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depends on environmental stressors, genetic predispo-
sition, and random viral mutation. The disease is com-
plex and can be best understood when described as a 
series of steps3,4,7:
1.  Cats are exposed to FECV, which enters enterocytes 

using a spike (S) protein gene on the viral surface. 
Usually, FECV causes self-limiting gastroenteritis 
that is often undiagnosed. FECV may also spread  
systemically without causing FIP.5

2.  In some cats, the S protein gene mutates—the viral 
3c gene may also be truncated—causing tropism to 
change from enterocytes to macrophages/mono-
cytes; this mutated virus is referred to as FIP virus 
(FIPV). The mutated virus replicates within immune 
cells and is no longer transmissible through the 
fecal–oral route.

3.  In some cats, a strong cell-mediated immune 
response can control infection, resulting in viral 
clearance without clinical disease. If a humoral 

FIP is a global disease that traditionally affects 
kittens; however, with the proper combination 
of exposure, genetic predisposition, and 
random mutational events, FIP can affect 
any cat of any age. The mortality rate of 
FIP has been defined as ≥95%, but recent 
advancements in antiviral drug therapy have 
created the potential for effective treatment.1,2

Background & Pathophysiology
FIP is caused by infection with a mutant biotype of 
feline enteric coronavirus (FECV), which can lead to 
various complex clinical signs.3-5 FECV infection rates 
vary significantly across populations, infection occurs 
in ≈40% of cats worldwide and 90% to 100% of cats in 
multicat households3,6; however, only a small percent-
age (<10%) of cats develop FIP.

The pathogenesis may be difficult to explain to pet 
owners. In addition to virus exposure, FIP development 

Feline Infectious 
Peritonitis
Matthew Kornya, DVM, ABVP (Feline) 
Residency Trained, ACVIM (SAIM) Resident 
Ontario Veterinary College
The Cat Clinic
Ontario, Canada

November/December 2020  cliniciansbrief.com   11

FECV = feline enteric coronavirus

FIPV = FIP virus

S = spike
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response predominates, antibodies are ineffec-
tive at controlling infection and can lead to 
immune complex formation, resulting in vascu-
litis and effusion (ie, wet FIP). In the case of a 
partial cell-mediated immune response, immune 
cells are recruited to the site of replication, lead-
ing to granuloma formation (ie, dry FIP). The 
distinction of wet versus dry FIP depends on the 
ratio of cell-mediated (Th1) and humoral (Th2) 
responses.8

4.  Both wet and dry forms result in death if left 
untreated.

A genetic predisposition to FIP,9,10 wherein 
decreased gene heterozygosity may contribute to 
an altered immune response to FIPV, is likely to 
occur.2 This may explain the apparent predisposi-
tion of purebred cats to development of disease.9

History & Clinical Signs
FIP typically affects cats <3 years of age, with a 
second smaller peak in prevalence in geriatric 
cats6; however, cats of any age can be affected.

Dry FIP can manifest with organ dysfunction, 
uveitis, neurologic signs, fever, anemia, and/or 
lethargy and is caused by granulomas or immune 
complex deposition. Cats with wet FIP may have 
ascites or pleural effusion in addition to the afore-
mentioned signs (Figure 1). Clinical presentation 
can vary from minor to life-threatening and 
involve almost any organ system.

Many cats with FIP are febrile, but fever can 
wax and wane. Globulins are classically elevated, 
often significantly (ie, >7 mg/dL), and albumin is 
typically normal to low (ie, 2 mg/dL or less). Mild 

CONSULT THE EXPERT h INFECTIOUS DISEASE  h PEER REVIEWED
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d  FIGURE 1 Ultrasound image showing abdominal effusion in a cat with wet FIP. Anechoic fluid is present between organs, distending 
the abdomen. FF = free fluid; L = liver; S = spleen; K = kidney
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to moderate anemia (ie, hematocrit, 20%-30%), 
RBC microcytosis, band neutrophilia, and lymph-
openia are common; hyperbilirubinemia (as a 
result of hemolysis) and hyperglobulinemia are 
also often observed. The albumin:globulin ratio is 
classically <0.4.5,11,12 Lymphopenia and hyperbili-
rubinemia are more prevalent in wet FIP.

Diagnosis
Serology for FECV is rarely beneficial,6 as serology 
cannot distinguish FECV and FIPV antibodies, and 
some cats with FIP may test negative on ELISA,5,13 
which has poor sensitivity for immune complexes. 
Serology is likely only useful on a population level 
as a screening tool for coronavirus exposure. No 
evidence indicates that the viral 7b protein ELISA is 
superior to other antibody assays.14

Immunohistochemical detection of coronavirus 
within lesions is the gold standard for diagnosis of 
FIP,5,15 but collection of tissue samples is often 
impractical because of the need for anesthesia and 

surgery. Diagnosis is also possible using cytology 
from ultrasound-guided aspiration of enlarged 
mesenteric lymph nodes.5,16

Wet FIP is often readily diagnosed through sam-
pling of effusion, which is typically straw-colored, 
translucent, and slightly more viscous than water. 
Fluid generally has low cellularity that consists of 
mildly degenerate neutrophils and macrophages.

Dry FIP often requires more advanced diagnostics, 
including tissue aspiration or biopsy. A wide range 
of diagnostics have been suggested, including rou-
tine serum chemistry profiles, diagnostic imaging, 
measurement of acute-phase proteins, PCR, and 

TABLE 

CLINICAL PATHOLOGICAL FINDINGS IN CATS WITH FIP*,12

Analyte Wet Form Dry Form

Packed cell volume Decreased Normal to decreased

Reticulocytes Normal to decreased Normal to decreased

Neutrophils Elevated Elevated

Bilirubin Elevated Normal to elevated

Albumin Normal to decreased Normal to decreased

Globulins Elevated Elevated

Albumin:globulin ratio Decreased (<0.4) Decreased (<0.4)

Lymphocytes Decreased Normal to Decreased

Mean corpuscular volume Decreased Decreased

Acute-phase proteins Elevated Elevated

*Not all changes are seen in every cat, and some cats may show no changes. Changes also depend on presentation (wet vs dry).

FECV = feline enteric coronavirus

FIPV = FIP virus

For more on diagnosing FIP, see Diagnostic Tree:  
Feline Infectious Peritonitis on page 18.

www.cliniciansbrief.com
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d  FIGURE 2 Rivalta test procedure; a quick and inexpensive assay of the inflammatory protein content of a fluid sample. A test tube is 
filled with 7 to 8 mL of distilled water, followed by the addition of one drop of glacial (anhydrous) acetic acid (A). A drop of effusion is 
placed on top of the solution (B) and observed; the drop near the top of the tube (C); the drop partway down the tube (D). If the drop 
retains its shape and slowly drifts to the bottom of the tube or remains suspended, the test is positive. In a negative test, the drop 
dissolves and the tube appears clear.

A

C

B

D
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cytology. In the absence of immunohistochemistry, 
combinations of methods are often used to diagnose 
patients with a high degree of certainty. Consistent 
nonspecific clinical pathologic findings (Table, page 
13) should raise suspicion for FIP.6

The Rivalta test (Figure 2) is an inexpensive and 
readily performed in-clinic test with an extremely 
high negative predictive value for FIP.5,13 This test 
is positive in effusions with high protein content 
(especially acute-phase proteins) and negative in 
pure transudates. A positive Rivalta test is consis-
tent with FIP in kittens but is less specific in older 
cats, as septic peritonitis and neoplasia can result 
in a positive test; however, these conditions can be 
ruled out via cytology. 

PCR is a valuable modern tool for FIP diagnosis 
because it allows direct detection of viral RNA; 
some experts question its use in all cases, but most 
consider it to be a useful tool. Detection of FECV 
by PCR in tissue or effusion is consistent with FIP 
but not definitive, as non-FIP FECV may also be 
present in the tissue of healthy animals; however, 
failure to detect FECV can indicate that FIP is 
unlikely.7 Some specific S protein gene mutations 
are associated with FIP, and PCR tests that target 
these mutations may have higher specificity17,18 (ie, 
FIP diagnosis is more likely if the detected virus 
has one of these mutations). Although potentially 
clinically useful, PCR testing is not comprehensive 
because novel mutations may be missed.17,19 PCR 
testing of feces is not useful because fecal corona-
virus is not predictive of systemic spread.

PCR sample choice depends on disease presenta-
tion; in cases of wet FIP, effusion should be tested, 
and in cases of dry FIP, peripheral blood, CSF, aque-
ous humor, lymph nodes, and/or organ aspirates 
should be tested.16,20 Test results should be inter-
preted based on the sample submitted; a positive 
PCR that identifies specific S protein gene muta-
tions in abdominal effusion likely indicates FIP, but 
a positive FECV result in peripheral blood is less 
specific.19,20 It should be noted that testing is done 
sequentially. Initially, reverse transcriptase PCR for 
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FECV is performed. When the result is positive, a 
second PCR should be run to confirm the FECV is 
FIPV, not FECV, biotype. 

Treatment & Management
Treatment of FIP has traditionally been unreward-
ing, and management of clinical signs and sup-
portive care to keep cats comfortable have been 
the mainstays of therapy. Many clinicians admin-
ister corticosteroids to reduce the inflammatory 
response and improve quality of life, but there is 
no evidence that this extends survival.21

The use of immunomodulatory therapy—including 
immunostimulants, type 1 interferons (IFNs; eg, 
human IFNα, feline IFNω), and other similar 
drugs22,23 intended to bias toward a Th1 response—
has been proposed.21,24 Preliminary data on these 
approaches have been inconsistent, with some 
data showing positive effects and others showing 
no effects.22

Coronaviral protease inhibitors and nucleoside ana-
logs (eg, GC376 and GS-441524, respectively) repre-
sent major breakthroughs in therapy.25 These agents 
inhibit viral replication and disrupt FIP progres-
sion, prolonging patient survival.26 The efficacy and 
safety of these drugs has been confined to labora-
tory, clinical, and field studies, but commercializa-
tion of GC376 is underway. Although not 100% 
effective, especially with ocular or CNS involvement, 
these agents are the most promising therapies to 
date.23,25,27 Unfortunately, none are currently com-
mercially available, but the purchase of research-
grade drugs online has been widely reported. The 
legality, ethics, and efficacy of buying and selling 
these drugs are beyond the scope of this discussion.

Prognosis & Prevention
Prognosis for FIP is traditionally very poor (ie, <5% 
1-year survival rate).6 Cats with wet FIP are reported 

FECV = feline enteric coronavirus

FIPV = FIP virus

IFN = interferon

S = spike
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to survive only for weeks11; cats with dry FIP have a longer 
survival time, but this form is also fatal. Newer antiviral 
therapies may significantly improve prognosis, and 
longer-term survival is possible.27 Although a vaccine for 
FIP is available in some regions, its efficacy is poor and 
it is not generally recommended. Development of an 
effective vaccine has been unsuccessful due to the genetic 
variability of the virus and a lack of sterilizing immunity 
(ie, vaccination does not prevent infection) and antibody- 
dependent enhancement (ie, pre-existing antibodies may 
worsen disease through immune complex formation).28 

FIP is not directly contagious. FECV is directly conta-
gious and is an enveloped virus with poor environmental 

survivability; thorough cleaning is needed to disinfect 
the environment.11 Prevention of coronavirus infection is 
difficult and can be futile in large groups due to the ubiq-
uity of the virus and number of clinical carriers.

Although diagnosis and treatment of FIP may seem 
daunting, recent breakthroughs in treatment and 
understanding have shed light on this previously enig-
matic disease. Simple (eg, Rivalta) and more complex 
(eg, PCR) tests have improved FIP diagnostics, and anti-
viral drugs show potential for successful therapy. n
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FELINE INFECTIOUS PERITONITIS 
Matthew Kornya, DVM, ABVP (Feline) Residency Trained, ACVIM (SAIM) Resident
Ontario Veterinary College
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Ontario, Canada

FIP SUSPECTED BASED ON 
CLINICAL SIGNS AND DIAGNOSTICS

DIAGNOSIS
FIP unlikely

INVESTIGATION
Cytology

YES NO

INVESTIGATION
Rivalta test

INVESTIGATION
Aqueous humor cytology

INVESTIGATION
CSF cytology

INVESTIGATION
FECV RT-PCR
h  Whole blood
h  Organ aspirates
h  CSF
h  Effusion
h  Aqueous humor

Negative

Negative

Positive

Positive

Determine organ-specific clinical signs

Alternative diagnosis reached (ie, cytology 
confirms neoplasia or bacterial infection)?

Cavitary effusion
h  Pleural
h  Abdominal
h  Pericardial

Uveitis
h  Aqueous humour

Neurologic signs
h CSF

Nonspecific signs
h  Aspirates of spleen, 

liver, kidney, lymph 
node, whole blood

DIAGNOSIS
FIP unlikely
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FECV = feline enteric coronavirus

RT = reverse transcriptase

S = spike

INVESTIGATION
S-protein gene PCR

DIAGNOSIS
FIP likely

INVESTIGATION
Seek other diagnoses and biopsy tissues 

for organ immunohistochemistry 

PositiveNegative
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DIAGNOSIS
FIP unlikely

DIAGNOSIS
FIP

Negative 
immunohistochemistry

Positive 
immunohistochemistry For an expert overview on FIP, see Consult the Expert: 

Feline Infectious Peritonitis on page 11. 
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Chronic kidney disease (CKD) is a common disease in cats, a
 ecting as many 

as 30% to 40% of cats >10 years of age.1,2 Kidney damage associated with 

CKD is o� en irreversible and progressive,3 making early detection and 

intervention crucial to successful management. Diagnosis has traditionally 

relied heavily on increases in BUN and creatinine; however, these values are 

not typically increased until >75% of renal function is impaired.4

assess her unique risk for CKD. RenalTech 
utilizes artificial intelligence and machine 
learning to measure and compare 6 key 
values (ie, urine specific gravity, urine 
protein, urine pH, creatinine, BUN, WBC 
count), as well as patient age, at 2 di� erent 
time points (ideally, 6 months apart). The 
analysis is able to detect subtle changes 
over time and predicts the development 
of CKD in a patient within the next 2 years 
with >95% accuracy.5,6 

Possible statuses generated from the 
RenalTech algorithm include positive, 
negative, and inconclusive:

h  A positive result indicates that the 
patient already has CKD or is likely to 
develop CKD within the next 2 years. If 
the result is positive, the patient should 
be closely monitored and, when CKD is 
diagnosed based on IRIS guidelines, 
treatment recommendations should 
be provided based on IRIS staging. 

h  A negative result indicates the patient is 
not likely to have a diagnosis of CKD 
within the next 2 years; the patient 
should be re-evaluated at their next 
annual wellness examination, with 
no further action necessary until 
re-evaluation.

h  If the result is inconclusive, it is 
recommended to re-evaluate and 
re-test the patient in 3 to 6 months. 

Newer technology that includes the use 
of biomarkers and algorithms has been 
developed to aid in prediction and early 
disease detection, resulting in earlier 
treatment and, ultimately, a more 
favorable patient outcome. Mitzi was 
one such patient that received testing 
with this technology and experienced 
early CKD prediction and a positive 
outcome as a result. 

Case Presentation 
Mitzi, a 12-year-old, spayed domestic 
shorthair cat, was presented for a wellness 
examination. Physical examination 
revealed di� use muscle wasting but was 
otherwise unremarkable. CBC, serum 
chemistry, thyroid testing, and urinalysis 
were performed; BUN was normal, but 
creatinine was in the upper end of the 
reference range and isosthenuria and 
proteinuria were evident. A urine 
protein:creatinine ratio of 0.4 confirmed 
borderline proteinuria. Noninvasive blood 
pressure measurement also revealed 
hypertension (systolic, 160 mm Hg). Urine 
culture and susceptibility testing was 
performed and was negative for bacterial 
growth. 

RenalTech: A Breakthrough
in Predictive Medicine
A RenalTech status was reported as a part 
of Mitzi’s wellness screening to further 

RenalTech can help 
shape the approach 
to CKD in cats from 
a reactive perspective 
to a proactive one.

—Dr. Dennis Chew2
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By utilizing both 
RenalTech and SDMA 
technologies, Mitzi was 
appropriately diagnosed 
with IRIS stage 2 CKD 
earlier than if her 
diagnosis had relied on 
creatinine alone. 

Investigating for concurrent comorbidities 
that might predispose to, increase the risk 
for, or impact management of CKD should 
also be performed. This includes but is not 
limited to systemic hypertension, diabetes 
mellitus, hyperthyroidism, electrolyte 
abnormalities, and urolithiasis. 

Use of SDMA in 
the Clinical Setting
SDMA is a renal biomarker used to detect 
CKD earlier than can creatinine, when 
approximately only 40% of renal function 
has been lost.7 SDMA is used in the IRIS 
staging guidelines to help improve early 
diagnosis of CKD and individual patient 
management and recommendations. 
SDMA, which provides a snapshot of renal 
function at a single point in time, can be 
used alongside the RenalTech predictive 
algorithm to support an earlier CKD 
diagnosis and staging, as well as for 
monitoring of treatment and disease 
progression.

Mitzi’s Prognosis & Outcome
Mitzi returned to the clinic 3 weeks later for 
reassessment of her SDMA and creatinine 
levels. Although Mitzi’s creatinine was at 
the upper end of the normal laboratory 
reference range, she was diagnosed with 
IRIS stage 2 CKD based on interpretation 
of both her creatinine and SDMA levels. 
Studies have documented that, unlike 
serum creatinine levels which decline 
with muscle wasting, SDMA levels remain 
una� ected by this age-related change and 
are more highly correlated with glomerular 
filtration rate than serum creatinine.8

Mitzi’s isosthenuria, proteinuria, and 
hypertension were also supportive of 
kidney dysfunction and helped substage 
her CKD (ie, borderline proteinuric, 
hypertensive) and individualize her 
treatment plan moving forward. Before 
attributing her proteinuria and 
hypertension to kidney disease, it was 
crucial to rule out the presence of other 
comorbidities such as endocrine disease 
(eg, hyperthyroidism, diabetes mellitus) 
and lower urinary tract disease (eg, UTI, 
urolithiasis) that could also cause these 
abnormalities. 

By utilizing both RenalTech and SDMA 
technologies, Mitzi was appropriately 
diagnosed with IRIS stage 2 CKD earlier 

than if her diagnosis had relied on 
creatinine alone. Mitzi was started on a 
renal therapeutic diet and an anti-
hypertensive medication. It was 
recommended that Mitzi return in 2 
weeks for repeat diagnostics to monitor 
her response to treatment and allow for 
additional medication adjustments.  

Conclusion
Incorporating both RenalTech and SDMA 
technologies allows veterinarians to 
provide early care and recommendations 
for patients with CKD. RenalTech can help 
shape the approach to CKD in cats from a 
reactive perspective to a proactive one; 
by using and interpreting more than 
traditional serum BUN and creatinine 
levels, patients are able to be diagnosed 
with CKD sooner and receive individualized 
treatment plans that are tailored to their 
unique health status.2 RenalTech can help 
improve owner confidence and compli-
ance, ultimately leading to improved 
patient care and outcome. As early care 
strategies continue to emerge, the outlook 
for CKD continues to improve. ■
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Cloacal Prolapses 
in Birds

Prolapse in birds can be cloacal, uterine, ovi-
ductal, or intestinal. It is necessary to correctly 
identify prolapsed tissue to prognosticate and 
initiate appropriate treatment. 

Reproductive tract prolapse appears on the 
left side in female birds, through a normal 
cloaca, and is generally associated with 
reproductive behavior or egg-laying. A lumen, 
and in most cases longitudinal folds, should 
be identifiable. Reproductive, urinary, and 
GI systems each empty into individual com-
partments of the cloaca, which is a cup- or 
ball-shaped structure with a smooth mucosal 
lining. 

Cloacal prolapse is usually caused by papillo-
matous disease or sexual behavior (typically 
in males). A papilloma can have a cobble-
stone appearance, be erythematous, or be 
friable. Vinegar can be used to identify a 
suspected papilloma, which will turn white 
on application. With cloacal prolapse, a cot-
ton applicator cannot be placed between 

the prolapsed tissue and the sphincter of the 
vent. 

Intestinal masses, obstructions, or chronic 
straining can cause rectal prolapse, which is 
centrally located in the cloaca and identifiable 
as a tubular structure with no longitudinal 
folds.

All prolapsed tissue should be lavaged and 
lubricated with water-soluble lubricant and 
replaced as quickly as possible. Edema can be 
reduced through application of 50% dextrose 
or dimethyl sulfoxide. A prolapse should be 
reduced and placed in its correct anatomic 
location; this can be achieved by inserting 
a well-lubricated cotton-tipped applicator 
into the lumen and gently inverting the tissue 
back to its correct place. For reproductive 
tract prolapse, the underlying disease process 
should be diagnosed and treated. Cloacal 
prolapse can be difficult to treat, especially 
when secondary to sexual behavior; medical 
and environmental evaluations are needed. 
All interactions possibly perceived as sexual 
should be eliminated; gonadotropin-releasing 
hormone analog should be considered. Defini-
tive surgical correction (typically ventplasty or 
cloacopexy) may be considered for persistent 
cases.—Antinoff N
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clinical signs in an endemic area. Travel 
history to endemic regions is a consid-
eration for fungal infection, including 
histoplasmosis, blastomycosis, coccidi-
oidomycosis, and cryptococcosis. 

Microscopic examination of a direct 
smear can provide partial or definitive 
identification and can guide treatment; 
gram stain, potassium hydroxide prepa-
ration, and special stains for fungal 
identification can be used. Many types of 
media are used for fungal isolation, and 
there is no one medium that is suitable 
for all organisms. Fungal cultures may 
grow very slowly and require cautious 
handling. Some that exist as yeasts in 
body tissues (at 98.6°F [37°C]) grow as 
hyphae at lower temperatures and on 
media and can generate hazardous 

Veterinary 
Mycology in the 
21st Century

Fungal infections in cats and dogs can 
pose a diagnostic challenge that can be 
made easier using new molecular diag-
nostic and spectrophotometric meth-
ods. Mycosis should be ruled out in any 
patient with one or more of the follow-
ing: fever that does not respond to anti-
biotic treatment; nodular, cavitary, or 
lobar pulmonary lesions; osteolytic bone 
lesions; uveitis or chorioretinitis; disko-
spondylitis; lymphadenopathy; cutane-
ous nodules; intestinal masses; or classic 

The initial risk from smoke inhalation 
is due to direct thermal and chemical 
damage to the upper airway.

spores that can easily be inhaled. 

Diagnosis of fungal infection may be 
straightforward or, in some cases, 
require a combination of serology, anti-
gen testing, biopsy, and/or culture; new 
molecular methods are transforming this 
process. The use of nucleic-acid–based 
assays targeting ribosomal DNA has 
increased dramatically in the previous 
10 years; these tests are used to identify 
clinically important organisms (eg, Asper-
gillus spp) and other clinically relevant 
fungi. Matrix-assisted laser desorption 
ionization–time of flight (MALDI–TOF) is 
a new technology that identifies organ-
isms by their spectroscopic profile and 
algorithmically matches the organism 
spectrum against a database of reference 
spectra.—Rankin SC
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Smoke Inhalation 
& Fire-Related 
Complications

Smoke inhalation causes damage via 
a variety of mechanisms. Indoor fires 
can have a higher likelihood of toxic gas 
and particulate exposure; therefore, 
patients exposed to indoor fires may 
be at higher risk for complications than 
those exposed to wildfires. Patients 
exposed to inhaled irritants, including 
ammonia, benzenes, and hydrogen 
chloride, can experience direct damage 
to the lower airway. The initial risk from 
smoke inhalation is due to direct ther-
mal and chemical damage to the upper 
airway, possibly causing edema that can 
be progressive; signs peak 24 hours fol-
lowing exposure. Delayed injuries may 
appear 2 to 5 days later, secondary to 

bronchospasm and mucosal sloughing, 
and lead to small airway obstruction 
and bronchopneumonia. Patients with 
singed whiskers, facial burns, and/or 
soot in the oronasal cavity may be at 
risk for respiratory complications. Ini-
tial treatment involves supportive care, 
analgesia, and oxygen therapy. Intuba-
tion should be performed at the first sign 
of airway obstruction. Bronchodilators 
(eg, terbutaline, aminophylline, inhaled 
albuterol) may be beneficial, and fre-
quent nebulization can help patients 
with nasal obstructions. 

Patients with smoke inhalation should 
be presumed to have carbon monoxide 

toxicity. Pulse oximetry will be inac-
curate, as standard machines cannot 
differentiate between oxyhemoglobin 
and carboxyhemoglobin. These patients 
generally improve rapidly with oxygen 
therapy. Cyanide toxicity is another risk 
for patients exposed to indoor fires; clin-
ical signs at presentation can include 
dyspnea, tachycardia, arrhythmia, 
cherry-red mucous membranes, altered 
mentation, and/or seizures. Cellular 
hypoxia results from an inability to 
extract oxygen despite an excess of 
oxygen in tissue. Hydroxycobalamin (ie, 
Vitamin B12a) may improve outcomes in 
these patients.—Julius T
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… felt like you were missing a di�erential but didn’t   
      have time to sort through the literature

… been stumped by a unique case and thought
     Where on Earth do we go next?

… wanted to double-check that you’d covered all    
      your testing and treatment steps

RED EYE
Caryn E. Plummer, DVM, DACVO
University of Florida

RED EYE
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YES

YES

NO

NO

DIAGNOSIS
h  Corneal ulcer
h Anterior uveitis
h  Acute glaucoma
h  Acute lens luxation
h Acute KCS

DIAGNOSIS
h  Acute conjunctivitis
h  Corneal ulcer
h  Anterior uveitis
h  Acute glaucoma

DIAGNOSIS
h  Chronic keratitis
h  Chronic glaucoma
h  Posterior segment 

hemorrhage/
disease (in absence 
of anterior uveitis)

h  Episcleritis

DIAGNOSIS
h  Chronic glaucoma
h  Posterior segment 

hemorrhage/
disease (in absence 
of anterior uveitis)

DIAGNOSIS
h  Anterior uveitis 

(alone or as 
reflex reaction 
to corneal 
ulcer)

DIAGNOSIS
h  Hyphema
h Anterior uveitis
h Trauma
h  Retinal 

detachment
h  Systemic 

hypertension
h  Intraocular 

neoplasia (primary 
or metastatic)

h Bleeding disorder

INVESTIGATION
h  Ultrasonography
h  Systemic workup*
h  Fluorescein staining
h  Pupil size
h  IOP

DIAGNOSIS
h  Conjunctivitis 

(allergic, bacterial, 
viral)

h  KCS (quantitative 
and qualitative)

h Excitement

INVESTIGATION
h  STT
h  Rose bengal 

staining
h Cytology
h Fluorescein staining

DIAGNOSIS
h  KCS/

conjunctivitis
h  Keratitis
h  Corneal ulcer 

without 
accompanying 
anterior uveitis

h  Episcleritis
h  Anterior uveitis 

with secondary 
glaucoma

h  Acute 
congestive 
glaucoma

DIAGNOSIS
h  Uveitis
h Glaucoma
h  KCS (quantitative 

and qualitative)
h Keratitis
h Corneal ulcer

INVESTIGATION
h  STT
h  Rose bengal 

staining
h Cytology
h Fluorescein staining

DIAGNOSIS
h  Anterior uveitis 

(iridal hyperemia 
or intrastromal 
homorrhage)

h  Intraocular 
neoplasia (primary 
or metastatic)

h  Bleeding disorder

INVESTIGATION
h  Ultrasonography
h  Systemic workup*
h  Fluorescein staining
h  Pupil size
h  IOP

DIAGNOSIS
h  Subacute or 

chronic 
glaucoma

h  Posterior 
segment 
disease (retina, 
optic nerve)

h  Iris atrophy

DIAGNOSIS
h  Variation of normal 

(atapetal or 
hypopigmented)

h  Posterior segment 
hemorrhage
• Retinal 

detachment
• Chorioretinitis
• Systemic 

hypertension
• Bleeding disorder
• Intraocular 

neoplasia 
(primary or 
metastatic)

INVESTIGATION
h  Ultrasonography
h  Systemic workup*
h  Fluorescein staining
h  Pupil size
h  IOP

DIAGNOSIS
h  Glaucoma
h Anterior uveitis
h Lens luxation
h Corneal ulcer
h Episcleritis
h  Excitement (scleral 

injection)
h  Scleral 

hemorrhage 
(trauma)

INVESTIGATION
h  Fluorescein staining
h  Pupil size
h  IOPDIAGNOSIS

h  KCS
h  Chronic 

conjunctivitis
h  Chronic keratitis

Blepharospasm present?

Discharge present?

Pupil size What part of the eye is red?

Miotic Anterior chamber ConjunctivaMidrange Cornea† IrisMydriatic Fundus (reflection) Sclera/episclera

CONJUNCTIVAL CONGESTION 
OR EPISCLERAL INJECTION?

h Conjunctival vessels are movable over 
sclera.

h Episcleral vessels are fixed and typically 
larger.

h Conjunctival vessels will blanch more 
rapidly following application of a vaso-
constricting agent (ie, phenylephrine, 
epinephrine).

Serous Mucoid

CHECKLIST: EXAMINING THE RED EYE 

) Observe eye to determine what part(s) are a�ected, what appears 
normal or abnormal, whether eye is painful, and presence of 
discharge.

) Develop list of diagnostic di�erentials based on ocular changes and 
conduct diagnostic testing.

) Determine whether eye is visual. 

) Assess pupil size and light reflexes.

) Perform STT for quantitative assessment of tear production.

) Perform ocular surface staining:
• Fluorescein staining to assess corneal epithelium defects, NLD 

patency, and tear film breakup time and stability
• Seidel test to identify leakage of aqueous humor through cornea
• Rose bengal staining to measure precorneal tear film quality and 

integrity

) Perform tonometry to estimate IOP: elevation consistent with 
glaucoma, decrease consistent with intraocular inflammation.

) Complete examination and systemic diagnostic testing as indicated.

IOP = intraocular pressure

KCS = keratoconjunctivitis sicca

NLD = nasolacrimal duct

STT = Schirmer tear test

*Systemic workup = minimum database, systemic blood pressure, 
coagulation parameters, infectious disease titers, thoracic or 
abdominal imaging

†Cornea is rarely red unless vascularization is present; blood may 
also be present within the stroma or behind the cornea, within 
the anterior chamber, giving the impression of a red cornea

DIAGNOSIS
h  Hyphema
h Anterior uveitis
h Trauma
h  Retinal 

detachment
h  Systemic 

hypertension
h  Intraocular 

neoplasia (primary 
or metastatic)

h Bleeding disorder

INVESTIGATION
Ultrasonography
Systemic workup*
Fluorescein staining

DIAGNOSIS
h  Conjunctivitis 

(allergic, bacterial, 
viral)

h  KCS (quantitative 
and qualitative)

h Excitement

INVESTIGATION
h  STT
h  Rose bengal 

staining
h

DIAGNOSIS
h  Uveitis
h Glaucoma
h  KCS (quantitative 

and qualitative)
h Keratitis
h Corneal ulcer

INVESTIGATION
h  STT
h  Rose bengal 

staining
h Cytology
h Fluorescein staining

DIAGNOSIS
h  Variation of normal 

(atapetal or 
hypopigmented)

h  Posterior segment 
hemorrhage
• Retinal 

detachment
• Chorioretinitis
• Systemic 

hypertension
• Bleeding disorder
• Intraocular 

neoplasia 
(primary or 
metastatic)

INVESTIGATION
h  Ultrasonography
h  Systemic workup*

What part of the eye is red?

Anterior chamber ConjunctivaCornea† Fundus (reflection)

Order your copy at 
cliniciansbrief.com/algorithms

You need the new and improved 
Clinician’s Brief Algorithm Collection.
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with nasolacrimal flush. Extreme caution 
should be exercised when performing 
tracheal washes in rabbits, as intubation 
is difficult and these patients are com-
promised. Antimicrobial therapy should 
be dictated by culture and susceptibil-
ity testing. Antimicrobial agents with 
reported efficacy against P multocida 
include fluoroquinolones, injectable 
penicillin, trimethoprim/sulfadiazine, 
and chloramphenicol. Treatment should 
last for 14 days in mild cases and up to 
several months in chronic cases. Com-
plete elimination of the organism is 
unlikely.  

Staphylococcus aureus is the second most 
common pathogen that affects rabbits; 
infected animals may or may not show 
respiratory signs. Infection can result 
in rhinitis, fibrinous pneumonia, and/or 
pulmonary abscesses similar to those 
caused by P multocida. Staphylococcus 
spp may have more antimicrobial resis-
tance as compared with P multocida. 

Normal rabbits may harbor Bordetella 
bronchiseptica in their nasal passages; 

ears at home can help reduce the rate 
of recurrence and increase the likeli-
hood owners will notice new infections 
quickly. Large-volume ear flushes should 
not be performed in cats, as their risk 
for ototoxicity and postflush vestibular 
signs are greater than in dogs. 

Ear cleaners may be mildly disinfectant, 
be cerumenolytic, or contain tris-EDTA. 
Topical medications often contain an 
antibiotic, an antifungal, and a steroid 
and should be chosen based on cytol-
ogy. Owners should be instructed to use 
medications that contain antibiotics 
and/or antifungals as directed, not inter-
mittently. Certain steroid-only topicals 
can be used on an as-needed basis to 

therefore, rabbits should not be housed 
with guinea pigs or dogs because of a 
susceptibility to this organism. Rats 
and mice are commonly infected with 
Chlamydia spp and Mycoplasma spp and 
should not be housed with rabbits, as 
these organisms may cause respiratory 
disease in this species. Noninfectious 
causes of respiratory disease in rabbits 
include allergic rhinitis and bronchitis, 
dental disease, and neoplasia.

Guinea pigs are prone to bacterial 
pneumonia from B bronchiseptica and 
Streptococcus pneumoniae. Primary 
respiratory disease in chinchillas is rare; 
in the presence of ocular or nasal dis-
charge, cheek teeth should be assessed 
for root elongation. Pneumonia in small 
rodents (usually rats and mice) is com-
mon and is typically associated with 
Sendai virus and M pulmonis. Treatment 
can be challenging because of the fre-
quent presence of multiple pathogens. 
Hamsters may develop right-sided con-
gestive heart failure.—Antinoff N n

decrease ear canal inflammation. Simi-
larly, short-term use of systemic steroids 
may increase the patient’s comfort level 
and ease treatment. Systemic antibiotics 
are most useful for treatment of otitis 
media and interna or in cases of severe 
chronic proliferative or ulcerative otitis 
externa; selection should be guided by 
culture and susceptibility testing. Any 
otic agent is potentially ototoxic. Options 
for patients with ruptured tympanic 
membranes include sterile saline or 
water, tris-EDTA, and/or cerumenolytic 
agents that contain squalene.—Greek JS

*Session title has been edited. The original title 
was Managing Otitis - “Stop that Flapping!” - 
Treatment Options.

Respiratory 
Disease in 
Rabbits & 
Rodents

Because rabbits and rodents have 
small thoracic cavities that can make 
radiographs hard to interpret, diagnos-
ing and treating respiratory disease 
in these patients can be difficult, and 
care is required in antimicrobial selec-
tion. Pasteurella multocida, which is the 
most common respiratory pathogen 
that affects rabbits, is endemic in this 
species, causing conjunctivitis, naso-
lacrimal duct obstruction, abscesses, 
pneumonia, otitis, and septicemia. 
Signs of P multocida pneumonia include 
anorexia, weight loss, and lethargy. 
Dyspnea and tachypnea are rarely seen, 
but when dyspnea is noted, prognosis 
is very poor. Diagnosis of P multocida in 
the upper respiratory tract is made via 
deep nasal culture, ideally combined 

Managing 
Otitis: 
Treatment 
Options*

For proper treatment of ear infections, 
cytology and clinical signs should inform 
the choice of ear cleaner and topical/
systemic treatments. Copious ear canal 
flushing with ear cleaners is performed 
in conjunction with topical treatments. 
Pet owners should be educated about 
this step and shown how to flush ear 
canals correctly, as regularly cleaning 

SYMPOSIUM CAPSULES
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Educating clients without face-to-face 
communication has emerged as a new 
challenge in veterinary practices today. 

Whether a client has a new puppy or is the 
seasoned owner of a senior cat, understanding 
the need for year-round, on-time heartworm 
prevention and annual testing can mean life or 
death for pets.

QUARTERLY UPDATE

Heartworm Outreach:
Client Education in 
the Age of Covid-19

JENNIFER 
RIZZO, DVM
FRIENDSHIP PET 
HOSPITAL

SAN ANTONIO, TEXAS

L EAD ING THE  F IGHT  A G A I N S T  H E A RT W O R M  D I S E A S E

To access the complete set of AHS canine and feline heartworm guidelines, visit heartwormsociety.org

Q. How can veterinarians stay engaged with pet 
owners if we’re not seeing them face-to-face? 

A. With full appointment schedules and curbside-only 
service, it can be harder than ever to deliver effective 
client education. Yes, we have phone calls, FaceTime 
and Zoom, but the time we can devote to these may be 
limited.

In our practice, we have dedicated a cell phone 
to sending and receiving texts from clients with 
appointments. This phone also serves as a client 
education portal for: 

•  Texting clients prior to visits. If it’s a wellness visit, I 
can send articles about heartworm disease, vaccines 
and nutrition.

•  Demystifying appointments. During visits, we send 
photos of the pet with the technician or veterinarian 
to clients so owners can see what’s happening while 
they sit outside in the car. I also send lab reports, 
including heartworm test results. Finally, we text 
owners a link to our preferred online pharmacy so 
they can have refills sent to their homes. 

•  Sending follow-up reading. In addition to sending 
home handouts, we direct clients to relevant website 
articles or YouTube videos.

Q. I’m not as comfortable as I should be with social 
media. Any tips?

A. While our clinic has had a Facebook page for 
years, we’ve stepped up our social efforts during the 
pandemic. We post pictures of patients and our staff 
every day (with the owners’ permission, of course). It 
allows clients to see how we interact with their pets 
and what our treatment area looks like. 

Social networking helps keep our services, hours and 
processes in front of the public, so we follow other 

community Facebook pages, including those of the 
Chamber of Commerce, dog clubs, breed clubs, doggie 
daycare and grooming facilities. We typically alternate 
clinic and community posts with educational posts. We 
also invite owners to follow our page during clinic visits, 
include messages on receipts and ask clients to tag us 
when they post about bringing their pets to the clinic. 

Q. I want to make sure my clients stay compliant. Any 
ideas for heartworm reminders?

A. Email or text message can be used to remind 
clients about heartworm testing, refills and on-time 
administration of preventives. We recently added a 
coupon to our website homepage that allows clients to 
receive discounts on heartworm preventives ordered 
through our preferred online pharmacy.  Clients really 
appreciate being able to save money and keep up with 
their pet’s care without needing to leave the house. 

When pets come in for exams, we invite owners to 
submit orders and refills through our website while 
they’re still in the car waiting for 
their pet.  The online pharmacy 
gives them a choice of ordering 
six or 12 months of automatic 
refills, which has actually resulted 
in better compliance than we had 
with in-clinic refills.

Client education needs to evolve, 
but it doesn’t have to become 
a casualty of the pandemic. By 
strengthening some strategies 
and adopting new ones, our clinic 
outreach has actually become 
more effective than it was before.

Texting photos 
of pets with 
technicians and 
veterinarians 
during visits can 
help demystify 
appointments for 
clients who are in 
their cars vs. the 
exam room.

www.heartwormsociety.org
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thesia. Mandibular first premolars were not visible on 
clinical inspection. Mandibular mucosal trauma by the 
maxillary incisors and trauma to the left mandibular 
canine (304) tooth by the left second maxillary incisor 
(202) were observed. The patient also had oral masses pres-
ent at the gingiva of the left rostral maxillary area cover-
ing the buccal surface of the premolar teeth (Figure 1).

Full-mouth radiographs were obtained, with particular 
attention on the clinically missing mandibular premolars 
and the areas affected by gingival masses. Radiographs 
revealed unerupted mandibular 1st premolars situated 
in apparent cystic lesions, expansion of which resulted in 
involvement of the mandibular canines and 2nd premo-
lar teeth. The apical portion of the mesial root of the 
mandibular premolar (306) was partially resorbed. 
Maxillary premolars were rotated bilaterally, but there 
were no periodontal consequences. Incidental findings 

THE CASE
A 6-year-old, 55-lb (25-kg) spayed boxer was presented
for a dental consultation regarding gingival masses 
(Figure 1) identified 2 months prior. Temperature, heart 
and respiratory rates, and the remainder of the physical 
examination were within normal limits. Clinical assess-
ment and preanesthetic diagnostic investigation, including 
CBC and serum chemistry profile, were also within nor-
mal limits. During the examination of the patient’s head 
and oral cavity, a class III malocclusion was confirmed. 
Although this type of occlusion is typical for brachyce-
phalic breeds, the maxillary incisors in this patient were 
causing trauma to the mandibular oral mucosa lingual to 
the mandibular incisors. The patient did not show signs of 
brachycephalic obstructive airway syndrome.

Diagnostics
A thorough evaluation of the oral cavity (Figure 2, next 
page) was performed with the patient under general anes-

Multiple Oral 
Pathologies 
in a Dog
Jerzy Pawel Gawor, DVM, PhD, 
DAVDC, DEVDC
Arka Veterinary Clinic
Krakow, Poland

Cedric Tutt, BVSc(Hons), 
MMedVet(Med), DEVDC, MRCVS
Cape Animal Dentistry Service
Cape Town, South Africa
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d  FIGURE 1 Gingival masses  on  the left rostral maxillary  area 
covering buccal surface of premolar dentition
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d  FIGURE 2 Oral examination revealed nonvisible mandibular first 
premolars (stars), mandibular mucosal trauma by the maxillary 
incisors (arrows), and trauma to the left mandibular canine tooth 
(304) by the left second maxillary incisor (202; circle); inset 
shows magnification.

included a supernumerary maxillary left first pre-
molar 1 (205) and fusion of the roots of the left and 
right mandibular premolar 2 teeth (306 and 406). 
Horizontal alveolar bone loss was present at the 
area of 206, with radiolucency of the furcation 
area of 206 (Figures 3-6); the buccal aspect of 206 
was covered by the gingival mass. Probing of the 
furcation was possible only from the palatal side 
and did not reveal furcation involvement.

Treatment & Management
The following treatment plan was initiated based 
on clinical findings:
h  Extraction of unerupted mandibular premolars, 

debridement of cysts, and submission of removed 
tissue for histopathologic evaluation. Due to lack  
of definitive histopathologic diagnosis and no 
mobility of 306 and 406, the pet owner declined 
extraction of these teeth until planned follow-up.

h  Odontoplasty to reduce the crown height of the 
maxillary incisors to prevent trauma to the soft 
tissue and canine teeth. An alternative treatment 

option would include extraction of involved teeth. 
Radiographically, bone was present around the api-
ces of 306 and 406; however, there was no indica-
tion to extract these teeth, as the cyst lining had 
been removed and thus new bone would fill the 
defect within a couple months.

h  Excisional biopsy of gingival enlargement at the 
area of the left maxillary canine tooth and submis-
sion for histopathologic assessment, followed by 
gingivoplasty to correct the size and shape of the 
gingival tissue

The procedures were routine and without complica-
tions. The bony void where the cystic lesion was 
removed was allowed to fill with blood prior to the 
site being sutured closed, as this promotes primary 
healing, which includes the formation of new bone. 
The patient’s size and limited extent of bone dam-
age did not require use of grafting material to fill 
the empty space after cyst removal. A CO2 laser was 
used to perform excisional biopsy of the gingival 
enlargement to decrease surgical time. After odonto-
plasty, there was no longer contact between the 
maxillary incisors and oral mucosa or the mandibu-
lar canine tooth. The maxillary incisor teeth that 
had undergone crown reduction were sealed with a 
dental varnish to protect the newly exposed dentin. 
An analgesic (ie, meloxicam [0.2 mg/kg IM, followed 
by daily oral doses of 0.1 mg/kg for 5 days]) was 
prescribed and application of an oral cleansing gel 
containing zinc ascorbate was advised for 14 days 
postoperatively.

Dentigerous cysts on the mandibular lesion and focal 
fibrous hyperplasia of the maxillary mass were  
confirmed via histopathology postoperation. At the 
2-week postoperative recheck, the histopathology 
results were discussed with the owner and home care 
and further monitoring were established. Gingival 
enlargement may be plaque-associated or of a benign 
or malignant nature, and, because they are com-
monly found in boxer dogs, it is prudent for the 
owner to monitor the gingiva regularly. Plaque- 
associated gingival masses can be controlled with 
daily tooth brushing. Other benign or malignant 
lesions will commonly regrow following excision.

www.clinciansbrief.com
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d  FIGURE 3 Intraoral radiograph of the rostral right mandible 
showing a cyst-like lesion surrounding the right mandibular 
first premolar (405; asterisk) and affecting the mesial root of 406 
(arrows)

d  FIGURE 6 Intraoral radiograph of the rostral left maxilla 
showing the supernumerary left first maxillary premolar (205; 
asterisk) and horizontal bone loss and suggesting possible 
furcation involvement at the area of 206 medial to the 
gingival mass (arrows). On probing of the palatal furcation of 
206, there was no furcation lesion.

d  FIGURE 5 Intraoral radiograph of the rostral left mandible 
showing a cyst-like lesion caudal to the unerupted left 
mandibular first premolar (305; asterisk) and affecting the 
mesial root of 306 (arrows)

d  FIGURE 4 Intraoral radiograph of the rostral mandible. Cystic 
lesions expanded and involved a portion of the roots of the 
mandibular canine teeth (arrowheads). The periodontal 
ligament space can be followed around each canine root apex.

Discussion
Brachycephalic breeds are predisposed to certain 
pathologies, including dental retention, dentiger-
ous cysts, and neoplastic and benign gingival 

enlargement.1-5 Anatomic features of brachycephalic 
breeds typically lead to painful traumatic malocclu-
sion, which can only be confirmed via thorough oral 
examination. Because maxillary teeth crowding 
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and gingival enlargement are strong causative factors for 
periodontal disease, this condition may develop sooner in 
brachycephalic breeds.

Systematic daily home care and regularly performed profes-
sional dental care can slow the return of gingival enlarge-
ment. It is essential to submit all excisions for histopathologic 
evaluation, as peripheral odontogentic fibroma, acanthoma-
tous ameloblastoma, and gingival enlargement may have the 
same presentation.6

Approximately 30% of retained teeth result in odontogenic (ie, 
dentigerous) cysts, which destroy and weaken the bone, may 
cause pain, and can cause complications such as pathologic 
fractures or malignant transformation.5-7 Clinically missing 
teeth require radiographic evaluation, and intervention, if 
needed, should be prompt.7

Conclusion
Many pathologic situations, such as the one described in this 
article, are typically ignored and/or underestimated by owners 
and primary care clinicians. Despite appearing painful and both-
ersome, these pathologies may not cause significant behavior 
changes. Thus, thorough oral examinations should be per-
formed regularly in all brachycephalic patients to assist with 
early diagnosis and prevention of periodontal disease. n  
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ASK YOURSELF …

QUESTION 1
What is the next step after a clinically missing tooth 
is identified in a dog?
A.  Recommend oral clinical and radiographic assess-

ment with the patient under general anesthesia
B. Monitor the patient
C.  Attempt intraoral  radiography in the conscious 

patient
D.  No action needed

CORRECT ANSWER: A

QUESTION 2
Which of the following is most likely to cause gingival 
enlargement in boxers? 
A. Malignant tumor-like fibrosarcoma
B. Focal fibrous hyperplasia
C. Benign tumor-like peripheral odontogenic fibroma
D.  Either focal fibrous hyperplasia or peripheral 

odontogenic fibroma

CORRECT ANSWER: D

QUESTION 3
Brachycephalic breeds are predisposed to which oral 
problem?
A. Brachycephalic obstructive airway syndrome
B. Class III malocclusion
C. Odontogenic cysts 
D.  All of the above

CORRECT ANSWER: D

QUESTION 4
Diagnosis of a dentigerous cyst is confirmed using 
which method?
A. Radiography
B. Clinical assessment
C. Histopathologic evaluation of the tissue lining the cyst
D.  Culture

CORRECT ANSWER: C

QUESTION 5
Class III malocclusion can be associated with which of 
the following?
A. Soft tissue trauma
B. Abnormal teeth relationships
C. Exposed oral mucosa, which may cause desiccation
D.  All of the above

CORRECT ANSWER: D
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Brief Summary  
NADA 141-219, Approved by FDA

Metacam®

(meloxicam)  
5 mg/mL Solution for Injection 
Non-steroidal anti-inflammatory drug for use in dogs and cats only

Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian.

Description: Meloxicam is a non-steroidal anti-inflammatory drug (NSAID) of the oxicam class. Each 
mL of this sterile product for injection contains meloxicam 5.0 mg, alcohol 15%, glycofurol 10%, 
poloxamer 188 5%, sodium chloride 0.6%, glycine 0.5% and meglumine 0.3%, in water for injection, 
pH adjusted with sodium hydroxide and hydrochloric acid.

Indications:
Dogs: METACAM (meloxicam) 5 mg/mL Solution for Injection is indicated in dogs for the control of pain 
and inflammation associated with osteoarthritis.

Contraindications: Dogs with known hypersensitivity to meloxicam should not receive METACAM 5 
mg/mL Solution for Injection.

Warnings: Not for use in humans. Keep this and all medications out of reach of children. Consult a 
physician in case of accidental ingestion by humans. For IV or SQ injectable use in dogs. All dogs should 
undergo a thorough history and physical examination before administering any NSAID. Appropriate 
laboratory testing to establish hematological and serum biochemical baseline data is recommended 
prior to, and periodically during use of any NSAID in dogs.

Owner should be advised to observe their dogs for signs of potential drug toxicity.

Precautions: The safe use of METACAM 5 mg/mL Solution for Injection in dogs younger than 6 months of 
age, dogs used for breeding, or in pregnant or lactating bitches has not been evaluated. Meloxicam is not 
recommended for use in dogs with bleeding disorders, as safety has not been established in dogs with 
these disorders. Safety has not been established for intramuscular (IM) administration in dogs. When 
administering METACAM 5 mg/mL Solution for Injection, use a syringe of appropriate size to ensure 
precise dosing. As a class, cyclo-oxygenase inhibitory NSAIDs may be associated with gastrointestinal, 
renal and hepatic toxicity. Sensitivity to drug-associated adverse events varies with the individual 
patient. Dogs that have experienced adverse reactions from one NSAID may experience adverse 
reactions from another NSAID. Patients at greatest risk for renal toxicity are those that are dehydrated, on 
concomitant diuretic therapy, or those with existing renal, cardiovascular, and/or hepatic dysfunction. 
Concurrent administration of potentially nephrotoxic drugs should be carefully approached. NSAIDs 
may inhibit the prostaglandins that maintain normal homeostatic function. Such anti-prostaglandin 
effects may result in clinically significant disease in patients with underlying or preexisting disease 
that has not been previously diagnosed. Since NSAIDs possess the potential to induce gastrointestinal 
ulcerations and/or perforations, concomitant use with other anti-inflammatory drugs, such as NSAIDs 
or corticosteroids, should be avoided. If additional pain medication is needed after the administration 
of the total daily dose of METACAM Oral Suspension, a non-NSAID or noncorticosteriod class of 
analgesia should be considered. The use of another NSAID is not recommended. Consider appropriate 
washout times when switching from corticosteroid use or from one NSAID to another in dogs. The 
use of concomitantly protein-bound drugs with METACAM 5 mg/mL Solution for Injection has not 
been studied in dogs. Commonly used protein-bound drugs include cardiac, anticonvulsant and 
behavioral medications. The influence of concomitant drugs that may inhibit metabolism of METACAM 
5 mg/mL Solution for Injection has not been evaluated. Drug compatibility should be monitored in 
patients requiring adjunctive therapy. The effect of cyclo-oxygenase inhibition and the potential for 
thromboembolic occurrence or a hypercoagulable state has not been studied.

Adverse Reactions:
Dogs: A field study involving 224 dogs was conducted.1 Based on the results of this study, GI 
abnormalities (vomiting, soft stools, diarrhea, and inappetance) were the most common adverse 
reactions associated with the administration of meloxicam. 

The following adverse reactions are based on post-approval adverse drug event reporting. The 
categories are listed in decreasing order of frequency by body system:

Gastrointestinal: vomiting, diarrhea, melena, gastrointestinal ulceration
Urinary: azotemia, elevated creatinine, renal failure
Neurological/Behavioral: lethargy, depression
Hepatic: elevated liver enzymes
Dermatologic: pruritus

Death has been reported as an outcome of the adverse events listed above. Acute renal failure and 
death have been associated with the use of meloxicam in cats.

Information For Dog Owners: Meloxicam, like other NSAIDs, is not free from adverse reactions. Owners 
should be advised of the potential for adverse reactions and be informed of the clinical signs associated 
with NSAID intolerance. Adverse reactions may include vomiting, diarrhea, lethargy, decreased appetite 
and behavioral changes. Dog owners should be advised when their pet has received a meloxicam 
injection. Dog owners should contact their veterinarian immediately if possible adverse reactions are 
observed, and dog owners should be advised to discontinue METACAM therapy.

Effectiveness:
Dogs: The effectiveness of METACAM 5 mg/mL Solution for Injection was demonstrated in a field 
study involving a total of 224 dogs representing various breeds, all diagnosed with osteoarthritis.1 This 
placebo-controlled, masked study was conducted for 14 days. Dogs received a subcutaneous injection 
of 0.2 mg/kg METACAM 5 mg/mL Solution for Injection on day 1. The dogs were maintained on 0.1 
mg/ kg oral meloxicam from days 2 through 14. Variables evaluated by veterinarians included lameness, 
weight-bearing, pain on palpation, and overall improvement. Variables assessed by owners included 
mobility, ability to rise, limping, and overall improvement. 

In this field study, dogs showed clinical improvement with statistical significance after 14 days of 
meloxicam treatment for all variables.

Reference: 1. FOI for NADA 141-219 METACAM (meloxicam) 5 mg/mL Solution for Injection.

Manufactured for:
Boehringer Ingelheim Vetmedica, Inc.
St. Joseph, MO 64506 U.S.A.

METACAM® is a registered trademark of Boehringer Ingelheim Vetmedica GmbH, licensed to Boehringer 
Ingelheim Vetmedica, Inc.
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Brief Summary  
NADA 141-213, Approved by FDA

Metacam®

(meloxicam oral suspension )
1.5 mg/mL (equivalent to 0.05 mg per drop) /0.5 mg/mL (equivalent to 0.02 mg  per drop)  
Non-steroidal anti-inflammatory drug for oral use in dogs only

Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian.

Description: Meloxicam is a non-steroidal anti-inflammatory drug (NSAID) of the oxicam class. Each 
milliliter of METACAM Oral Suspension contains meloxicam equivalent to 0.5 or 1.5 milligrams and 
sodium benzoate (1.5 milligrams) as a preservative. The chemical name for Meloxicam is 
4-Hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)- 2H-1,2-benzothiazine-3-carboxamide-1, 1-dioxide. The 
formulation is a yellowish viscous suspension with the odor of honey.

Indications: METACAM Oral Suspension is indicated for the control of pain and inflammation 
associated with osteoarthritis in dogs.

Contraindications: Dogs with known hypersensitivity to meloxicam should not receive METACAM Oral 
Suspension. Do not use METACAM Oral Suspension in cats. Acute renal failure and death 
have been associated with the use of meloxicam in cats. 

Warnings: Not for use in humans. Keep this and all medications out of reach of children. Consult a 
physician in case of accidental ingestion by humans. For oral use in  dogs only.

As with any NSAID all dogs should undergo a thorough history and physical examination before the 
initiation of NSAID therapy. Appropriate laboratory testing to establish hematological and serum 
biochemical baseline data is recommended prior to and periodically during administration. Owner 
should be advised to observe their dog for signs of potential drug toxicity and be given a client 
information sheet about METACAM. 

Precautions: The safe use of METACAM Oral Suspension in dogs younger than 6 months of age, dogs used 
for breeding, or in pregnant or lactating dogs has not been evaluated. Meloxicam is not recommended 
for use in dogs with bleeding disorders, as safety has not been established in dogs with these disorders. 
As a class, cyclo-oxygenase inhibitory NSAIDs may be associated with gastrointestinal, renal and 
hepatic toxicity. Sensitivity to drug-associated adverse events varies with the individual patient. Dogs 
that have experienced adverse reactions from one NSAID may experience adverse reactions from 
another NSAID. Patients at greatest risk for renal toxicity are those that are dehydrated, on concomitant 
diuretic therapy, or those with existing renal, cardiovascular, and/or hepatic dysfunction. Concurrent 
administration of potentially nephrotoxic drugs should be carefully approached. NSAIDs may inhibit the 
prostaglandins that maintain normal homeostatic function. Such anti-prostaglandin effects may result 
in clinically significant disease in patients with underlying or pre-existing disease that has not been 
previously diagnosed. Since NSAIDs possess the potential to induce gastrointestinal ulcerations and/or 
perforations, concomitant use with other anti-inflammatory drugs, such as NSAIDs or corticosteroids, 
should be avoided. If additional pain medication is needed after administration of the total daily dose of 
METACAM Oral Suspension, a non-NSAID or non-corticosteroid class of analgesia should be considered. 
The use of another NSAID is not recommended. Consider appropriate washout times when switching 
from corticosteroid use or from one NSAID to another in dogs. The use of concomitantly protein-bound 
drugs with METACAM Oral Suspension has not been studied in dogs. Commonly used protein-bound 
drugs include cardiac, anticonvulsant and behavioral medications. The influence of concomitant drugs 
that may inhibit metabolism of METACAM Oral Suspension has not been evaluated. Drug compatibility 
should be monitored in patients requiring adjunctive therapy. 

Adverse Reactions: Field safety was evaluated in 306 dogs.¹ Based on the results of two studies, GI 
abnormalities (vomiting, soft stools, diarrhea, and inappetance) were the most common adverse 
reactions associated with the administration of meloxicam.

The following adverse events are based on post-approval adverse drug experience reporting. Not all 
adverse reactions are reported to FDA/CVM. It is not always possible to reliably estimate the adverse 
event frequency or establish a causal relationship to product exposure using these data. The following 
adverse events are listed in decreasing order of frequency by body system.

Gastrointestinal: vomiting, anorexia, diarrhea, melena, gastrointestinal ulceration 
Urinary: azotemia, elevated creatinine, renal failure 
Neurological/Behavioral: lethargy, depression 
Hepatic: elevated liver enzymes 
Dermatologic: pruritus

Death has been reported as an outcome of the adverse events listed above. Acute renal failure and 
death have been associated with use of meloxicam in cats. 

Information for Dog Owners: METACAM, like other drugs of its class, is not free from adverse reactions. 
Owners should be advised of the potential for adverse reactions and be informed of the clinical signs 
associated with drug intolerance. Adverse reactions may include vomiting, diarrhea, decreased 
appetite, dark or tarry stools, increased water consumption, increased urination, pale gums due to 
anemia, yellowing of gums, skin or white of the eye due to jaundice, lethargy, incoordination, seizure, 
or behavioral changes. Serious adverse reactions associated with this drug class can occur without 
warning and in rare situations result in death (see Adverse Reactions). Owners should be advised to 
discontinue METACAM and contact their veterinarian immediately if signs of intolerance are observed. 
The vast majority of patients with drug related adverse reactions have recovered when the signs are 
recognized, the drug is withdrawn, and veterinary care, if appropriate, is initiated. Owners should be 
advised of the importance of periodic follow up for all dogs during administration of any NSAID.

Effectiveness: The effectiveness of meloxicam was demonstrated in two field studies involving a total 
of 277 dogs representing various breeds, between six months and sixteen years of age, all diagnosed 
with osteoarthritis. Both of the placebo-controlled, masked studies were conducted for 14 days. All 
dogs received 0.2 mg/kg meloxicam on day 1. All dogs were maintained on 0.1 mg/kg oral meloxicam 
from days 2 through 14 of both studies. Parameters evaluated by veterinarians included lameness, 
weight-bearing, pain on palpation, and overall improvement. Parameters assessed by owners included 
mobility, ability to rise, limping, and overall improvement. In the first field study (n=109), dogs 
showed clinical improvement with statistical significance after 14 days of meloxicam treatment for all 
parameters. In the second field study (n=48), dogs receiving meloxicam showed a clinical improvement 
after 14 days of therapy for all parameters; however, statistical significance was demonstrated only for 
the overall investigator evaluation on day 7, and for the owner evaluation on day 14.1

Reference: 1. FOI for NADA 141-213 METACAM (meloxicam oral suspension).

Manufactured for: 
Boehringer Ingelheim Vetmedica, Inc. 
St. Joseph, MO 64506 U.S.A.

METACAM® is a registered trademark of Boehringer Ingelheim Vetmedica GmbH, used under license.

601401-08/601413-04/6015161-10/6015268-04 
Revised 07/2016

18490 
06/2018

Warning: Repeated use of meloxicam in cats has been associated with acute renal failure 
and death. Do not administer additional injectable or oral meloxicam to cats. See 
Contraindications,  Warnings, and Precautions for detailed information.

Warning: Repeated use of meloxicam in cats has been associated with acute renal failure and 
death. Do not administer additional injectable or oral meloxicam to cats. See Contraindications, 
Warnings, and Precautions for detailed information.
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Brief Summary: Before using PREVICOX, please consult the product insert, a summary of which follows:
Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian.

Indications: PREVICOX (firocoxib) Chewable Tablets are indicated for the control of pain and inflammation 
associated with osteoarthritis and for the control of postoperative pain and inflammation associated with 
soft-tissue and orthopedic surgery in dogs.
Contraindications: Dogs with known hypersensitivity to firocoxib should not receive PREVICOX.
Warnings: Not for use in humans. Keep this and all medications out of the reach of children. Consult a physician in 
case of accidental ingestion by humans.
For oral use in dogs only. Use of this product at doses above the recommended 2.27 mg/lb (5.0 mg/kg) in 
puppies less than seven months of age has been associated with serious adverse reactions, including 
death (see Animal Safety). Due to tablet sizes and scoring, dogs weighing less than 12.5 lb (5.7 kg) 
cannot be accurately dosed. 
All dogs should undergo a thorough history and physical examination before the initiation of NSAID therapy. 
Appropriate laboratory testing to establish hematological and serum baseline data is recommended prior to and 
periodically during administration of any NSAID. Owners should be advised to observe for signs of potential 
drug toxicity (see Adverse Reactions and Animal Safety) and be given a Client Information Sheet about 
PREVICOX Chewable Tablets. 
For technical assistance or to report suspected adverse events, call 1-877-217-3543. For additional information 
about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDAVETS or http://www.fda.gov/
AnimalVeterinary/SafetyHealth
Precautions: This product cannot be accurately dosed in dogs less than 12.5 pounds in body weight. 
Consider appropriate washout times when switching from one NSAID to another or when switching from 
corticosteroid use to NSAID use.
As a class, cyclooxygenase inhibitory NSAIDs may be associated with renal, gastrointestinal and hepatic toxicity. 
Sensitivity to drug-associated adverse events varies with the individual patient. Dogs that have experienced adverse 
reactions from one NSAID may experience adverse reactions from another NSAID. Patients at greatest risk for adverse 
events are those that are dehydrated, on concomitant diuretic therapy, or those with existing renal, cardiovascular, and/
or hepatic dysfunction. Concurrent administration of potentially nephrotoxic drugs should be carefully approached and 
monitored. NSAIDs may inhibit the prostaglandins that maintain normal homeostatic function. Such anti-prostaglandin 
effects may result in clinically significant disease in patients with underlying or pre-existing disease that has not been 
previously diagnosed. Since NSAIDs possess the potential to produce gastrointestinal ulceration and/or gastrointestinal 
perforation, concomitant use of PREVICOX Chewable Tablets with other anti-inflammatory drugs, such as NSAIDs or 
corticosteroids, should be avoided. The concomitant use of protein-bound drugs with PREVICOX Chewable Tablets has not 
been studied in dogs. Commonly used protein-bound drugs include cardiac, anticonvulsant, and behavioral medications. 
The influence of concomitant drugs that may inhibit the metabolism of PREVICOX Chewable Tablets has not been 
evaluated. Drug compatibility should be monitored in patients requiring adjunctive therapy. If additional pain medication 
is needed after the daily dose of PREVICOX, a non-NSAID class of analgesic may be necessary. Appropriate monitoring 
procedures should be employed during all surgical procedures. Anesthetic drugs may affect renal perfusion, approach 
concomitant use of anesthetics and NSAIDs cautiously. The use of parenteral fluids during surgery should be considered to 
decrease potential renal complications when using NSAIDs perioperatively. The safe use of PREVICOX Chewable Tablets 
in pregnant, lactating or breeding dogs has not been evaluated.
Adverse Reactions:
Osteoarthritis: In controlled field studies, 128 dogs (ages 11 months to 15 years) were evaluated for safety when given 
PREVICOX Chewable Tablets at a dose of 2.27mg/lb (5.0 mg/kg) orally once daily for 30 days. The following adverse 
reactions were observed. Dogs may have experienced more than one of the observed adverse reactions during the study.

PREVICOX (firocoxib) Chewable Tablets were safely used during field studies concomitantly with other therapies, 
including vaccines, anthelmintics, and antibiotics.
Soft-tissue Surgery: In controlled field studies evaluating soft-tissue postoperative pain and inflammation, 258 dogs 
(ages 10.5 weeks to 16 years) were evaluated for safety when given PREVICOX Chewable Tablets at a dose of 2.27 mg/
lb (5.0 mg/kg) orally approximately 2 hours prior to surgery and once daily thereafter for up to two days. The following 
adverse reactions were observed. Dogs may have experienced more than one of the observed reactions during the study.

*Sham-dosed (pilled)
Orthopedic Surgery: In a controlled field study evaluating orthopedic postoperative pain and inflammation, 226 dogs 
of various breeds, ranging in age from 1 to 11.9 years in the PREVICOX-treated groups and 0.7 to 17 years in the control 
group were evaluated for safety. Of the 226 dogs, 118 were given PREVICOX Chewable Tablets at a dose of 2.27 mg/lb 
(5.0 mg/kg) orally approximately 2 hours prior to surgery and once daily thereafter for a total of three days. The following 
adverse reactions were observed. Dogs may have experienced more than one of the observed reactions during the study.

A case may be represented in more than one category.
*Sham-dosed (pilled).
**One dog had hemorrhagic gastroenteritis.

Post-Approval Experience (Rev. 2009): The following adverse reactions are based on post-approval adverse 
drug event reporting.  The categories are listed in decreasing order of frequency by body system:
Gastrointestinal: Vomiting, anorexia, diarrhea, melena, gastrointestinal perforation, hematemesis, hematachezia, 
weight loss, gastrointestinal ulceration, peritonitis, abdominal pain, hypersalivation, nausea
Urinary:  Elevated BUN, elevated creatinine, polydypsia, polyuria, hematuria, urinary incontinence, proteinuria, 
kidney failure, azotemia, urinary tract infection
Neurological/Behavioral/Special Sense:  Depression/lethargy, ataxia, seizures, nervousness, confusion, weakness, 
hyperactivity, tremor, paresis, head tilt, nystagmus, mydriasis, aggression, uveitis
Hepatic:  Elevated ALP, elevated ALT, elevated bilirubin, decreased albumin, elevated AST, icterus, decreased or 
increased total protein and globulin, pancreatitis, ascites, liver failure, decreased BUN
Hematological: Anemia, neutrophilia, thrombocytopenia, neutropenia
Cardiovascular/Respiratory: Tachypnea, dyspnea, tachycardia
Dermatologic/Immunologic: Pruritis, fever, alopecia, moist dermatitis, autoimmune hemolytic anemia, facial/muzzle 
edema, urticaria
In some situations, death has been reported as an outcome of the adverse events listed above.
For a complete listing of adverse reactions for firocoxib reported to the CVM see: http://www.fda.gov/downloads/
AnimalVeterinary/SafetyHealth/ProductSafetyInformation/UCM055407.pdf
Information For Dog Owners: PREVICOX, like other drugs of its class, is not free from adverse reactions. Owners 
should be advised of the potential for adverse reactions and be informed of the clinical signs associated with drug 
intolerance. Adverse reactions may include vomiting, diarrhea, decreased appetite, dark or tarry stools, increased 
water consumption, increased urination, pale gums due to anemia, yellowing of gums, skin or white of the eye due 
to jaundice, lethargy, incoordination, seizure, or behavioral changes. Serious adverse reactions associated with 
this drug class can occur without warning and in rare situations result in death (see Adverse Reactions). 
Owners should be advised to discontinue PREVICOX therapy and contact their veterinarian immediately 
if signs of intolerance are observed. The vast majority of patients with drug-related adverse reactions have 
recovered when the signs are recognized, the drug is withdrawn, and veterinary care, if appropriate, is initiated. 
Owners should be advised of the importance of periodic follow up for all dogs during administration of any NSAID.
Effectiveness: Two hundred and forty-nine dogs of various breeds, ranging in age from 11 months to 20 years, and 
weighing 13 to 175 lbs, were randomly administered PREVICOX or an active control drug in two field studies. Dogs 
were assessed for lameness, pain on manipulation, range of motion, joint swelling, and overall improvement in a 
non-inferiority evaluation of PREVICOX compared with the active control. At the study’s end, 87% of the owners rated 
PREVICOX-treated dogs as improved. Eighty-eight percent of dogs treated with PREVICOX were also judged improved 
by the veterinarians. Dogs treated with PREVICOX showed a level of improvement in veterinarian-assessed lameness, 
pain on palpation, range of motion, and owner-assessed improvement that was comparable to the active control. The 
level of improvement in PREVICOX-treated dogs in limb weight bearing on the force plate gait analysis assessment was 
comparable to the active control. In a separate field study, two hundred fifty-eight client-owned dogs of various breeds, 
ranging in age from 10.5 weeks to 16 years and weighing from 7 to 168 lbs, were randomly administered PREVICOX or 
a control (sham-dosed-pilled) for the control of postoperative pain and inflammation associated with soft-tissue surgical 
procedures such as abdominal surgery (e.g., ovariohysterectomy, abdominal cryptorchidectomy, splenectomy, cystotomy) 
or major external surgeries (e.g., mastectomy, skin tumor removal ≤8 cm). The study demonstrated that PREVICOX-
treated dogs had significantly lower need for rescue medication than the control (sham-dosed-pilled) in controlling 
postoperative pain and inflammation associated with soft-surgery. A multi-center field study with 226 client-owned 
dogs of various breeds, and ranging in age from 1 to 11.9 years in the PREVICOX-treated groups and 0.7 to 17 years in 
the control group was conducted. Dogs were randomly assigned to either the PREVICOX or the control (sham-dosed-
pilled) group for the control of postoperative pain and inflammation associated with orthopedic surgery. Surgery to 
repair a ruptured cruciate ligament included the following stabilization procedures: fabellar suture and/or imbrication, 
fibular head transposition, tibial plateau leveling osteotomy (TPLO), and ‘over the top’ technique. The study (n = 220 for 
effectiveness) demonstrated that PREVICOX-treated dogs had significantly lower need for rescue medication than the 
control (sham-dosed-pilled) in controlling postoperative pain and inflammation associated with orthopedic surgery.
Animal Safety: In a targeted animal safety study, firocoxib was administered orally to healthy adult Beagle dogs 
(eight dogs per group) at 5, 15, and 25 mg/kg (1, 3, and 5 times the recommended total daily dose) for 180 days. At 
the indicated dose of 5 mg/kg, there were no treatment-related adverse events. Decreased appetite, vomiting, and 
diarrhea were seen in dogs in all dose groups, including unmedicated controls, although vomiting and diarrhea were 
seen more often in dogs in the 5X dose group. One dog in the 3X dose group was diagnosed with juvenile polyarteritis 
of unknown etiology after exhibiting recurrent episodes of vomiting and diarrhea, lethargy, pain, anorexia, ataxia, 
proprioceptive deficits, decreased albumin levels, decreased and then elevated platelet counts, increased bleeding 
times, and elevated liver enzymes. On histopathologic examination, a mild ileal ulcer was found in one 5X dog. This 
dog also had a decreased serum albumin which returned to normal by study completion. One control and three 5X dogs 
had focal areas of inflammation in the pylorus or small intestine. Vacuolization without inflammatory cell infiltrates was 
noted in the thalamic region of the brain in three control, one 3X, and three 5X dogs. Mean ALP was within the normal 
range for all groups but was greater in the 3X and 5X dose groups than in the control group. Transient decreases in 
serum albumin were seen in multiple animals in the 3X and 5X dose groups, and in one control animal. In a separate 
safety study, firocoxib was administered orally to healthy juvenile (10-13 weeks of age) Beagle dogs at 5, 15, and 25 
mg/kg (1, 3, and 5 times the recommended total daily dose) for 180 days. At the indicated (1X) dose of 5 mg/kg, on 
histopathologic examination, three out of six dogs had minimal periportal hepatic fatty change. On histopathologic 
examination, one control, one 1X, and two 5X dogs had diffuse slight hepatic fatty change. These animals showed 
no clinical signs and had no liver enzyme elevations. In the 3X dose group, one dog was euthanized because of poor 
clinical condition (Day 63). This dog also had a mildly decreased serum albumin. At study completion, out of five 
surviving and clinically normal 3X dogs, three had minimal periportal hepatic fatty change. Of twelve dogs in the 5X 
dose group, one died (Day 82) and three moribund dogs were euthanized (Days 38, 78, and 79) because of anorexia, 
poor weight gain, depression, and in one dog, vomiting. One of the euthanized dogs had ingested a rope toy. Two of 
these 5X dogs had mildly elevated liver enzymes. At necropsy all five of the dogs that died or were euthanized had 
moderate periportal or severe panzonal hepatic fatty change; two had duodenal ulceration; and two had pancreatic 
edema. Of two other clinically normal 5X dogs (out of four euthanized as comparators to the clinically affected dogs), 
one had slight and one had moderate periportal hepatic fatty change. Drug treatment was discontinued for four dogs 
in the 5X group. These dogs survived the remaining 14 weeks of the study. On average, the dogs in the 3X and 5X 
dose groups did not gain as much weight as control dogs. Rate of weight gain was measured (instead of weight loss) 
because these were young growing dogs. Thalamic vacuolation was seen in three of six dogs in the 3X dose group, 
five of twelve dogs in the 5X dose group, and to a lesser degree in two unmedicated controls. Diarrhea was seen in 
all dose groups, including unmedicated controls. In a separate dose tolerance safety study involving a total of six dogs 
(two control dogs and four treated dogs), firocoxib was administered to four healthy adult Beagle dogs at 50 mg/kg (ten 
times the recommended daily dose) for twenty-two days. All dogs survived to the end of the study. Three of the four 
treated dogs developed small intestinal erosion or ulceration. Treated dogs that  developed small intestinal erosion 
or ulceration had a higher incidence of vomiting, diarrhea, and decreased food consumption than control dogs. One 
of these dogs had severe duodenal ulceration, with hepatic fatty change and associated vomiting, diarrhea, anorexia, 
weight loss, ketonuria, and mild elevations in AST and ALT. All four treated dogs exhibited progressively decreasing 
serum albumin that, with the exception of one dog that developed hypoalbuminemia, remained within normal range. 
Mild weight loss also occurred in the treated group. One of the two control dogs and three of the four treated dogs 
exhibited transient increases in ALP that remained within normal range. 
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 CHEWABLE TABLETS

Adverse Reactions Seen in U. S. Field Studies

Adverse Reactions PREVICOX (n=128) Active Control (n=121)
Vomiting 5 8
Diarrhea 1 10
Decreased Appetite or Anorexia 3 3
Lethargy 1 3
Pain 2 1
Somnolence 1 1
Hyperactivity 1 0

Adverse Reactions Seen in the Soft-tissue Surgery
Postoperative Pain Field Studies

Adverse Reactions Firocoxib Group (n=127) Control Group* (n=131)
Vomiting 5  6
Diarrhea 1  1
Bruising at Surgery Site 1  1
Respiratory Arrest 1 0
SQ Crepitus in Rear Leg and Flank 1 0
Swollen Paw 1 0

Adverse Reactions Seen in the Orthopedic Surgery
Postoperative Pain Field Study

Adverse Reactions Firocoxib Group (n=118) Control Group* (n=108)
Vomiting 1  0
Diarrhea 2** 1
Bruising at Surgery Site 2 3
Inappetence/ Decreased Appetite 1 2
Pyrexia 0 1
Incision Swelling, Redness 9 5
Oozing Incision 2 0
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INSULIN SELECTION IN DIABETIC DOGS & CATS 
Thomas Schermerhorn, VMD, DACVIM (SAIM)
Kansas State University

HYPERGLYCEMIA DIAGNOSED

DM = diabetes mellitus

NPH = neutral protamine Hageman

PZI = protamine zinc insulin

DIAGNOSIS
Diabetes mellitus (DM)

TREATMENT
Pursue appropriate diagnosis 
and treatment depending on 
determined underlying cause

NO YES

INVESTIGATION
Assess patient for other 
conditions that cause 
hyperglycemia:
h  Laboratory error
h  Physiologic hyperglycemia (ie, 

stress/fear)
h  Hyperadrenocorticism*
h Pancreatitis*
h Acromegaly*
h  Drug effect (eg, glucocorticoids)
h Sepsis
h Trauma
h Pregnancy/diestrus

INVESTIGATION
Evaluate patient’s history, perform a physical examination, and 

assess CBC, serum chemistry profile, and urinalysis results

Is persistent hyperglycemia present, along with 
compatible clinical and laboratory findings?

Insulin-independent
h  Hyperglycemia may occur 

despite normal or 
elevated serum insulin 
concentration in patients 
with prediabetes or 
conditions that cause 
insulin resistance

h  Hyperglycemia may be 
treated by means other 
than insulin (eg, diet, 
weight loss, oral 
hypoglycemic drugs)

h  Uncommon in dogs and 
cats

h  Most dogs and cats 
require insulin at the time 
of diagnosis

Insulin-dependent
h  Insulin formulations can be 

grouped by expected duration 
of action:

 – Ultra-short–action: Insulin 
aspart, insulin lispro

 – Short-action: Regular insulin
 – Intermediate-action: Lente 

insulin, NPH insulin
 – Long-action: protamine zinc 

insulin, insulin glargine, insulin 
detemir

 – Ultra-long–action: Insulin 
glargine U300, insulin 
degludec

h Insulin products
 – For human use, these 

products are marketed under 
various trade names and are 
available as U100 (100 Units 
insulin/mL) preparations

 – Concentrated preparations 
(≥U300) are available for 
specialized applications

 – Veterinary products are 
available as U40 preparations 

Diabetes mellitus (DM) not indicated

*Hyperglycemia may be partly caused by DM in these conditions, as DM may be present at the 
same time as or as a consequence of these disorders.
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YES NO

TREATMENT
Early insulin therapy
h  Goals:
 – Immediate insulin replacement to control 

hyperglycemia
 – Ability to rapidly manipulate glucose level
h  Ultra-short–action or short-action insulin 

is indicated
 – Regular insulin CRI or IM can control 

hyperglycemia 
 – Ultra-short–action insulin can be equally 

effective, but experience is limited in 
dogs and cats

TREATMENT
Transitional insulin therapy
h  Begins when patient is stable, hydrated, 

and able to eat and drink
h  Goals 
 – Control glycemia using intermittent 

insulin administration
 – Insulin duration sufficient to suppress 

hyperglycemia over an extended time 
period

TREATMENT
Initial insulin therapy
h  Goals 
 – Educate pet owners regarding insulin use, including appropriate 

handling and administration techniques and potential for 
hypoglycemic complications 

 – Initiate intermittent insulin therapy
 – Insulin duration sufficient to suppress hyperglycemia over an 

extended time period

INVESTIGATION
Insulin selection
h  No insulin formulation or type is clearly indicated as the preferred 

choice in dogs or cats. However, expert guidelines provide a starting 
point for beginning insulin treatment in diabetic dogs and cats.1

h  Intermediate- and long-action insulin are most suitable for daily 
at-home administration 

 – Twice-daily administration is typical, but once-daily administration 
is possible in some dogs receiving PZI and some cats receiving 
insulin glargine or insulin detemir

h  Other considerations for at-home insulin selection include:
 – Cost
 – Product availability
 – Preferred source for supplies (ie, veterinary clinic vs commercial 

pharmacy) 

Does patient appear ill and possibly require hospitalization?

Uncomplicated DM
h  Hyperglycemia without major metabolic disturbances 

Complicated DM
h  Hyperglycemia
h  Associated metabolic disturbances, 

such as:
 –  Hyperosmolality
 – Ketosis
 –  Acidosis
 –  Electrolyte disturbances
h Diabetic ketoacidosis
h  Hyperglycemia hyperosmolar syndrome
h  DM with concurrent severe illness (eg, 

necrotizing pancreatitis) 

DIAGNOSTIC TREE h ENDROCRINOLOGY/INTERNAL MEDICINE  h PEER REVIEWED
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Does patient maintain normal appetite and water intake?

NO YES

See Chronic Insulin Therapy, next page
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TREATMENT
Chronic insulin therapy
Long-term insulin therapy is guided by information obtained through periodic monitoring.
h  Goals: 
 – Acceptable glycemic control and hypoglycemia avoidance
 – Acceptable patient quality of life
 – Treatment protocol balances patient needs and owner convenience
h  Monitoring may include:
 – Clinical assessment of DM signs, body weight, BCS, activity level, and general health
  •  Periodic use of urine glucose and ketone monitoring is occasionally recommended. Large changes in urine glucose and/or the appearance of 

ketonuria may indicate deterioration of diabetes control in previously regulated dogs and cats. Absence of glucosuria can indicate hypoglycemia.
 – Glycated protein assessment
  •  Serum fructosamine and/or blood hemoglobin A1c levels provide information on blood glucose concentrations over preceding several weeks and 

months, respectively.
 – Glycemic profile assessment
  •  Can be assessed using standard 12- or 24-hour glucose curve(s) or continuous glucose monitoring (eg, interstitial glucose monitoring device) 

methods. These are the only routine methods that assess the pharmacodynamic profile of injected insulin in diabetic dogs and cats and are important 
to evaluate before making a change in insulin formulation (eg, intermediate- to long-action insulin) or type (eg, insulin glargine to insulin detemir). 

  •  Indications for performing a glucose curve include:
   —Concern for hypoglycemia
   —Requiring information not available through other assessments (eg, glycated protein measurement)
   —Determining the time–action profile of insulin used
  •  Curve results can be markedly influenced by the circumstances under which the curve is performed. Steps taken to minimize stress and anxiety 

(eg, performing measurements at home rather than in the clinic) may improve the reliability of information provided by the curve.

DIAGNOSTIC TREE h ENDROCRINOLOGY/INTERNAL MEDICINE  h PEER REVIEWED

NO YES

No change needed Dose change may be needed

INVESTIGATION
h  DM signs persist or signs of hypoglycemia are noted?
h  Laboratory assessments indicate persistent 

hyperglycemia or frequent/intermittent hypoglycemia?
h  Patient quality of life not optimal?

Dose adjustment guidelines:
h  Reduce insulin dose by 25%-50% if hypoglycemia associated with 

clinical signs (eg, lethargy, weakness, seizure, among others) is noted 
or if there is clear evidence for biochemical hypoglycemia 

 – Discontinue insulin if there is evidence of persistent hypoglycemia 
 – Some cats receiving long-term insulin may develop persistent, often 

subclinical hypoglycemia, which may indicate diabetes remission
h  Dose increase is typically done in 10%-20% increments in dogs
h  Minimal dose change in cats is usually 0.5 Unit because of difficulty in 

accurately providing smaller volumes
h  Switching to twice-daily administration is an option when patients on 

once-daily insulin administration require a dose increase due to 
persistent hyperglycemia. Dividing the daily dose may reduce the risk 
for hypoglycemia following a dose increase

Insulin (ie, formulation, type) change
h  Switch insulin based on:
 – Evidence for insufficient insulin duration
 – Substantial peak effect that produces hypoglycemia
 – Whether reduction in administration frequency is 

desired 
h  New insulin should have characteristics or features 

that address the identified deficiencies
 – For example, if NPH has abbreviated duration of 

action in a dog, PZI may be selected as the new 
insulin because of its generally longer duration of 
action 

Re-evaluate 1-2 weeks after any 
adjustment to the insulin protocol

Reference
1. Behrend E, Holford A, Lathan P, Rucinsky R, Schulman R. 

2018 AAHA diabetes management guidelines for dogs and 
cats. J Am Anim Hosp Assoc. 2018;54(1):1-21.

DM = diabetes mellitus

NPH = neutral protamine Hageman

PZI = protamine zinc insulin
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Clinical Relevance of 
Feline Hypertensive 
Oculopathy & Iris 
Vasculature Involvement
Erica Bono, DVM
DJ Haeussler Jr, MS, DVM, DACVO
The Animal Eye Institute 
Cincinnati & Dayton, Ohio
Florence, Kentucky 
Houston, Texas

In the literature
Linek J. Iris aneurysm in feline hypertensive oculopathy. Vet Ophthamol. 
2020;23(3):436-441.

FROM THE PAGE …

Systemic hypertension is commonly accompanied by secondary ocular changes (ie, feline hyperten-
sive oculopathy), often leading to referral to a veterinary ophthalmologist for further management 
due to the risk for blindness in these patients. Ocular signs of systemic hypertension typically involve 
the posterior segment of the eye (eg, retinal detachment, retinal edema and hemorrhage, retinal 
degeneration); however, the anterior segment can also be involved. This primarily manifests as 
hyphema or changes in the iris vasculature.1

In this retrospective study, medical records of 206 cats with documented hypertension (systolic 
blood pressure, >170 mm Hg), fundic changes typical of hypertension in at least one eye, and at least 
one follow-up visit with documented response to amlodipine were reviewed with the purpose of 
describing the prevalence and cause of iris aneurysm in cats with hypertensive oculopathy. Of the 
206 cats, 14% had vascular changes of the iris that were consistent with iris aneurysm. Hyphema was 
present in 30% of all cats; of those with iris vasculature changes, 75% had hyphema. A strong correla-
tion was found between iris aneurysm and hyphema, suggesting that leaky iridal vessels secondary 
to hypertension may be a common cause of hyphema in these patients. Previous studies have pro-
posed hyphema in hypertensive cats to be caused by massive posterior segment hemorrhage 
migrating through the pupil.1

FROM PAGE TO PATIENT
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Fundic changes and hyphema were negatively correlated 
in this study. Of the cats with grade I (ie, retinal folds) or 
grade II (ie, focal retinal edema/bullous elevation) fundic 
changes secondary to systemic hypertension, 57.1% and 
59.4%, respectively, had hyphema. However, cats with 
grade III (ie, segmental retinal detachment/hemorrhage) 
and grade IV (ie, full retinal detachment/hemorrhage) fun-
dic changes had a lower percentage of hyphema (23.9% 
and 18.8%, respectively). This indicates that hyphema in 
cats with systemic hypertension is more commonly seen 
when less severe, nonhemorrhagic fundic changes are 
present.

Histopathologic examination was performed on one eye in 
this study and confirmed the presence of iris aneurysm, 
which was noted to likely be the cause of hyphema for that 
patient, thus providing further evidence that hyphema sec-
ondary to systemic hypertension in cats may be associated 
with iris vasculature changes.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Early referral to a veterinary ophthalmologist for 
management of the ocular signs secondary to feline 
systemic hypertension is important for the success 
of these patients.

2   Blood pressure should be measured in all patients 
presented with hyphema. 

3   This study’s findings cannot be generalized to 
canine patients; iridal vascular changes seen in cats 
with systemic hypertension may be secondary to 
species-specific characteristics of the iris vessels.

Reference
1. Stiles J. Feline ophthalmology. In: Gelatt KN, Gilger BC, Kern TJ, eds. Vet-

erinary Ophthalmology. 5th ed. Hoboken, NJ: Wiley-Blackwell; 2013:1530.
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Malocclusions 
in Puppies
Kendall Taney, DVM, DAVDC
Center for Veterinary Dentistry & Oral Surgery 
Gaithersburg, Maryland

In the literature
Hoyer NK, Rawlinson JE. Prevalence of malocclusion of 
deciduous dentition in dogs: an evaluation of 297 puppies. 
J Vet Dent. 2020;36(4):251-256.

FROM THE PAGE …

In this study, dogs between 8 and 12 weeks of age were examined to evaluate 
occlusion. Dogs were categorized as either individuals or members of a litter and 
further classified as purebred or crossbreed. Occlusions were evaluated by class 
and level of severity. Of the 297 dogs in the study population, 25.9% were identi-
fied as having malocclusion. Individual purebred dogs had a significantly higher 
percentage (33.8%) of malocclusion as compared with individual crossbreed dogs 
(20%). For dogs in litters, no purebred dogs were noted to have malocclusion, 
but 23.5% of crossbreed dogs in litters were presented with malocclusion. When 
all groups were combined, there was no significant difference in prevalence of 
malocclusion between crossbreed and purebred dogs. 

Malocclusions in dogs can vary in severity and are classified based on the relation-
ship of the maxilla and mandible. Class I malocclusion indicates a normal jaw 
relationship, but individual teeth may be malpositioned. Class II malocclusion 
describes occlusion in which the mandible is distal in position to the maxilla (ie, 
mandibular distocclusion). Class III malocclusion describes occlusion in which 
the maxilla is distal in position to the mandible (ie, maxillary distocclusion)1; this 
particular malocclusion may be considered normal in some American Kennel Club 
breeds (eg, brachycephalic dogs). Malocclusions in dogs are common and can 
develop into significant patient morbidity if left untreated. The length of the 
mandibular canines can be problematic in malocclusion, and oronasal commu-
nication can develop from chronic abnormal contact of the mandibular canines 
with the maxillary hard and soft tissue.

FROM PAGE TO PATIENT

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Recognition of malocclusion at an early 
age is important to develop proactive 
treatment plans to reduce future 
patient morbidity. 

2   The age of this study population (ie, 8-12 
weeks) represents an ideal time to eval-
uate for malocclusion. Pet owners may 
not be aware of the presence of dental 
abnormalities in newly adopted pup-
pies and are unlikely to understand the 
significance of malocclusion on the 
comfort and overall health of their pet. 
Occlusal evaluation should be an inte-
gral part of the puppy examination and 
should continue to be performed as the 
patient matures. 

3   Once malocclusion is identified, treat-
ment options should be discussed with 
the owner or the patient should be 
referred for evaluation by a board- 
certified veterinary dentist. Initiating 
treatment in patients with deciduous 
teeth should be strongly considered 
based on the relationship between 
malocclusions of deciduous and per-
manent teeth.2,3

4   Treatment of malocclusion can include 
selective extractions of teeth or crown 
height reduction to remove the trau-
matic contact between abnormally 
positioned teeth.4,5  

References
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Research Note: 
Platelet Function in Cats 
with Hyperthyroidism

In humans, the risk for thromboembolism increases in hyperthyroid patients. Although it is known  
that cats with hyperthyroidism are prone to thromboembolism, the mechanism is unclear. This study 
compared platelet function in hyperthyroid cats with that in euthyroid age-matched cats. The study 
authors hypothesized that hyperthyroid cats would have platelet function abnormalities; however,  
this study did not find platelet function in these cats to be affected. In humans with hyperthyroidism, 
increases are seen in von Willebrand factor; this may be a source for further studies in feline patients. 

Source
Hiebert EC, Panciera DL, Boes KM, Bartl L. Platelet function in cats with hyperthyroidism. J Feline Med Surg. 2020. doi: 
10.1177/1098612X20920585
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Cutaneous Trunci 
Reflex in Cats
Heidi Barnes Heller, DVM, DACVIM (Neurology) 
Barnes Veterinary Specialty Services
Madison, Wisconsin 

In the literature
Paushter AM, Hague DW, Foss KD, Sander WE. Assessment 
of the cutaneous trunci muscle reflex in neurologically 
abnormal cats. J Feline Med Surg. 2020. https://doi.
org/10.1177/1098612X20917810

FROM THE PAGE …

As with all reflexes, there is a sensory and motor component to the cutaneous trunci 
reflex (CTR). The sensory input is via each segmental spinal nerve from T1 to L6, 
and the motor output is via the lateral thoracic nerve found between C8 and T1.1 
Sensory and motor innervation is bilateral; however, stimulation of one side can 
result in a contraction bilaterally. The CTR is used to reliably monitor neurologic 
progression in dogs with thoracolumbar spinal cord injury (eg, disk herniation, spinal 
fracture/subluxation, fibrocartilaginous embolism).2 Evidence of ascending loss 
of CTR following thoracolumbar spinal cord injury could suggest a progression of 
myelomalacia and a worsening prognosis. Similarly, evidence of descending presence 
of the CTR could suggest improvement in spinal cord injury due to resolution of 
bruising, edema, and/or compression. 

This study evaluated the CTR in 182 neurologically abnormal cats with neuroanatomic 
lesion localization anywhere in the central or peripheral nervous system; CTR was 
detectable in 64.8% of the cats. Statistical analysis did not identify an association 
between elicitation of the CTR and age, BCS, sex, breed, evidence of traumatic spinal 
cord injury, metabolic disease, level of mentation, or neuroanatomic lesion localiza-
tion. Although evidence of spinal pain and CTR outcome was significantly associated, 
the authors were unable to illuminate the reason for this finding. 

This article supports the anecdotal clinical evidence that the CTR is unreliable in cats 
and should not be used to assess prognosis or determine the presence or absence of 

thoracolumbar spinal cord disease in 
cats. Furthermore, the authors suggest 
that evaluating the CTR may irritate the 
cat during the examination and make it 
less cooperative.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Eliciting the CTR in cats is 
unreliable.

2   Evaluating the CTR in cats may 
aid neuroanatomic lesion local-
ization if present but asymmet-
ric; however, this may result in 
additional irritation to the 
patient and contribute to poor 
patient cooperation. 

3   The absence of a CTR in cats 
has little to no significance and 
should be disregarded by the 
clinician when attempting to 
determine the neuroanatomic 
lesion localization.

References
1. Holstege G, Blok BF. Descending pathways to 

the cutaneous trunci muscle motoneuronal 
cell group in the cat. J Neurophysiol. 
1989;62(6):1260-1269. 

2. Muguet-Chanoit AC, Olby NJ, Lim JH, et al. The 
cutaneous trunci muscle reflex: a predictor of 
recovery in dogs with acute thoracolumbar 
myelopathies caused by intervertebral disc 
extrusions. Vet Surg. 2012;41(2):200-206.

FROM PAGE TO PATIENT

www.doi.org/10.1177/1098612X20917810
www.doi.org/10.1177/1098612X20917810
www.cliniciansbrief.com


Research Note: 
Visual Aids for Navigation in Blind Dogs

This study evaluated 2 commercially available visual aid devices, one using echolocation and the other a 
physical barrier that incorporates tactile sensation, on the ability of 12 chronically blind dogs’ transit time 
and number of collisions in a maze. All dogs had fewer collisions with the physical barrier device as 
compared with baseline. Smaller dogs (≤26 lb [11.8 kg]) had fewer collisions with the physical barrier 
device as compared with baseline or when acclimatized to the echolocation device. Larger dogs (>26 lb 
[11.8 kg]) completed the maze faster when using the echolocation device as compared with no device or 
when acclimatized to the physical barrier device. Owners did not note any improvement in quality of life 
or home navigation on surveys.  

Source
Bedard KM, Myrna KE, Diehl KA. Preliminary evaluation of effect of two visual aid devices on navigation in blind dogs. J Small Anim 
Pract. 2020;61(5):308-315.
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Calcium Oxalate 
Urolithiasis in 
Miniature Schnauzers
Ewan Wolff, PhD, DVM, DACVIM
Blue Pearl Affiliated Veterinary Specialists Maitland
Maitland, Florida

In the literature
Carr SV, Grant DC, DeMonaco SM, Shepherd M. Measurement of 
preprandial and postprandial urine calcium to creatinine ratios 
in male Miniature Schnauzers with and without urolithiasis. J Vet 
Intern Med. 2020;34(2):754-760.

FROM THE PAGE …

Calcium oxalate urolithiasis continues to be a focus of preventive care research in 
veterinary urology. Monitoring for stone occurrence and recurrence can be achieved 
through radiography and ultrasonography, but resolution and operator/technology 
limitations may prevent efficient monitoring. Current prevention options rely on dietary 
modification, alteration of pH, and decreasing calcium availability in the urine. This 
study used the urine calcium:creatinine (UCa:Cr) ratio to determine whether increased 
postprandial calcium excretion is associated with stone formation in male miniature 
schnauzers.     

Dogs enrolled in the study were split into groups consisting of affected or previously 
affected stone formers versus breed-matched controls. All dogs were fed the same diet; 
urine samples were collected before the dogs ate in the morning, then at 1, 2, 4, and 8 
hours after eating. Nine affected dogs were included in the study, 5 of which had both 
nephroliths and uroliths. When all collection time points were evaluated, dogs with 
elevated urine calcium levels (UCa:Cr >0.05) were 13 times more likely to form stones. 
The calcium level of the urine in these dogs was likely to be higher at the 1- and 8-hour 
sample collection times; however, multiple dogs with uroliths had elevated calcium 
throughout the day. In addition, the authors found a potential link between dyslipid-
emia and stone formation that may parallel human stone etiopathogenesis.1

FROM PAGE TO PATIENT

At UCa:Cr ratio levels >0.06, there was 
good specificity (93%) but poor sensitiv-
ity (56%) for predicting calcium oxalate 
urolithiasis, with a modest positive pre-
dictive value of 83%. Despite multiple 
postprandial timepoints, the UCa:Cr 
ratio was unable to detect an increase in 
postprandial calciuresis, which may be 
due in part to experimental design. 

The ability to detect increased calcium 
in the urine is promising if this can be 
connected to stone formation. Future 
studies may focus more on trending 
urine calcium levels and stone formation. 

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Owners of miniature schnauzers 
should be educated on the 
inherent risk for stone formation 
in their dog and how to identify 
urinary sand and grit prior to 
stone formation.

2   If stones are passed, voided, or 
removed, they should be 
submitted for stone analysis, and 
management options should be 
discussed with the owner when 
results are available.

3   Clinicians should stay apprised of 
the development of UCa:Cr ratio 
testing availability and consider 
this as a potential future tool for 
stone prevention.

Reference
1. O’Kell AL, Grant DC, Khan SR. Pathogenesis 

of calcium oxalate urinary stone disease: 
species comparison of humans, dogs, and cats. 
Urolithiasis. 2017;45(4):329-336.
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Emerging Molecular Tests for 
Differentiating Inflammatory 
& Neoplastic Lymphocytes 
in the Intestinal Tract
Timothy M. Fan, DVM, PhD, DACVIM (Oncology, Internal Medicine)
University of Illinois at Urbana–Champaign

In the literature
Joos D, Leipig-Rudolph M, Weber K. Tumour-specific microRNA expression pattern 
in canine intestinal T-cell-lymphomas. Vet Comp Oncol. 2020. https://doi.org/10.1111/
vco.12570

FROM THE PAGE …

The intestinal tract is a highly specialized organ responsible for nutrient digestion and absorption. In intestinal 
tissue, several cell types (ie, epithelial, mesenchymal, hematopoietic) contribute to preserving normal peristaltic 
functions and maintaining competent physical barriers to luminal microorganisms. Lymphocytes reside in the 
submucosal layer of the intestines and are normally involved in immune surveillance, providing a line of defense 
against luminal pathogens. However, this same population of lymphoid cells can give rise to diverse inflammatory 
or neoplastic pathologies. 

In dogs, 2 notable intestinal diseases include T-cell–rich lymphoplasmacytic inflammatory bowel disease (IBD) and 
T-cell intestinal lymphoma (LSA).1-3 Because both pathologies have a population of predominately CD3+ T lympho-
cytes, differentiating between these clinical entities can be difficult, and definitive diagnosis may require a panel of 
tests, including histology, immunohistochemistry, and molecular profiling through PCR for antigen-receptor rear-
rangements.4 Identifying  complementary surrogate biomarkers, which are reliable and aid in distinguishing inflam-
matory from neoplastic lymphoid pathologies, could advance veterinary medicine.

MicroRNAs are noncoding RNA sequences found in the genome that regulate translation of proteins following gene 
transcription. Based on their mechanism of action, microRNAs can control cell population phenotypes by regulat-
ing the expression of different signaling pathways that influence biologic behaviors.5 Pathologies that may be  
phenotypically similar or overlapping (eg, lymphoplasmacytic IBD, intestinal T-cell LSA) could have differential 
microRNA expression patterns, allowing for these clinically similar diseases to be distinguished from one another 
based on their microRNA profile.

FROM PAGE TO PATIENT
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This study examined the microRNA expression patterns derived from full-thickness 
intestinal biopsies collected from normal dogs and from dogs that had a confirmed 
diagnosis of T-cell–rich lymphoplasmacytic IBD or T-cell LSA. Out of 183 mature 
microRNA candidates, 12 specific microRNAs were selected based on their robust 
and highly differential expressions across groups (normal, IBD, LSA), as well as on 
their predicted functional role in pathologic lymphoid biology. 

When evaluated across 8 normal, 8 IBD, and 8 T-cell LSA intestinal samples, the 12 
microRNA panels produced differential patterns that could differentiate most (7 out 
of 8) cases of intestinal T-cell LSA from either normal intestine or T-cell–rich lymph-
oplasmacytic IBD. In general, intestinal T-cell LSA-associated microRNAs included 
upregulation of oncogenic microRNAs and downregulation of tumor-suppressive 
microRNAs. These preliminary findings derived from a small number of intestinal 
samples suggest that microRNA expression patterns could serve as an adjuvant 
molecular test to aid in the discrimination of intestinal T-cell LSA from other non-
neoplastic intestinal T-cell pathologies.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Intestinal pathologies involving T 
cells can be difficult to clinically 
and phenotypically distinguish 
from one another without more 
advanced molecular diagnostics.

2   MicroRNAs can regulate cell 
biologic behavior by altering the 
expressions of proteins involved 
in diverse signaling cascades 
(tumor suppressor and 
oncogenic pathways).

3   Select microRNA expression 
panels can be useful in 
distinguishing intestinal T-cell 
LSA from nonneoplastic 
pathologies such as IBD, and 
microRNA profiling could be 
considered a complementary 
diagnostic test.
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d  FIGURE Comparative histology (H&E) and immunophenotype (CD3) of IBD 
and T-cell LSA affecting the ileum of 2 different dogs. Lymphoplasmacytic 
IBD and intestinal T-cell LSA can share overlapping histologic findings that 
can make it difficult to distinguish inflammatory versus neoplastic origin. 
Differential criteria used to distinguish IBD and LSA include degree of 
epitheliotropism (LSA > IBD), degree of heterogeneity of inflammatory infil-
trate, and cellular interactions with adjacent tissues (expansive nature [IBD] 
vs infiltrative/effacement nature [T-cell LSA]). With CD3+ lymphocytes, IBD 
lesions are expansile but not infiltrative, with few epitheliotropic lympho-
cytes. In comparison, LSA lesions have a high degree of epitheliotropism 
and monomorphic effacement of underlying enterocytes. Image courtesy of 
Jonathan Samuelson, University of Illinois at Urbana–Champaign

H&E CD3 IHC

IBD
(lleum)

LSA
(lleum)
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Vitamin D Status in Cats 
with Cardiomyopathy
Ashley E. Jones, DVM, DACVIM (Cardiology)
Trillium Veterinary Cardiology
Ontario, Canada

In the literature
Ware WA, Freeman LM, Rush JE, Ward JL, 
Makowski AJ, Zhang M. Vitamin D status in 
cats with cardiomyopathy. J Vet Intern Med. 
2020;34(4):1389-1398.

FROM THE PAGE …

Vitamin D is a fat-soluble vitamin. Severe vitamin D deficiency 
can cause rickets or osteomalacia, and even subclinical 
vitamin D deficiency can have detrimental effects.1 In humans 
with cardiovascular disease, low vitamin D levels have been 
associated with progressive disease and poorer outcomes. 
Vitamin D levels in cats, particularly cats with cardiomyopathy, 
have not been well-studied.

The biologically active form of vitamin D is calcitriol (1, 25[OH]2D3). 
Dogs and cats must obtain precursors for vitamin D from their 
diet, as they cannot convert precursors in the skin to vitamin D 
with exposure to ultraviolet light.2 Dietary precursors include 
cholecalciferol (25[OH]D3; vitamin D3) from animal food sources 
and ergocalciferol (25[OH]D2; vitamin D2) from plant-based 
sources. Cats also form a C3 epimer of vitamin D3 (3-epi).3 This 
epimer has also been observed in humans, rats, and dogs but at 
very low levels.2,4,5 Assessment of vitamin D status is generally 
based on serum levels of precursors, as calcitriol is less stable in 
circulation.

The primary goal of this cross-sectional observational study 
was to determine if vitamin D status is lower in cats with car-

FROM PAGE TO PATIENT

diomyopathy. As a secondary goal, this study also evaluated 
whether vitamin D levels were associated with certain patient 
variables or severity of cardiomyopathy.

Clinical cases of cats with echocardiographic evidence of left 
atrial enlargement secondary to any type of cardiomyopathy 
(n = 44), including hypertrophic, restrictive, dilated, or unclas-
sified/nonspecific, were recruited. A group of normal cats  
(n = 56) was also enrolled for comparison. All cats had to be 
primarily fed a commercial cat food, and a detailed dietary 
history was obtained for each cat. A venous blood sample was 
collected from each cat and submitted for measurement of 
25(OH)D2, 25(OH)D3, and 3-epi. Only 25(OH)D3 and 3-epi levels 
were included in the final analysis; 25(OH)D2 was below 
detectable limits for both groups. 

Increasing age was significantly associated with decreasing 
levels of both 25(OH)D3 and summation vitamin D levels (ie, 
25[OH]D3 combined with 3-epi), whereas left ventricular frac-
tional shortening and survival times were positively correlated 
with 25(OH)D3 and summation vitamin D levels. Cats with car-
diomyopathy had significantly lower summation vitamin D lev-
els. The cardiomyopathy group had higher estimated levels of 
dietary vitamin D intake, but no correlation between intake 
and serum levels of 25(OH)D3, 3-epi, or summation vitamin D 
levels was noted.

Overall, older cats had lower levels of vitamin D. In addition, 
summation vitamin D levels were lower in cats with cardiomy-
opathy as compared with normal cats. Both 25(OH)D3 and 
summation vitamin D levels were positively associated with 
fractional shortening and survival time. Of note, there were 
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substantial levels of the epi-3 metabolite 
detected in both groups of cats, suggesting 
this metabolite is important in this species, 
and summation vitamin D may be a poten-
tially more useful clinical index for assess-
ment of vitamin D status in cats as compared 
with 25(OH)D3 alone.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Both vitamin D3 and its C3 epimer 
(3-epi) can be measured in cats, and 
levels of 3-epi appear to be higher in 
cats as compared with humans and 
dogs.

2   Age appears to have a significant effect 
on vitamin D levels in cats, and lower 
levels may be noted in older cats, 
regardless of cardiomyopathy status.

3   Vitamin D3 and the summation of 
vitamin D3 and 3-epi appear to be 
positively correlated with survival; 
lower levels may be noted in cats with 
more advanced cardiomyopathy and 
congestive heart failure.
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Oral Neoplasia in Rabbits
Tracey K. Ritzman, DVM, DABVP (Avian), DABVP (Exotic Companion Mammal) 
Breton Village Animal Clinic
Grand Rapids, Michigan

In the literature
Miwa Y, Nakata M, Chambers JK, Uchida K. Spontaneous oral tumours in 18 rabbits 
(2005-2015). J Small Anim Pract. 2019. doi: 10.1111/jsap.13082

FROM THE PAGE …

Most clinical information on pet rabbits focuses on dental disease and facial abscesses; information on oral 
neoplasia in the literature is limited for these animals. This study retrospectively reviewed records from a 
population of pet rabbits in Japan over a 10-year period.  

Rabbits have special anatomic and physiologic characteristics in relation to their mouths. These include incisor 
and cheek teeth being elodont and hypsodont, with their teeth continuing to grow throughout the rabbit’s life-
time.1,2 Rabbits also have characteristic morphology of the maxilla and mandible, which allows for only a very 
small and narrow opening of the mouth.1-2 These anatomic considerations can affect the clinician’s ability to 
perform an oral examination, testing, and treatment in rabbits with oral disease. 

Clinical signs of oral neoplasia in rabbits may be similar or identical to those of dental disease. Common clinical 
signs include dysphagia, ptyalism, weight loss, anorexia, and oral hemorrhage.1,3-5 Physical examination findings 
can include oral mass, malocclusion, ulceration, and abnormal odor and/or drainage.1,3-5 

A thorough oral examination with the patient under sedation or general anesthesia is one of the most important 
diagnostic evaluations. Visual examination of the mouth of an awake rabbit is inherently limited and will not allow 
a thorough evaluation of the oral cavity. Diagnostic imaging (eg, skull and thoracic radiography, CT) for evaluation 
of masses involving the mouth or head can be useful. 

Blood work changes in this study were determined to be nonspecific for oral neoplasia. Definitive diagnosis 
requires either a cytologic sample (eg, fine-needle aspirate), soft tissue biopsy, or surgical resection and 
histopathology. 

In this study, 13 different tumor types were diagnosed in 18 rabbits: squamous cell carcinoma (n = 3), ameloblas-
toma (n = 2), fibrosarcoma (n = 2), osteosarcoma (n = 2), cementoma (n = 1), complex odontoma (n = 1), giant cell 
epulis (n = 1), sarcoma (n = 1), chondrosarcoma (n = 1), trichoepithelioma (n = 1), papilloma (n = 1), malignant mela-
noma (n = 1), and basal cell carcinoma (n = 1).

FROM PAGE TO PATIENT
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Treatment of oral neoplasia in the rabbits in this study included surgical debulking of the mass or 
an attempt at surgical resection.3-5 Often, it was not possible to obtain clean margins at the time 
of surgery due to the aforementioned anatomic considerations of this species. Radiation therapy 
was performed in several patients in this study with positive clinical results. Tumor type may help 
determine response to certain treatment modalities. Several patients experienced tumor recur-
rence. Many of the rabbits required regular dental care (eg, trimming or adjustment of the incisor 
or cheek teeth) to manage overgrowth or malocclusion.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Oral tumors are uncommon in rabbits as compared with some other small mammal 
species (eg, hedgehogs, ferrets); however, the rate of occurrence in rabbits may be similar 
to that of dogs. 

2   Age and sex predisposition may exist in rabbits with oral neoplasia. Middle- to older-age 
male rabbits may have higher risk for oral neoplasia. 

3   Clinical signs of oral neoplasia in rabbits are often similar to those of dental disease, which 
is a more common condition. Clinical signs include dysphagia, dropping of food from the 
mouth, anorexia, malocclusion, ptyalism, and oral hemorrhage. Diagnostics such as 
imaging, cytology, and/or histopathology are required for definitive diagnosis.
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Isoxazolines for 
Treatment of Demodicosis
Charlie Pye, DVM, DVSc, DACVD 
University of Prince Edward Island
Charlottetown, Prince Edward Island

In the literature
Zhou X, Hohman A, Hsu WH. Review of ex-
tralabel use of isoxazolines for treatment of 
demodicosis in dogs and cats. J Am Vet Med 
Assoc. 2020;256(12):1342-1346.

FROM THE PAGE …

Demodex canis, the most common Demodex species leading 
to canine demodicosis, is a normal part of the skin microbiota 
but can proliferate secondary to immunocompromise.1,2 

Demodicosis is characterized by time of onset (juvenile vs 
adult) and areas affected (localized vs generalized). Localized 
demodicosis is generally self-limiting, whereas generalized 
demodicosis can be difficult to treat. 

Topical amitraz, the only FDA-approved drug for the treatment 
of demodicosis in the United States, has been considered the 
standard for decades. Treatment requires intense topical ther-
apy and carries risk for severe adverse effects. Topical moxidec-
tin formulations are labeled for demodicosis treatment in other 
countries but not in the United States. Additional treatments 
include ivermectin, moxidectin, doramectin, lime sulfur, milbe-
mycin oxime, and isoxazolines.3-5 Many treatments have a high 
risk for adverse effects, and some can be cost-prohibitive. 

This article reviewed the use of isoxazolines in the treatment of 
demodicosis in dogs and cats, as well as the safety of orally 
administered formulations of these drugs.

Isoxazolines are FDA-approved for use against fleas and ticks. 

FROM PAGE TO PATIENT

Oral canine formulations include afoxolaner, sarolaner, fluralaner, 
and lotilaner.6 Topical fluralaner is available for use in dogs and 
cats.7 Field trials and reports have demonstrated successful treat-
ment of generalized demodicosis using isoxazolines8-14:
h  Oral fluralaner has been shown to decrease the number of 

mites identified on scrapings by 100% at day 56.8 Topically 
administered fluralaner had similar efficacy.9 Another field 
study demonstrated parasitological cure in dogs with juve-
nile and generalized demodicosis within 2 to 4 months.10

h  Both oral afoxolaner and lotilaner have been shown to 
reduce mite numbers by ≈99.9% on day 56 and 100% on 
day 84.11,12 

h  Sarolaner has been shown to reduce mite numbers by 99.8% 
within 29 days with no live mites detected thereafter; the con-
trol treatment had a lower efficacy with a longer duration of 
treatment.13 A multicenter study found mite counts decreased 
by 100% by day 150 following monthly administration of saro-
laner as compared with the control that resulted in 82.2% 
reduction at 6 months.14

No large studies have been performed to investigate efficacy 
of isoxazoline treatment of feline demodicosis, although 
reports describe elimination of D gatoi and D cati after a single 
dose of oral fluralaner.15,16

Oral fluralaner, afoxolaner, and sarolaner have all been assessed 
for safety in 8-week-old puppies receiving ≤5 times the maxi-
mum dose17,18; no major adverse effects or impact on growth 
have been associated with treatment.19,20 In one study, oral saro-
laner at ≤5 times the maximum dose was administered to adult 
beagles, with no adverse effects noted.19 In another study, oral 
lotilaner was administered to 112 cats, with no adverse effects 
documented.20 Oral fluralaner in breeding dogs has not been 

Continued h
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shown to have significant impact on reproduc-
tive performance or semen quality when 
administered at 3 times the maximum dose 
from breeding until weaning.7

Many historical treatments for demodicosis 
cannot be used in dogs with the multidrug 
sensitivity gene (MDR1 gene, also known as 
ABCB1 gene) mutation.21 Isoxazolines have the 
potential to cause neurologic excitation in 
vertebrates by blocking γ-aminobutyric acid-
gated chloride channels. Fluralaner has been 
evaluated in dogs homozygous for the MDR1 
mutation, and only minor clinical findings not 
associated with treatment have been 
observed.22 One report described neurologic 
signs observed in some dogs when given 
sarolaner doses higher than recommended.23 
One clinical report noted transient neurologic 
abnormalities in a young dog after adminis-
tration of fluralaner at the recommended 
dose.23 The FDA has reported adverse neuro-
logic reactions across the isoxazoline class 
but has stated this class is effective and safe 
for most animals.24

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Isoxazolines are not currently labeled 
for the treatment of demodicosis in the 
United States, but studies and clinical 
reports support their clinical use.

2   Isoxazolines appear to be well-
tolerated in most dogs, with minimal 
adverse effects; however, neurologic 
adverse effects have been reported.

3   Findings suggest that fluralaner is 
well-tolerated in dogs with the MDR1 
mutation. Findings suggest that flu-
ralaner is well-tolerated in dogs with 
the MDR1 mutation.
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Outcome of Cats with Nasal 
Lymphoma Treated with Radiation
Kate Vickery, VMD, MS, DACVIM (Oncology)
Colorado State University Veterinary Teaching Hospital
Flint Animal Cancer Center
Fort Collins, Colorado

In the Literature
Meier VS, Beatrice L, Turek M, et al. Outcome 
and failure patterns of localized sinonasal 
lymphoma in cats treated with first-line single-
modality radiation therapy: a retrospective 
study. Vet Comp Oncol. 2019;17(4):528-536

FROM THE PAGE …

Lymphoma is a major nasal cancer in cats, comprising ≤65% of 
nasal cancer cases.1-3 Cancer-specific treatment options include 
radiation (local treatment), chemotherapy (systemic treatment), 
or a combination of both.4-6 It is unclear whether local, systemic, 
or combined treatment should be used as a first-line approach 
for localized lymphoma in cats or whether chemotherapy 
should be reserved for certain disease stages or recurrences.4-6 
Furthermore, the rate and location of tumor progression after 
treatment with radiation alone have not been well-defined. 

This multi-institutional retrospective study evaluated cats with 
presumed localized sinonasal lymphoma treated with radiation 
alone using 1 of 3 protocols. The objective was to describe the 
failure pattern, time to progression, and overall survival rate and 
to identify prognostic factors that predict outcome.

Fifty-one cats were included in the study; the most common 
clinical signs were nasal discharge (74.5%) and stertor/stridor 
(70.6%). Fifty-one percent of cats had advanced tumors (clinical 

FROM PAGE TO PATIENT

stage III; orbital, nasopharyngeal, subcutaneous, or submucosal 
involvement). Tumor grade was available in 42 cats; 40 (95.2%) 
had a high-grade tumor. These data collectively suggest that 
lymphoma is an aggressive cancer in cats. 

Clinical response to treatment was subjectively assessed (ie, 
improvement in nasal signs) in 50 cats; responses were charac-
terized as complete in 40 cats (80%), partial in 8 cats (16%), 
and stable in 2 cats (4%). Objective assessment of tumor 
response based on imaging was difficult to assess, as there 
were no standardized timepoints. In the 50 cats in which clini-
cal response to treatment was assessed, disease progression 
occurred in 49% in the following pattern: 9.8% local progres-
sion (sinonasal, nasopharynx, or both), 3.9% locoregional 
(regional lymph node involvement only), 5.9% local and locore-
gional, 17.6% systemic (extending to distant organs), and 11.8% 
local and systemic. Despite the lengthy overall median time to 
progression (ie, 32.4 months), when systemic progression 
occurred, it developed early (ie, within 1.5-7 months after radi-
ation) in all but 2 cats. 

Radiation protocol and other factors evaluated, including gluco-
corticoid use and tumor factors (eg, size, grade, location, stage), 
were not predictive of overall time to progression or overall sur-
vival time.

This study demonstrates that radiation is an effective treatment 
for localized sinonasal lymphoma with a long time to progres-
sion; however, in 33% of the cats, systemic disease progression 
occurred soon after radiation.

www.cliniciansbrief.com


… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Because the most common clinical signs in this study were nasal 
discharge and stertor/stridor, nasal lymphoma should be high on the 
differential list for cats presented with chronic and/or recurrent nasal 
signs.

2   Most cats were diagnosed with advanced-stage and high-grade 
phenotype; however, many experienced long-term benefits from 
radiation treatment.

3   One-third of cats experienced early systemic progression. Full staging 
was not required in this study; however, full staging is recommended 
for clinical cases so the best treatment protocol can be planned. If 
there is clear evidence of systemic disease, combination therapy (ie, 
radiation and chemotherapy) may be beneficial.
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Research Note: 
Focused Cardiac Ultrasound for 
Identifying Causes of Respiratory Distress

The ability to differentiate cardiac from noncardiac causes of respiratory distress is critical for enabling rapid 
initiation of appropriate treatment. FOCUS (focused cardiac ultrasound) is used in human medicine to help assess 
dyspneic patients in emergency situations. This study evaluated the use of FOCUS for differentiating cardiac from 
noncardiac causes of respiratory distress in veterinary patients. Emergency medicine and critical care clinicians 
categorized 38 dogs with respiratory distress as cardiac or noncardiac both before and after FOCUS. The accuracy 
of these diagnoses was calculated against a reference diagnosis, which was determined on the basis of consensus 
between a board-certified cardiologist and a board-certified emergency medicine and critical care specialist. 
Overall percent agreement between the emergency clinician and the reference diagnosis was 77.1% before FOCUS 
and 85.7% after FOCUS. Although FOCUS was helpful as compared with a physical examination and medical 
history alone, the difference was not statistically significant. In addition, a small percentage of dogs remained 
incorrectly diagnosed post-FOCUS. FOCUS also did not change the percent agreement between diagnoses made 
by faculty versus those made by residents. n

Source
Hezzell MJ, Ostroski C, Oyama MA, Harries B, Drobatz KJ, Reineke EL. Investigation of focused cardiac ultrasound in the emergency room for 
differentiation of respiratory and cardiac causes of respiratory distress in dogs. J Vet Emerg Crit Care. 2020;30(2):159-164.
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Background & Pathophysiology 
Canine-Directed Aggression
Several breeds (eg, Jack Russell terriers, Akitas, pit bull 
terriers) have been shown to exhibit a higher incidence 
of aggression toward other dogs.6,7 Conformation-bred 
English springer spaniels have been shown to be more 
aggressive toward other dogs as compared with field-bred 
springer spaniels.6 Other studies suggest that intact male 
dogs have a higher incidence of aggression as compared 
with neutered male dogs7 and female dogs have a higher 
incidence of aggression toward other dogs as compared 
with male dogs.8 Dogs not socialized during the social-
ization window (3-14 weeks of age) and those not living 
with other dogs are more likely to have increased aggres-
sion toward unfamiliar dogs.7 Territorial aggression and 
generalized anxiety are common comorbidities associ-
ated with interdog aggression.8

Because a genetic predisposition for behavior problems 
is possible, it is not recommended to breed dogs that 
demonstrate signs of aggressive behavior.

Canine aggression toward humans and 
other dogs is common. Various studies 
have suggested that the prevalence of 
canine-directed aggression ranges from 
16% to 35%, depending on the study 
population and geographic location.1-3 In a 
retrospective study on behavior disorders 
in dogs, almost 61% of dogs presented had 
human-directed aggression (both familiar 
and unfamiliar).1 Another retrospective study 
showed that 38.55% of dogs presented had 
aggression toward their owner and 21.95% 
had aggression toward unfamiliar humans.2 
Aggression is a concern for both animal welfare 
and mortality, as it is a common reason pet 
owners relinquish their dog.4,5

Canine Aggression 
Toward Other 
Dogs & Humans
Amy L. Pike, DVM, DACVB
Animal Behavior Wellness Center  
Fairfax, Virginia
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Spaying and neutering are unlikely to resolve 
aggression toward other dogs unless the aggres-
sion is between intact males and associated with 
competition for access to a female in estrus. Stud-
ies have shown that age at gonadectomy does not 
seem to affect incidence of aggression toward 
other dogs.9

Human-Directed Aggression
In a comprehensive survey study of risk factors for 
human-directed aggression,10 spayed dogs were 
less likely to show aggression toward either famil-

iar or unfamiliar humans. As the age of the dog 
increased, so did the incidence of aggression 
toward unfamiliar humans. Working dogs and 
hounds had higher risk for aggression toward 
familiar humans, and gun dogs (ie, bird dogs) had 
decreased risk for aggression toward unfamiliar 
humans. Dogs that attended a puppy training 
class had decreased risk for aggression toward 
unfamiliar humans. Punitive methods of training 
were shown to increase the possibility of aggres-
sion toward both unfamiliar and familiar humans. 
However, it is important to note there was only a 
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SOCRATES MNEMONIC FOR PAIN ASSESSMENT
The following has been modified to assess for a history of 
aggression.

Site
h Where does aggression occur (eg, on the bed, on the 

couch, in the kitchen, in the backyard)?

h Who or what is aggression directed toward?

Onset
h When did aggression begin?

h Was the onset sudden or gradual?

h Were early warning signs (eg, fear) observed in certain 
situations?

h Did a traumatic event precede the onset of aggression?

Character
h How does aggression manifest (eg, barking, snarling, 

growling, lunging, snapping, nipping, biting)?

h What type of injuries (if any) have been sustained?

h How does the dog appear during the aggression episode? 
Body position and posture of the ears, eyes, mouth, and 
tail can help determine whether aggression is offensive 
or defensive in nature.

h Does the dog bite once and then retreat, or does it 
continue to bite and hold until removed from the target?

h Does the dog separate itself or is owner intervention 
necessary?

 –  If owners must intervene, what type of injuries have 
been sustained (if any)?

Radiation
h Does aggression extend to other circumstances?

h Does aggression continue after the trigger or stimulus 
has been removed?

h Does the dog redirect its behavior to a human or another 
dog when aggressively aroused?

Associations
h Is aggression associated with any events (eg, a food bowl 

is present, another dog approaches the owner, visitors 
are present)?

Time course/pattern
h Does aggression follow a pattern (eg, only at night, after 

a prolonged absence of the owner, when visitors are 
present)?

Exacerbating or relieving factors
h What measures have been taken to mitigate aggression?

h Have other training methods been previously used?

h Have any medications, supplements, nutraceuticals, 
pheromones, or over-the-counter products been used?

h Which interventions have helped or exacerbated 
aggression?

Severity

h According to the owner, how severe is the dog’s 
aggression on a scale of 1 to 10? (This scale can help gauge 
the severity of aggression and determine the likelihood 
the owner will euthanize or rehome the dog. Bite severity 
can also be classified using an available bite scale.20-22)
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small amount of variance between aggressive and 
nonaggressive dogs, meaning that although these 
general characteristics may be true at the popula-
tion level, it is unlikely each dog’s ultimate risk 
can be determined based on characteristics such 
as breed. A dog’s history and experiences are likely 
to be more important.

As with canine-directed aggression, breeding is 
not recommended, and spaying or neutering after 
onset is unlikely to affect incidence.

History & Clinical Signs
The approach to diagnosis and treatment is similar 
for both human-directed and canine-directed 
aggression and should begin with taking a thor-
ough behavior history; the SOCRATES Mnemonic 
for Pain Assessment was originally developed for 
assessing pain but can be modified to assess a his-
tory of aggression.11

A primary clinical disorder that could contribute to 
or cause aggression should also be ruled out (see 
Aggression Caused by a Medical Condition), as 
increased patient irritability can lead to or increase 
the likelihood of behavior disorders, even when no 
clinical underpinning is evident.12 A physical 
examination (including orthopedic and neurologic 
evaluation), CBC, serum chemistry profile, and uri-
nalysis should be performed and followed by fur-
ther testing (eg, imaging, endocrine testing) as 
indicated by initial diagnostics. After clinical disor-
ders have been ruled out or appropriately treated, 
the behavior disorder can be addressed with a com-
prehensive treatment plan.

Diagnosis
Aggression can be diagnosed based on the target 
and motivation of aggression. Targets are either 
familiar (eg, typically dogs or humans living in 
the same household, frequent household visitors) 
or unfamiliar. Humans considered familiar by the 
owner can still be considered unfamiliar by the 
dog. It is important to identify the target because 
management, behavior modification strategies, 
and prognosis differ based on the target.

Continued h

AGGRESSION CAUSED BY A MEDICAL CONDITION
The following is a case in which the patient showed canine-directed 
aggression caused by a medical condition (ie, otitis externa). 

h Dwight D. Eisenschnauzer (ie, Ike), a 2-year-old neutered male 
giant schnauzer, has a history of chronic Malassezia spp otitis 
externa. When Ike experiences a recurrence of otitis, he displays 
resource guarding of his toys (Figure), owner, food, and resting 
spots from another dog in the house (Scoobert, a 1-year-old 
neutered male miniature schnauzer). When Ike is not experiencing 
a recurrence of otitis externa, he is friendly with Scoobert and 
does not resource guard.

h Treatment for interdog aggression involves early recognition of 
aggression (eg, Ike blocking Scoobert’s access to the owner or 
taking treats quickly and frenetically in Scoobert’s presence) 
or signs of otitis externa (eg, head shaking, ear scratching with 
accompanying groaning). When this occurs, resources should be 
managed, medical treatment should be given for otitis externa, 
and time of separation between the dogs should be increased 
until the otitis externa is resolved.

d  FIGURE Ike with a tennis ball (ie, resource) that he guards during cases of 
recurrent otitis externa

www.cliniciansbrief.com


CONSULT THE EXPERT h BEHAVIOR h PEER REVIEWED

72  cliniciansbrief.com  November/December 2020

Muzzling does not prevent 
aggression but can prevent
serious injuries when 
aggression is triggered.

Aggression may be based on the following:
h  Fear (seen with offensive or defensive body pos-

ture in response to proximity with another dog)
h  Resources (ie, conflict associated with resources 

[eg, food, toys, high-value bones, access to 
spaces, resting spots, human attention])

h  Arousal (ie, a state of high-excitement [eg, when 
the doorbell rings] or overly exuberant play that 
switches to aggression toward another dog)

h  Handling (eg, ear cleanings, paws being wiped, 
fur being brushed, nail trims, leash/collar/har-
ness being clipped on)

h  Redirection (ie, target of the aggression cannot 
be reached, so aggressive behavior is directed at 
an alternate target [eg, a dog being walked on 
leash with its housemate shows aggression 
toward an unfamiliar dog but attacks the house-
mate])

h  Predation (ie, aggression directed toward 
smaller dogs that is often silent, with no warn-
ing except perhaps stalking and staring at the 
target)

h  Social conflict between 2 dogs competing for 
social hierarchy

Treatment & Management 
Management
Management is the first step in a comprehensive 
treatment plan for aggression and begins with 
identification and avoidance of triggering situa-
tions. Owners should be able to recognize signs of 
fear, anxiety, stress, and nonverbal precursors of 
aggression in their pet to help predict and avoid 
aggressive episodes; these signs include defensive 
postures such as pinned-back ears, lip licking, 
panting, wrinkled brow, gaze aversion, rapid 
blinking, wrinkled nose, crouched body, and 

tucked tail. Offensive postures include a high-held 
tail, leaning forward, direct staring, erect ears, 
and a tall, stiff body position. Recognition of body 
language is especially important when complete 
separation or management is not feasible.

When the target is an unfamiliar dog, locations 
such as dog parks, doggy daycare, and clinic and 
groomer waiting rooms should be avoided. At the 
clinic, owners can stay in their vehicle with the 
dog until they can be taken straight to the exam-
ination room. Triggering situations (eg, leash 
walking during high-traffic times, leash walking 
in areas in which other dogs may be encountered, 
guests bringing a dog to the home) should also be 
avoided.

When the target is unfamiliar humans, avoidance 
can include not allowing visitors in the home 
unless the dog is confined in another room, taking 
the dog on a leashed walk during low-traffic times 
and in locations in which a minimal number of 
humans will be encountered, crossing the street 
when others are approaching, and never allowing 
unfamiliar humans to pet the dog.

When the aggression target is a familiar dog or 
human, complete avoidance can be difficult. Con-
flict over resources can be avoided by feeding the 
dogs in separate confined locations and providing 
high-value bones, chews, or toys only during separa-
tion or confinement. Management of all resources 
may be necessary in some cases, especially if the 
owner is unable to effectively monitor or identify 
body language indicators, but can increase stress 
and may not be possible in all cases. Arousal, redi-
rected aggression, and predation can only be com-
pletely prevented by separate confinement of the 
dogs at all times, as the inciting triggers are often 
random and unpredictable and aggression can be 
triggered quickly with few warning signs.

Owners should be advised against attempting to 
take a stolen or given object (eg, chew bone) away 
from the dog. Aggression caused by fear, handling, 
redirection, or social conflict typically includes a 
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behavior trigger (identified during the behavioral 
assessment); avoidance of the trigger is paramount 
and training is needed, including cue-response- 
reward–based training (eg, training the dog to 
stay off furniture), systematic desensitization, 
and/or counterconditioning to physical handling 
or use of a collar, leash, or harness.

Other management techniques include basket 
muzzle training (see Suggested Reading, page 
75), using baby gates to confine the dog, or crate 
training. Muzzling does not prevent aggression 
but can prevent serious injuries when aggression 
is triggered. Muzzling a dog that remains in a 
provocative yet avoidable situation should be 
considered inhumane.

Behavior Modification
Behavior modification should follow management 
when treating aggression. General clinicians 
should emphasize the importance of behavior 
modification and refer owners to a board-certified 
trainer, behavior consultant, or veterinary behav-
iorist with appropriate credentials, educational 
background, and continuing education (see Sug-
gested Reading, page 75). It is important to note 
that punishment tools (eg, shock collars [ie, stim 
collars, electronic collars], prong or pinch collars, 
choke collars, use of bags of chains or cans of pen-
nies) and techniques (eg, leash popping, alpha 
rolls, other dominance-based methods) are not 
recommended. Many punishment-based trainers 
claim to treat aggression, but these techniques ulti-
mately worsen the disorder and put the safety of 
the owner and others at risk.13

Medication
Medication therapy includes administration of 
products (eg, pheromones, nutraceuticals) and/or 
medication to decrease fear, anxiety, stress, and/
or overall arousal. FDA-approved behavior medica-
tions are only approved for treatment of specific 
behaviors in dogs (eg, separation anxiety, noise 
aversion). These products and medications may 
caution against use for treatment of aggression 
due to possible bite disinhibition, in which anxi-
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ety preventing the dog from becoming more 
aggressive or using less inhibited forms of aggres-
sion is relieved. This potentially allows the dog to 
become more emboldened, more offensive, and 
less inhibited, thereby increasing the potential for 
aggression. This phenomenon is rare, but manage-
ment strategies must be in place and owners 
warned of this potential before anxiolytic inter-
ventions are implemented.

There is anecdotal evidence that extra-label use of 
FDA-approved behavior medications for patients 
with aggression is common. Commonly used phar-
macologic medications include selective serotonin 
reuptake inhibitors (eg, fluoxetine, sertraline, 
paroxetine), tricyclic antidepressants (eg, clomip-
ramine), α2 agonists (eg, clonidine, dexmedetomi-
dine), benzodiazepines (eg, alprazolam, diazepam, 
lorazepam, clorazepate), serotonin antagonist and 
reuptake inhibitors (eg, trazodone), and α2δ 
ligands (eg, gabapentin). Commonly used supple-
ments include pheromones (eg, dog-appeasing 
pheromone) and nutraceuticals (eg, L-theanine, 
α-casozepine).

Limited data are available on various medications 
and products. α-casozepine has been shown to be as 
effective as monoamine oxidase inhibitors (eg, sele-
giline) for treatment of anxiety-related disorders, 
although aggression was not specifically consid-
ered.14 Clonidine and fluoxetine in combination 
with clorazepate have been shown to help with 
aggression.15,16 Trazodone has been shown to help 
dogs with anxiety-related disorders17 and thus 
could be useful in cases of aggression that are a 
result of fear or anxiety. In a small study comparing 
clomipramine with amitriptyline, clomipramine 
was shown to help with aggression and was as effec-
tive as amitriptyline in decreasing aggression.18

Patients should be individually evaluated to 
determine the best protocol to reduce daily and 
event-associated anxiety. Clinicians may need to 
consult with a board-certified veterinary behaviorist 
or a resident in clinical behavioral medicine to 
determine the best protocol.
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Prognosis & Prevention 
Canine-Directed Aggression
Appropriate socialization in a safe, controlled 
environment when puppies are 3 to 14 weeks of 
age is critical to prevent aggression toward other 
dogs. Clinicians should not recommend avoiding 
other dogs until after the full round of vaccina-
tions, as the risk for developing infectious diseases 
at puppy socialization classes has been shown to 
be negligible.19

Human-Directed Aggression
Clinicians must inform owners of the prognosis 
and risk factors associated with dogs that are 
aggressive toward human members of the house-
hold, especially when euthanasia is a possibility. 
Risk factors that should be considered include20:
h  The family’s ability to manage the dog during 

treatment
h  Severity of bites
h  Number of bite incidents
h  Members of the household (particularly those 

who are children, elderly, or cognitively impaired)
h  Predictability of the aggression
h  Size of the dog
h  Context of the aggression
h  Concurrent medical disease

Prognosis depends on the owner’s ability to iden-
tify the aggression triggers, manage and avoid 
those triggers, and recognize early warning signs 
of the aggression, as well as the size of the dogs 
involved, extent of any injuries that occurred pre-
viously, and the dog’s initial response to treatment. 
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Setting realistic expectations is important so the 
owner can determine if they are capable of con-
tinuing treatment and assess the possibility of 
rehoming the dog. The clinician and owner can 
determine if humane euthanasia should be consid-
ered as an alternative option. If there are children 
or elderly people at risk, serious consideration 
should be made for rehoming or euthanasia.

Clinical Follow-Up/Monitoring
Regular follow-up is essential to identify manage-
ment and medication failures and to assess if the 
behavior modification program is progressing 
appropriately and whether adjustments should be 
made. Recheck evaluation should be performed at 
least every 4 weeks. Owners should meet with a 
veterinary behaviorist, trainer, or behavior con-
sultant weekly or every other week. On recheck 
examination, improvement in intensity of the 
behavior, frequency of the behavior, and recovery 
period after being triggered should be assessed. 
Although a decrease should be seen in all of these 
areas after treatment, in severe cases, improve-
ment may only be seen in intensity and recovery; 
frequency may only be decreased with strict man-
agement. Adjustments should be made if a 50% 
improvement is not seen at each recheck.

Conclusion
Canine aggression toward humans and other 
dogs is a common behavior complaint that can be 
treated with appropriate management strategies, 
anxiolytic products and medication, and behavior 
modification. n
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DIFFERENTIAL DIAGNOSIS h INTERNAL MEDICINE h PEER REVIEWED

Following are differential diagno-
ses for patients presented with 
nonregenerative or regenerative 
anemia.

Nonregenerative Anemia* 
h  Anemia of inflammatory/chronic disease
h  Chronic renal disease
h  Endocrine disease 
  •    Hyperestrogenism (eg, Sertoli cell tumor)
  •   Hypoadrenocorticism
  •   Hypothyroidism
h  Hemophagocytic syndrome (secondary to 

histiocytic sarcoma, lymphoma, or other neo-
plastic, infectious, or immune-mediated dis-
ease)

h  Hospital-acquired anemia (secondary to 
repeated blood sampling, surgery, inflamma-
tion, or hemodilution)

h  Iron deficiency anemia; can be regenerative 
initially (eg, secondary to GI bleeding, ecto-
parasites [eg, fleas], or lead toxicity)

h  Primary bone marrow disease (often with 
other concurrent cytopenias and/or dysplasia, 
except in cases of precursor-targeted 
immune-mediated anemia/pure red cell  
aplasia)

  •    Congenital dyserythropoiesis 
  •   Drug-induced effect (often multifactorial [eg, 

estrogen, phenobarbital, sulfonamides])
  •   Infectious disease (eg, FeLV/FIV, Ehrlichia spp, 

feline panleukopenia, canine parvovirus)
  •   Myelodysplastic syndrome 
  •   Myelophthisis
  – Bone marrow necrosis/inflammation (eg, 

disseminated intravascular coagulation 
(DIC), sepsis, endotoxemia, drugs, toxins)

FOR MORE
Find more Differential 
Diagnosis lists in 
upcoming issues of  
Clinician’s Brief and on  
cliniciansbrief.com

  – Myelofibrosis 
  – Neoplasia (eg, lymphoma, leukemias,  

metastatic neoplasia)
  •    Precursor-targeted immune-mediated  

anemia/pure red cell aplasia
h  Sideroblastic anemia

Regenerative Anemia
h  Hemolysis
  •   Cold agglutinin disease 
  •   Fragmentation anemia (eg, DIC, neoplasia 

[eg, hemangiosarcoma], liver disease, vas- 
culitis, bacterial endocarditis, heartworm 
disease)

  •   Hereditary cause
  – Feline congenital porphyria
  –  Increased erythrocyte osmotic fragility 

(cats)
  –  Phosphofructokinase deficiency (English 

springer spaniels, American cocker span-
iels, whippets, Deutscher Wachtelhunds)

  –   Pyruvate kinase deficiency (West Highland 
white terriers, Basenjis, beagles, cairn terri-
ers, pugs, Labrador retrievers, domestic 
shorthair cats, Abyssinians, Somalis) 

  –  Spectrin deficiency (Dutch golden 
retrievers)

  •   Hypophosphatemia (eg, treatment for dia-
betic ketoacidosis or refeeding syndrome)

  •    Immune-mediated hemolytic anemia
  –  Primary (idiopathic)
  –  Secondary to underlying cause (eg, neopla-

sia, infection [eg, hemotropic Mycoplasma 
spp, Babesia spp], drugs, incompatible 
blood transfusion, envenomation)

  •    Infectious cause (eg, hemotropic Myco-
plasma spp, Babesia spp, Cytauxzoon felis, 
Leptospira spp)

*Re-evaluation is needed after 4 to 5 days to ensure anemia is not preregenerative.
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DIC = disseminated 
intravascular coagulation
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  •    Oxidant or Heinz body anemia (eg, secondary to onion or garlic ingestion, zinc toxic-
ity [from pennies minted after 1982], copper toxicity [eg, copper hepatopathy], drugs 
[eg, acetaminophen, vitamin K], naphthalene, propylene glycol, benzocaine, skunk 
musk)

h  Hemorrhage
  •   GI ulceration (eg, secondary to NSAID administration, neoplasia, hypoadreno- 

corticism)
  •   Hemostatic disorders
  –  Coagulation disorder (eg, rodenticide toxicity [vitamin K antagonists], inherited 

coagulation deficiency [eg, hemophilia A])
  –  DIC 
  –  Thrombocytopathy (eg, secondary reaction to monoclonal gammopathy, drugs 

[eg, aspirin])
  –  Thrombocytopenia (eg, immune-mediated thrombocytopenia)
  –  Von Willebrand disease
  •   Neoplasia (eg, splenic hemangiosarcoma)
  •   Parasitic disease (eg, fleas, hookworms)
  •   Trauma (eg, vehicular, bite wound)
  •   Vessel wall disorder (eg, vasculitis, colonic vascular ectasia)
h  Normal puppies and kittens <8 weeks of age n
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IMPORTANT SAFETY INFORMATION: NexGard 
is for use in dogs only. The most frequently 
reported adverse reactions include vomiting, 
pruritus, lethargy, diarrhea and lack of appetite. 
The safe use of NexGard in pregnant, breeding, 
or lactating dogs has not been evaluated. Use 
with caution in dogs with a history of seizures 
or neurologic disorders. For more information, 
see the full prescribing information or visit 
NexGardClinic.com.
NexGard® is a registered trademark of the Boehringer 
Ingelheim Group. ©2020 Boehringer Ingelheim Animal Health 
USA Inc., Duluth, GA. All rights reserved. US-PET-0253-2020-B
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  N1 % (n=415) N2 % (n=200)
 Vomiting (with and without blood) 17 4.1 25 12.5
 Dry/Flaky Skin 13 3.1 2 1.0
 Diarrhea (with and without blood) 13 3.1 7 3.5
 Lethargy 7 1.7 4 2.0
 Anorexia 5 1.2 9 4.5

Treatment Group

Afoxolaner Oral active control

CAUTION: Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.
Description:
NexGard® (afoxolaner) is available in four sizes of beef-flavored, soft chewables for oral 
administration to dogs and puppies according to their weight. Each chewable is formulated to 
provide a minimum afoxolaner dosage of 1.14 mg/lb (2.5 mg/kg). Afoxolaner has the chemical 
composition 1-Naphthalenecarboxamide, 4-[5- [3-chloro-5-(trifluoromethyl)-phenyl]-4, 5-dihydro-
5-(trifluoromethyl)-3-isoxazolyl]-N-[2-oxo-2-[(2,2,2-trifluoroethyl)amino]ethyl. 
Indications:
NexGard kills adult fleas and is indicated for the treatment and prevention of flea infestations 
(Ctenocephalides felis), and the treatment and control of Black-legged tick (Ixodes scapularis), 
American Dog tick (Dermacentor variabilis), Lone Star tick (Amblyomma americanum), and Brown 
dog tick (Rhipicephalus sanguineus) infestations in dogs and puppies 8 weeks of age and older, 
weighing 4 pounds of body weight or greater, for one month. NexGard is indicated for the prevention 
of Borrelia burgdorferi infections as a direct result of killing Ixodes scapularis vector ticks.
Dosage and Administration:
NexGard is given orally once a month, at the minimum dosage of 1.14 mg/lb (2.5 mg/kg).
Dosing Schedule:

NexGard can be administered with or without food.  Care should be taken that the dog 
consumes the complete dose, and treated animals should be observed for a few minutes to 
ensure that part of the dose is not lost or refused. If it is suspected that any of the dose has 
been lost or if vomiting occurs within two hours of administration, redose with another full dose. 
If a dose is missed, administer NexGard and resume a monthly dosing schedule.
Flea Treatment and Prevention:
Treatment with NexGard may begin at any time of the year. In areas where fleas are common year-
round, monthly treatment with NexGard should continue the entire year without interruption. 
To minimize the likelihood of flea reinfestation, it is important to treat all animals within a 
household with an approved flea control product.
Tick Treatment and Control:
Treatment with NexGard may begin at any time of the year (see Effectiveness).
Contraindications:
There are no known contraindications for the use of NexGard.
Warnings:
Not for use in humans. Keep this and all drugs out of the reach of children. In case of accidental 
ingestion, contact a physician immediately.
Keep NexGard in a secure location out of reach of dogs, cats, and other animals to prevent 
accidental ingestion or overdose.
Precautions:
Afoxolaner is a member of the isoxazoline class. This class has been associated with neurologic 
adverse reactions including tremors, ataxia, and seizures. Seizures have been reported in dogs 
receiving isoxazoline class drugs, even in dogs without a history of seizures. Use with caution in 
dogs with a history of seizures or neurologic disorders.
The safe use of NexGard in breeding, pregnant or lactating dogs has not been evaluated.
Adverse Reactions:
In a well-controlled US field study, which included a total of 333 households and 615 treated 
dogs (415 administered afoxolaner; 200 administered active control), no serious adverse 
reactions were observed with NexGard.
Over the 90-day study period, all observations of potential adverse reactions were recorded. 
The most frequent reactions reported at an incidence of > 1% within any of the three months of 
observations are presented in the following table. The most frequently reported adverse reaction 
was vomiting. The occurrence of vomiting was generally self-limiting and of short duration 
and tended to decrease with subsequent doses in both groups. Five treated dogs experienced 
anorexia during the study, and two of those dogs experienced anorexia with the first dose but 
not subsequent doses.
Table 1:  Dogs With Adverse Reactions.

1Number of dogs in the afoxolaner treatment group with the identified abnormality.
2Number of dogs in the control group with the identified abnormality. 
In the US field study, one dog with a history of seizures experienced a seizure on the same day 
after receiving the first dose and on the same day after receiving the second dose of NexGard. 

This dog experienced a third seizure one week after receiving the third dose. The dog remained 
enrolled and completed the study. Another dog with a history of seizures had a seizure 19 days 
after the third dose of NexGard. The dog remained enrolled and completed the study. A third dog 
with a history of seizures received NexGard and experienced no seizures throughout the study. 
Post-Approval Experience (July 2018):
The following adverse events are based on post-approval adverse drug experience reporting. Not 
all adverse events are reported to FDA/CVM. It is not always possible to reliably estimate the 
adverse event frequency or establish a causal relationship to product exposure using these data.
The following adverse events reported for dogs are listed in decreasing order of reporting 
frequency for NexGard:
Vomiting, pruritus, lethargy, diarrhea (with and without blood), anorexia, seizure, hyperactivity/
restlessness, panting, erythema, ataxia, dermatitis (including rash, papules), allergic reactions 
(including hives, swelling), and tremors.
Contact Information:
For a copy of the Safety Data Sheet (SDS) or to report suspected adverse drug events, contact 
Boehringer Ingelheim Animal Health USA Inc. at 1-888-637-4251 or www.nexgardfordogs.com.
For additional information about adverse drug experience reporting for animal drugs, contact 
FDA at 1-888-FDA-VETS or www.fda.gov/reportanimalae.
Mode of Action:
Afoxolaner is a member of the isoxazoline family, shown to bind at a binding site to inhibit insect 
and acarine ligand-gated chloride channels, in particular those gated by the neurotransmitter 
gamma-aminobutyric acid (GABA), thereby blocking pre- and post-synaptic transfer of chloride 
ions across cell membranes. Prolonged afoxolaner-induced hyperexcitation results in uncontrolled 
activity of the central nervous system and death of insects and acarines. The selective toxicity 
of afoxolaner between insects and acarines and mammals may be inferred by the differential 
sensitivity of the insects and acarines’ GABA receptors versus mammalian GABA receptors.
Effectiveness:
In a well-controlled laboratory study, NexGard began to kill fleas four hours after initial 
administration and demonstrated >99% effectiveness at eight hours. In a separate well-
controlled laboratory study, NexGard demonstrated 100% effectiveness against adult fleas 24 
hours post-infestation for 35 days, and was ≥93% effective at 12 hours post-infestation through 
Day 21, and on Day 35.  On Day 28, NexGard was 81.1% effective 12 hours post-infestation.  
Dogs in both the treated and control groups that were infested with fleas on Day -1 generated 
flea eggs at 12- and 24-hours post-treatment (0-11 eggs and 1-17 eggs in the NexGard treated 
dogs, and 4-90 eggs and 0-118 eggs in the control dogs, at 12- and 24-hours, respectively). At 
subsequent evaluations post-infestation, fleas from dogs in the treated group were essentially 
unable to produce any eggs (0-1 eggs) while fleas from dogs in the control group continued to 
produce eggs (1-141 eggs). 
In a 90-day US field study conducted in households with existing flea infestations of varying 
severity, the effectiveness of NexGard against fleas on the Day 30, 60 and 90 visits compared 
with baseline was 98.0%, 99.7%, and 99.9%, respectively.  
Collectively, the data from the three studies (two laboratory and one field) demonstrate that 
NexGard kills fleas before they can lay eggs, thus preventing subsequent flea infestations after 
the start of treatment of existing flea infestations. 
In well-controlled laboratory studies, NexGard demonstrated >97% effectiveness against 
Dermacentor variabilis, >94% effectiveness against Ixodes scapularis, and >93% effectiveness 
against Rhipicephalus sanguineus, 48 hours post-infestation for 30 days. At 72 hours post-
infestation, NexGard demonstrated >97% effectiveness against Amblyomma americanum for 30 
days. In two separate, well-controlled laboratory studies, NexGard was effective at preventing 
Borrelia burgdorferi infections after dogs were infested with Ixodes scapularis vector ticks 28 
days post-treatment.
Animal Safety:
In a margin of safety study, NexGard was administered orally to 8 to 9-week-old Beagle puppies 
at 1, 3, and 5 times the maximum exposure dose (6.3 mg/kg) for three treatments every 28 days, 
followed by three treatments every 14 days, for a total of six treatments. Dogs in the control 
group were sham-dosed. There were no clinically-relevant effects related to treatment on 
physical examination, body weight, food consumption, clinical pathology (hematology, clinical 
chemistries, or coagulation tests), gross pathology, histopathology or organ weights. Vomiting 
occurred throughout the study, with a similar incidence in the treated and control groups, 
including one dog in the 5x group that vomited four hours after treatment.
In a well-controlled field study, NexGard was used concomitantly with other medications, such 
as vaccines, anthelmintics, antibiotics (including topicals), steroids, NSAIDS, anesthetics, and 
antihistamines. No adverse reactions were observed from the concomitant use of NexGard with 
other medications. 
Storage Information:
Store at or below 30°C (86°F) with excursions permitted up to 40°C (104°F).
How Supplied:
NexGard is available in four sizes of beef-flavored soft chewables: 11.3, 28.3, 68 or 
136 mg afoxolaner. Each chewable size is available in color-coded packages of 1, 3 or 6 
beef-flavored chewables.

Approved by FDA under NADA # 141-406
Marketed by: Frontline Vet Labs™, a Division of Boehringer Ingelheim Animal Health USA Inc.
Duluth, GA 30096
Made in Brazil.
®NexGard is a registered trademark and 
TMFRONTLINE VET LABS is a trademark of the Boehringer Ingelheim Group.
©2019 Boehringer Ingelheim Animal Health USA Inc. All rights reserved. US-PET-0390-2020.

1050-4493-09 
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 Body Afoxolaner Per Chewables
 Weight Chewable (mg) Administered
 4.0 to 10.0 lbs. 11.3 One
 10.1 to 24.0 lbs. 28.3 One
 24.1 to 60.0 lbs. 68 One
 60.1 to 121.0 lbs. 136 One
 Over 121.0 lbs. Administer the appropriate combination of chewables
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IMPORTANT SAFETY INFORMATION: NexGard 
is for use in dogs only. The most frequently 
reported adverse reactions include vomiting, 
pruritus, lethargy, diarrhea and lack of appetite. 
The safe use of NexGard in pregnant, breeding, 
or lactating dogs has not been evaluated. Use 
with caution in dogs with a history of seizures 
or neurologic disorders. For more information, 
see the full prescribing information or visit 
NexGardClinic.com.

1. Data on file at Boehringer Ingelheim.

NexGard® is a registered trademark of the Boehringer 
Ingelheim Group. ©2020 Boehringer Ingelheim Animal Health 
USA Inc., Duluth, GA. All rights reserved. US-PET-0253-2020-C

We thank you
For prescribing 

NexGard® (afoxolaner)
over 220 million times.1

The only flea & tick control 
product indicated for the 
prevention of Borrelia 
burgdorferi infections as a result 
of killing black-legged ticks

Gentle protection in a bite-sized 
monthly dose 

Proven safety for puppies as 
young as 8 weeks, weighing  
4 pounds or more 

The savory beef-flavored chew 
that makes compliance a treat

1602167_Clinician's Brief_August_1/3 Page Ads_2.75x10.875.indd   31602167_Clinician's Brief_August_1/3 Page Ads_2.75x10.875.indd   3 7/14/20   12:29 PM7/14/20   12:29 PM

See page 78 for product information summary.

THANK YOU TO OUR 2020 AUTHORS & REVIEWERS

This year more than ever, clinicians are striving to keep up with demand 
while maintaining the safety of their staff and clients. With every piece of 
content, the Clinician’s Brief team aims to bring practicing clinicians the 
relevant, practical, concise information necessary to provide optimal care 
for their patients. Thank you to our authors and peer reviewers who have 
helped us achieve this in 2020. We appreciate your time and effort.
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The Clinician’s Brief Team
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40 IU/mL
Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian.

Description: PROZINC® is a sterile aqueous protamine zinc suspension of recombinant human insulin.

Each mL contains:
 recombinant human insulin 40 International Units (IU)
 protamine sulfate 0.466 mg
 zinc oxide 0.088 mg
 glycerin 16.00 mg
 dibasic sodium phosphate, heptahydrate 3.78 mg
 phenol (added as preservative) 2.50 mg
 hydrochloric acid 1.63 mg
 water for injection (maximum) 1005 mg
 pH is adjusted with hydrochloric acid and/or sodium hydroxide.

Indication: PROZINC (protamine zinc recombinant human insulin) is indicated for the reduction of 
hyperglycemia and hyperglycemia-associated clinical signs in dogs with diabetes mellitus.

Dosage and Administration: USE OF A SYRINGE OTHER THAN A U-40 SYRINGE WILL RESULT IN 
INCORRECT DOSING.

FOR SUBCUTANEOUS INJECTION ONLY.

DO NOT SHAKE OR AGITATE THE VIAL.

PROZINC should be mixed by gently rolling the vial prior to withdrawing each dose from the vial. 
Once mixed, PROZINC suspension has a white, cloudy appearance. Clumps or visible white particles 
can form in insulin suspensions: do not use the product if clumps or visible white particles persist 
after gently rolling the vial.

Using a U-40 insulin syringe, the injection should be administered subcutaneously on the back of 
the neck or on the side of the dog.

Always provide the Client Information Sheet with each prescription.

Starting dose: The recommended starting dose for PROZINC is 0.2-0.5 IU insulin/pound of body 
weight (0.5-1.0 IU/kg) once daily. The recommended starting dose for naïve dogs is the lower end 
of the dose range. The recommended starting dose for dogs with poorly controlled diabetes mellitus 
and transitioning from another insulin product is the mid to higher end of the dose range based 
on the veterinarian’s experience with the dog’s medical history and previous insulin dose. When 
transitioning from another insulin, the dog’s blood glucose and general condition should be closely 
monitored. When transitioning from another insulin, PROZINC should be started once daily, 
regardless of the frequency of prior insulin use.
The dose should be given concurrently with or right after a meal. The veterinarian should re-evaluate 
the dog at appropriate intervals and adjust the dose and frequency based on both clinical signs and 
laboratory test results (the blood glucose curve values and shape, nadir, and fructosamine) until 
adequate glycemic control has been attained. In the effectiveness field study, glycemic control was 
considered adequate if the glucose nadir from a 9-hour blood glucose curve was between 80 and 
125 mg/dL, the maximum blood glucose was < 300 mg/dL, and clinical signs of hyperglycemia such 
as polyuria, polydipsia, or weight loss were improved.

Changing to twice daily dosing: Twice daily dosing should be considered if the duration of insulin 
action is determined to be inadequate with once daily dosing. Use caution when adjusting from 
once daily to twice daily dosing because PROZINC may have prolonged duration of action in some 
dogs (see Clinical Pharmacology). The veterinarian should closely monitor the duration of action 
using blood glucose curves to avoid the increased risk of hypoglycemia. If twice daily dosing is 
initiated, the two doses should each be approximately 25% less than the once daily dose required to 
attain an acceptable glucose nadir. For example, if a dog receiving 10 units of PROZINC once daily 
has an acceptable nadir but inadequate duration of activity, the dose should be changed to 7 units 
twice daily (round down to the nearest whole unit).

Further adjustments in the dosage may be necessary with changes in the dog’s diet, body weight, or 
concomitant medication, or if the dog develops concurrent infection, inflammation, neoplasia, or 
an additional endocrine or other medical disorder.

Contraindications: PROZINC is contraindicated in dogs sensitive to protamine zinc recombinant 
human insulin or any other ingredients in PROZINC. PROZINC is contraindicated during episodes 
of hypoglycemia.

Warnings: 
User Safety: For use in dogs and cats. Keep out of the reach of children. Avoid contact with eyes. 
In case of contact, immediately flush  eyes with running water for at least 15 minutes. Accidental 
injection may cause hypoglycemia. In case of accidental injection, seek medical attention immediately. 
Exposure to product may induce a local or systemic allergic reaction in sensitized individuals.

Animal Safety: Owners should be advised to observe for signs of hypoglycemia (see Client 
Information Sheet). Use of this product,  even at established doses, has been associated with 
hypoglycemia. A dog with signs of hypoglycemia should be treated immediately. Glucose should 
be given orally or intravenously as dictated by clinical signs. Insulin should be temporarily withheld 
and, if indicated, the dosage adjusted.

Any change in insulin should be made cautiously and only under a veterinarian’s supervision. 
Changes in insulin strength, manufacturer, type, species (human, animal) or method of manufacture 
(rDNA versus animal-source insulin) may result in the need for a change in dosage.

Appropriate diagnostic tests should be performed to rule out other endocrinopathies in diabetic 
dogs that are difficult to regulate.

Precautions: Dogs presenting with severe ketoacidosis, anorexia, lethargy, and/or vomiting 
should be stabilized with short-acting insulin and appropriate supportive therapy until their 
condition is stabilized. As with all insulin products, careful patient monitoring for hypoglycemia 
and hyperglycemia is essential to attain and maintain adequate glycemic control and to prevent 
associated complications. Overdose can result in profound hypoglycemia and death.

Glucocorticoids, progestogens, and certain endocrinopathies can have an antagonistic effect on 
insulin activity. Glucocorticoid and progestogen use should be avoided.

The safety and effectiveness of PROZINC in breeding, pregnant, and lactating dogs has not  
been evaluated. 

The safety and effectiveness of PROZINC in puppies has not been evaluated.

Adverse Reactions: In a 182-day field study, 276 dogs received PROZINC. The most common adverse 
reactions were lethargy, anorexia, hypoglycemia, vomiting, seizures, shaking, diarrhea, and ataxia.

Table 1 summarizes the adverse reactions reported in the study. Clinical signs of hypoglycemia 
varied and included seizure, collapse, ataxia, staggering, trembling, twitching, shaking, 
disorientation, lethargy, weakness, and vocalization. In Table 1, the individual clinical signs that 
were observed during the episodes of hypoglycemia are captured as separate adverse reactions and 
a single dog may have experienced more than one clinical sign of hypoglycemia.

Table 1. Adverse reactions seen in the safety population (276 dogs)

Adverse Reaction  Number and Percentage
Lethargy (lethargy, depression, listless, and tiredness)  45 (16.3%)

Anorexia (anorexia, decreased appetite, inappetence, and not eating)  28 (10.1%)

Hypoglycemia with clinical signs  24 (8.9%)

Vomiting  21 (7.6%)

Seizures  16 (5.8%)

Shaking/trembling/twitching  13 (4.7%)

Ataxia (ataxia, balance problem, stumbling gait)  11 (4.0%)

Diarrhea (includes bloody diarrhea)  9 (3.3%)

Disorientation/confusion  9 (3.3%)

Weakness  8 (2.9%)

Restlessness/anxiety/agitation  6 (2.2%)

Cataract  6 (2.2%)

Panting (panting and tachypnea)  6 (2.2%)

Hematuria  4 (1.5%)

Clinical pathology: The only change seen in complete blood count, serum chemistry, and urinalysis 
results was an elevation in mean cholesterol at Day 182 (432.6 mg/dL, normal range 131-345 mg/
dL) compared to Day -1 (333.7 mg/dL).)

Injection site reactions: Seven dogs had injection site reactions, including observations of thickened skin, 
swelling, bumps at the injection site, and redness. All injection site reactions resolved without cessation of 
PROZINC therapy. Reaction to the injection, including vocalization, was observed in four dogs.

Hypoglycemia: There were 80 hypoglycemic episodes recorded during the study with some dogs 
experiencing more than one episode; 37 episodes were associated with clinical signs in 24 dogs, 40 
episodes were without clinical signs in 27 dogs, and 3 were with unknown signs in 2 dogs. Clinical 
signs of hypoglycemia varied and included seizure, collapse, ataxia, staggering, trembling, twitching, 
shaking, disorientation, lethargy, weakness, and vocalization. Some dogs required hospitalization 
and intravenous dextrose while most recovered after receiving oral supplementation with a meal 
and/or oral glucose such as syrup. Two dogs were euthanized when the hypoglycemia did not 
resolve with supportive care. Hypoglycemia without clinical signs was defined as two consecutive 
blood glucose curve values < 60 mg/dL unaccompanied by clinical signs.

Diabetic ketoacidosis and pancreatitis: Eleven dogs were diagnosed with diabetic ketoacidosis. Four 
of these 11 dogs died or were euthanized, one after one dose of PROZINC. Twenty-one dogs were 
diagnosed with pancreatitis. Seven of these 21 dogs died or were euthanized due to complications 
of pancreatitis. Four dogs had concurrent diabetic ketoacidosis and pancreatitis, three of which died 
or were euthanized. Not all the deaths were considered related to PROZINC.

Deaths: Thirty-six (36) dogs died or were euthanized, six of which were possibly related to PROZINC. 
One dog died from recurrent episodes of pancreatitis, and one died after developing severe vomiting 
and diarrhea followed by a seizure. Four dogs were euthanized: one developed severe pancreatitis 
and azotemia, one had recurrent episodes of pancreatitis and diabetic ketoacidosis, and two for lack 
of effectiveness.

To report suspected adverse drug events, for technical assistance or to obtain a copy of the Safety 
Data Sheet (SDS), contact Boehringer Ingelheim at 1-888-637-4251.

For additional information about adverse drug experience reporting for animal drugs, contact FDA at 
1-888-FDA-VETS or online at http://www.fda.gov/reportanimalae.

Clinical Pharmacology: PROZINC was administered subcutaneously to 10 healthy Beagles using an 
incomplete crossover design at doses of 0.5 IU/kg (5 dogs), 0.8 IU/kg at a single site (10 dogs), or 
0.8 IU/kg at three separate sites (6 dogs). Insulin and glucose concentrations were measured over 
24 hours. The shapes of insulin and glucose curves were variable among dogs; and the relationship 
between insulin dose, concentration, and glucose-lowering effect was nonlinear (Table 2).

Table 2. Pharmacodynamics of three dosing groups

Dose group  Onset of Action  Time to nadir  Duration of 
Action

0.5 IU/kg at a single site  1 to 14 hours  6 to 16 hours  16 to >24 hours

0.8 IU/kg at a single site  0.5 to 10 hours  5 to >24 hours  16 to >24 hours

0.8 IU/kg divided at three sites  1 to 10 hours  8 to 20 hours  18 to >24 hours

Information for Dog Owners: Please refer to the Client Information Sheet for Dogs for more 
information about PROZINC. PROZINC, like other insulin products, is not free from adverse reactions. 
Owners should be advised of the potential for adverse reactions and be informed of the associated 
clinical signs. Potential adverse reactions include hypoglycemia, insulin antagonism/resistance, rapid 
insulin metabolism, insulin-induced hyperglycemia (Somogyi Effect), and local or systemic reactions. 
The most common adverse reaction observed is hypoglycemia. Signs may include weakness, 
depression, behavioral changes, muscle twitching, and anxiety. In severe cases of hypoglycemia, 
seizures and coma can occur. Hypoglycemia can be fatal if an affected dog does not receive prompt 
treatment. Appropriate veterinary monitoring of blood glucose, adjustment of insulin dose and 
regimen as needed, and stabilization of diet and activity help minimize the risk of hypoglycemic 
episodes. The attending veterinarian should evaluate other adverse reactions on a case-by-case basis 
to determine if an adjustment in therapy is appropriate, or if alternative therapy should be considered.

Effectiveness: A total of 276 client-owned dogs were enrolled in an 84-day field study followed by a 
98-day extended-use phase with 276 dogs receiving PROZINC. The dogs included various purebred 
and mixed breed dogs ranging in age from 2 to 16 years and in weight from 3.3 to 123 pounds. There 
were 128 neutered males, 8 intact males, 134 spayed females and 6 intact females. Two hundred 
twenty-four dogs (224) were included in the effectiveness analysis. Dogs were started on PROZINC 
at a dose of 0.2-0.5 IU/lb (0.5-1.0 IU/kg) once daily. Dogs were evaluated at 7, 14, 21, 28, 42, 63 
and 84 days after initiation of therapy. The dose was adjusted based on clinical signs and results of 
9-hour blood glucose curves on Days 7, 14, 21, 28, 42, 63 and 84.

Effectiveness was based on successful control of diabetes which was defined as improvement in at 
least one laboratory variable (blood glucose curve mean, blood glucose curve nadir, or fructosamine) 
and at least one clinical sign (polyuria, polydipsia, or weight loss). Based on this definition, 162 of 
224 cases (72%) were considered successful.

How Supplied: PROZINC is supplied as a sterile injectable suspension in 10 mL and 20 mL multi-
dose vials. Each mL of PROZINC contains 40 IU recombinant human insulin.

Storage Conditions: Store in an upright position under refrigeration at 36-46°F (2-8°C). Do not 
freeze. Protect from light. Use the 10 mL vial within 60 days of first puncture. Use the 20 mL vial 
within 80 days of first puncture.
Approved by FDA under NADA # 141-297

Marketed by: 
Boehringer Ingelheim Animal Health USA Inc. Duluth, GA 30096

PROZINC® is a registered trademark of Boehringer Ingelheim Animal Health USA Inc.  
© 2019 Boehringer Ingelheim Animal Health USA Inc. All rights reserved. 
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40 IU/mL

Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian.

Description: PROZINC® is a sterile aqueous protamine zinc suspension of recombinant  
human insulin.

Each mL contains:

 recombinant human insulin 40 International Units (IU) 
 protamine sulfate 0.466 mg 
 zinc oxide 0.088 mg 
 glycerin 16.00 mg 
 dibasic sodium phosphate, heptahydrate 3.78 mg 
 phenol (added as preservative) 2.50 mg 
 hydrochloric acid 1.63 mg 
 water for injection (maximum) 1005 mg 
 pH is adjusted with hydrochloric acid and/or sodium hydroxide.

Indication: PROZINC (protamine zinc recombinant human insulin) is indicated for the 
reduction of hyperglycemia and hyperglycemia-associated clinical signs in cats with 
diabetes mellitus.

Dosage and Administration: USE OF A SYRINGE OTHER THAN A U-40 SYRINGE WILL RESULT 
IN INCORRECT DOSING.

FOR SUBCUTANEOUS INJECTION ONLY.

DO NOT SHAKE OR AGITATE THE VIAL.

PROZINC should be mixed by gently rolling the vial prior to withdrawing each dose from the 
vial. Once mixed, PROZINC suspension has a white, cloudy appearance. Clumps or visible 
white particles can form in insulin suspensions: do not use the product if clumps or visible 
white particles persist after gently rolling the vial.

Using a U-40 insulin syringe,  the injection should be administered subcutaneously on the 
back  of the neck or on the side of the cat.

Always provide the Client Information Sheet with each prescription.

The initial recommended PROZINC dose is 0.1 – 0.3 IU insulin/pound of  body weight (0.2 – 
0.7 IU/kg) every 12 hours. The dose should be given concurrently with or right after a meal. 
The veterinarian should re-evaluate the cat at appropriate intervals and adjust the dose based 
on both clinical signs and glucose nadirs until adequate glycemic control has been attained. 
In the effectiveness field study, glycemic control was considered adequate  if the glucose 
nadir from a 9-hour blood glucose curve was between 80 and 150 mg/dL and clinical signs of 
hyperglycemia such as polyuria, polydipsia, and weight loss were improved.

Further adjustments in the dosage may be necessary with changes in the cat’s diet, 
body weight, or concomitant medication, or if the cat develops concurrent infection, 
inflammation, neoplasia, or an additional endocrine or other medical disorder.

Contraindications: PROZINC is contraindicated in cats sensitive to protamine zinc 
recombinant human insulin or any other ingredients in PROZINC. PROZINC is 
contraindicated during episodes of hypoglycemia.

Warnings: User Safety: For use in cats and dogs only. Keep out of the reach of children. Avoid 
contact with eyes. In case of contact, immediately flush eyes with running water for at least 
15 minutes. Accidental injection may cause hypoglycemia. In case of accidental injection, 
seek medical attention immediately. Exposure to product may induce a local or systemic 
allergic reaction in sensitized individuals.

Animal Safety: Owners should be advised to observe for signs of hypoglycemia (see Client 
Information Sheet). Use of this product, even at established doses, has been associated with 
hypoglycemia. A cat with signs of hypoglycemia should be treated immediately. Glucose 
should be given orally or intravenously as dictated by clinical signs. Insulin should be 
temporarily withheld and, if indicated, the dosage adjusted.

Any change in insulin should be made cautiously and only under a veterinarian’s 
supervision. Changes in insulin strength, manufacturer, type, species (human, animal) or 
method of manufacture (rDNA versus animal-source insulin) may result in the need for a 
change in dosage.

Appropriate diagnostic tests should be performed to rule out other endocrinopathies in 
diabetic cats that are difficult to regulate.

Precautions: Cats presenting with severe ketoacidosis, anorexia, lethargy, and/or vomiting 
should be stabilized with short-acting insulin and appropriate supportive therapy until 
their condition is stabilized. As with all insulin products, careful patient monitoring for 
hypoglycemia and hyperglycemia is essential to attain and maintain adequate glycemic 
control and to prevent associated complications. Overdose can result in profound 
hypoglycemia and death.

Glucocorticoids, progestogens, and certain endocrinopathies can have an antagonistic effect  
on insulin activity. Glucocorticoid and progestogen use should be avoided.

The safety and effectiveness of PROZINC in breeding, pregnant, and lactating cats has  
not been evaluated.

The safety and effectiveness of PROZINC in kittens has not been evaluated.

Adverse Reactions: Effectiveness Field Study 
In a 45-day effectiveness field study, 176 cats received PROZINC. Hypoglycemia (defined as 
a blood glucose value of < 50 mg/dL) occurred  in 71 of the cats at various times throughout 
the study. Clinical signs of hypoglycemia were generally mild in nature (described as lethargic, 
sluggish, weak, trembling, uncoordinated, groggy, glassy-eyed or dazed).  In 17 cases, the 
veterinarian provided oral glucose supplementation or food as treatment. Most cases 
were not associated with clinical signs  and received no treatment. One cat had a serious 
hypoglycemic event associated with stupor, lateral recumbency, hypothermia and seizures. 

All cases of hypoglycemia resolved with appropriate therapy and if needed, a dose reduction.

Three cats had injection site reactions which were described as either small, punctate, red 
lesions; lesions on neck; or palpable subcutaneous thickening. All injection site reactions 
resolved without cessation of therapy.

Four cats developed diabetic neuropathy during the study as evidenced  by plantigrade stance. 
Three cats entered the study with plantigrade stance, one of which resolved by Day 45. Four 
cats were diagnosed with diabetic ketoacidosis during the study. Two were euthanized due to 
poor response to treatment. Five other cats were euthanized during the study, one of which 
had hypoglycemia. Four cats had received PROZINC for less than a week and were euthanized 
due to worsening concurrent medical conditions.

The following additional clinical observations or diagnoses were reported  in cats during the 
effectiveness field study: vomiting, lethargy, diarrhea, cystitis/hematuria, upper respiratory 
infection, dry coat, hair loss, ocular discharge, abnormal vocalization, black stool, and  
rapid breathing.

Extended Use Field Study

Cats that completed the effectiveness study were enrolled into an extended use field 
study. In this study, 145 cats received PROZINC for up to  an additional 136 days. Adverse 
reactions were similar to those reported during the 45-day effectiveness study and are 
listed in order of decreasing frequency: vomiting, hypoglycemia, anorexia/poor appetite, 
diarrhea, lethargy, cystitis/hematuria, and weakness. Twenty cats had signs consistent 
with hypoglycemia described as: sluggish, lethargic, unsteady, wobbly, seizures, trembling, 
or dazed. Most of these were treated by the owner or veterinarian with oral glucose 
supplementation or food; others received intravenous glucose. One cat had a serious 
hypoglycemic event associated with seizures and blindness. The cat fully recovered 
after supportive therapy and finished the study. All cases of hypoglycemia resolved with 
appropriate therapy and if needed, a dose reduction.

Fourteen cats died or were euthanized during the extended use study. In two cases, continued 
use of insulin despite anorexia and signs of hypoglycemia contributed to the deaths. In one 
case, the owner decided not to continue therapy after a presumed episode of hypoglycemia. 
The rest were due to concurrent medical conditions or worsening of the diabetes mellitus.

To report suspected adverse drug events, for technical assistance or to obtain a copy of the 
Safety Data Sheet (SDS), contact Boehringer Ingelheim at 1-888-637-4251.

For additional information about adverse drug experience reporting for animal drugs, contact 
FDA at 1-888-FDA-VETS or online at http://www.fda.gov/reportanimalae.

Information for Cat Owners: Please refer to the Client Information Sheet for Cats for 
more information about PROZINC. PROZINC, like  other insulin products, is not free 
from adverse reactions. Owners should  be advised of the potential for adverse reactions 
and be informed of the associated clinical signs. Potential adverse reactions include: 
hypoglycemia, insulin antagonism/resistance, rapid insulin metabolism, insulin-induced 
hyperglycemia (Somogyi Effect), and local or systemic reactions. The most common 
adverse reaction observed is hypoglycemia. Signs may include: weakness, depression, 
behavioral changes, muscle twitching, and anxiety.  In severe cases of hypoglycemia, 
seizures and coma can occur. Hypoglycemia can be fatal if an affected cat does not receive 
prompt treatment. Appropriate veterinary monitoring of blood glucose, adjustment of 
insulin dose and regimen as needed, and stabilization of diet and activity help minimize the 
risk of hypoglycemic episodes. The attending veterinarian should evaluate other adverse 
reactions on a case-by-case basis to determine if an adjustment in therapy is appropriate, 
or if alternative therapy should be considered.

Effectiveness: A total of 187 client-owned cats were enrolled in a 45-day field study, with 
176 receiving PROZINC. One hundred and fifty-one cats were included in the effectiveness 
analysis. The patients included various purebred and mixed breed cats ranging in age from 3 
to 19 years and in weight from 4.6 to 20.8 pounds. Of the cats included in the effectiveness 
analysis, 101 were castrated males, 49 were spayed females, and 1 was an intact female.

Cats were started on PROZINC at a dose of 0.1-0.3 IU/lb (0.2-0.7 IU/kg) twice daily. Cats were 
evaluated at 7, 14, 30, and 45 days after initiation of therapy and the dose was adjusted based 
on clinical signs and results of  9-hour blood glucose curves on Days 7, 14, and 30.

Effectiveness was based on successful control of diabetes which was defined as improvement 
in at least one blood glucose variable (glucose curve mean, nadir, or fructosamine) and at 
least one clinical sign (polyuria, polydipsia, or body weight). Based on this definition, 115 of 
151 cases (76.2%) were considered successful. Blood glucose curve means decreased from 
415.3 mg/dL on Day 0 to 203.2 mg/dL by Day 45 and the mean blood glucose nadir decreased 
from 407.9 mg/dL on Day 0 to 142.4 mg/dL on Day 45. Mean fructosamine values decreased 
from 505.9 μmol/L on Day 0  to 380.7 μmol/L on Day 45.

Cats that completed the effectiveness study were enrolled in an extended use field study. The 
mean fructosamine value was 342.0 μmol/L after a total of 181 days of PROZINC therapy.

How Supplied: PROZINC is supplied as a sterile injectable suspension in 10 mL and 20 mL 
multi-dose vials. Each mL of PROZINC contains 40 IU recombinant human insulin.

Storage Conditions: Store in an upright position under refrigeration at 36-46°F (2-8°C). Do 
not freeze. Protect from light. Use the 10 mL vial within 60 days of first puncture. Use the  
20 mL vial within 80 days of first puncture.

Approved by FDA under NADA # 141-297

Marketed by: 
Boehringer Ingelheim Animal Health USA Inc. 
Duluth, GA 30096

PROZINC® is a registered trademark of Boehringer Ingelheim Animal Health USA Inc. 
© 2019 Boehringer Ingelheim Animal Health USA Inc. All rights reserved.

Revised 08/2019

449986-01

Package Insert for Cats

ProZinc®
(protamine zinc recombinant human insulin)

BIAHU-000349_PRO_Frstln-ProZincCatPI-7.75x10.5_rsg2.indd   1 2/19/20   3:32 PM

1647145_ProZinc_Clinician's Brief_Nov-Dec_Full Pg  Trade Ad_8.125x10.875.indd   31647145_ProZinc_Clinician's Brief_Nov-Dec_Full Pg  Trade Ad_8.125x10.875.indd   3 10/14/20   12:21 PM10/14/20   12:21 PM

www.boehringer-ingelheim.com
www.fda.gov/reportanimalae


1 CONSULT THE EXPERT page 11
  ___________________ have shown the most promise for the treatment and 
control of FIP.

 A. Vaccinations
 B. Corticosteroid therapies
 C. Immunomodulatory therapies
 D. Coronaviral protease inhibitors and nucleoside analogs

2 DIAGNOSTIC TREE page 18
 Which of the following diagnostic tests should be used when testing for FIP 
using a cavitary effusion?

 A. Cytology
 B. Rivalta test
 C. Feline enteric coronavirus reverse transcriptase PCR
 D. Spike (S) protein gene PCR

3 MANAGEMENT TREE page 36
 Of the following insulin types, which is most appropriate for initial treatment 
in a patient with complicated diabetes mellitus? 
A. Regular insulin 
B. Neutral protamine Hageman insulin 
C. Protamine zinc insulin 
D. Insulin glargine

4 CONSULT THE EXPERT page 69
 The first step in a comprehensive treatment plan for aggression, regardless of 
the target or motivation of aggression, begins with  ___________________.

 A. Medication
 B. Behavior modification
 C. Identification and avoidance of triggering situations
 D. Rehoming
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H E A L T H  I S  N O T  J U S T  O N E  T H I N G .
I T  I S  E V E R Y T H I N G .

Cats are curious, intelligent, and instinctual. To feed their complexity, 
you’ve always had Royal Canin’s line of tailored nutritional formulas.
Now you’ll be able to offer products beyond nutrition, made to help 
proactively ease cat owners’ concerns. It’s part of a continuum of care 
for the healthy and not healthy—designed to meet the evolving needs 
of cats, their owners, and your clinic. For pets and vets alike, what 
it means to be healthy is changing. So are we. 

Solutions for cats with every type of need, 
and for every practice.
my.royalcanin.com/vet/urinary

See page 70 for product information summary.

www.my.royalcanin.com/vet/urinary


Now appro
ved  
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and dogs*

IMPORTANT SAFETY INFORMATION: PROZINC is for use in dogs and cats only. Keep out of the reach of children. Animals presenting with 
severe ketoacidosis, anorexia, lethargy, and/or vomiting should be stabilized with short-acting insulin and appropriate supportive therapy until 
their condition is stabilized. As with all insulin products, careful patient monitoring for hypoglycemia and hyperglycemia is essential to attain 
and maintain adequate glycemic control and to prevent associated complications. Overdose can result in profound hypoglycemia and death. 
The most common adverse reactions were lethargy, anorexia, hypoglycemia, vomiting, seizures, shaking (dogs only), diarrhea, and ataxia. 
Many of the adverse reactions, such as lethargy, seizures, shaking (dogs only), and ataxia, are associated with hypoglycemia. Glucocorticoid 
and progestogen use should be avoided. The safety and effectiveness of PROZINC in puppies, kittens, or breeding, pregnant, and lactating 
animals has not been evaluated. PROZINC is contraindicated during episodes of hypoglycemia and in animals sensitive to protamine zinc 
recombinant human insulin or any other ingredients in PROZINC. For more information, please see full prescribing information. 

*PROZINC is approved for twice-daily use in cats.3

THE PROVEN WAY
TO TREAT CANINE DIABETES

ONCE-A-DAY
The breakthrough you’ve been waiting for is here: now you can  
deliver glycemic control in most diabetic dogs WITH A SINGLE DAILY 
INJECTION.1,2 To learn more, contact your Boehringer Ingelheim  
Sales Representative or Professional Services Veterinarian. 

PROZINC® is a registered trademark of Boehringer Ingelheim  
Animal Health USA Inc. ©2020 Boehringer Ingelheim Animal Health  

USA Inc., Duluth, GA. All rights reserved. US-PET-0418-2020

TOGETHER, WE ARE MORE THAN MEDICINE.

References: 
1 Data on file at Boehringer Ingelheim.
2 ProZinc® (protamine zinc recombinant human insulin) [Freedom of Information Summary]. 
 Duluth, GA: Boehringer Ingelheim Animal Health USA, Inc.; 2019.
3 ProZinc® (protamine zinc recombinant human insulin) [Freedom of Information Summary].  
 St. Joseph, MO: Boehringer Ingelheim Vetmedica, Inc.; 2009. 
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