•
•
•

Fundus of stomach down (fill with fluid)
Pylorus up (fill with gas)
Foreign bodies may lodge in the pylorus…
Duodenum up (fills with gas)

• RIGHT Lateral

• Fundus up (fill with gas)
• Routine for GDV
• Descending colon up (fill with gas)
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R

253

254

R

Diseases of Interest
• GDV
• Pylorus is displaced cranially and to the left
• GI obstruction
• May be lodged or anchored in the pylorus
• Urinary obstruction
• Male membranous urethra is very caudal
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GDV
• Which views do you want?
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GI Obstruction
• Which views do you want?
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Urinary Obstruction
• Which views do you want?
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Is My Radiograph Straight?
• Legs back
• Transverse processes
aligned
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Ventrodorsal (VD)
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Dorsoventral (DV)
• NO!
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Musculoskeletal: Minimum….?...Views
• Rules of triangulation still apply
• Orthogonal views are still the gold standard

• But some diseases are best seen in 1 view
• E.g. VD pelvis for dysplastic change

• May want oblique views (esp in large animals)
• Sedation is key!
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Special MSK Considerations
• Affected limb closest to the plate
• Less magnification
• Better resolution (sharper image)
• May need contralateral limb to compare (esp in babies)
• Magnification markers
• Useful IF the patient is going to surgery. NOT ALL MSK studies need markers
• Marker should be in the same plane as the lesion, not on the lesion
266

Diseases of Interest
• Fractures/trauma
• Likely to have pre/post-op
• Fractures can only be seen if they are en-face with the beam
• Aggressive lesions (e.g. cancer/infection)

• Usually do NOT go to surgery for fixation (maybe amputation)
• Lysis can only be seen if it is en-face

• Routine orthopedics (e.g. cruciate ligament, hip dysplasia)
• Likely to have pre/post-op
• Often bilateral disease
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Fractures/Trauma
• Which views do you want?
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Aggressive Lesions (cancer, infection)
• Which views do you want?
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Routine Orthopedics
• Which views do you want?
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Is My Radiograph Straight?
• Craniocaudal/DP
• Symmetric joint spaces
• Symmetric limb length
• Region specific (e.g. patella central)
• Lateral
• Symmetric joint spaces
• Region specific (e.g. superimposed humeral/femoral condyles)
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Take Home Points
• Radiograph smarter, not harder
• What disease are you looking for?
• What views would best show that?
• ASK!

• Be straight, true, and beautiful
• More diagnostic
• Fewer artifacts
• More publications, teaching, recognition

• Own it!
• Mark it so you can get credit!
• Just put the marker on the edge of field ;)
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Track 5

Lecture:

You’ve Declared You’re Getting a V.T.S. So, Now What?

Yvonne Brandenburg, RVT, VTS Internal Medicine - Small Animal
Technician at SAGE Veterinary Centers Dublin, California, USA

Introduction
As technicians there comes a point in our careers when we want to stretch ourselves and
advance our skills. This lecture will discuss choosing which specialty to pursue, discuss how to
obtain a Veterinary Technician Specialist (VTS) credential, and what we can do with our VTS
credential once we’ve obtained it.
The goals of the lecture are to review: 1) the different academy’s and where to find them;
2) application process; 3) exam; 4) what can a VTS do; and 5) maintaining a VTS.

National Association of Veterinary Technicians in America (NAVTA)
NAVTA is the organization to oversee all VTS specialty Academies. NAVTA’s
definition:
An Academy designates veterinary technicians receiving recognition as a specialty and is
restricted to credentialed veterinary technicians, who must complete a formal process of
education, training, experience and testing to qualify.

Academies approved by NAVTA:
1. The Academy of Veterinary Emergency and Critical Care Technicians - has a goal of
certifying Veterinary Technicians is to assure the veterinary profession and the public that
AVECCT certified technicians possess the knowledge and experience needed to work
effectively in a well-equipped and staffed emergency or critical care facility.
http://avecct.org/index
2. The Academy of Internal Medicine Veterinary Technicians promotes the interest in and
advances the skills of Veterinary Technicians within the disciplines of veterinary internal
medicine by providing cutting edge continuing education, working with veterinarians to
advocate for superior patient care, providing client education, and ensuring consumer
protection. Sub-specialties include: Cardiology, Equine Internal Medicine, Neurology,
Oncology, Production Animal Internal Medicine, and Small Animal Internal Medicine.
Facebook @aimingforexcellence http://www.aimvt.com/
3. The Academy of Veterinary Dental Technicians - gives the technicians the opportunity to
expand their knowledge and their professional value by becoming a credentialed specialist in
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the field of animal dentistry. For information, please contact avdtsecretary@gmail.com.
http://www.avdt.us/
4. The Academy of Laboratory Animal Veterinary Technicians and Nurses is designed to
promote excellence in animal welfare and medical care for animals used in laboratory animal
settings by specialization in veterinary technology/nursing in the distinct field of Laboratory
Animal Medicine. Contact: Stephen Cital RVT, SRA, RLAT, VTS-LAM at
matacital@gmail.com http://www.alavtn.org/
5. The Academy of Veterinary Technicians in Anesthesia and Analgesia - promotes patient
safety, consumer protection, professionalism and excellence in anesthesia care and pain
management. The Veterinary Technician Specialist in Anesthesia and Analgesia is there to
provide your pet with exceptional care before, during and after a procedure.
http://www.avtaa-vts.org/index.pml
6. The Academy of Veterinary Behavior Technicians - promotes excellence in the discipline
of veterinary behavior medicine. Veterinary Technician Specialists with behavior
certification will demonstrate superior knowledge in scientifically - and humanely - based
techniques of behavior health, problem prevention, training, management, and behavior
modification. The AVBT will advance the skills of veterinary technicians within the
discipline of animal behavior and further their recognition as critical components of the
veterinary behavior team in creating, maintaining, and strengthening the human-animal bond.
http://www.avbt.net/
7. The Academy of Veterinary Clinical Pathology Technicians - created to advance the area
of and promote excellence in the discipline of veterinary clinical pathology. Contact: Barbie
Papajeski, MS, LVT, RLATG, VTS (Clinical Pathology)- avcpt.vts@gmail.com
http://www.avcpt.net/
8. The Academy of Veterinary Technicians in Clinical Practice - modeled after the
American Board of Veterinary Practitioners, this academy has developed three initial
species-specific categories: canine/feline, avian/exotic and production animal. The
academy's credentialed veterinary technicians provide comprehensive, multidisciplinary care.
Candidates are expected to demonstrate expertise in a range of clinical disciplines within
their species specialty. Contact: Liza Rudolph, LVT, CVT at avtcpinformation@gmail.com
http://avtcp.org/
9. The Academy of Dermatology Veterinary Technicians - The purpose of ADVT is to
promote excellence through specialization in the discipline of veterinary dermatology by
demonstrating an advanced proficiency of dermatologic procedures, working with the
veterinary team and client to advocate superior patient care, and providing cutting-edge
continuing education. http://www.vetdermtech.com/
10. The Academy of Equine Veterinary Nursing Technicians mission is to advance the
education and professional recognition of credentialed equine veterinary technicians who
display excellence in, and dedication to, providing superior nursing care to equine patients.
http://www.aevnt.org/
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11. The Academy of Physical Rehabilitation Veterinary Technicians - our mission is to
provide assistance in veterinary physical rehabilitation, encouraging veterinary professionals
and colleagues to further their education, while improving the quality of animals’ lives.
General Contact: vetrehabtechs@gmail.com. Facebook @vetrehabtechs
http://www.aprvt.com/
12. The Academy of Veterinary Nutrition Technicians - created to develop and support the
area of veterinary nutrition, develop the knowledge and expertise of veterinary technicians to
become certified in the field of nutrition and endorse technicians as a vital part of the
veterinary nutrition profession. http://nutritiontechs.org/
13. Academy of Veterinary Ophthalmic Technicians - advocate ocular health while advancing
the knowledge and practice standards in the field of Ophthalmology. The Academy operates
under the guidance of NAVTA and ACVO to foster yearly continuing education,
professional development, and networking with industry partners. http://www.avot-vts.org/
14. The Academy of Veterinary Surgical Technicians - encourages experienced surgical
technicians to enhance their education and training by pursuing a surgical specialty. AVST
will provide a standardized route through which technicians may qualify for a national
examination to become a VTS (Surgery). Contact: Heidi Reuss-Lamky, LVT, VTS
(Anesthesia) - frzbdogmom@aol.com. http://www.avst-vts.org/
15. The Academy of Veterinary Zoological Medicine Technicians - created specifically for
veterinary technicians working in zoological medicine. The AVZMT offers the opportunity
for zoo technicians to demonstrate excellence in the field. https://azvt.org/AVZMT
16. The Academy of Veterinary Technicians in Diagnostic Imaging - The AVTDI is
comprised of veterinary technicians dedicated to performing a higher level of veterinary
Diagnostic Imaging modalities such as: digital radiographs, fluoroscopic special procedures,
CT scan, MRI, ultrasound and nuclear medicine imaging. http://avtdi.org/
For the most current information go to https://www.navta.net/page/specialties

NAVTA Guidelines
Each academy needs to follow, at minimum, the guideline set forth by the NAVTA Committee
on Veterinary Technician Specialties (CVTS). The individual academies will have their own
specific criteria for application. It is essential to follow these guidelines when submitting a VTS
application. The required standards the CVTS makes each academy set minimum standards for
include:
•
•
•
•

Education requirements
Experience requirements
Unique skills and knowledge specific to specialty
Credentialing exam
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Application Packet
Obtaining your VTS takes time and dedication to become credentialed. It typically takes a year and a half
from starting your case log to sitting for your exam. Each academy chooses their specific minimum

standards but these are general guidelines:
•

•

•
•
•
•
•

•

Proof of graduation or credentials including original credentialing date
o This can easily be found on the Department of Consumer Affairs License Search
page: https://search.dca.ca.gov/ Just type in your license #, find your license, and
click on more information. You can easily copy the page and save it as a
document since it includes your issue date, expiration date, and other important
info.
Professional and employment history
o 5 years credentialed
o 3 years and 75% worked within the specialty being applied for
RACE approved continuing educations with in the specialty (minimum # varies)
Letters of recommendation from VTS’s or Diplomates
Advanced skills with a minimum competency %
Intent to apply/preapproval *academy specific
Case log of minimum # of cases throughout a 1-year period designated by the academy
o This is where you shine with the skills you can perform. Make sure to describe
everything technically, do not assume the reviewer knows how to do the skill.
Don’t say: “did an ultrasound”. Did you actually perform the ultrasound? Or is it
more accurate to say: “Restrained patient in dorsal recumbency in v-trough while
veterinarian performed ultrasound of abdomen.”
o Make sure doses are correct, include strengths of drugs, doses, and routes of
medications: “Gave dexamethasone SP 4 mg/mL solution at 0.1 mg/kg dose (0.25
mL) IV in cephalic vein.”
o Remember if it is brand such as “Atopica™”, you must capitalize and add the
trademark/copyright/registered symbol if it has one. If it’s generic then write it as
“cyclosporine modified” in all lowercase letters. (I didn’t start any of my
sentences with a generic drug name just so my sentences wouldn’t start with
lowercase letters!)
o Most academies have a minimum and a maximum # of cases. I highly recommend
to do the maximum number allowed as some cases may be thrown out for some
reason. Do NOT do more or less than the allowed number of cases.
Case reports
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•

•

o Be professional. Make sure grammar and spelling is perfect. This is the only time
the academy reviewers will get a chance to see your ‘skills’ so make sure to
present your best work possible. This should be ‘journal worthy’.
o The same suggestions for the case log apply to the case reports.
o If you can, have the veterinarians you work with review your case reports to make
sure they are accurate and not missing important pieces of information.
o Before you submit, have someone proofread for spelling and grammar.
o Make sure the length of the report is what they require. Do not go over or under,
as that will likely disqualify the report. The length of the reports range from as
little as three pages to ten pages. Make sure to check with the academy you are
applying to for their requirement.
o The cases do not have to be unusual. Discuss a common disease, procedure, or
treatment within the specialty. For example, the patient with a pheochromocytoma
and diabetes may be too much for the length of your report. Whereas a diabetic
patient work up would be good for a five-page report.
o Remember: DO NOT PLAIGIARIZE! Use a bibliography. It is best to use
sources in the suggested reading list provided by your academy since you should
be using those resources to study from.
o The academy will be specific about formatting, follow their requirements. Font,
size, and line spacing are all included in this.
Submission of your application packet is either online or mailed directly to the academy.
Follow their guidelines! Do not rush and make sure to submit it early enough to not miss
the deadline.
Keep a basic log of cases after you’ve submitted your application just in case your
application is rejected and you want to reapply.

Studying for the Exam
Each academy will provide a list of skills and subjects covered in the exam. While compiling the case log,
start studying. Ask questions to the veterinarian working with you so you can better understand the
disease process the patient has. Seek out information, know the why’s of something, not just “because it’s
always been done that way”.
Read the recommended reading list provided. Create flashcards with information to study both while
compiling the case log, after the application is submitted and approved, and before the exam date. Know
which areas are your weakest and learn those.
Forming a study group or joining an online group within your academy interest can help keep you
motivated and on track.
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Application Approved
Once the application is approved, you will need to be prepared to sit for the exam. Most exams are held
once a year at a national conference associated with the academy. The exam can be a combination of
multiple choice questions, fill in the blanks, essay questions, oral questions, and practical exam. See each
academy for their specific exam criteria.
Results should be given within 60 days of the exam.
When you pass you will need to pay the academy membership fee. Then you are a VTS!
If you fail, you can reapply to take the test. Most allow one additional exam before a new application is
needed.

VTS Certified
Each academy has their recertification requirements. It typically requires a certain amount of CE hours or
other tasks. For example, AIMVT has a points system including CE hours, lecture hours, author of
articles, chapters in books, or books, and being a part of the board. Each of these earns a certain amount
of points and then a minimum points value is needed during a 5-year period.
Yearly dues are required for each academy and it is recommended to be a member of NAVTA, although
that is not required.
With a VTS certification you can teach RACE approved CE, author journals or books, and help elevate
the profession by training technicians and educating clients.

Conclusion
Obtaining your VTS takes time and dedication to become credentialed, but is well worth the time to
further your technician career. I hope this guideline on the steps taken help you on your journey to further
your veterinary career. Feel free to reach out to me with any questions!

Speaker Information
Yvonne Brandenburg, RVT, VTS Small Animal Internal Medicine
Yvonne@InternalMedicineForPetParents.com
Founder Internal Medicine For Pet Parents
SAGE Veterinary Centers, Dublin, California, USA
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Triage and Stabilization
Kim Adams, BS, RVT
Sage Symposium March 24, 2019
Triage- French for “sorting”, adapted for medicine to “sorting the masses” or determining what is the most
critical and seeing it first.
For our purposes, it means sorting and prioritizing, but also working from the inside out. That’s why things like
x-rays, ultrasounds, and bloodwork are absolutely crucial. Often, the exterior, more obvious problems aren’t
the ones that are life-threatening.
Example from presentation:
6yo MN pit bull
Hit By Car
He has an open left femoral fracture, paw pads are bleeding, claws are frayed, multiple abrasions and
lacerations covering the left side of his body.
Will the femoral fracture kill him? Not likely.
Will the bleeding paw pads kill him? No.
Will his frayed paws kill him? No.
Will the abrasions and lacerations kill him? No.
…But that hemoabdomen you’re missing while you’re cleaning him up will.
Work from the inside-out. Once you’re sure the insides are intact and okay, then you can move out from there.
If they’re not okay, stabilize the patient as necessary for the findings and move forward from there.
What cases get first priority? Anything having trouble:
•
•
•
•

Beating
o Heart disease or complications of any kind
Bleeding
o blood loss, whether internal or external
Breathing
o whether obstructive or secondary to a condition
Birthing
o Dystocia- may not always be immediate urgency, but needs immediate assessment to
determine.

Then you have:
•

•

•

Trauma
o Penetrating trauma (impaling injuries, bullets/pellets/arrows, etc)
o Blunt trauma (HBC)
o Fracture/dislocation – open fractures should be seen immediately
o Head/Spinal trauma
Bloat
o Food bloat is typically less serious than GDV but can still be very severe and require immediate
treatment.
Heat Emergency
o Heat prostration and heat stroke are extremely prevalent in this area
o Sedation, opioids, and post-anesthesia patients are even more susceptible
o Brachycephalic breeds are also more susceptible and may be complicated by dyspnea
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•

•
•

•

Fire Victims
o Smoke inhalation and other reasons for chemical pneumonitis- may require immediate O2
support
o 1st, 2nd, and 3rd Degree burns- IMMEDIATE pain control
Allergic Reaction
o Anaphylaxis- antihistamine and steroid intervention usually required
Toxicity
o Depends on toxin exposure
o Poison Control is a great resource:
 ASPCA Poison Control: (888) 426-4435
Status Epilepticus
• Benzodiazepines and antiepileptic medications should be given if patient is actively seizuring
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What if you have a bunch of stuff come in all at once? Here are some guides:
Triage
Classification

Description

Example

First Priority

Patient Critical
Treatment must be initiated within seconds to
minutes – Bring immediately to treatment room

Major bleeding, Breathing problems,
altered mentation, shock, history of
toxin ingestion, etc.

Patient Urgent
Currently stable, but may become first priority
Second Priority
patient, need to be reassessed, or have treatment
initiated within minutes to hours

History of major trauma, history of
unsuccessful urination, repeated
vomiting or diarrhea, etc.

Third Priority

Patient Stable
Pressing problem that is non critical
Treatment initiated within hours

Fever, lacerations, vomiting, diarrhea,
etc.

Fourth Priority

Patient Completely Stable
Needs evaluation, but not urgently

Anything not listed above.
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Obtaining a fast, accurate history:
This can often be done on the phone ahead of time. If the client didn’t call beforehand and just came right in,
you can ask them questions on arrival if the patient is stable. If the patient is not stable, get a history later.
When a history is taken, remember the mnemonic SAMPLE:

Signalment (if new patient)
•
•
•
•
•

Age
Sex
Altered
Species
Breed

Allergies
•
•
•

Anesthesia/ medication reactions
Opiate intolerance (including Tramadol and Fentanyl patches)
MDR1 positive?

Medications
•
•
•
•
•

What is it?
How strong?
How often?
Last given?
How long have they been on it?

Past medical history
•
•
•
•
•

Previous conditions (heart disease, kidney disease, etc)
Seizure history
Prior surgeries
Prior hospitalizations and what they were for
Anything your staff determines could alter the course of treatment

Last oral intake
•
•
•
•

When did they eat last?
How much?
Any changes in diet?
Any changes in frequency/interest?

Events leading to injury or illness
•
•
•
•
•

When did it start?
Has it happened before?
Has it gotten worse since initial onset?
Is any other pet in the home unwell?
Has the patient been around other unwell/unknown pets?
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Primary Survey:
Once the initial assessment has been performed, you must continue to circle back around, checking vitals and
other signs to make sure your patient isn’t decompensating and is responding favorably to any treatments
and/or therapies:
I.

INITIAL CONTACT – PRIMARY SURVEY
a.
Phone Call
i.
Recognize emergencies
ii.
Give advice regarding first aid and transport of critical care patients
iii.
Trained to recognize emergencies and to give first aid and transport advice
iv.
Obviously critical patients based on the phone contact will go straight to the treatment
area.
b.
Primary Survey
i.
Triage team member determines degree of urgency based on chief complaint, general
appearance, vital signs, and history
1.
Use ABC's of emergencies (see below)
2.
Include neurologic evaluation
ii.
All parameters must be checked by the team prior to determining if patient is stable. If
the patient is critical (near death), the client should be consulted to give permission to
continue stabilization.
iii.
ABC's of Emergency
1.
Airway a.
First Priority = animal not breathing
i.
Determine if airway is blocked or not (positional vs. obstructed by
something)
ii.
Heimlich maneuver, intubate, or Tracheostomy
iii.
Begin positive pressure ventilation
2.
Breathing a.
Assess quality and rhythm and character
b.
Normal versus Abnormal
i.
Patients that are in pain, fearful, or anxious may pant, but not
have a respiratory abnormality
ii.
First Priority = abnormal respiratory sounds, dyspneic, character,
rhythm, or effort.
c.
Respiratory distress (below or above normal range)
d.
Character may indicate location of problem
i.
Loud breathing = large airway disease (nasal passages, trachea,
larynx/pharynx)
ii.
Inspiratory noise or difficulty = extra thoracic airway disease (esp.
larynx)
iii.
Expiratory noise or difficulty = intrathoracic or tracheal disease
iv.
Rapid/shallow breathing = pleural space disease (fluid or air)
v.
Difficulty breathing on both inspiration and expiration = lung
disease
vi.
Late stage respiratory disease (First Priority)
1.
Posturing - animals stand/sit up; back arched, neck
extended; elbows out
2.
Open-mouth breathing
3.
Cyanosis
3.
Circulation
a.
Assess heart rate, heart rhythm, and perfusion parameters (pulse,
mucous membranes color [MMC], and capillary refill time [CRT]
b.
Heart Rate/Rhythm:
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i.

II.

Stethoscope over left and then right side of thorax at the 4th6th intercostals space
ii.
Tachycardia = dogs >180; cat >200
iii.
Bradycardia = dog < 70; cat <145
iv.
Muffled heart sounds = pericardial fluid, pleural air or fluid,
abdominal organs in the chest, etc.
v.
Pulse deficits = significant difference between the ausculted heart
rate and palpated pulse rate = true emergency
vi.
Pulse rates should NEVER be used instead of ausculted heart
rates, use as an adjunct.
vii.
Remember, pain, fear, and stress may cause an increased heart
rate.
c.
Perfusion (Pulse quality) = rough evaluation of circulatory function
i.
Femoral pulses should be palpable and strong
ii.
Bounding pulses may indicate early shock
iii.
Absent pulses may indicate late shock or other circulatory failure
iv.
Pulses that are different on one side than the other in cats may
indicate a saddle thrombus
d.
Perfusion (MMC) = should be pink
i.
Pale = +/- anemia or shock
ii.
Blue = cyanosis (hypoxemia)
iii.
Brick Red = early shock, sepsis, fever, heat stroke, etc.
iv.
Yellow or icteric gums = liver disease or red blood cell destruction
v.
Brown = may indicate Tylenol (acetaminophen) toxicity
vi.
Red spots on skin +/- splotches on the gums = blood clotting
disorder, potential for DIC
e.
Perfusion (CRT) – normal is 1 – 2 seconds
i.
Prolonged = shock, heart failure, etc.
ii.
Short (<1 second) = anxiety, pain, or true abnormality
4.
Neurological status
a.
Level of consciousness (LOC) - AVPU
i.
A = alert (normal)
ii.
V = responsive to voice
iii.
P = responsive to pain
iv.
U = unresponsive
v.
Any level other than “A” requires immediate attention
SECONDARY SURVEY – VITAL SIGNS
a.
Repeat and reassess vitals done in primary survey
b.
Include head to tail physical examination
c.
Include a thorough history
d.
Include Temperature on this survey
i.
Hypothermic <100 degrees F (37.7 degrees C)
ii.
Hyperthermic >103 degrees F (39.4 degrees C)
iii.
Abnormal temperatures are a non-specific indicator of disease.
e.
Review initial diagnostics (laboratory, radiographs, etc.)
f.
Secondary survey initiated AFTER treatment of catastrophic emergencies has already begun
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So we’ve decided that the pet needs to be triaged and seen immediately. Now what?
Prepare the Client
Review a Critical Care Consent form or get consent to treat according to your hospital’s protocols.
Each practice should develop "scripts" for technicians to use for triage situations. Scripts are predetermined
verbal lines that can be delivered in the appropriate situation by the clinic employee. For example, the triaging
technician delivering the script may say, "We’re going to take Fluffy into the treatment area to assess his
condition and see if he is stable enough to wait with you in the lobby or if he needs immediate care.” It’s hard
for clients to be separated from their furry family member, especially when the pet is sick. Clients are typically
more willing to cooperate if they are prepared and understand it is in their pet's best interest to follow this
protocol.
Make sure to keep the client informed as much as possible throughout treatment and stabilization. They are
worried and want to know what’s going on.
Inform the Staff
Keep a census of your patients on a whiteboard or using your software. List them in numerical order from who
has to be seen first to last according to Triage protocols. This will help keep the workflow organized and keep
the wheels turning.
Once the assessment has been completed and the treatments have been identified and started, create an
estimate for the client including current cost information and review from there.
Consent to treat and resuscitate
How do you get legal/written consent to care for an urgent/emergent patient right away? Consider
implementing a Critical Care Authorization Form and a Resuscitation Directive. Either the medical staff or
reception staff can present it to the owner while the patient is taken into the treatment area for triage and vitals.
The following two pages have printable examples of:
1. Critical Care Authorization Forms
2. Resuscitation Directive
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Critical Care Authorization Form
Date:__________
Client Details
Name:
Address:
Phone(s):

Animal Details
Name:
Species:
Breed:
Age:
Sex:
Weight:

The doctor wants to provide immediate treatment to attempt to stabilize your pet before
they speak with you.
Please check one of the following statements:
I authorize immediate, critical care treatment to attempt stabilization and accept
financial responsibility.

I decline this immediate care. I want to speak to the doctor first.

Signed: ____________________________________
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Date: _____________

Resuscitation Directive
Date:__________
Client Details
Name:
Address:
Phone(s):

Animal Details
Name:
Species:
Breed:
Age:
Sex:
Weight:

We are requesting that you choose whether or not you want us to revive your pet in the event
that your pet experiences respiratory and/or cardiac arrest. If a pet arrests, there is a short and
critical window of opportunity to initiate CPR beyond which the success rate of cardiopulmonary resuscitation decreases significantly.
Please choose from the following options and check the appropriate box. Should you change
your mind at any point during your pet’s hospitalization, please notify your pet’s doctor so that
we may follow your wishes. We will ask you to sign a new form with your revised choice.
Attempt Resuscitation: This choice indicates that you authorize all efforts and procedures
determined to be appropriate by the veterinarian to try to resuscitate your pet. CPR is more
likely to be successful in a previously healthy, young patient and specific recommendations
may be made by your veterinarian based on your pet’s condition. If CPR is effective, there are
often problems that need to be addressed after resuscitation. CPR does not resolve any
underlying diseases. The cost of any additional care after the CPR is in addition to your current
estimate.
Do Not Resuscitate: Every attempt will be made to prevent a cardiac and/or respiratory arrest
from occurring, but if your animal arrests, no CPR will be performed. This option is always an
acceptable choice based upon your beliefs and needs.
I have read and understand the CPR options above and in the event my pet experiences
respiratory and/or cardiac arrest I authorize the veterinary staff to act according to my
choice above.

Signed: _____________________________________
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Date: ______________

What do you need?
Item
IV Catheter
Samples
Radiographs
Emergency Injectables
Pain Control

Monitoring
Oxygen
Gloves, eye protection,
gowns as needed

Why?
Circulation is the first thing to go if the patient crashes. You will need IV access
for treatment or euthanasia depending on outcome.
Draw blood, urine, etc as soon as possible. Bloodwork is a snapshot in time- it
needs to be drawn and run before initial treatments if possible to get a clear
idea of what is happening in the body.
If the patient is stable, survey radiographs are a good way to make sure no
obvious injuries or processes are missed in the assessment.
Calculate emergency medications so they can be drawn up and administered
more efficiently if needed.
Most of the aforementioned reasons for triage are all painful conditions.
Treating the discomfort can normalize many vital signs and reactionary
symptoms, as well as decrease the levels of adrenaline and histamine being
produced.
Whether it’s a clinical staff member with a stethoscope or a Pulse Ox, Doppler,
ECG, etc, the patient should be monitored very closely until stabilization has
been achieved.
Stressed patients can become a respiratory event even if that’s not what
they’ve presented for. Have oxygen support ready just in case.
Personal Protection Equipment should always be implemented and used.

What to do and in what order? PRIORITIZE.
1. Vitals- know your normals! If you know what normal is, you can more easily recognize when it’s
abnormal, even if you don’t know why right away.
DOGS
T: 100.0 -103.0 F
P: Small dogs: 100-140 bpm
Large dogs: 70-100 bpm
R: 10-35 rpm, pant can be normal as long as it’s not dyspnea
MM: pink
o Injected, or bright red, gums can mean hypertension, fever, sepsis, toxicity, and anxiety
to name a few.
o Pale gums can mean hypotension, hypothermia, anemia or blood loss, and toxicity to
name a few.
o Cyanotic (blue) gums mean a lack of circulating oxygen. This value is critical
CRT: 1-2 seconds
o Prolonged (>2 seconds) can mean shock, heart failure, dehydration and others
o Short (<1 second) can mean anxiety, pain, hypertension, and others
CATS
T: 100.0-103.0 F
P: 120-200 bpm
R: 24-42 rpm
MM: pink
o Injected, or bright red, gums can mean hypertension, fever, sepsis, toxicity, and anxiety
to name a few.
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o
o
CRT:
o
o

Pale gums can mean hypotension, hypothermia, anemia or blood loss, and toxicity to
name a few.
Cyanotic (blue) gums mean a lack of circulating oxygen. This value is critical
1-2 seconds
Prolonged (>2 seconds) can mean shock, heart failure, dehydration and others
Short (<1 second) can mean anxiety, pain, hypertension, and others

2. IV Catheter: Secure your IV access right away so you can start fluids or other injections.
*You can also use this to obtain blood samples if ALL OF THE FOLLOWING IS TRUE:
o It is a large-bore catheter (20g or higher)
o The patient has sufficient blood pressure
o It was a clean poke on insertion of the IV catheter
o The patient doesn’t need immediate IV medications
o It was easy to place.
Obtaining a blood sample is NOT worth jeopardizing your successful IV catheter if ANY of the above
are not true. Drawing blood is not a life-saving measure, but an IV bolus to a dog in heat stroke is.
3. Diagnostics: Take survey radiographs and/or an emergency ultrasound, and draw blood if possible.
o Survey x-rays should ideally be 3 view whole-body (right lateral, left lateral, and VD of
chest and abdomen)
o Emergency ultrasounds focusing on both abdomen and thorax called:
AFAST: Abdominal Focused Assessment with Sonography for Trauma
TFAST: Thoracic Focused Assessment with Sonography for Trauma
o Blood draws: Can draw sample from IV catheter if above-mentioned criteria is met.
If unable to draw blood from the catheter, ask before you poke a jugular vein. There are
many things that can affect clotting factors. It is generally safer to poke a peripheral vein
than a major vessel like the jugular vein when the clotting status is unknown or
suspicious.
4. Monitoring: A technician should stay with the patient until stability is achieved and the patient can be
put in an enclosure. At a minimum, the technician should have:
o A stethoscope
o A thermometer
o Pen and paper to monitor vitals, record changes, and record treatments
o Ideally a Doppler or pulse ox attached to the patient
o A calculator to calculate medications as needed
o A way to contact other staff for help if needed- whether that’s a cell phone, a walkietalkie, a hospital phone, or other method, no one should be left completely alone without
the ability to obtain assistance unless they leave the patient.
5. Begin treatments: Prioritize what needs to be given first.
o Ex: If the patient has head trauma and anisocoria, Mannitol to decrease intracranial
pressure may be considered. IV fluids will need to be stopped (or have to wait), and the
Mannitol will have to be diluted, given over at least 30 minutes, protected from light, and
pushed through a filter. If you know you will be delivering Mannitol, calculate that and
start it first. Figure out and set up the IV fluids after that.
*DON’T FORGET PAIN CONTROL
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6. Rinse and Repeat:
o Restart the process from Step 1. Some steps might be skipped the second (or even
third and fourth) time around, but you should still go through all 5 steps over and over
until stable, and consider what needs to be done.
1. Vitals:
o What has changed?
o Is anything worse?
o Is anything better?
2. IV Catheter:
o Is the catheter patent and flowing well?
o Is it secured well?
o Should a t-port or y-port be placed?
o Is there a need for a second IV catheter?
o Should a central line or sampling line be considered?
3. Diagnostics:
o Is there a need for repeated diagnostics?
o Is there a need for new diagnostics?
4. Monitoring:
o Are there additional supplies needed to monitor the patient?
o Does the technician monitoring the patient need to be relieved?
5. Begin treatments:
o Should any treatments be added?
o Should any treatments be discontinued?
6. Rinse and Repeat:
o Start back at Step 1.
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Resources:
Critical Care - Triage
www.vspn.org
Elizabeth Warren, RVT and Deb Stafford, CVT, VTS (ECC)
Triage 2.0: Re-Evaluation of Early Patient Assessment
Journal of Emergency and Critical Care (San Antonio) 23, 487-488
D. L. Chand
Triage of the Veterinary Patient
British Journal of Veterinary Emergency and Critical Care
Emma Donnelly, DVM, ECVECC
Daniel Lewis, DVM, ECVECC
Newcastle Animal Emergency Center
https://arecvet.com.au/
VetsNow Pet Emergency Service
www.vets-now.com
Dorland’s Illustrated Medical Dictionary, ED 28. Philadelphia, WB Saunders, 1994
Back to Basics: Implementing a Triage Protocol
Katherine Dobbs, RVT, CVPM, PhR
www.vetfolio.com
www.merckvetmanual.com
Primary Survey (Triage) and Resuscitation
Andrew Linklater, DVM, DACVECC
SAGE Veterinary Centers
www.sagecenters.com
www.americanveterinarian.com
Preparing Your Team for Trauma Triage
Lee Palmer, DVM, MS, DACVECC, NRP, EMT-T, WEMT, CCRP, TP-C
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Why [Good] Positioning Matters
for Proper Interpretation
Sunday March 24, 2019

Trisha Oura, DVM, DACVR
Veterinary Specialty Hospital
San Diego, CA
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What is a Radiograph?
• An image of the number and
distribution of x-rays passing
through the patient
Air

• Differential attenuation is based
on composition and thickness

Plastic
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What is a Radiograph

Receiver
294

5 Opacities
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3D à 2D: The Problem(s) with Radiographs
•
•
•
•
•

Magnification/Distortion
Unfamiliar images
Superimposition
Summation
Silhouetting
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Magnification/Distortion
• Magnified image will be larger
and less sharp
• Structure closer to the
plate/cassette will be smaller,
more sharply defined
• This is most noticeable with
limbs
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Magnification/Distortion
• Special case of unequal
magnification
• Objects further from the plate
will appear larger
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Unfamiliar Images
• Orthogonal Views = 2 projections made at 90° to one another
• Helps combat the problem of unfamiliar views of familiar objects
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ALWAYS Take Orthogonal Views!

Images courtesy of Dr. Taeymans
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Thorax: Minimum 2 Views

301

Why Right vs Left Lateral or DV vs VD?
• May not matter, but…
• Depends on what you are looking for:
• Most disease is better seen on the contralateral (opposite)
projection
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Why?
• “Down” lung becomes collapsed = atelectatic

• Atelectatic lung = less gas = more soft tissue opaque

• A lot of disease (tumors, pneumonia) = soft tissue opaque
• Soft tissue lesion + soft tissue atelectasis = silhouetting-can’t
differentiate the 2 things

• “Up” lung = aerated = gas opaque

• Soft tissue lesion + gas opaque lung = better visualization (more
contrast)
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Diseases of Interest
• Aspiration pneumonia
– Usually cranioventral

– Often right middle lung lobe
• Metastatic disease
– Should be diffuse disease
• Congestive heart failure
– Caudodorsal lobar vessel enlargement
– Caudodorsal lung fields usually first to have pulmonary edema
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Aspiration Pneumonia
• Which views do you want?
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Metastatic Disease
• Which views do you want?
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Congestive Heart Failure
• Which views do you want?
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Is My Radiograph Straight?

• Legs forward
• Rib heads aligned
• Inspiration with diaphragm
caudal

311

Ventrodorsal (VD)
Spinous processes should be round/teardrop
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Dorsoventral (DV)

Less stressful – good for cardiac
patients.

Notice visibility of caudal lobar
pulmonary vessels.
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Abdomen: Minimum 2 Views
•
•
•
•

Same rules apply as in thorax, but different goals
Still important to triangulate
Mostly concerned about GI anatomy
2 views vs. 3 view?
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Why Right vs Left Lateral?
• LEFT Lateral
•
•
•
•

Fundus of stomach down (fill with fluid)
Pylorus up (fill with gas)
Foreign bodies may lodge in the pylorus…
Duodenum up (fills with gas)

• RIGHT Lateral

• Fundus up (fill with gas)
• Routine for GDV
• Descending colon up (fill with gas)
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R

316

317

R

Diseases of Interest
• GDV
• Pylorus is displaced cranially and to the left
• GI obstruction
• May be lodged or anchored in the pylorus
• Urinary obstruction
• Male membranous urethra is very caudal
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GDV
• Which views do you want?
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GI Obstruction
• Which views do you want?
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Urinary Obstruction
• Which views do you want?
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322
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Is My Radiograph Straight?
• Legs back
• Transverse processes
aligned
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Ventrodorsal (VD)
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Dorsoventral (DV)
• NO!
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Musculoskeletal: Minimum….?...Views
• Rules of triangulation still apply
• Orthogonal views are still the gold standard

• But some diseases are best seen in 1 view
• E.g. VD pelvis for dysplastic change

• May want oblique views (esp in large animals)
• Sedation is key!
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Special MSK Considerations
• Affected limb closest to the plate
• Less magnification
• Better resolution (sharper image)
• May need contralateral limb to compare (esp in babies)
• Magnification markers
• Useful IF the patient is going to surgery. NOT ALL MSK studies need markers
• Marker should be in the same plane as the lesion, not on the lesion
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Diseases of Interest
• Fractures/trauma
• Likely to have pre/post-op
• Fractures can only be seen if they are en-face with the beam
• Aggressive lesions (e.g. cancer/infection)

• Usually do NOT go to surgery for fixation (maybe amputation)
• Lysis can only be seen if it is en-face

• Routine orthopedics (e.g. cruciate ligament, hip dysplasia)
• Likely to have pre/post-op
• Often bilateral disease
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Fractures/Trauma
• Which views do you want?
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Aggressive Lesions (cancer, infection)
• Which views do you want?
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Routine Orthopedics
• Which views do you want?
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Is My Radiograph Straight?
• Craniocaudal/DP
• Symmetric joint spaces
• Symmetric limb length
• Region specific (e.g. patella central)
• Lateral
• Symmetric joint spaces
• Region specific (e.g. superimposed humeral/femoral condyles)
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Take Home Points
• Radiograph smarter, not harder
• What disease are you looking for?
• What views would best show that?
• ASK!

• Be straight, true, and beautiful
• More diagnostic
• Fewer artifacts
• More publications, teaching, recognition

• Own it!
• Mark it so you can get credit!
• Just put the marker on the edge of field ;)
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THE BEEPING: Anesthesia monitoring for Emergency and Critical Care
Nicole Dickerson, RVT, VTS (ECC)
Sage Veterinary Centers, Redwood City, CA
Introduction
The emergency and critical care technician often plays the role of anesthetist for
animals that arrive to the hospital in various levels of crisis. Whether it be for gastric
dilatation volvulus, a bleeding splenic mass, or lacerations from flying through a plate
glass window, its imperative to know how the numbers on the anesthesia monitoring
equipment relate to that condition. The goals today will be to review three pieces of
monitoring equipment commonly available to us in the emergency room. We’ll cover
how they work, what we can discern from the values that we see, and how those values
may relate to cases that we routinely find ourselves anesthetizing both inside and outside
of the operating room.
Pulse Oximetry
The pulse oximeter is a non-invasive way of measuring the amount of oxygen
carried by the hemoglobin (Hgb) in red blood cells. It’s a relatively easy and useful way
to monitor a patient’s ability to perfuse their tissues with oxygen. The number that you
see displayed is a percentage of the oxygen that is bound to the Hgb. This is referred to
as saturation of oxygen or SaO2 and a normal value for an animal breathing room air is
between 95 – 99%. SpO2 stands for the saturation of peripheral oxygen, and since the
pulse oximeter probe is measuring a peripheral artery, this is commonly how we refer to
this percentage value.
The machine works by emitting two different wavelengths of light that pass
through the tissue bed, one red and one infrared. The infrared light measures oxygen
saturation and the red light gives you a pulse rate. Blood that is less oxygenated has a
darker color than blood containing a high saturation of oxygen. This is apparent if you
have ever done a blood draw on a patient intra-op after they have been under gas
anesthesia for a while. The sample will look a much brighter red since they have been
breathing 100% oxygen. A photodetector on the opposite end if the sensor receives the
light and the software within the machine compares the absorption ratio of these two
wavelengths. Oxygen rich blood absorbs less light so more light is going to be sensed by
the detector and therefore give a higher percentage reading.
The most common type of probe we come across is the clip with the light source
on one side and the photodetector on the other. This clip is most easily placed on the
tongue in anesthetized animals to monitor the lingual artery. Other placements include
the pinna, lip, rectal mucosa, toe web, vulvar fold, base of the tail, and Achilles tendon.
It can get tricky with animals that are moving about. Ideally, the probe is in a place that’s
thin, hairless, and non-pigmented as this allows the light to pass through from source to
sensor.
A patient under general anesthesia is receiving 100% oxygen and therefore the
SpO2 should be 95% or above. Another value that we can measure is the partial pressure
of arterial oxygen (PaO2). We get this value by running a blood gas test on an arterial
blood sample. On room air, a SpO2 reading of 95 – 99% equals a PaO2 of approximately
85 – 100 mmHg. When a patient is receiving 100% oxygen, the PaO2 can rise up to as
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high as 500 mmHg. Now, let’s think about this as it relates to the SpO2 reading in the
operating room. If our anesthetized patient has a SpO2 reading of 90%, that could mean
that the PaO2 is dropping as low as 60 mmHg. Compare that to the 500 mmHg we
should be getting with 100% oxygen and you’ve got concern for hypoxemia. We aren’t
always able to get an arterial blood sample to compare these values, but a low pulse
oximetry reading does allow us to react quickly to what could be a significant change in
our patient.

The Oxyhemoglobin Disassociation Curve

First, we can check the probe placement. External light sources or debris on the
probe can interfere with the probe’s light and sensor. The tissue where the probe is
placed may be pigmented, or the probe may have been in the same place too long
therefore compressing the capillary bed and minimizing the amount of blood in that
particular spot.1 If you are using a drug that causes vasoconstriction such as
dexmedetomidine, this can affect a patient’s peripheral perfusion and the pulse ox will
have a more difficult time obtaining an accurate reading. More serious complications are
an inadequate delivery of oxygen from esophageal intubation, endobronchial intubation, a
low O2 flow rate, an obstruction of the endotracheal tube, an empty oxygen tank, or
respiratory failure. It’s more difficult to detect problems with a patients gas exchange
using this piece of monitoring equipment. It does not tell you if oxygen is being
transferred from the alveoli of the lungs into the blood stream, and this can be the source
of your problems when dealing with a patient with primary lung disease or if they are
being inadequately ventilated artificially. Remember: PINK doesn’t equal oxygenated.
Cyanosis does not occur until the patients SpO2 drops below 85%, so we should be
detecting hypoxemia before we start turning blue.
Animals arriving in the ER are often in a state a shock. Shock is defined as the
failure of the body to deliver adequate oxygen to the tissues. A good example of a
surgery candidate arriving in a state of shock is the dreaded GDV. Decreased venous
1

To gauze or not to gauze: I have seen many technicians moisten a piece of gauze and place it on the
tongue under the probe to get a better SpO2 reading. I’m not really sure why this would work, but
sometimes it does. My theory is that you are unclipping and moving the probe to a slightly different spot,
and consequently re-perfusing the capillary bed. The gauze may be inconsequential.
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return from the gas-filled stomach’s malpositioning and decreased cardiac output means
you may be hard pressed to get a pulse ox reading on one of these patients. With this
particular case, restoring adequate perfusion through intravenous fluids, de-rotation, and
pain control will help. The combination of pulse oximetry and capnograohy is valuable
in monitoring a GDV because you will see return of tissue perfusion while maintaining
adequate ventilation.
IMPRESS YOUR FRIENDS with some weird things:
The waveform that some pulse oximeters are able to generate is called the
photoplethysmogram (say that five times fast). It’s the tiny blood volume changes in
the microvascular bed of tissues. The pressure of the pulse creates the peaks that we see
in the graph and is also the source of the “beep-beep-beep” we all find so comforting.
We can look at this graph to measure pulse quality as it may relate to hypovolemia or
cardiac arrhythmias. You can see from the graph below that the VPC’s this patient is
having is represented on the photoplethysmogram generated from the pulse oximeter.

Methomoglobinemia is an unusual condition that affects the red blood cells
ability to carry oxygen. Hemoglobin is made up of four polypeptide chains (globins) that
are attached to a heme molecule. Heme has a central iron molecule that must be
maintained in its ferrous state of Fe2+ to be able to bind oxygen. When the iron molecule
is oxidized into its ferric state of Fe3+ an inactive form of hemoglobin is created called
methemoglobin (MetHb). The red blood cells become darker and the blood can turn a
chocolate brown color. The mucous membranes can turn dusky as well, mimicking
cyanosis. These animals are at risk of hypoxemia because of the red blood cells reduced
ability to deliver oxygen to the tissues. A healthy animal oxidizes Hb to MetHb, but the
amounts are small enough that the protective mechanisms of the body such as the enzyme
methemoglobin reductase can prevent it from causing a problem. We get into trouble
when those mechanisms are overwhelmed as with acetaminophen toxicity or a rare
congenital condition called methemoglobin reductase deficiency.
How does this relate to our pulse ox world? If MetHb levels exceed 30%, the
SpO2 will plateau at 85% regardless of the true oxygen content of the blood. Compare
the SpO2 to the arterial blood gas saturation. If the saturation gap is more than 5%,
you’ve got methemoglobinemia!
Capnometry and Capnography
For general anesthesia, this is my most favorite device for monitoring. It gives
me a lot of information in real time that I can react to quickly. Also, it does wonders for
assessing the effectiveness of CPR, but we’ll get to that later on in these notes.
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Capnometry is the measurement and evaluation of the level of carbon dioxide in a
patient’s exhaled breath. This is called end tidal CO2 or ETCO2. Capnography is the
measurement of CO2 through the breathing cycle and is displayed as a waveform. Both
are non-invasive, practical, and continuous ways of monitoring partial pressure of arterial
carbon dioxide (PaCO2), alveolar gas exchange, and ventilation of the patient. ETCO2 is
only slightly lower than PaCO2. Unlike the big differences that can happen between
SpO2 and PaO2, the values you see on the capnometer are usually pretty close to what’s
going on inside the blood stream.
There are two methods of sampling the gas in the anesthetic circuit, the
mainstream (non-diverted) or sidestream (diverted). The mainstream is a sensor that is
placed close to the patient between the endotracheal tube (ET tube) and the anesthetic
circuit. Because of this placement, it’s a much faster response time. The EMMA
capnometer is a good example of a mainstream capnometer. The sidestream monitor
samples airway gas through a small tube attached to the junction of the ET tube and the
breathing circuit. A vacuum draws a portion of the exhaled breath into the main unit.
Because of this air travel there is a bit of a delay in the reading that you see. These
disposable pieces of small tubing are what Sage Veterinary Centers uses in their
operating rooms.
The technology that these machines use can be quite complicated. The equipment
that we use for the most part in veterinary medicine uses infrared absorption to discern
gas content of the exhaled air. This is based on the concept that different gases have
unique and specific absorption spectra of infrared light. One has to be conscious of water
vapor accumulation with this method because it will interfere with the infrared light and
throw off the readings. This is the only way that mainstream devices are manufactured to
work although some sidestream devices use infrared light as well. Mass spectrometry is
less common but has the added benefit of also measuring oxygen, nitrogen, nitrous oxide,
and halogenated anesthetic gases (which includes isoflurane and sevoflurane), in addition
to carbon dioxide. This spectrometry is based on measuring the mass and charge ratios of
individual molecules. And if you thought that was fancy, wait until you hear about
Raman spectrometry. This uses a laser light to interact with the gas. Each molecule
vibrates and rotates creating wavelengths that are individual to each type of gas molecule.
Venkata Raman won the Nobel prize for the discovery of this phenomenon so the
technique carries his namesake.
Normal values for both dogs and cats are 35 – 45 mmHg. These values reflect the
body’s ability to exchange gases at the alveolar level in the lungs, a balance between CO2
production and elimination. CO2 is the main factor for controlling breathing. In a
conscious animal, any change in the CO2 production induces a proportional change in
alveolar ventilation. The partial pressure of carbon dioxide (PCO2) remains constant.
Under anesthesia, the balance can be lost so that changes in CO2 may not result in the
normal compensatory changes of the body. Diseases can also upset this balance, such as
something neurological where the respiratory centers of the medulla are not responding
properly. It could be muscular disease where the diaphragm can’t move well enough to
fill the lungs, or a primary lung disease that has compromised the ability of the alveoli to
exchange gasses at the capillary level. Usually these mechanisms will result in an
increase of ETCO2.

339

Values above 45 mmHg or hypercarbia means that more CO2 is being produced
than can be removed. A decreased respiratory rate and decreased tidal volume will result
in elevations of ETCO2 as not enough CO2 is being “blown off” by the patient. This is
something an adjustment in ventilation should readily correct. One should be conscious
of not increasing positive pressure ventilation (PPV) over 20 cm H2O on the manometer
and consider an even lower maximum pressure for patients with compromised lung
pathology such as a bulla. There can be mechanical reasons for a rise in ETCO2. There
may be increased dead space in the anesthetic circuit, exhausted CO2 absorber in the
machine, leaks somewhere in the system, a kinked ET tube, or malfunctioning valve on
the anesthetic machine. All are reasons to leak check machines before inducing and look
at your patient.
Values below 35 mmHg means hypocarbia, a decrease in the amount of CO2.
This can happen with overzealous ventilation as the body is “blowing off” all the CO2
due to an elevated respiratory rate. There are other reasons for an elevated respiratory
rate, the patient may be in pain or in a light anesthetic plane. Hypothermia can cause a
decrease in CO2 as metabolism slows down. ETCO2 is directly correlated to cardiac
output so cardiac failure will result in a low value. This is why capnometers are
awesome for CPR. They can tell you how effective your chest compressions are because
when you increase cardiac output, your ETCO2 should also increase. Getting a value of
zero? Check that you haven’t intubated the esophagus. We’ve all seen this happen in the
beginnings of a rushed CPR. Remember the mistake isn’t the intubation of the
esophagus. The mistake is in not CHECKING that you intubated the esophagus.
Sometimes we want to keep the ETCO2 low. Elevated CO2 causes vasodilation,
as blood vessels want to deliver more blood and therefore oxygen to the tissues. This
increases intracranial pressure. In cases of head trauma or brain disease, the intracranial
pressure may already be high. The sympathetic nervous system responds to the stress on
the brain tissue by increasing systemic blood pressure, which results in a reflex
bradycardia. This is called the Cushing reflex and it’s bad. The patient is at risk for brain
herniation. We can keep these animals ETCO2 on the low end of the 35 – 45 mmHg
spectrum, but that too comes with some risk. Too low of a ETCO2 can have the opposite
effect, that being vasoconstriction.
The capnograph is a waveform providing us with a picture of inspiratory CO2
concentration, respiratory rate, and ETCO2 concentration. When I first started learning
about these waveforms, I was told to look for “happy little elephants on parade.” This is
essentially the shape we want for a normal capnogram.

These waveforms allow us to detect abnormalities in the breathing of the patient or with
the anesthetic equipment. Here are some good ones to know:
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Note that the “shark fin” one on the upper right can also be for a kinked endotracheal
tube or airway obstruction like a mucus plug. Like the numerical value that the
capnometer gives us, continuous capnography allows us to respond quickly as things are
changing with our patient.
There is an excellent website, www.capnography.com with lots of information
about these waveforms. I’m a big fan of the Capno Magic Screen. It has many different
types of capnographs in various circumstances moving along in real time.
IMPRESS YOUR FRIENDS, a word about blood gases:
We don’t look at blood gases as much as we should and an elevated ETCO2 is the
perfect time to think about them. CO2 is acidic. A rise in CO2 will cause a decrease in
the blood’s pH level.
é

CO2 = ê pH = acidosis

We’ve discussed how the control of ventilation in awake animals is due to the level of
CO2. This takes places in the brain stem, the medulla, where there are respiratory centers
that are sensitive to CO2 induced changes in blood pH. An increase in CO2 decreases
pH and stimulates us to take a breath. The acid/base balance in the body is a tightly
controlled operation, balancing both metabolic and respiratory compensations to keep the
blood pH in the normal range of 7.35 – 7.45. It’s amazing! The kidneys have a role to
play in this as well. They are in charge of the excretion and retention of bicarbonate
(HCO3-). If the pH of the blood is decreasing and becoming too acidic from retained
CO2, the kidneys will hang on to the HCO3- and that base element will help bring the pH
back to a normal level. Now, it’s worth noting that this metabolic compensation for a
respiratory acidosis is slow. It can take hours to days. Ventilatory compensation should
be the body’s first line of defense. A good example of the reverse happens with our DKA
patients. These guys are experiencing a metabolic acidosis due to the level of ketone
bodies in their system. Sometimes you will see these patients doing deep, labored breaths
without being in respiratory distress. This is called Kussmaul breathing and what we’re
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seeing is the body trying to correct its acidosis by lowering its CO2 content. It’s a
respiratory compensation for a metabolic problem.
If you want to get a good handle on interpreting the body’s compensatory
mechanisms for acid/base balance (and I know you do), you can quiz yourself with the
ABG Ninja at https://abg.ninja/abg. It’s excellent practice on a tricky subject.
Blood Pressure
This is a huge topic and could be lecture onto itself. Monitoring blood pressure in
emergency medicine allows us to gain a lot of insight into the well being of our patients
both inside and outside of the operating room. For our purposes here, we’ll focus on
monitoring blood pressure on our emergency patients under anesthesia, how we can best
understand the values we’re seeing, and how to react appropriately to changes.
There are two non-invasive ways of monitoring blood pressure that we see most
commonly in our small animal hospitals. One method utilizes the Doppler machine and
sphygmomanometer. The other is the oscillometer, consisting of a cuff connected to a
computerized monitor. This is what the Cardell monitoring units in the Sage operating
rooms routinely use.
The Doppler probe contains a crystal that emits high frequency sound waves.
When those sound waves encounter a pulsating artery, the frequency is changed, and the
machine will emit the “swish swish” sound that we are all familiar with. A cuff around a
leg or base of the tail is inflated until it occludes the artery lying beneath the probe. The
sound stops. As you slowly release the pressure in the cuff with the sphygmomanometer,
the pressure in the cuff will equal the pressure in the artery. The blood flow through the
artery will resume and the sound comes back. Where the needle is on the
sphygmomanometer when that happens is your systolic blood pressure value in
millimeters of mercury (mmHg). Systolic blood pressure is the arterial pressure
produced by the contraction of the ventricles of the heart. This is the highest pressure
produced in the cardiac cycle and is what propels oxygenated blood through the aorta and
major arteries. Normal systolic blood pressure in dogs and cats is around 120 mmHg.
Now, there are a couple of housekeeping things about using the Doppler. The
size of the cuff is important. It should be about 40% of the circumference of the limb. If
it’s too big or too small you’ll get wonky readings, the small cuffs being falsely high and
the loose-fitting, big cuffs being falsely low. Try and put the cuff in the same joint space
as the probe. No pulse in the limbs? Try the base of the tail! This has saved me
numerous times. I also like to put my stethoscope on the speaker of the Doppler so I can
hear very quiet pulses. Sometimes it’s just nice to be able to have a pair of “headphones”
in a bustling, distracting treatment area. It’s also worth noting that there was one study
on anesthetized cats that found that the Doppler underestimated the systolic pressure by
10 – 15 mmHg. This means it might be more closely correlated to mean arterial pressure.
It’s worth thinking about when treating our sick kitties and also to remember that the
numbers you get are not as precise as we would like. Normal MAP for dogs and cats is
90 – 100 mmHg in an awake animal, and 70 – 90 mmHg during anesthesia.
Oscillometric blood pressure is a little less labor intensive. The cuff is placed as
you would for a Doppler reading, but the machine inflates and deflates the cuff for you at
a programmed interval. I like to keep it measuring every two minutes. What the
computer is measuring is tiny oscillations, or variations in magnitude, within the air
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bladder of the cuff. The oscillations are caused by the pulsing of the artery, which
changes the volume of the limb ever so slightly. The computer is then able to calculate
the systolic, diastolic, and mean arterial pressure from the cuff pressure changes. The
diastolic pressure is one that we didn’t get with our Doppler. This is the pressure that we
get when the heart is in its resting phase between contractions and is the lowest pressure
throughout the cardiac cycle. What we like to see in our anesthetized patients is a
“dynamic” comparison of these two values. I may not have anything specific I can
correct with knowledge of the diastolic pressure on its own, but what I can see is how
well the heart is contracting. If the two numbers are super close together, it means the
heart isn’t really moving around as much as we want it to be. We want to see a strong
contraction, then a relaxation. If we’re narrowing the space between those two events,
the heart may not be pumping efficiently. Mean arterial pressure (MAP) is the average
pressure throughout the cardiac cycle, and is the best indicator for perfusion of the
internal organs. MAP equals cardiac output (CO) multiplied by systemic vascular
resistance (SVR).
MAP = CO x SVR
As with all blood pressure measurements, it’s good to follow a trend rather than a
single value. My eyebrows will start to rise if my MAP falls under 70 mmHg. Since
we’re talking about emergency surgery, our patients don’t often begin in a very stable
state so small changes can mean we have to react quickly. Hypotension is the most
common adverse effect of general anesthesia, so we know it’s coming anyway. In our
already compromised patients, they will be less able to compensate for this change so we
as emergency technicians have to anticipate the battle of hypotension. Have an extra bag
of plain fluids ready for crystalloid boluses, do the math ahead of time for pressor CRI’s,
and think about which colloid makes the most sense for the patient you are anesthetizing.
These oscillometric machines have their limitations as well. They just don’t work
as well on our smaller patients. The puppies and kittens will have inconsistent or NONexistent readings on the oscillometric and good luck with using it on a rabbit. The tubing
between the cuff and the machine can become kinked or flattened from the surgeon
leaning against the table. Movement will throw off a reading. Remember, its using slight
changes in limb size to determine values. When dubious of your Cardell machine’s
success, you can always take a Doppler into the OR with you. Tape the probe into the
right place before your patient disappears under the layers of surgical drapes.
Why do we care so much about blood pressure? That little formula above gives
us a lot to think about. Hypotension is the fight we will most likely be waging in
emergency surgery. We want to keep our organs perfused, most importantly the brain
and the kidneys. These are the most sensitive to drops in blood pressure. A loss of blood
pressure means a loss of oxygen delivery, and hypoxia is a dangerous thing. Patients can
suffer acute kidney injury from general anesthesia, particularly those already predisposed
to damage such as geriatric patients or those on non-steroidal anti-inflammatories. The
kidneys filter waste from our bodies and any impairment in their ability to do that will
result in a build-up of these metabolic waste products.
A lack of oxygen to the brain will impair its ability to make use of glucose and
consequently the brain cells will lose their function and begin to die. Lets think about

343

hypotension in relation to that formula and the patients we are anesthetizing. CO
problems can be a reduction in preload, the ability of the heart to fill with blood. This
can be from severe dehydration, like a gastrointestinal foreign body that has gone
untreated for a week. It could be from blood loss, like from trauma or a bleeding splenic
mass. CO can also be a problem stemming from cardiac function, like dilated
cardiomyopathy (DCM) or cardiac tamponade caused by pericardial effusion. We had to
take an old Doberman with DCM to surgery for a GDV and so had to dance a fine line
between adequate perfusion and fluid overload to keep his MAP reasonable.
Diseases that cause a drop in SVR share the common mechanism of vasodilation.
We see this in our septic patients where inflammatory mediators have made the vessels
dilated and permeable. Fluids can accumulate in the tissues causing edema, and this
pooling of blood volume outside the vessels means oxygen delivery is impaired to the
vital organs. Its these cases where we can start to think about colloids and blood products
to increase our blood pressure as increased capillary permeability will cause crystalloids
to readily leak into tissues. These cases are also your candidates for advanced vascular
access such as triple lumen jugular catheters because peripheral IV catheters will start to
go bad in the animal’s edematous limbs. Take advantage of your patient being under
anesthesia and place these lines before they recover. They may not be stable enough to
be given sedation to place these lines later on in their hospital stay.
IMPRESS YOUR FRIENDS with some weird things:
Thankfully, hypertension isn’t something we deal with under general anesthesia
very often. Where you DO see it is when we give alpha 2 agonists such as
dexmedetomidine. Our patients receiving this drug tend to be the drive-by laceration
repairs getting a combination alpha 2 agonist and opioid. Alpha 2 agonists can cause
profound changes in cardiac output and blood pressure even at low doses. They cause
peripheral vasoconstriction, bradycardia, and respiratory depression, which is why it’s
always good to have flow by oxygen on these guys – preferably by face mask for most
effective oxygen delivery. Blood pressure readings on the limbs of these patients are
high, but this is not a hypertension that we treat. This is the drug causing peripheral
vasoconstriction. Another fun fact is that alpha 2 agonists block the release of
antidiurectic hormone (ADH). This means these drugs can cause a diuresis. Ever gotten
peed on while moving a sedated dog from the procedure table to the cage? Now you
know why!
Direct arterial pressure is the gold standard for blood pressure monitoring in both
veterinary and human medicine. It involves inserting an arterial catheter, which is then
connected to a pressure transducer and computer monitor. The set up is very specific;
rigid tubing connected to a bag of 0.9% NaCl with 1 unit per milliliter of heparin
pressurized to 300 mmHg. Invasive blood pressure monitoring allows for continuous
monitoring in real time. The placement if this catheter also gives us the ability to obtain
arterial blood samples to keep track of blood gases. Although the gold standard, this
method does not come without its complications. Arterial catheters are notoriously
difficult to place as it involves palpation of the artery and then essentially a blind stick.
Cats can develop necrosis distal to the catheter if left in longer than 6 - 12 hours. If the
tubing is too compliant then you can get erroneous readings. The catheters clot easily
and can result in hematoma formation at the site of venipuncture, whether the catheter
went in or not. These patients have to be monitored closely, as removal if these arterial
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catheters can result in a heck of a lot of bleeding. However, in a critical care setting with
very sick patients, its ideal to be able to monitor the blood pressure in real time to
accurately assess fluid resuscitation and use of pressors to maintain an acceptable
systemic blood pressure.
Conclusion:
Anesthesia monitoring is ALL THE THINGS. By all the things, I mean good
anesthesia monitoring encompasses knowledge of anatomy, physiology, mechanics,
physics, pharmacology, pathology, and a little bit of Macgyver. We’ve covered three
basic parameters that every emergency technician should be familiar with because they
give you a vast amount of information about your patient and are easily accessible.
Emergency technicians are by nature excellent multi-taskers and can utilize this skill
towards the careful monitoring of emergency surgery patients.
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Pain Management Alternatives – How Do Different Drugs Change Anesthesia for my Patients?
Kris Kruse-Elliott, DVM, PhD, DACVAA
Anesthesiologist Sage Veterinary Centers and AnimalScan MRI

Pain scoring and evaluation - How do I know my patient is painful?
Behavior changes?
Reaction to interaction, touch?

Changes in cardiorespiratory parameters?

Other?

Pain scoring systems – find one and use it on every patient.

Currently our arsenal includes:
Pure mu agonists (Meperidine, Hydromorphone, Oxymorphone, Morphine, Methadone, Fentanyl)
Mixed agonist/antagonists (Buprenorphine, Butorphanol, Nalbuphine)
Antagonists (Naloxone)

Advantages of opioids in veterinary medicine
Generally safe and well tolerated
Perhaps our strongest and most reliable analgesics
Provide sedation for most of our patients
Generally, easily reversed
Control acute pain and help us prevent persistent chronic pain

Disadvantages of opioids in veterinary medicine
Euphoria and dysphoria in some species and breeds
Urinary retention
Nausea and vomiting
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Ileus and inappetence
Some herding breeds can have rare hyperexciteability and hyperalgesia
Diversion potential

Lots of reasons for current shortages
Issues of addiction and diversion in people with increasing goal by FDA and DEA to reduce their use and production
Manufacturing problems responsible for current critical shortage

Current veterinary products still readily available
Butorphanol
Buprenorphine SR
Simbadol

Strategies for limiting opioid use, preserving your supply
Reserve pure mu agonists for pain control not sedation
Use other drugs for sedation
Don’t draw up drugs in anticipation of potential use – wait until you need them
Consider other non-opioid drugs that have analgesic properties – expand your multimodal approach

Pain management strategy – differs with mild, moderate, and severe pain. Develop your plan based on current pain status,
anticipated painful procedure, expectation of post-procedure pain and expected degree and duration.

Adjunct analgesia options you can use alone or in combination to decrease opioid requirements. Consider balanced
anesthesia/analgesia to produce desired effect with combination of appropriate drugs.

Drugs to consider – ketamine, dexmedetomidine, lidocaine
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Basic CRI Calculations:
Basic metric system calculations for drugs:
Remember your metric system:
1 gram is 1000 mg
1 mg is 1000 ug
Percent solutions (e.g. 2% lidocaine) – percent solutions are grams per 100 ml. So, 2% lidocaine is 2 g per 100 ml. Two grams is 2000
mg, so 2000 mg/100 ml = 20 mg/ml.
Or, to easily figure out mg/ml just move the decimal point one place to the right. So, 2% lidocaine is 20 mg/ml, 50% dextrose is 500
mg/ml, 25% mannitol is 250 mg/ml, 0.5% bupivacaine is 5 mg/ml, etc.
Calculating CRIs
mg/kg/hour of drug X body weight in kg = mg/hour of drug
ug/kg/min of drug X body weight in kg = ug/min of drug
Options:
Syringe pumps – be sure you know the upper and lower limits of flow that your pump will provide. Be sure it is calibrated regularly.
Buritrol – requires careful observation that correct rate is being delivered
Create a simple drip to deliver your CRI:
Example recipe for ketamine:
Dose – 2 ug/kg/min (=0.12 mg/kg/hr) of ketamine for postoperative pain control) to 20 ug/kg/min (=1.2 mg/kg/hr) of ketamine
(intraoperative pain control)
Add 120 mg (1.2 ml of 100 mg/ml) ketamine to 500 ml LRS or equivalent.
1.25 ml/kg/hr = 5 ug/kg/min
2.5 ml/kg/hr = 10 ug/kg/min
5 ml/kg/hr = 20 ug/kg/min
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Non-opioid CRIs (see doses below)
Ketamine in dogs or cats
How does this change my anesthesia plan and monitoring?

Lidocaine in dogs
How does this change my anesthesia plan and monitoring?

Dexmedetomidine in dogs or cats
How does this change my anesthesia plan and monitoring?

Can also use these as “rescue” drug(s) to buy you some short term additional analgesia.

Incorporate local and regional analgesia and anesthesia in your patients – think beyond just dental blocks

Conveniently this is the only place where a cat = a dog. When using 2% lidocaine or 0.5% bupivacaine the dose in either species is
0.4 ml/kg total dose spread among the various locations you need to block.
Be aware of potential complications with local/regional blocks
Intravascular injection
How will I know and what will I see when monitoring?

Nerve injury
How will I know and what will I see when monitoring?

Allergic reactions
How will I know and what will I see when monitoring?

Things we can do with local anesthetics
Local infiltration or soaker catheters
IV regional blocks for below the carpus or tarsus
Intra thoracic and intercostal blocks
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Brachial plexus blocks (need nerve stimulator)
RUMM block (ideal with nerve stimulator but you can do it without),
Femoral/sciatic block (need nerve stimulator)
Ring blocks, digit blocks
Epidurals with morphine +/- local
Sacrococcygeal block
Testicular block, pedicle block, line block
The new kid on the block – Nocita. Liposome encapsulated bupivacaine suspension (https://www.aratana.com/nocita-bupivacaineliposome-injectable-suspension/).
Local anesthetic adjuncts – opioids, epinephrine, alpha-2 agonists, sodium bicarbonate – nothing is approved, all are off label.
Oral analgesia
Tramadol
Gabapentin
Hydrocodone
NSAIDs
Evaluate your patient’s anesthetic risk
Pre-anesthetic physical examination and history

Pre-anesthetic laboratory and diagnostic imaging screening

Pain management planning
Reduce perioperative pain

Address immediate and ongoing analgesia requirements

Reduce incidence of chronic pain states

350

Constructing your drug plan and protocol for general anesthesia:
Premedication (Oral, IM, IV or combination)

Intravenous induction
Maintenance of anesthesia with oxygen supplementation

Stand-alone chemical restraint/sedation for imaging, bandage changes, etc:
Oral, IM or IV premedication or combination

IV induction

Oxygen supplementation
MONITOR YOUR PATIENT
Attentive and experienced anesthetist who is continually monitoring and evaluating both depth and cardiopulmonary

Stethoscope (can be esophageal)

Blood pressure monitoring

Pulse oximetery

Breathing circuit high pressure alarm

Capnometry (if you have it use it)
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CAT AND DOG SEDATION AND ACUTE PAIN MANAGEMENT OPTIONS FOR SURGERY AND POSTOP (not an all-inclusive list)
At home oral sedation for the anxious patient:
Night before and 2 hours before presentation to clinic
Gabapentin at 10-20 mg/kg for cats
and/or Trazodone at 5-10 mg/kg
Phenobarbital at 10 mg/kg for “bad dogs” the morning of – at least 2 hours before. Can be combined with the above.
Sedation options in the clinic:
Butorphanol at 0.2-0.4 mg/kg IM or IV
+ Dexmedetomidine at 2-10 ug/kg IM or 2-5 ug/kg IV
Butorphanol at 0.2-0.4 mg/kg IM or IV
+ Acepromazine at 0.02-0.05 mg/kg IM or 0.01-0.02 mg/kg IV
Intraoperative analgesia rescue options:
If you have a pure mu agonist available, you can use a single dose of that drug
Hydromorphone 0.05 mg/kg
Fentanyl 10 ug/kg
Methadone 0.25 mg/kg
Morphine 0.1 mg/kg (slowly)
Ketamine at 0.5-1 mg/kg
Dexmedetomidine at 0.1-0.25 ug/kg
Lidocaine 2 mg/kg in dogs
If you have them available - Opioid CRIs:
Fentanyl
Cats and Dogs: Loading dose of 1-5 ug/kg, then 2-20 ug/kg/hr. Recommend 1-2 ug/kg bolus when increasing dose during CRI.
Hydromorphone
Cats: Loading dose of 0.025 mg/kg, then 0.01 mg/kg/hr
Dogs: Loading dose of 0.05-0.1 mg/kg, then 0.01-0.05 mg/kg/hr
Morphine
Cats: Loading dose of 0.05-0.1 mg/kg SLOWLY, then 0.05-0.1 mg/kg/hr
Dogs: Loading dose of 0.1-0.3 mg/kg SLOWLY, then 0.1-0.3 mg/kg/hr
Butorphanol
Cats and Dogs: Loading dose of 0.1-0.2 mg/kg, then 0.1-0.2 mg/kg/hr
Non-opioid CRIs:
Ketamine
Cats and Dogs: Loading dose of 0.25 mg/kg, then 0.12-1.2 mg/kg/hr
Lidocaine
Dogs: Loading dose of 0.5-1.0 mg/kg. then 1.5-3.0 mg/kg/hr
Dexmedetomidine
Cats and Dogs: Loading dose of 1-2 ug/kg, then 0.5-2 ug/kg/hr
More an adjunct to other analgesia and/or as a sedation protocol. Best used in cardiovascular stable patients with no major organ
compromise.
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Local-Regional Blocks to Consider:
Epidural analgesia
Abdominal and some thoracic procedures, Hind-limb orthopedic procedures, Forelimb amputations. For thoracic and forelimb
procedures do not use local anesthetics.
Epidural doses (total volume should be 0.2-0.3 ml/kg):
Morphine (preservative free) 0.1 mg/kg
Buprenorphine 0.005 mg/kg
Bupivacaine (0.5%, no epinephrine) 1 mg/kg
Lidocaine (2%, no epinephrine) 3 mg/kg
Contraindicated in coagulopathy, sepsis, hind-limb neurologic impairment, LS disease, skin disease over injection site. For local
anesthetics also contraindicated in any cardiovascular disease/collapse setting.
Volume calculations:
For hind limb and lower abdominal procedures use 0.2 ml/kg total epidural volume, max dose 6 ml.
For laparotomy, thoracic, fore-limb surgery use 0.3 ml/kg total epidural volume, max dose 9 ml.
Dilute with sterile saline as needed to get appropriate volume.
Nerve Locator/US Guided Blocks
Bupivacaine at 1.5 mg/kg
Ropivacaine at 1-3 mg/kg
+ 0.5 ug/kg dexdomitor
+ 3 ug/kg buprenorphine
0.1-0.3 ml/kg/site (depends on block location, local anesthetic being used, concentration of local anesthetic)
Consider dilution for small dogs and in very large dogs reducing dose/volume. The more accurate you are with nerve localization,
the more likely you can use the smaller volume and be effective.
Maximum total bupivacaine dose/dog is 0.4 ml/kg (of 0.5%) and given the volume, the maximum total ropivacaine dose/dog is 0.50.6 ml/kg (of 0.2%). Note-you can still use Nocita in the usual manner when closing the incision as the slow release and uptake of
the bupivacaine from the liposomes makes toxicity unlikely.
Overall, careful aspiration (double, triple check!) and careful dose calculation makes toxicity unlikely when performing local/regional
blocks. Always calculate the total dose and divide among locations if doing multiple blocks. Patient should be connected to ECG and
pulse oximeter and injections should always be done slowly.
Generally, toxic doses of bupivacaine or ropivacaine are associated with cardiovascular collapse.
Treatment – IV fluids, vasopressors, inotropes, anticholinergics, etc.
Lipid rescue with Intralipid at a dose of 1 mg/kg IV + CRI at 0.25 ug/kg/min
Equipment for Nerve Stimulator blocks (check eBay or other sources for inexpensive used nerve stim device – the EZ Stim II is often
available as a used nerve stimulator on eBay or other resale sites)
Insulated needles to use with nerve locator
www.milainternational.com
Stimulating needles:
22 ga x 5 cm (2 inches) NB2205
21 ga x 8 cm (3.1 inches) NB2108
21 ga x 10 cm (4 inches) NB2110
Femoral/sciatic block uses 5-8 cm needle
Brachial plexus block uses 8-10 cm needle
RUMM block, intercostal blocks use 5 cm needle
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BRIEF FORMULARY OF DOSES
ACEPROMAZINE
0.01-0.05 mg/kg IM or SQ with maximum 2 mg total dose
0.01-0.02 mg/kg IV before recovery for sedation
ALFAXALONE
2 mg/kg IM for sedation in cats and small dogs
3-5 mg/kg SQ for sedation – upwards of 45 min to be effective so not recommended
1-2 mg/kg IV with premedication, up to 5 mg/kg if not sedate
CRI rate of 4-6 mg/kg/hr
ACETAMINOPHEN (Canine only!!!)
10 mg/kg orally q 8 hours for maximum of 5-7 days
BUPRENORPHINE
0.02-0.03 mg/kg IV or IM every 8 hours
0.02-0.03 OTM every 8-12 hours
SR Forumula in cats 0.12 mg/kg SQ every 72 hours
Simbadol in cats 0.12-0.24 mg/kg SQ every 24 hours for up to 3 days
BUTORPHANOL
0.1-0.4 mg/kg IM or IV every 1-2 hours
DEXMEDETOMIDINE
1-10 ug/kg IM or 1-5 ug/kg IV for sedation depending on patient
0.25-0.5 ug/kg IV for postoperative sedation
0.1-0.25 ug/kg IV for intraoperative rescue
ETOMIDATE
1-3 mg/kg IV with a minimum of midazolam premedication
FENTANYL
5-10 ug/kg IV for premedication
0-20 ug/kg/hr for CRI with 1-2 ug/kg bolus as needed
FENTANYL PATCH
Dose at 2-5 ug/kg/hr so, for example, 50 ug patch = 50 ug/hr
Aim on the lower end of dose range if concern for dysphoria or history of dysphoria
GABAPENTIN
10-20 mg/kg for oral sedation at least 2 hours prior to visit
5-20 mg/kg for oral adjunct analgesia every 8 hours – start low and increase as needed
HYDROCODONE
0.44 mg/kg orally every 6-8 hours for analgesia
HYDROCODONE (10) /ACETAMINOPHEN (325) (canine only)
1 per 20 kg every 8 hours
HYDROMORPHONE
0.05-0.1 mg/kg IV every 2-4 hours, up to 6 hours
0.1-0.2 mg/kg IM every 2-4 hours, up to 6 hours
KETAMINE
1-5 mg/kg IM or SQ as part of sedation combination
1-5 mg/kg IV for induction
0.5-1.0 mg/kg IV for intraoperative rescue
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MEPERIDINE
2-5 mg/kg IM every 1-1.5 hours (do not give IV)
METHADONE
0.25-0.5 mg/kg IM or IV every 4-6 hours
MIDAZOLAM
0.1-0.2 mg/kg IV or IM
MORPHINE
0.5-1.0 mg/kg IM or IV (slowly) every 4-6 hours in dogs
0.2-0.5 mg/kg IM or IV (slowly) every 4-6 hours in cats
NALOXONE
0.01-0.02 mg/kg IV, IM, sublingual
PHENOBARBITAL
10-20 mg/kg orally 2 hours before travel to clinic
PROPOFOL
2-4 mg/kg IV slowly titrated to effect, less needed with premedication
TRAZODONE
5-10 mg/kg orally
TRAMADOL
2-5 mg/kg every 6-8 hours in dogs
2-4 mg/kg every 8-12 hours in cats
NSAIDS

CARPROFEN
2 mg/kg SQ or orally q 12 hours in dogs
1-4 mg/kg SQ once in cats
MELOXICAM
0.2 mg/kg SQ, IV, or PO, then 0.1 mg/kg every 24 hours in dogs
0.1 – 0.3 mg/kg PO or SQ once in cats
ROBENACOXIB (ONSIOR)
1-2 mg/kg PO in dogs every 24 hours
1-2.4 mg/kg PO in cats every 24 hours for maximum of 3-6 days
2 mg/kg SQ every 24 hours for maximum of 3 days
GALLIPRANT
2 mg/kg PO in dogs every 24 hours
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Anesthetic Related Mortality: How Do We Prepare for the Worst?
Presented by Judy Kpa, RVT & Liza Morales, RVT
SAGE Small Animal Symposium 2019

I.

Objective: To discuss the occurrence of mortality in patients undergoing anesthesia and how
we as anesthetists/technicians can prepare ourselves and our patients for anesthetic success
and thus potentially avoid the manifestation of a critical anesthetic situation leading to
anesthetic death.
i. How often does an anesthetic related death occur?
1. There are many distinct factors that can increase the odds and risk of an
anesthetic related death. Such factors include, but are not limited to
poor health status, age, breed, anesthetic protocol (i.e. drugs, etc.), and
procedure.
2. An anesthetic related death can occur at any stage in the perioperative
period (admission, preoperative stage, anesthesia, surgery/procedure,
and recovery), however most deaths have been observed during the
post-operative stage/recovery.
ii. What factors contribute to anesthetic related deaths?
1. Patient overall health and predisposition(s).
a. Best preparation technique is to understand pre-existing disease
processes in patients prior to induction.
b. Brainstorming with the doctor and team: discuss the appropriate
anesthetic plan specific to any predispositions, with attention not
only to present disease process, but also consider breed, physical
findings (i.e. brachycephalic, obesity, cachexia, etc.), and preanesthetic workup (lab work, imaging, etc.).
2. Anesthetic plan: what drugs will you be using?
a. Understanding what the drugs you have on hand do and how
they work is vital in decreasing the risk of any complications
related to the drugs themselves.
b. Drug interactions and contraindications: consider this prior to
beginning anesthesia as this information will serve highly
beneficial perioperatively.
iii. How can we as anesthetists/technicians prepare ourselves for the worst?
1. Establishing an ASA status for every patient undergoing anesthesia is
crucial in determining what steps are necessary for overall anesthetic
success.
a. ASA classification: a physical status classification developed by
the
American
Society
of
Anesthesiologists
(https://www.asahq.org/).
2. Safety Checklist: a compilation of questions pertinent to the patient and
anesthetic case (i.e. dotting your “I’s” and crossing your “t’s”).
a. This is one of the most important steps in any anesthetic case as
it sets expectations and contingencies in order to increase the
likelihood of a successful anesthetic event.
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b. This system is designed to commence the conversation between
the anesthetist and attending doctor regarding the expectations
of the case.
c. Examples include, however are not limited to:
i. Checking the anesthetic equipment.
ii. Confirming the patient (signalment) and anesthetic
procedure to be performed. Also confirm location of
surgical site (i.e. which leg, etc.).
iii. Reading the patient’s medical record in order to
familiarize yourself with pertinent medical history.
iv. Develop an anesthetic plan to cater to the specific needs
of the patient with regards to the anesthetic procedure
and any predisposition or ailments.
v. Prepare for the worse: discuss any anesthetic concerns
with the attending, and anticipate any non-routine steps.
vi. Discuss the patient’s preoperative workup, focusing on
abnormal values and the effects they may have on the
patient’s response to anesthesia.
d. Discuss any non-routine steps and pre-existing conditions (i.e.
existing and suspected diseases such as diabetes, cushings, etc.).
e. Understanding and embracing the anesthetic and emergency
plan: know your drugs!
i. Anesthetic plan: know your drugs to ensure the
anesthetic plan not only caters specifically to your
patient’s needs, but is also appropriate for the
procedure.
ii. Be prepared to discuss the plan with the doctor. Do not
be afraid to ask questions. Fully understanding and
agreeing with the plan is the key to a successful
anesthetic event.
iv. Monitoring the patient: what monitors are most frequently used in practice?
What parameters are we monitoring? Understanding basic vitals and being able
to recognize abnormalities versus normalities.
1. Normal values under anesthesia
a. Canine:
i. HR (heart rate): 60 to 120 bpm +/ii. SPO2 (pulse oximetry): > 95%
iii. ETCO2 (end title C02): 35 to 45 mmHg
iv. BP (blood pressure): 90 to 140 (systolic), 50 to 100
(diastolic), 60 to 120 (MAP or mean arterial pressure)
v. Respirations: 10 to 30
vi. Temperature: 99.0 to 101.5 degrees Fahrenheit
b. Feline:
i. HR (heart rate): 100 to 220 bpm +/ii. SPO2 (pulse oximetry): > 95%
iii. ETCO2 (end title C02): 32 to 45 mmHg
iv. BP (blood pressure): 90 to 150 (systolic), 50 to 100
(diastolic), 60 to 120 (MAP or mean arterial pressure)
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v. Respirations: 10 to 40
vi. Temperature: 99.0 to 101.5 degrees Fahrenheit
2. Recognizing and identifying abnormalities
a. Temperature: patients cannot control thermoregulation under
anesthesia. Making sure your patient is normothermic in the
preoperative stage is vital in ensuring that your patient remains
normothermic through the post-operative stage.
i. The hypothalamus is the primary center for
thermoregulation.
ii. Anesthetic drugs can promote heat loss through
vasodilation (i.e. gas inhalants, tranquilizers, Propofol,
etc.).
1. Opioids can also effect the patient’s
temperature, as it depresses the sympathetic
nervous system, and thus depresses sympathetic
outflow, which in turn inhibits thermoregulation.
2. Adverse effects of hypothermia: increased risk of
infection, increased cardiac morbidity, increased
MAC, or mean alveolar concentration (MAC
drops 15% for every degree Celsius), increased
blood loss
3. Adverse effects of hyperthermia, also known as
malignant hyperthermia: increased CO2
production and increased O2 consumption,
tachycardia, tachypnea, acidosis, muscle rigidity,
Rhabdomyolysis
b. Heart rate
i. Bradycardia (slow heart rate)
1. Feline: <100 bpm
2. Canine: <60 bpm +/ii. Tachycardia (fast heart rate)
1. Feline: > 200 bpm
2. Canine: > 120 bpm
c. Respiration rate
i. Apnea, tachypnea, and agonal breathing
d. Blood pressure: Doppler versus oscillometric (Cardell blood
pressure) measurements
i. Hypotension (low blood pressure): poor perfusion, deep
plane of anesthesia
1. Systolic <80
2. Diastolic < 40
3. MAP <60
ii. Hypertension (high blood pressure): pain, light plane of
anesthesia
1. Systolic Pressure >140
2. Diastolic Pressure>100 +/3. MAP or mean arterial pressure >120
e. Pulse oximetry
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i. Hypoxemia <95%
ii. Strength of the waves: conduction.
f. ECG (electrocardiogram)
i. Arrhythmias:
1. AV block
2. VPC/PVCs
3. APCs
4. R on Ts
5. Atrial Fibrillation
6. Ventricular Fibrillation
7. Ventricular Tachycardia
8. Asystole
g. Capnography
i. ETCO2 and inCO2
1. Hyperventilation versus hypoventilation
2. Blood gas monitoring; PaCO2
h. Mucous membrane color
i. Cynosis,
ii. Capillary refill time
i. Capnogram
i. Wave forms/graph
v. Critical situations: what is a critical situation?
1. Cardiac
a. Heart rate
b. Arrhythmias
c. Asystole
2. Perfusion
a. Blood pressure
b. ETCO2
c. Temperature
3. Blood loss
a. MM color
b. CRT
c. Blood pressure
4. Respiratory
a. Apnea
b. Agonal breathing
vi. How do we shorten anesthesia time?
1. What can be done prior to induction?
a. If the patient allows it, prepare the surgical area prior to
induction.
b. Devise a plan: you’ve induced the patient, what next? Efficiency
is key to ensuring a successful anesthetic case.
i. What are the adverse effects of prolonged anesthesia
time due to long procedures and surgeries?
vii. How do you know when your patient is coding under anesthesia?
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II.

1. Always closely monitor your patient while they undergo anesthesia for
any procedure. Vitals should be recorded every five minutes, if possible
(can be very difficult during a critical situation/code).
2. Make sure you can physically reach your patient during the anesthetic
procedure. You must be able to get your hands on your patient not only
in order to check anesthetic depth, but also mucous membrane color.
viii. So your patient is coding under anesthesia. What do you do?
1. TURN OFF THE GAS INHALANT!
2. Turn off any MAC reducing CRIs (i.e. Fentanyl CRIs, Ketamine CRIs, etc.).
3. Call for help. It takes at least three people to efficiently run a code.
4. Reverse all anesthetic drugs, if possible (i.e. opioids and
benzodiazepines).
a. Naloxone: to reverse pure mu opioids (0.4mg/mL)
i. Dose: 0.02 to 0.04mg/kg IV
b. Flumazenil: to reverse benzodiazepines (0.1mg/mL)
i. Dose: 0.01mg/kg IV
5. Continue to record vitals and make sure document everything that occurs
during the code as well if able.
6. Make sure to
ix. Recovery: Anticipating and preparing for a smooth recovery from the anesthetic
event.
1. Setting expectations for the patient’s recovery is extremely vital in
ensuring a smooth recovery, so talk to your doctor! Devise a postoperative plan for each patient. Keep in mind that no two patients are
the same, and that every aspect of the anesthetic event (preoperative to
perioperative to post-operative) plays a role in how the patient will
recover.
a. Preparing for a rough wake up
i. Post-operative sedation is a great tool in solidifying a
smooth recovery. However, make sure to keep in mind
what sedatives your patients can safely receive with
regards to their pre-operative status.
Conclusion: It is important to understand that no two patients are the same, and that
although there are routine procedures, there is no such thing as “routine anesthesia”.
Undergoing anesthesia puts any patient at risk for complications, despite their overall health
status. Identifying the risk and potential complications in each case either prior to the arrival
of the patient to the hospital, or in the preoperative stage can greatly decrease the
opportunity of an anesthetic related obstacle and/or death. It is also imperative to implement
essential anesthesia training in order to establish heightened scrutiny of trained staff, which
will ultimately contribute to better outcomes.
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Technician Round Table and Case Presentation
Kristin Freitas, BS, RVT, VTS (ECC)
Kim Adams BS, RVT
Julia Rojas, RVT
Randall Beeman, RVT
Nicole Dickerson, RVT, VTS (ECC)
Yvonne Brandenburg, RVT, VTS (SAIM)
Marilee Muzatko, RVT, VTS (ECC)
Jake Knabb, RVT
Katrina Olson, BS, CCRA
Liza Morales, RVT
Objective: Utilize case studies to understand disease presentation from the point of view
of veterinary technicians.
o Case Presentation
•

What parameters is each specialty technician looking at in assessing the
patient being discussed.

o Case Discussion-patient treatment options
•

What each specialty technicians’ primary concerns are when establishing
a patient’s treatment plan.

o Case Discussion-home care.
•

Once the patient is discharged and recovering at home, what are the most
common owner questions we field and how do we handle them.

o Case resolution
•

How the care of the patient progressed and the ultimate outcome. With a
focus on technician contributions to care.
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Track 6

YOUR NAME: __________________________________

DATE: _____________________

Recognize, Embrace, Connect
How does the concept of engagement resonate with you in your current
position within the profession?

What can an individual do to help support engagement within their team?

Given the dynamics of the industry, which are out of our control, what are
ideas on how to help promote an engaging environment?

How does the concept of floating on the ocean of shame relate to
yourself?
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How does the concept of floating on the ocean of shame relate to your
teams?

What did hearing the brown gauze moment story provide to you?

Describe your cynical serpent?

What gets in the way of teams filling their balloons?

How do you create an environment that supports, or even promotes,
balloon filling??
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How does the concept of the “Beast of Burden within the profession”
relate to yourself?

How does the concept of the “Beast of Burden within the profession”
related to your team?

How will the concept of moving from name, blame, judge and towards
recognize, embrace, connect show up in your career?

How has the 1 Life Connected message touched you?
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With the 1 Life Connected message fresh in your mind.
What is your commitment to finding your individualized journey towards
your sustainable authentic career?

Be 1 Life Connected!
We are mindful of our response
We create our environment
We embrace our emotions
We find self-forgiveness
Kimberly Pope-Robinson DVM, CCFP
1 Life Connected
Connecting Careers with Life’s Passion
k.pope-robinson@1lifecc.com
www.1lifecc.com
916-847-4807
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10 Steps to Becoming a Recovering Perfectionist
YOUR NAME: __________________________________

DATE: _____________________

Recognize, Embrace, Connect
How did the recovering perfectionist lecture resonate within yourself and
your career within veterinary medicine?

Where do you see perfectionism showing up in your career?

Where do you see perfectionism showing up in your life?

What are some of the negative effects you can see about yourself related
to perfectionism?

Email: k.pope-robinson@1lifecc.com
Phone: 916-847-4807
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10 Steps to Becoming a Recovering Perfectionist
What are some of the positive effects you can see about yourself related
to perfectionism?

How have you seen the concept of cognitive dissonance show up within
veterinary medicine?

What is 1 step you see doing today that will help minimize your life?

How do you move from perfectionism paralysis to embracing your
“mistakes”?

What thought processes stop you from accepting limitations, and how do
you plan to address them?

Email: k.pope-robinson@1lifecc.com
Phone: 916-847-4807
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1 Life Connected
www.1lifecc.com
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10 Steps to Becoming a Recovering Perfectionist
What does the concept “Redefining Success” mean to you?

How does the idea of vulnerability in veterinary medicine relate to you and
your career?

How do we as a profession help embrace the concept of vulnerability?

How can you help to recognize and share the final step that “We Are Not
Alone”?

Email: k.pope-robinson@1lifecc.com
Phone: 916-847-4807
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1 Life Connected
www.1lifecc.com
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10 Steps to Becoming a Recovering Perfectionist
With the 1 Life Connected message fresh in your mind.
What is your commitment to embracing perfectionism within your career
in veterinary medicine?

Be 1 Life Connected!
We are mindful of our response
We create our environment
We embrace our emotions
We find self-forgiveness
Kimberly Pope-Robinson DVM, CCFP
1 Life Connected
Connecting Careers with Life’s Passion
k.pope-robinson@1lifecc.com
www.1lifecc.com
916-847-4807

Email: k.pope-robinson@1lifecc.com
Phone: 916-847-4807
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www.1lifecc.com
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Managing Our Emotions When Having the Tough Conversations
1) Can feel like you are trapped between a rock and a hard place with these discussions.
2) We are medically trained, technically trained, and even have some communication
training and that is generally not the primary problem. The highest anxiety in having
these conversations is related to our emotions, which we are provided no training related
to them.
3) Remembering why we entered the profession, it can sink us, but it also floats us.
4) Money is not our driver, however profit is slim.
5) Top personality traits observed to those entering the profession;
a. Analytical, compassionate
b. People pleasers
c. Type A
d. Introverts
e. Workaholics
f. Perfectionism (high achievers)
g. Great traits to get into and through vet school, not so great for a sustainable
career.
6) Remembering the value that you bring can be difficult and often we fall into traps early
on in the career to avoid these emotions elicited from these conversations;
a. I’m new and learning
b. I own that window
c. Discounting prejudice
d. Make a client for life
e. Skipping recommendations
f. Time
g. Legality Concerns.
7) Beast of Burden to carry as a profession – grocery store clerk analogy.
8) Then we have those moments of clarity, cases we will never forget.
9) The answer is entering into the conversation as a partnership, not you own it all.
10)Set expectations and prepare for sticker shock, yet not leading the conversation with
money takes practice.
11)Reflective listening and providing structure/direction are critical as often we are dealing
with emotional situations. A reflective statement does not mean that you agree with the
individual. Being heard can be extremely powerful in helping people move forward.
12)If the client can’t afford the ideal medical approaching having a next step in mind is
valuable, practice that approach so as to not undervalue your first recommendation.
13)How to not take it personal – remembering this is a partnership
a. What we know- medical needs, financial requirements, general prognosis,
emotional expectations, and home care needs.
b. What they know- financial capabilities, attachment to pet, emotional capabilities,
and home care follow through abilities.
14)The right path is not always because of financial or medical drivers.
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15) Comfort in these conversation is working to find the path for us each to accept all
outcomes.
16)“Self forgiveness is the foundation to a sustainable career in veterinary medicine.”
Kimberly Pope-Robinson DVM, CCFP
1 Life Connected
Connecting Careers with Life’s Passion
k.pope-robinson@1lifecc.com
www.1lifecc.com
916-847-4807
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EQ: How to Increase Yours and Use it for Good
What, Why and How of Emotional Intelligence
Tracey Hightower, PHR
Manager, Learning and Development, SAGE

Objective: While IQ is what is used to do the job, Emotional Intelligence − often
referred to as EQ − is what is used to make decisions. It is said to account for 58% of
job performance. This presentation will help you understand what Emotional
Intelligence is, why it’s important at work (and at home) and what you can do to
increase your EQ.
•
•
•

What is Emotional Intelligence
Why EQ is important at work
How do you increase/improve your EQ
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1. What is Emotional Intelligence?
a. It is your ability to recognize and understand emotions in yourself and others,
and;

b. It is your ability to use this awareness to manage your behavior and
relationships
c. There are five competencies. The first three are intra-personal. They
relate to self. The last two are inter-personal. The relate to others.
i. Self-Awareness
ii. Self-Management
iii. Motivation
iv. Empathy
v. Relationship Management

2. The Five Competencies
a. Self-Awareness is the ability of an individual to be in tune with her/his
own feelings. It’s the ability to recognize the impact that his/her feelings
have on others. People with high self-awareness know how they feel ad why

they feel that way. They can identify the reason behind those feelings and can
recognize how the feelings manifest in physical symptoms, such as your actions.

You have to know YOU!! You have to understand who you are and how
what you do affects others.

b. Self-Management is having control over your emotions. It’s thinking before
you act. It’s the ability to control and redirect disruptive impulses and moods

Your awareness of your emotions allows you to stay flexible and positively
direct your behavior and words. Ability to keep negative emotions and

impulsive behavior under control, stay calm and unflappable even under stressful
situations.

c. Motivation It’s inner drive that comes from personal joy experienced after an
accomplishment. It is the a passion to work for reasons that go beyond
money or status. Motivation is enjoying achievement for its own sake.
It’s an intrinsic desire to achieve and accomplish things. Passion for the
work you do, optimism and energy to improve are the key hallmarks of an
emotionally intelligent and motivated person.
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When we talk about motivation within the realm of emotional intelligence,
we should also think about how we motivate others. Are we kind,
supportive and optimistic, or do we use bribery, ultimatums, put-downs, or
even fear tactics? Having integrity, being optimistic and sharing our
optimism with others helps us to be strong motivators. When we tell
ourselves “I’ve got this, I can do this!”, we often see amazing results. The
same goes for sharing that positive energy with others; it’s an amazing
motivator.
d. Empathy (it has sometimes been called Social Awareness) is your ability to

accurately pick up on emotions in other people and understand what is really
going on. It’s the ability to read or sense other people’s emotions and how

their feelings impact the situation. Empathy is understanding other
people’s emotional makeup. It’s considering others’ feelings, especially
when making decisions.

e. Relationship Management - is your ability to interact and negotiate with other
individuals in order to find the best way to meet the needs of each person. It’s the
ability to use awareness of your emotions and the other person’s emotions

to manage interactions successfully. Relationship Management is
understanding other’s emotions and to treat them as THEY wish to be
treated. It’s the ability to influence, guide and handle other people’s
emotions.

3. Why is EQ important at work?
a. Helps manage stress
b. Enhances cooperation and teamwork
c. Increases productivity and job performance
d. Creates and maintains a healthy work environment for everyone
e. People with high emotional intelligence at work are:
i. Assertive
ii. Ambitions
iii. Decisive
iv. Warm
v. Enthusiastic
vi. Sociable
vii. Patient
viii. Stable
ix. Consistent
x. Good listener
xi. Detailed
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f.

4.

xii. Systematic
People with low EQ at work are:
i. Aggressive
ii. Demanding
iii. Egoistical
iv. Bossy
v. Confrontational
vi. Easily Distracted
vii. Selfish
viii. Impulsive
ix. Passive
x. Resistant to Change
xi. Stubborn
xii. Critical
xiii. Picky
xiv. Fussy
xv. Hard to Please
xvi. Perfectionists

How to increase your EQ? – the good news is EQ can be trained and developed. You
can increase your EQ
a. Self-Awareness - Practice noticing how your feel throughout the day and why
you’re feeling that way. Recognize that emotions are fleeting. Avoid allowing
emotions to be the basis of communication or decision making. Consider how
negative emotions may impact your day and how you deal with people. Take an
honest look at your own strengths and weaknesses and actively work on
improving your weak areas. Be honest about what pushes your buttons.
Recognize your triggers points, anticipate them and have strategies for managing
them.
b. Self-management - Practice waiting before responding or making decisions in
emotional situations. Accept uncertainty, frustrations and disappointments as
simply a part of life. Replace complaining with brainstorming solutions and
present ideas in a calm and reflective way. Find ways to release and regulate
negative emotions. Keep cool. Breathe. Count to 10. Take a walk. Sleep on it.
c. Motivation - Focus attention on what you like rather than what you don’t like.
Proactive optimism and gratitude in general by changing your thoughts and
words even if you have to fake it at first. Set goals and reward yourself for
accomplishments along the way. Be positive.
d. Empathy - Talk less – listen more. See situations from others’ perspectives.
Learn how to read nonverbal cues. Recognize we’re all limited by the
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experiences and knowledge we have – rather than right or wrong, good or bad.
Validate the other person’s point of view and let them know you see the merit in
it. Practice active listening and reflect back what is being said so it’s clear and
you understand what’s being said.
e. Relationship Management - Be curious and be open. Remember the little things
Say “I’m sorry”, “please” and “thank you.” Be open to feedback. Realize
relationships are built on trust and then be trustworthy. Acknowledge other
people’s feelings. Examine your own motives – do you just want to be right,
prove a point, or win an argument. Or are you truly interested in the best
outcome or solution? Do more than treat others the way you want to be treated.
Treat them the way they want to be treated.
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Recruiting, Interviewing and Selecting
Employees
Gina Gotsill
Clinical Recruiter at SAGE Veterinary Centers

Objective: Discuss how to attract, interview and select
employees to meet your business and team goals.
Define the role
o What experience is required? Clearly define the must
haves and the nice-to-haves.
o What are the necessary technical/hard skills sets and
essential interpersonal/soft skills?
o Define the title, department, reporting structure?
o What are the key objectives to accomplish first 90
days, 6 months, year?
Write the job description
o Remember, less is more, and structure is important.
Many candidates are discouraged by long bulleted lists
of skills and requirements – these kinds of lists can
be difficult to parse. Avoid lumping the must-haves
and nice-to-haves under a single “REQUIRED EXPERIENCE”
header. Some candidates will not apply if they can’t
check every box on the list. (We recruiters know that
very few people can check every box on a job
description.)
o Post the job description to your website, LinkedIn,
FB, job boards. Keep them current and refreshed. Share
with colleagues – spread the word!
Outline the Interview Process
o Initial/resume screen: Look for the positives in every
candidate – you never know if they could be a fit down
the road. Also look for the inconsistencies, typos and
red flags because a balanced view is important. Beyond
that, what kind of initiative does this candidate
show? Not every career path is a straight line –
consider that everyone is an individual. How can their
experience, even if it is unconventional, benefit your
business?
o Phone Screen: Have your list of standard questions
ready, but be open to veering off course a bit – some
responses warrant deeper conversations. Candidates can
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Recruiting, Interviewing and Selecting
Employees
Gina Gotsill
Clinical Recruiter at SAGE Veterinary Centers

tell when you are reading a list and getting into a
routine, and this isn’t a good candidate experience.
o Skills Assessment: Questions, tests or quizzes can
bring a candidate’s skills to the surface.
o In-person Interview: Consider having a few phases to
the interview so candidates can get a full picture of
how you interact with
each other, and so you can assess skills and culture
fit. Some options include having one-on-one
conversations with the hiring manager, followed by a
larger group conversation with the staff that would be
interacting with the role.
o Post-interview: Let the candidate know what they can
expect in regards to timing and when you will be back
in touch. Make it a policy that everyone who
interviews a candidate responds to you with feedback
within a day. If additional team conversations are
needed, gather the team and discuss their impressions,
comments or concerns. Remember: Candidates in our
industry are being courted from all directions and in
all media. They have many options. Timeliness is the
key!
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Small Animal Symposium 2019
Performance Management and Building a Culture of Appreciation
Lisa Thompson, PhD
Chief People Officer for SAGE Veterinary Centers
Objective: To discuss the process and benefits of performance management and staff
development.
•

What is performance management?
Performance management is the process of creating a work environment in which
people are enabled to perform to the best of their abilities.

•

Why do it?
Continuously communicating expectations, defining and prioritizing duties, and
helping people accomplish strategic objectives is the job of a leader.
Setting and communicating goals, while also regularly expressing appreciation for
employees’ strengths and contributions will improve retention and create the
environment for a high performing team.

•

How can we manage performance and develop people in a manner that builds a
culture of appreciation?
•

Plan the work
Set goals in collaboration with employees.
Have a sincere conversation about why you believe in the employee.
Planning, goal-setting, and strategic direction may not at first seem like a good
opportunity to show appreciation, it’s actually a perfect time to express to an
employee why you believe in them.
Talk about the qualities and strengths you recognize in them and connect your
expectations to the talents they possess.

Having someone believe their ability is a powerful form of appreciation because it
shows them that someone truly understands their unique capabilities.
•

Encourage effort, praise progress
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It’s important to keep communication going before, during and after a
performance objective or period of time.
Employees often express that they don’t hear from their leaders at all during a
project. They say the only time they hear from their manager is at the start and
end of a project. This is a missed opportunity to show appreciation by
encouraging effort.
Checking in, allowing the employee to express the challenges and opportunities
and being an engaged listener, is the opposite of micro managing. By monitoring
effort and progress, a leader is able to learn about and help remove potential
roadblocks.
We all need someone cheering us on. Research shows that when efforts and
results are recognized, employees report:
1) An increased confidence in their skills
2) An understanding that they are on track and in good standing with their
manager, and
3) it creates an improved relationship with their leader.
•

Recognize and reward progress and small achievements
In addition to identifying potential issues before they have an adverse impact,
monitoring progress and effort creates an opportunity to reward small
achievements, which, we all know, lead to big achievements.
Research shows that when employees were asked what their manager or
company could do to inspire them to produce great work, by far, the number one
answer was “Recognize me.” It was bigger than, “Pay me more, Give me
Autonomy, and Promote me.”
Providing appreciative feedback reinforces effective behavior and identifies
desirable, effective behavior that you’d like to see continue and be repeated.

•

Review accomplishments and opportunities for improvement and growth
This step is most similar to traditional annual review or quarterly reviews in that
it is best done after a goal or objective has been completed
It’s the process of sitting down with an employee and assessing what happened
during a certain time frame, what was accomplished, and what could be
improved.
There is opportunity in this process to appreciate and celebrate an employee.
And, it doesn’t just have to focused on their work results. During the review step
it’s great to talk about the energy, humor, and tenacity of an employee. Maybe
they bring a certain calmness in times of stress. Maybe they have a ‘never-die’
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attitude that is valued. Talk about, appreciate, and recognize an employee for
these qualities…because, when you do, you’ll see more of it.
•

Types of Feedback and Formula for Impact
Appreciative Feedback:
Reinforces effective behaviors
Identifies effective behavior to be continued
Developmental Feedback:
Identifies ineffective behavior
Communicates behavior that should not be continued
Informs team members of alternative actions

Both types of feedback are most useful when they are specific and actionable.
A useful formula for providing impactful feedback is the Situation, Behavior, Impact
tool. It focuses your comments on specific situations and behaviors, and then
outlines the impact that these behaviors have on others.
1. Situation
When you're giving feedback, first define the where and when of the situation you're
referring to. This puts the feedback into context and gives the other person a specific
setting as a reference.
For example:
"During yesterday morning's team meeting, when you gave your presentation..." or
"When we met with the French bulldog’s family on Monday afternoon..."
2. Behavior
Your next step is to describe the specific behaviors that you want to address.
This is the most challenging part of the process, because you must communicate only
the behaviors that you observed directly.
When you structure feedback in this way, your people will understand precisely what
you are commenting on and why. And when you outline the impact of their behavior
on others, you're giving them the chance to reflect on their actions and think about
what they need to change.
The tool also helps you to avoid making assumptions that could upset the other
person and damage your relationship with him or her.
Assume positive intent on the part of the other person. It is not helpful to make
negative assumptions or subjective judgments about those behaviors. These could be
wrong, and this will undermine your feedback.
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For example, if you observed that a colleague made mistakes in a presentation, you
should not assume that he hadn't prepared thoroughly. You should simply comment
that he made mistakes – and, ideally, note what the mistakes were.
Don't rely on hearsay, as this may contain others' subjective judgments. Again, this
could undermine your feedback and jeopardize your relationship.
The examples below include a description of the specific behaviors you might want to
address:
"During yesterday morning's team meeting, when you gave your presentation, you
were uncertain about two of the slides and your medicine dosage calculations were
incorrect."
"At the meeting on Monday afternoon with the French bulldog’s family, you did a
great job of listening to the client and getting a comprehensive picture of their
concerns. You were especially helpful in answering the client's questions about the
follow up wound care."
3. Impact
The last step is to use "I" statements to describe how the other person's action has
affected you or others.
For example:
"During yesterday morning's team meeting, when you gave your presentation, you
were uncertain about two of the slides and your medicine dosage calculations were
incorrect. I felt embarrassed because all of our doctors were there. I'm worried that
this has affected the reputation of our team and the doctors’ confidence in our skills."
"At the meeting on Monday afternoon with the French bulldog’s family, you did a
great job of listening to the client and getting a comprehensive picture of their
concerns. You were especially helpful in answering the client's questions about the
follow up wound care. I'm proud that you did such an excellent job and made that
family feel their pet received the best possible care."
By creating an environment in which specific, actionable feedback is given and received
on a regular basis, we create the opportunity for each person to feel appreciated, to learn
and to grow.
Performance management is the responsibility of every leader. And, if you want to be a
great leader—someone who truly knows how to inspire others to greatness—each step in
the performance management process (no matter what it looks like at your
organization) provides a perfect opportunity to show your appreciation. When you work
at lifting up and appreciating your team it ultimately reflects positively on you as a
leader.
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Difficult Employee Conversations
self-alignment for when things get awkward
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Director, Employee Experience –
Sam Castle-Scott, PHR

Be curious, not judgmental – Walt Whitman
You’re not crazy to expect your employees to show up on time
and do their best.
You can go crazy if you’re not prepared to work with your
employees when things fall apart.
Let’s discuss theoretical and practical strategies to navigate those
inevitable tough talks.
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When you are initiating the conversation
• What’s your motivation?
• Know and love your boundaries
• Is your yard clean?
• Is your message clear?
• Is your message documented?
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When the conversation finds you
• Remember, this is part of why you get paid
• Set limits
• Don’t go it alone
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Saying goodbye
• Setting up a clean separation talk
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Time to collaborate on real life situations
• What are you working on right now? Let’s share experiences
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Small Mammals
UNIQUE TRAITS AND ANATOMIC VARIATIONS
Dentition
•
•
•

Rabbits, Guinea, pigs and Chinchillas – elodont dentition - continuously growing incisors and
cheek teeth
Rats, Mice, Hamsters, Squirrel-type rodents – mixed brachydont and elodont dentition continuously growing incisors ONLY
Ferrets – similar to feline dentition

Gastrointestinal tract and Nutritional Needs
•

•
•

Rabbits, Guinea, pigs and Chinchillas
o Hindgut fermentation
o Cecotroph ingestion critical to maintaining a healthy gut
 Allows for second chance of absorption of essential nutrients
o High lower esophageal sphincter tone – Inability to vomit
Ferrets – obligate carnivore, minimize or eliminate carbohydrates in diet
Guinea Pigs – do not synthesis vitamin C so it must be supplemented in their diet

Cardiorespiratory
•
•

Heart rates much higher than dogs and cats
Rabbits, Guinea, pigs and Chinchillas – obligate nasal breathing
o Any open mouth breathing is an emergency
o Avoid covering nose during restraint

Integument
•
•
•

Rabbits – thick fur on paws – protects pads from damage – AVOID shaving palmar and plantar
aspects of paws when at all possible
Guinea Pigs – no fur on paws – prone to pododermatitis from inappropriate bedding,
inadequate cage hygiene, or obesity
Chinchillas – Skin on tail is thin and prone to degloving injury

IMPORTANT CLINICAL TECHNIQUES
Restraint and Housing
•

•

Prey species
o Provide hide boxes in cages
o Minimize visual and auditory contact with dogs and cats
o Gently wake them if sleeping so as not to startle them
Rabbits – extremely powerful hind legs – can break their own back by kicking out
o ALWAYS support the hind legs and back – “football hold”
o Return to cage rear end first – minimizes their desire
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•
•

Rats and mice – hold at BASE of tail and allow them to have their feet on a solid surface
Scruffing – acceptable for hamsters and ferrets
o Make sure to support the back of the ferret against your arm if scruffing

Venopuncture
•

•
•

Rabbits, Guinea, pigs, Chinchillas and Ferrets
o Lateral saphenous, Cephalic,
o Jugular (cranial vena cava) – Under sedation
o Marginal pinnal vein in rabbits – acceptable BUT can cause bruising, thrombosis, and
sloughing of pinnal tip
Rats and Mice – lateral tail vein or medial saphenous
Local anesthetic can be helpful – lidocaine cream
o CAUTION with smaller animals – calculate dose to avoid lidocaine overdose
o 1-2mg/kg lidocaine maximum

Fluid Administration
•
•
•

100-150mL/kg/day
Subcutaneous route – less stressful but not indicated for severely dehydrated patients as
absorption is delayed
IV fluids – best route when available
o ALWAYS indicated in rabbits in GI stasis – as improving hydration is critical to aiding in
recovery

IV Access
•
•
•
•

Cephalic is first choice
Sedation often needed
Topical lidocaine cream is helpful
o CAUTION with smaller animals – calculate dose to avoid lidocaine overdose
Intraosseus – tibia or humerus

Radiography
•
•

Sedation is often needed for proper positioning
Paper towel rolls for small rodents if unable to sedate

Assisted Feeding and Oral Medication
•
•

•

Small animals with high metabolic rate – feeding is critical
All hindgut fermenters can present in GI stasis
o Handfeeding formulations (Oxbox Critical Care or Sherwood SarX Recovery)
o Catheter tip syringes, Curved tip syringes modified with cut and smoothed opening, or
1cc syringes
Amounts to feed daily
o 45-60mL/kg per day minimum
o Feed over 4-6 meals – more if volume accepted is low
o Average guinea pig = 60mL per day
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o
o

Average chinchilla = 45mL per day
Average rabbits = 100-300mL per day

Anesthesia
•
•

•

•

•

•
•

•

Pain management should always be part of the protocol used
Hypothermia happens rapidly due to higher surface area to body mass ratio
o Pre-warm – place in incubator
o Caution not to overheat
o Maintain animal within normal temperature ranges throughout induction, anesthesia
and recovery
 Warmed fluids
 Forced air blankets
 “Hot Dog” type heating mats
 CAUTION with hot water bottles as these can easily burn a patien
Fasting
o Prolonged fasting like in dogs and cats is not indicated – can cause hypoglycemia
o Not indicated for rabbits and rodents until 1 hour prior to anesthesia – and this is to
clear food from mouth in rabbits and guinea pigs mostly
o Ferrets – fast for 2 hours – rapid GI transit time
Induction – safest to induce with titrated IV anesthetic agent
o If IV access is not feasible in the smallest patients, mask or chamber induction can be
used
 Patients can injure themselves in the excitatory phase
 Can reach very deep anesthetic plan too quickly resulting in apnea and death
 Larger anesthetic cones can be placed directly over entire small animals
 If this method is to be used, patients must be sedated first
Intubation
o All rabbits should be intubated in general anesthesia for procedures except standard
molar and incisor crown reduction
o Tight fitting masks are proven to be able to help ventilate rabbits in the event that
intubation is not possible
o Ideal to intubate even smallest animals for general anesthesia
o Critical to intubate any animal require orofacial surgery or dental extractions
o Direct visualization for ferrets is very similar to the cat
o Tube sizes range from 3.5mm in larger rabbits to 20g catheters in smallest species of
rodents
Lubricate eyes – many species have shallow boney orbits and prominent globes, so corneas are
at an increased risk of abrasion with anesthesia
o Consider taping eyes closed after lubricating
Inhalant anesthesia
o Flow rate
o Non-rebreather circuits
o ½ to 1L reservoir bags
o If not intubated, modified masks can be purchased or made to secure a tighter seal and
minimize gas escape
Dorsal recumbency in anesthesia – CAUTION as large hindguts can compress diaphragm
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•
•

•
•
•
•
•
•

Fluids are critical – gas anesthesia can dehydrate a patient and large surface area to body mass
causes insensible fluid losses
Monitoring depth of anesthesia
o BEST MONITOR AVAILABLE IS AN OBSERVANT TECHNICIAN
 Anesthetic needs and vital parameters change rapidly in these species
o Ventral rotation of globes is not common
o Bradycardia and hypotension are signs that anesthetic plane is too deep
o Toe pinch and palpebral reflex help determine if patient is in adequate surgical plane
Judicious use of local anesthetics helps create a smoother anesthetic experience for animal and
technician
ECG – many monitors have difficulty reading rates over 250 beats per minute
o For medium to smaller patients – insert needle superficially through skin instead of lead,
then attach lead to the metal for the needle
End tidal CO2 – if intubated
Blood pressure – feasible on rabbits, guinea pigs, and rats (tail)
Pulse Oximetry – similar to dogs and cats
Recovery
o Maintain temperature – incubator again is ideal
o Place in sternal recumbency to alleviate pressure on diaphragm from GI contents
o Manage and monitor pain - MOST COMMON REASON FOR POST-OPERATIVE RABBIT OR
RODENT NOT TO EAT IS PAIN
o Offer food as soon as possible – when swallowing is noted and voluntary movement is
noted
 High value treats
 Dark leafy greens and hay
 Hand feeding formulations

Reptiles
Over 10,000 species of reptiles known in the world.
Classes of reptiles
•
•
•

Squamates – lizards and snakes
Chelonians – turtles, tortoises, and terrapins
Crocodilians

UNIQUE TRAITS AND ANATOMIC VARIATIONS
Thermoregulation
•
•
•

Ectothermic – rely on external heat sources to regulate body temperature.
Many have body temps above ambient temperature
POTZ = Preferred Optimum Temperature Zone – Range of temperatures that the animal is
adapted to his natural environment
o Allows animal to have proper metabolism, immune function, digestion, and activity level
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o

Ranges 20-38 degrees Celsius (68-100.4 F) - Unique for each species

Ultraviolet Light Requirements - All reptiles are naturally exposed to some UVA and UVB lighting and
thus this needs to be provided in the captive environment
•
•
•
•

•

Natural sunlight is ideal but artificial lighting is typical
UVA = Important for behavioral and reproductive cues
UVB = Important for synthesizing vitamin D3 which is critical in calcium metabolism
UV filaments in bulbs wear out after 6 months
o Bulbs must be changed every 6 months
o Alternatively measure UV output with commercially available UVB monitors and change
when output drops
UV Lights are absorbed by most glass, so sunlight through a window is not sufficient

Metabolism - Much slower in general for a reptile than for a mammal or bird of the same size
•
•

Food requirements (caloric intake needs) and typically about 1/10 of that needed for a mammal
Medication dosing frequently can be much less frequent

Growth- Most reptiles continue to grow throughout their lives. As they mature, the growth rate slows
down, but does not stop
Respiratory System
•
•
•

Normal respiratory rate is 10-30 breaths per minute
Lack a diaphragm (except for crocodilians) - Breathe by moving limbs away from body to draw
air into lungs
Glottis
o Located rostrally in oral cavity (** Easy to see so easier to intubate)
o Stays closed unless animal is breathing (** Decreases chance of animal aspirating during
assisted feedings)
o Respiratory drive is a decrease in oxygen not an increase in carbon dioxide as in
mammals
 When on inhaled anesthetic agents in pure oxygen, the reptile has plenty of
oxygen, so it does not need to breathe.
 Mechanical ventilation during anesthesia is critical

Cardiovascular
•

•

3 chambered heart – two atria and one ventricle (except for crocodilians)
o Allows for shunting of blood to or away from the lungs
o When breathing is difficult (diving, swallowing large prey, severe respiratory disease,
ANESTHESIA), blood is shunted away from the lungs
Heart rate varies based on metabolic state and temperature - 30-80 beats per minute is
common

Renal Portal System= Venous blood supply from the tail and hind limbs goes through a secondary
system of vessels that travel to the kidneys before returning to the heart
•

Functions in water conservation and urate excretion
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•

Medications injected into the hind limbs or tail, may travel to the kidneys before the rest of the
body
o Drug may be excreted before reaching its target site
o Kidney injury is drug is possibly nephrotoxic

Integument
•
•
•
•

Scutes on chelonian shells
Scales - integral parts of the skin and cannot be scraped off like fish scales
Skin wounds heal slowly
Ecdysis = shedding of the skin
o Snakes and some geckos shed their entire skin including the scale over the eye (eyecap)
in one piece - ** Failure to shed in one piece is a sign of illness or poor husbandry
(environment too cold or too dry)

Red Blood Cells
•
•

Have a nucleus- because of this nucleus, these cells have a longer life span
Oval in shape
o In many species, the red blood cells will lyse when exposed to EDTA (lavender top tubes)
- Blood samples obtained for blood counts should be collceyed in lithium heparin (green
top tubes)

Caudal Autonomy - Some species will drop their tail from the body in response to severe stress and
predation
•

Will grow the tail back, but has a different appearance and lacks a defined bone structure
(cartilage skeleton only regrows)

The tail is a site of fat storage, loss of tail can result in a decrease in energy resources and in
compromised animals that lose their tail, the animal can decline rapidly

IMPORTANT CLINICAL TECHNIQUES
Restraint
•
•

Hypothermia is NEVER an appropriate method of restraint
Lizards – Animal is most comfortable with all four feet on a surface
o Some arboreal species prefer being held more vertically
o Hold legs caudally against the body
 Cover eyes to quiet them down - Gentle pressure over closed eyelids for a few
minutes will slow their heart rate and quiet them further (vagal reflex)
 Tails - Caution for species with tail autonomy!!! Do not restrain their tails! Exception to this is larger iguanids – gently secure the tail against your body to
prevent them whipping you with the tail
o Chelonians – Minimize any dorsal recumbency – decreases their ability to breathe
 Some aquatic species will bite so hold from the sides or back of the shell
 Hold head from BEHIND the skull and not over their ears/ skull
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•

 Too much pressure will result in temporary eye swelling
Snakes –Hold then behind the skull and support the rest of their body
o For large species (> 6 ft) always have at least two people restraining

Venopuncture
•
•
•
•
•

•

Always insert the needle BETWEEN and not through the scales
Use Lithium Heparin as an anticoagulant (green top tubes)
If clear fluid or any “swirl” of clear fluid is retrieved (lymph fluid), discard the sample and try
again - Lymph contamination can affect the white blood cell count, packed cell volume, and
some chemistry values
Lizards: Ventral Tail Vein or Ventral Abdominal Vein
Chelonians:
o Jugular – preferred site to avoid lymph contamination
o Subcarapacial Sinus – Lies dorsal to where the dorsal neck connects with the shell
o Dorsal Tail Vein Sinus – Lies where the tail connects with the shell
o Brachial Sinus – In “V” formed by radius and humerus
Snakes:
o Ventral Tail Vein – preferred site
o Heart – ALWAYS USE SEDATION as this procedure can be painful and injurious to the
snake
 Position the snakes in dorsal recumbency
 Locate the heart with ultrasound (ideal), doppler at loudest point, or watch for
the heart beat

Fluids Administration
•
•
•
•
•

Fluids are warmed to aid in thermoregulation
Intravenous – access can be challenging
Interosseus – good for critical animals and if large volumes are needed – VERY EASY to access
Intracoelomic – can administer larger volumes than subcutaneous route
o Lizards and snakes = middle portion of body
o Chelonians = pre-femoral fossae (area just cranial to the hind limbs)
Subcutaneous – limited volumes can be administered
o For critical animals, absorption from this space is limited

Injections – typically intramuscular
•
•
•

Best to inject cranial to the kidneys due to the renal portal system
Lizards and Chelonians – best in biceps or triceps region of front limbs
Snakes – “rules of thirds” = best in middle third of body (avoids the lungs cranially and the
kidneys caudally)

Radiographs
•
•
•

Tape can be used to position small snakes and lizards
Visual barriers prevent most chelonians and some lizards from moving forward
Plexiglass positioners with foam liners can be used
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•
•

Chelonians = take 3 views (dorsoventral, lateral, AND cranial-caudal) - Caution with ventrodorsal
views as this puts a lot of weight on the animal’s lungs
Snakes = for larger animals, a series of radiographs may be necessary to get the whole animal

Assisted Feeding and Oral Medication
•
•
•
•
•
•
•

Metal feeding tubes or red rubber tubes can be used
Because their glottis is only open during a breath, it makes passing tubes easier CAUTION in respiratory compromised animals as this glottis may be open
Use a soft mouth gag once the mouth is open – to prevent damage to their teeth (and your
feeding tube!)
Use water based lubricant to pass the tube
Lizards = mouth can be opened with gentle traction against the mandible
Chelonians = Extracting their head is best approach but if it cannot be achieved, pushing their
head into the shell will relax the jaw and a tube can be passed in this way
Snakes = Use extreme caution in snakes as their esophagus is very thin
o Have an anatomic benefit that you can tube them without opening the mouth
o Hold them vertically for 5 to 10 minutes after gavaging large volumes to prevent
regurgitation

Anesthesia
•
•
•

•
•

•

Hypothermia is NEVER an acceptable method of “anesthesia”
Fasting – 24 hours for most species
Pain management should always be part of the protocol used
o Many new studies performed in recent years to determine analgesic properties and
effective doses for most common used opioids and for the most commonly kept reptile
species
o Very species specific findings – not even all snakes in the same phylogenetic Family
respond to a drug in the same fashion
Maintain the animal within its POTZ
o Allows for good heart rate to distribute drugs and to encourage spontaneous respiration
o Maintains metabolism to aid in the sedation AND recovery process
Intubation
o Using 100% oxygen with inhaled anesthetics drops their respiratory drive
o Noxious smell of inhaled anesthetic agents causes animals to hold their breath
 Intubate to bypass this and maintain a secure airway
 Do not inflate the cuffs on the tubes – they have complete tracheal rings (like
birds) and inflating a cuff can damage their trachea
o Tape tubes to head to secure
o Use a mouth gag to prevent damage to the tube by their teeth
o Must mechanically ventilate – 4 to 6 times per minute
Monitoring
o Toe pinch or tail pinch to determine appropriate anesthetic depth
o Palpebral reflex only applicable in chelonians and some lizards (snakes do not have
eyelids)
o Doppler
 Tape sensor in place directly over the heart in snakes and lizards
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Chelonians – over jugular vein or in subcarapacial sinus directed
caudally towards the heart
 Note heart rate AND strength of beat.
• Often the rate can stay the same but the sound “changes” or gets softer
– This is your opportunity to adjust the anesthesia back to an
appropriate plane
o ECG – feasible with standard machines or with specialized smaller point of care
machines
 Leads placed in standard locations in lizards and chelonians
 Snakes – place forelimb leads cranial to the heart and rear limb leads caudal to
the heart
 For medium to smaller patients – insert needle superficially through skin instead
of lead, then attach lead to the metal for the needle
o Blood Pressure – feasible over the limbs of larger species and tail of medium species
 Not feasible in small animals
o End Tidal CO2 – use similar parameters as for small mammals
o Temperature
 Cloacal temperature – maintain as close to POTZ as possible
 Additional radiant heat sources or warm air or water blankets – USE CAUTION
TO NOT OVERHEAT FOCALLY AND CAUSE THERMAL INJURY
Recovery
o Maintain in POTZ – incubators are best
o Disconnect from oxygen as soon as possible to drive their respiratory center to resume
spontaneous breathing
o Continue to ventilate with room air using an ambu bag at 4-6 breaths per minute
o End point is consistent spontaneous respiration and voluntary movement – then can
stop assist ventilating and extubate
o Watch carefully after intubation – many reptiles will “sedate” again and become apneic
– stimulate them to help recovery – or intubate again if stimulation not effective
o Can take minutes to hours to full recovery
•

•
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