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Contact your Boehringer Ingelheim Representative to learn more.

Over 2 billion doses of HEARTGARD Plus, and over 
270 million doses of NexGard have been prescribed.4,5 

HEARTGARD® Plus and NexGard® are both formulated 
with the #1 tastes dogs prefer.1,2

Dog owners pairing HEARTGARD Plus with NexGard
were the most likely to purchase 12 months of protection
versus other common brand pairings in a 2020 assessment 
of parasiticide purchases in veterinary clinics.*3

HEARTGARD® Plus (ivermectin/pyrantel) and NexGard® (afoxolaner) are designed 
with compliance in mind to keep your patients protected every month, year-round. 

your trusted pair 
for protection

12
MONTHS

IMPORTANT SAFETY INFORMATION: HEARTGARD Plus is well tolerated. All dogs should be tested for heartworm infection before starting 
a preventive program. Following the use of HEARTGARD Plus, digestive and neurological side e� ects have rarely been reported. For more 
information, please see full prescribing information or visit www.HEARTGARDClinic.com.
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, please see full prescribing information or 
visit www.NexGardClinic.com.

HEARTGARD® and the Dog & Hand logo® are registered trademarks of Boehringer Ingelheim Animal Health USA Inc.
NexGard® is a registered trademark and FRONTLINE VET LABS™ is a trademark  of the Boehringer Ingelheim Group. 
©2022 Boehringer Ingelheim Animal Health USA Inc., Duluth, GA. All rights reserved. US-PET-0899-2021

*Assessment was conducted by IDEXX® and leveraged veterinary clinic PIMS transaction level data for 2020. This analysis included veterinary practices with consistent data from 2018 to 2020. To be included, patients needed 
to have at least one parasiticide transaction in 2019 and 2020. The analysis was limited to loyal patients, where loyalty was defi ned as having one fl ea/tick control brand during the full three-year period.
1. Data on fi le at Boehringer Ingelheim.  2. Data on fi le at Boehringer Ingelheim.  3. Data on fi le at IDEXX Laboratories, Inc. Westbrook, Maine USA. 4. Data on fi le at Boehringer Ingelheim.     
5. Data on fi le at Boehringer Ingelheim. 
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See page 2 for product information summary.
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Available in SOFT CHEWS for small/medium and large dogs
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Brief Summary: Before using NexGard® (afoxolaner) Chewables, please consult the product 
insert, a summary of which follows.

CAUTION: Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.

Description: NexGard is a soft chewable 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). 

Indications: NexGard kills adult fleas and is indicated for the treatment and prevention of 
flea infestations (Ctenocephalides felis), and the treatment and control of Ixodes scapularis, 
Dermacentor variabilis, Amblyomma americanum, and 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). See full product insert for dosing table and details.

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. 

Table 1: Dogs with Adverse Reactions.

1 Number of dogs in the afoxolaner treatment group with the identified abnormality. 
2 Number 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.

Effectiveness: See full product insert for details regarding Effectiveness.  

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 for a total of six treatments. 
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, no adverse reactions were observed from the concomitant use of 
NexGard with other medications. 

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

The information provided here is not comprehensive. The full FDA-approved product insert is 
available at www.nexgardfordogs.com. Consult your veterinarian for further information.  

Product approved by FDA under NADA # 141-406

Marketed by: Frontline Vet Labs™, a Division of Boehringer Ingelheim Animal Health USA Inc.  
Duluth, GA 30096

NexGard® is a registered trademark and FRONTLINE VET LABS™ is a trademark of the Boehringer 
Ingelheim Group.

©2020 Boehringer Ingelheim Animal Health USA Inc.  

All rights reserved. 

Reference package insert: 1050-4493-09  Rev. 11/2019

Brief summary preparation date: 08/2020

US-PET-0735-2020

  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
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CAUTION: Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
INDICATIONS: For use in dogs to prevent canine heartworm disease by eliminating the tissue stage 
of heartworm larvae (Dirofilaria immitis) for a month (30 days) after infection and for the treatment 
and control of ascarids (Toxocara canis, Toxascaris leonina) and hookworms (Ancylostoma caninum, 
Uncinaria stenocephala, Ancylostoma braziliense).
DOSAGE: HEARTGARD® Plus (ivermectin/pyrantel) should be administered orally at monthly intervals 
at the recommended minimum dose level of 6 mcg of ivermectin per kilogram (2.72 mcg/lb) and 5 mg 
of pyrantel (as pamoate salt) per kg (2.27 mg/lb) of body weight. The recommended dosing schedule for 
prevention of canine heartworm disease and for the treatment and control of ascarids and hookworms 
is as follows:

HEARTGARD Plus is recommended for dogs 6 weeks of age and older. For dogs over 100 lb use the 
appropriate combination of these chewables.
ADMINISTRATION: Remove only one chewable at a time from the foil-backed blister card. Return 
the card with the remaining chewables to its box to protect the product from light. Because most dogs 
find HEARTGARD Plus palatable, the product can be offered to the dog by hand. Alternatively, it may 
be added intact to a small amount of dog food.The chewable should be administered in a manner that 
encourages the dog to chew, rather than to swallow without chewing. Chewables may be broken into 
pieces and fed to dogs that normally swallow treats whole.
Care should be taken that the dog consumes the complete dose, and treated animals should be 
observed for a few minutes after administration to ensure that part of the dose is not lost or rejected. 
If it is suspected that any of the dose has been lost, redosing is recommended.
HEARTGARD Plus should be given at monthly intervals during the period of the year when mosquitoes 
(vectors), potentially carrying infective heartworm larvae, are active. The initial dose must be given 
within a month (30 days) after the dog’s first exposure to mosquitoes. The final dose must be given 
within a month (30 days) after the dog’s last exposure to mosquitoes.
When replacing another heartworm preventive product in a heartworm disease preventive program, 
the first dose of HEARTGARD Plus must be given within a month (30 days) of the last dose of the 
former medication.
If the interval between doses exceeds a month (30 days), the efficacy of ivermectin can be reduced. 
Therefore, for optimal performance, the chewable must be given once a month on or about the same 
day of the month. If treatment is delayed, whether by a few days or many, immediate treatment with 
HEARTGARD Plus and resumption of the recommended dosing regimen will minimize the opportunity 
for the development of adult heartworms.
Monthly treatment with HEARTGARD Plus also provides effective treatment and control of ascarids 
(T. canis, T. leonina) and hookworms (A. caninum, U. stenocephala, A. braziliense). Clients should be 
advised of measures to be taken to prevent reinfection with intestinal parasites.
EFFICACY: HEARTGARD Plus Chewables, given orally using the recommended dose and regimen, are 
effective against the tissue larval stage of D.immitis for a month (30 days) after infection and, as a result, 
prevent the development of the adult stage. HEARTGARD Plus Chewables are also effective against 
canine ascarids (T. canis, T. leonina) and hookworms (A. caninum, U. stenocephala, A. braziliense).
ACCEPTABILITY: In acceptability and field trials, HEARTGARD Plus was shown to be an acceptable 
oral dosage form that was consumed at first offering by the majority of dogs.
PRECAUTIONS: All dogs should be tested for existing heartworm infection before starting treatment 
with HEARTGARD Plus which is not effective against adult D. immitis. Infected dogs must be treated to 
remove adult heartworms and microfilariae before initiating a program with HEARTGARD Plus.
While some microfilariae may be killed by the ivermectin in HEARTGARD Plus at the recommended 
dose level, HEARTGARD Plus is not effective for microfilariae clearance. A mild hypersensitivity-type 
reaction, presumably due to dead or dying microfilariae and particularly involving a transient diarrhea, 
has been observed in clinical trials with ivermectin alone after treatment of some dogs that have 
circulating microfilariae.
Keep this and all drugs out of the reach of children. 
In case of ingestion by humans, clients should be advised to contact a physician immediately. 
Physicians may contact a Poison Control Center for advice concerning cases of ingestion by humans.
Store between 68°F - 77°F (20°C - 25°C). Excursions between 59°F - 86°F (15°C - 30°C) are permitted. 
Protect product from light.
ADVERSE REACTIONS: In clinical field trials with HEARTGARD Plus, vomiting or diarrhea within 24 
hours of dosing was rarely observed (1.1% of administered doses). The following adverse reactions 
have been reported following the use of HEARTGARD: Depression/lethargy, vomiting, anorexia, 
diarrhea, mydriasis, ataxia, staggering, convulsions and hypersalivation.
To report suspected adverse drug events, for technical assistance, or to obtain a copy of the Safety 
Data Sheet (SDS), contact Boehringer Ingelheim Animal Health USA Inc. 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/AnimalVeterinary/SafetyHealth.
SAFETY: HEARTGARD Plus has been shown to be bioequivalent to HEARTGARD, with respect to the 
bioavailability of ivermectin. The dose regimens of HEARTGARD Plus and HEARTGARD are the same with 
regard to ivermectin (6 mcg/kg). Studies with ivermectin indicate that certain dogs of the Collie breed are 
more sensitive to the effects of ivermectin administered at elevated dose levels (more than 16 times the 
target use level) than dogs of other breeds. At elevated doses, sensitive dogs showed adverse reactions 
which included mydriasis, depression, ataxia, tremors, drooling, paresis, recumbency, excitability, stupor, 
coma and death. HEARTGARD demonstrated no signs of toxicity at 10 times the recommended dose 
(60 mcg/kg) in sensitive Collies. Results of these trials and bioequivalency studies, support the safety of 
HEARTGARD products in dogs, including Collies, when used as recommended.
HEARTGARD Plus has shown a wide margin of safety at the recommended dose level in dogs, including 
pregnant or breeding bitches, stud dogs and puppies aged 6 or more weeks. In clinical trials, many 
commonly used flea collars, dips, shampoos, anthelmintics, antibiotics, vaccines and steroid preparations 
have been administered with HEARTGARD Plus in a heartworm disease prevention program.
In one trial, where some pups had parvovirus, there was a marginal reduction  
in efficacy against intestinal nematodes, possibly due to a change in intestinal transit time.
HOW SUPPLIED: HEARTGARD Plus is available in three dosage strengths (see DOSAGE section) for 
dogs of different weights. Each strength comes in convenient cartons of 6 and 12 chewables.
Marketed by 
Boehringer Ingelheim Animal Health USA Inc. 
Duluth, GA 30096
Made in U.S.A.
®HEARTGARD and the Dog & Hand Logo are registered trademarks 
of Boehringer Ingelheim Animal Health USA Inc. 
©2019 Boehringer Ingelheim Animal Health USA Inc. 
All Rights Reserved.
Rev. 08-2018
1050-1999-04.
US-PET-0199-2020.

chewables

     Color Coding 0n
 Dog Chewables Ivermectin Pyrantel Foil Backing
 Weight  Per Month Content Content and Carton

 Up to 25 lb 1 68 mcg 57 mg Blue
 26 to 50 lb 1 136 mcg 114 mg Green
 51 to 100 lb 1 272 mcg 227 mg Brown
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Brief Summary: Before using NexGard® (afoxolaner) Chewables, please consult the product 
insert, a summary of which follows.

CAUTION: Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.

Description: NexGard is a soft chewable 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). 

Indications: NexGard kills adult fleas and is indicated for the treatment and prevention of 
flea infestations (Ctenocephalides felis), and the treatment and control of Ixodes scapularis, 
Dermacentor variabilis, Amblyomma americanum, and 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). See full product insert for dosing table and details.

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. 

Table 1: Dogs with Adverse Reactions.

1 Number of dogs in the afoxolaner treatment group with the identified abnormality. 
2 Number 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.

Effectiveness: See full product insert for details regarding Effectiveness.  

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 for a total of six treatments. 
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, no adverse reactions were observed from the concomitant use of 
NexGard with other medications. 

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

The information provided here is not comprehensive. The full FDA-approved product insert is 
available at www.nexgardfordogs.com. Consult your veterinarian for further information.  

Product approved by FDA under NADA # 141-406

Marketed by: Frontline Vet Labs™, a Division of Boehringer Ingelheim Animal Health USA Inc.  
Duluth, GA 30096

NexGard® is a registered trademark and FRONTLINE VET LABS™ is a trademark of the Boehringer 
Ingelheim Group.

©2020 Boehringer Ingelheim Animal Health USA Inc.  

All rights reserved. 
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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

BIAHU-000789_NEX_PI-Frstln-3.375x9.5-K_r3.indd   1 10/29/20   3:34 PM

CAUTION: Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
INDICATIONS: For use in dogs to prevent canine heartworm disease by eliminating the tissue stage 
of heartworm larvae (Dirofilaria immitis) for a month (30 days) after infection and for the treatment 
and control of ascarids (Toxocara canis, Toxascaris leonina) and hookworms (Ancylostoma caninum, 
Uncinaria stenocephala, Ancylostoma braziliense).
DOSAGE: HEARTGARD® Plus (ivermectin/pyrantel) should be administered orally at monthly intervals 
at the recommended minimum dose level of 6 mcg of ivermectin per kilogram (2.72 mcg/lb) and 5 mg 
of pyrantel (as pamoate salt) per kg (2.27 mg/lb) of body weight. The recommended dosing schedule for 
prevention of canine heartworm disease and for the treatment and control of ascarids and hookworms 
is as follows:

HEARTGARD Plus is recommended for dogs 6 weeks of age and older. For dogs over 100 lb use the 
appropriate combination of these chewables.
ADMINISTRATION: Remove only one chewable at a time from the foil-backed blister card. Return 
the card with the remaining chewables to its box to protect the product from light. Because most dogs 
find HEARTGARD Plus palatable, the product can be offered to the dog by hand. Alternatively, it may 
be added intact to a small amount of dog food.The chewable should be administered in a manner that 
encourages the dog to chew, rather than to swallow without chewing. Chewables may be broken into 
pieces and fed to dogs that normally swallow treats whole.
Care should be taken that the dog consumes the complete dose, and treated animals should be 
observed for a few minutes after administration to ensure that part of the dose is not lost or rejected. 
If it is suspected that any of the dose has been lost, redosing is recommended.
HEARTGARD Plus should be given at monthly intervals during the period of the year when mosquitoes 
(vectors), potentially carrying infective heartworm larvae, are active. The initial dose must be given 
within a month (30 days) after the dog’s first exposure to mosquitoes. The final dose must be given 
within a month (30 days) after the dog’s last exposure to mosquitoes.
When replacing another heartworm preventive product in a heartworm disease preventive program, 
the first dose of HEARTGARD Plus must be given within a month (30 days) of the last dose of the 
former medication.
If the interval between doses exceeds a month (30 days), the efficacy of ivermectin can be reduced. 
Therefore, for optimal performance, the chewable must be given once a month on or about the same 
day of the month. If treatment is delayed, whether by a few days or many, immediate treatment with 
HEARTGARD Plus and resumption of the recommended dosing regimen will minimize the opportunity 
for the development of adult heartworms.
Monthly treatment with HEARTGARD Plus also provides effective treatment and control of ascarids 
(T. canis, T. leonina) and hookworms (A. caninum, U. stenocephala, A. braziliense). Clients should be 
advised of measures to be taken to prevent reinfection with intestinal parasites.
EFFICACY: HEARTGARD Plus Chewables, given orally using the recommended dose and regimen, are 
effective against the tissue larval stage of D.immitis for a month (30 days) after infection and, as a result, 
prevent the development of the adult stage. HEARTGARD Plus Chewables are also effective against 
canine ascarids (T. canis, T. leonina) and hookworms (A. caninum, U. stenocephala, A. braziliense).
ACCEPTABILITY: In acceptability and field trials, HEARTGARD Plus was shown to be an acceptable 
oral dosage form that was consumed at first offering by the majority of dogs.
PRECAUTIONS: All dogs should be tested for existing heartworm infection before starting treatment 
with HEARTGARD Plus which is not effective against adult D. immitis. Infected dogs must be treated to 
remove adult heartworms and microfilariae before initiating a program with HEARTGARD Plus.
While some microfilariae may be killed by the ivermectin in HEARTGARD Plus at the recommended 
dose level, HEARTGARD Plus is not effective for microfilariae clearance. A mild hypersensitivity-type 
reaction, presumably due to dead or dying microfilariae and particularly involving a transient diarrhea, 
has been observed in clinical trials with ivermectin alone after treatment of some dogs that have 
circulating microfilariae.
Keep this and all drugs out of the reach of children. 
In case of ingestion by humans, clients should be advised to contact a physician immediately. 
Physicians may contact a Poison Control Center for advice concerning cases of ingestion by humans.
Store between 68°F - 77°F (20°C - 25°C). Excursions between 59°F - 86°F (15°C - 30°C) are permitted. 
Protect product from light.
ADVERSE REACTIONS: In clinical field trials with HEARTGARD Plus, vomiting or diarrhea within 24 
hours of dosing was rarely observed (1.1% of administered doses). The following adverse reactions 
have been reported following the use of HEARTGARD: Depression/lethargy, vomiting, anorexia, 
diarrhea, mydriasis, ataxia, staggering, convulsions and hypersalivation.
To report suspected adverse drug events, for technical assistance, or to obtain a copy of the Safety 
Data Sheet (SDS), contact Boehringer Ingelheim Animal Health USA Inc. 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/AnimalVeterinary/SafetyHealth.
SAFETY: HEARTGARD Plus has been shown to be bioequivalent to HEARTGARD, with respect to the 
bioavailability of ivermectin. The dose regimens of HEARTGARD Plus and HEARTGARD are the same with 
regard to ivermectin (6 mcg/kg). Studies with ivermectin indicate that certain dogs of the Collie breed are 
more sensitive to the effects of ivermectin administered at elevated dose levels (more than 16 times the 
target use level) than dogs of other breeds. At elevated doses, sensitive dogs showed adverse reactions 
which included mydriasis, depression, ataxia, tremors, drooling, paresis, recumbency, excitability, stupor, 
coma and death. HEARTGARD demonstrated no signs of toxicity at 10 times the recommended dose 
(60 mcg/kg) in sensitive Collies. Results of these trials and bioequivalency studies, support the safety of 
HEARTGARD products in dogs, including Collies, when used as recommended.
HEARTGARD Plus has shown a wide margin of safety at the recommended dose level in dogs, including 
pregnant or breeding bitches, stud dogs and puppies aged 6 or more weeks. In clinical trials, many 
commonly used flea collars, dips, shampoos, anthelmintics, antibiotics, vaccines and steroid preparations 
have been administered with HEARTGARD Plus in a heartworm disease prevention program.
In one trial, where some pups had parvovirus, there was a marginal reduction  
in efficacy against intestinal nematodes, possibly due to a change in intestinal transit time.
HOW SUPPLIED: HEARTGARD Plus is available in three dosage strengths (see DOSAGE section) for 
dogs of different weights. Each strength comes in convenient cartons of 6 and 12 chewables.
Marketed by 
Boehringer Ingelheim Animal Health USA Inc. 
Duluth, GA 30096
Made in U.S.A.
®HEARTGARD and the Dog & Hand Logo are registered trademarks 
of Boehringer Ingelheim Animal Health USA Inc. 
©2019 Boehringer Ingelheim Animal Health USA Inc. 
All Rights Reserved.
Rev. 08-2018
1050-1999-04.
US-PET-0199-2020.
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     Color Coding 0n
 Dog Chewables Ivermectin Pyrantel Foil Backing
 Weight  Per Month Content Content and Carton

 Up to 25 lb 1 68 mcg 57 mg Blue
 26 to 50 lb 1 136 mcg 114 mg Green
 51 to 100 lb 1 272 mcg 227 mg Brown
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IMPORTANT SAFETY INFORMATION: Do not use SELARID on sick, weak or underweight cats and dogs. Use only on cats 8 weeks and older and on dogs 6 weeks and 
older. Prior to administration, dogs should be tested for heartworms. Side effects may include digestive upset and temporary hair loss at application site with possible 

infl ammation. In people, SELARID may be irritating to skin and eyes. Wash hands after use. See Brief Summary for full Prescribing Information.

Visit MeetSelarid.com or call Norbrook at 866-591-5777 to learn more.

“GENERIC”
ONLY IN NAME

Selarid® (selamectin) is a non-greasy topical parasite protection 
solution that helps to prevent heartworm disease, control fl ea 
infestations, and treat and control other parasites in cats and dogs.

  Offers the same trusted and proven quality at a lower cost 
than the pioneer bioequivalent, Revolution® (selamectin) 
Topical Solution
  Economically priced to save vets, clinics and clients money
  Its ease-of-use and affordability encourage year-round use
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Topical Parasiticide For Dogs and Cats 
BRIEF SUMMARY: 
See Package Insert for full Prescribing Information 
CAUTION: 
US Federal law restricts this drug to use by or on the order of a licensed veterinarian. 
INDICATIONS: 
Selarid is recommended for use in dogs six weeks of age or older and cats eight weeks of age 
and older for the following parasites and indications:
Dogs: 
Selarid kills adult fleas and prevents flea eggs from hatching for one month and is indicated for 
the prevention and control of flea infestations (Ctenocephalides felis), prevention of heartworm 
disease caused by Dirofilaria immitis, and the treatment and control of ear mite (Otodectes 
cynotis) infestations. Selarid also is indicated for the treatment and control of sarcoptic mange 
(Sarcoptes scabiei) and for the control of tick infestations due to Dermacentor variabilis. 
Cats: 
Selarid kills adult fleas and prevents flea eggs from hatching for one month and is indicated for 
the prevention and control of flea infestations (Ctenocephalides felis), prevention of heartworm 
disease caused by Dirofilaria immitis, and the treatment and control of ear mite (Otodectes 
cynotis) infestations. Selarid is also indicated for the treatment and control of roundworm 
(Toxocara cati) and intestinal hookworm (Ancylostoma tubaeforme) infections in cats. 
WARNINGS: 
Not for human use. Keep out of the reach of children. 
In humans, Selarid may be irritating to skin and eyes. Reactions such as hives, itching 
and skin redness have been reported in humans in rare instances. Individuals with known 
hypersensitivity to Selarid should use the product with caution or consult a health care 
professional. Selarid contains isopropyl alcohol and the preservative butylated hydroxytoluene 
(BHT). Wash hands after use and wash off any product in contact with the skin immediately 
with soap and water. If contact with eyes occurs, then flush eyes copiously with water. In 
case of ingestion by a human, contact a physician immediately. The safety data sheet (SDS) 
provides more detailed occupational safety information. For a copy of the SDS or to report 
adverse reactions attributable to exposure to this product, call 1-866-591-5777. 
Flammable – Keep away from heat, sparks, open flames or other sources of ignition. 
Do not use in sick, debilitated or underweight animals (see SAFETY). 
PRECAUTIONS: 
Prior to administration of Selarid, dogs should be tested for existing heartworm infections. 
At the discretion of the veterinarian, infected dogs should be treated to remove adult 
heartworms. Selarid is not effective against adult D. immitis and, while the number of 
circulating microfilariae may decrease following treatment, Selarid is not effective for 
microfilariae clearance. 
Hypersensitivity reactions have not been observed in dogs with patent heartworm infections 
administered three times the recommended dose of selamectin solution. Higher doses were 
not tested. 
ADVERSE REACTIONS: 
Pre-approval clinical trials: 
Following treatment with selamectin solution, transient localized alopecia with or without 
inflammation at or near the site of application was observed in approximately 1% of 691 
treated cats. Other signs observed rarely (_<0.5% of 1743 treated cats and dogs) included 
vomiting, loose stool or diarrhea with or without blood, anorexia, lethargy, salivation, 
tachypnea, and muscle tremors.
Post-approval experience: 
In addition to the aforementioned clinical signs that were reported in pre-approval clinical 
trials, there have been reports of pruritus, urticaria, erythema, ataxia, fever, and rare reports of 
death. There have also been rare reports of seizures in dogs (see WARNINGS). 
SAFETY: 
Selamectin solution has been tested safe in over 100 different pure and mixed breeds of 
healthy dogs and over 15 different pure and mixed breeds of healthy cats, including pregnant 
and lactating females, breeding males and females, puppies six weeks of age and older, 
kittens eight weeks of age and older, and avermectin-sensitive collies. A kitten, estimated 
to be 5–6 weeks old (0.3 kg), died 8½ hours after receiving a single treatment of selamectin 
solution at the recommended dosage. The kitten displayed clinical signs which included 
muscle spasms, salivation and neurological signs. The kitten was a stray with an unknown 
history and was malnourished and underweight (see WARNINGS). 
DOGS: In safety studies, selamectin solution was administered at 1, 3, 5, and 10 times the 
recommended dose to six-week-old puppies, and no adverse reactions were observed. The 
safety of selamectin solution administered orally also was tested in case of accidental oral 
ingestion. 
Oral administration of selamectin solution at the recommended topical dose in 5- to 8-month-
old beagles did not cause any adverse reactions. 
In a pre-clinical study selamectin was dosed orally to ivermectin-sensitive collies. Oral 
administration of 2.5, 10, and 15 mg/kg in this dose escalating study did not cause any adverse 
reactions; however, eight hours after receiving 5 mg/kg orally, one avermectin-sensitive 
collie became ataxic for several hours, but did not show any other adverse reactions after 
receiving subsequent doses of 10 and 15 mg/kg orally. In a topical safety study conducted with 
avermectin-sensitive collies at 1, 3 and 5 times the recommended dose of selamectin solution, 
salivation was observed in all treatment groups, including the vehicle control. Selamectin 
solution also was administered at 3 times the recommended dose to heartworm infected dogs, 
and no adverse effects were observed. 
CATS: In safety studies, selamectin solution was applied at 1, 3, 5, and 10 times the 
recommended dose to six-week-old kittens. No adverse reactions were observed. The 
safety of selamectin solution administered orally also was tested in case of accidental oral 
ingestion. Oral administration of the recommended topical dose of selamectin solution to 
cats caused salivation and intermittent vomiting. Selamectin solution also was applied at 4 
times the recommended dose to patent heartworm infected cats, and no adverse reactions 
were observed. 
In well-controlled clinical studies, selamectin solution was used safely in animals receiving 
other frequently used veterinary products such as vaccines, anthelmintics, antiparasitics, 
antibiotics, steroids, collars, shampoos and dips. 

STORAGE CONDITIONS: Store below 86ºF (30ºC). 
HOW SUPPLIED: Available in seven separate dose strengths for dogs and cats of different 
weights (see DOSAGE). Selarid for puppies and kittens is available in cartons containing 3 
single dose applicators. 
Selarid for cats and dogs is available in cartons containing 6 single dose applicators. 
Approved by FDA under ANADA # 200-663 

Manufactured by: 
Norbrook Laboratories Limited 
Newry, BT35 6PU, Co. Down, 
Northern Ireland 
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Would you rather your 
canine or feline patients 
have the ability to 
speak?
“I would want cats to speak because I 
think they mask pain better than dogs 
and can be more challenging to read 
diagnostically. Plus, I imagine their col-
orful language would be exceptionally 
entertaining.”—Susan H

“I would choose dogs. Everyone knows 
cats are compulsive liars.”—Nancy H

“If cats could speak, they would use the 
best swear words.”—Laura G

“Let’s be honest, I think we all know 
what cats are saying.”—Sarah M

“Every time a cat hisses at me, I know 
they are just saying thank you. I am the 
most thanked person in the universe!” 
—Liz S

How often do 
you clean your 
stethoscope? 
“Oh, that reminds me ...”—Lacey W

“I cleaned it between patients during 
lockdown, but now I can’t remember 
when I last cleaned it.” 
—Domaines L

“Define clean.”—Anthony T

“After every encounter with a big 
slobbery dog.”—Rosalie T

“At the end of the day.”—Cara L

“I wipe it down after infectious or 
dirty patients but take it apart 
and clean out all the nooks and 
crannies every 6 months or so.” 
—Kristen H

“After contagious patients, but, 
honestly, I should clean it more 
often.”—Kaitlin K

95%
No

5%
Yes

80%
No

20%
Yes

WE 
ASKED …

Do you allow owners 
to watch surgical 

procedures on their pet?

Do you wear a full surgical 
gown for cat neuters?
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The Brachycephalic Dog
This online CE course reviews 
common disorders that affect 
brachycephalic dogs (including 
respiratory and ocular issues) 
and offers tips on how to safely 
anesthetize these patients.
brief.vet/brachycephalic_dog

PODCAST 
Feline Aggression 
with Dr. Pike
Amy L. Pike, DVM, DACVB, 
discusses human-directed and 
feline-related aggression in cats 
and how a 3-step approach can 
help, regardless of the trigger.
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A ntemortem diagnosis of 
pancreatic disease is a 
challenge. Histopathol-

ogy remains the gold standard of 
 diagnosis for pancreatic neopla-
sia  and pancreatitis. Pancreatic 
biopsy provides a definitive diag-
nosis of pancreatitis, assuming a 
representative sample is 
obtained. An open or laparo-
scopic approach can be made to 
collect samples.

I t is commonly believed that heartworm disease 
can be diagnosed based on a simple positive or 
negative in-clinic test result; however, this is not 

always true when testing dogs and is less accurate 
in cats. Interpretation of a heartworm antigen test 
is only one component of an accurate heartworm 
diagnosis; a variety of testing modalities may be 
required. Testing for the presence of antigens and 
microfilariae is recommended in dogs; diagnosis 
in cats usually requires additional testing (eg, anti-
body testing, radiography; Table, next page). 



14  cliniciansbrief.com  March 2022

TOP 5 h PARASITOLOGY h PEER REVIEWED

TOP 5 TIPS FOR INTERPRETING 
HEARTWORM TEST RESULTS

1. Microfilariae-Positive; No Antigen Detected

2. Antigen-Positive After Melarsomine Treatment

3. Slow-Kill/Salvage Treatment in Antigen-Negative Dogs

4. Positive or Negative Heartworm Infection in Cats

5. Newly Antigen-Positive

 1 Microfilariae-Positive; 
No Antigen Detected
Occult infections (ie, presence of adult 
worms without circulating microfilariae) 

can occur in up to 20% of dogs with heartworm 
disease1 and are likely a result of immune-mediated 
clearance of microfilariae or drug treatments. Dogs 
can also be microfilariae-positive but have no 
detectable antigens. This can occur for various rea-
sons, including infection with a different filarial 
parasite, blood transfusion from an infected dog, or 
antigen blocking, in which the heartworm antigen 
is presumably bound by host antibodies, masking 
the antigen from antibodies in the testing kit.2 In 
these patients, a fresh sample should be collected 
and submitted for further investigation. 

Following are the top 5 scenarios, according to the 
authors, encountered when diagnosing heartworm 
disease in dogs and cats. 

TABLE

HEARTWORM DIAGNOSTIC TESTS

Test Species Description Limitations

Microfilariae testing Dog Detects microfilariae via direct examination 
of a drop of fresh blood or concentration (ie, 
modified Knott’s test) 

Direct examination may be insensitive if 
low microfilariae count; modified Knott’s 
testing requires formalin and time

Antigen testing Dog, cat Detects antigen produced by adult female 
worms or dying male and female worms

Does not detect larvae or immature 
worm infections; rarely detects male-
only infections; results may be affected 
by antigen–antibody complex formation

Antibody testing Cat Detects antibodies produced by a cat in 
response to presence of heartworm larvae, 
immature adults, or adult worms

Studies have shown significant false-
negative results

Thoracic 
radiography

Dog, cat Detects vascular enlargement and 
pulmonary parenchymal inflammation; 
reliable method of assessing severity of 
cardiopulmonary disease in dogs

Radiographic signs can be subjective 
and affected by clinical interpretation

Echocardiography Dog, cat Detects echogenic walls of immature 
or mature worms, providing definitive 
evidence of heartworm infection; allows 
for assessment of cardiac anatomic and 
functional consequences of disease

Not an efficient method of diagnosis, 
particularly in lightly infected 
patients; accuracy rate influenced by 
ultrasonographer experience with 
heartworm detection

https://cliniciansbrief.com
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Additional testing may include a modified Knott’s 
test or molecular modalities to differentiate Dirofi-
laria immitis from other species (eg, Acanthochei-
lonema reconditum) or antigen testing with 
heat-treated serum at a reference laboratory (high 
heat can break antigen–antibody complexes, leav-
ing free antigens for detection).3 If a microfilariae- 
positive, antigen-negative dog seroconverts to 
antigen-positive after heat treatment, then heart-
worm adulticide therapy is warranted. Because of 
these phenomena, testing dogs for both antigen 
and microfilariae is recommended.

2 Antigen-Positive After 
Melarsomine Treatment
Although treatment with melarsomine is 
typically highly effective, a small number 

of worms may survive and cause the host to 
remain antigen-positive, despite adherence to the 
recommended 3-dose adulticidal protocol. In addi-
tion, some dogs may have been given a dose that is 
too small (patient weight and drug dose should be 
checked before each injection) or an inappropriate 
melarsomine regimen may have been used (eg, 
treatment timing was incorrect, 2 doses were 
given instead of 3). 

Dead and dying worms can release detectable anti-
gens, which can persist for some (unknown) time 
following treatment.3 The American Heartworm 
Society (AHS) currently recommends retesting 
dogs 9 months posttreatment; the 2-dose melarso-
mine regimen (ie, 2 doses 24 hours apart) is rec-
ommended if the patient is still antigen-positive.3

3 Slow-Kill/Salvage Treatment 
in Antigen-Negative Dogs 
Although the AHS treatment protocol 
using melarsomine is recommended in 

dogs with heartworm disease, long-term adminis-
tration of a macrocyclic lactone and doxycycline is 
an alternative, extra-label adulticidal treatment. 
The salvage protocol requires a significantly 
extended treatment timeline compared with the 
AHS protocol, and, although it can be effective, 
time needed to kill or eliminate adult worms var-

ies between protocols and can be prolonged.4 It is 
uncertain when dogs receiving the salvage proto-
col are considered heartworm-free, as antigens can 
be bound by the host’s antibodies, resulting in no 
antigen detected. This has been documented in 
dogs undergoing a salvage protocol5; however, in a 
study, no adult worms were found during necropsy 
in patients in which no antigen was detected after 
heat treatment of serum.6 No antigens should be 
detected after heat treatment before patients are 
considered truly negative.

4 Positive or Negative 
Heartworm Infection in Cats
Determining heartworm status of a cat 
can be difficult, and multiple clinical 

aspects and diagnostic approaches should be con-
sidered, including patient history, physical exam-
ination, serum chemistry profile, hematology, 
immunodiagnosis (both antigen and antibody 
testing), thoracic radiography, and echocardiogra-
phy.7 Testing for microfilariae is not always helpful 
or recommended because of the transient nature 
of microfilaremia in cats; >95% of heartworm 
infections in cats are occult.8 Heartworm antigen 
testing in cats has similar (and additional) chal-
lenges as with dogs, including reduced test sensi-
tivity and the possibility for antigen–antibody 
immune complex formation.3 

AHS = American Heartworm Society

Dogs can also be 
microfilariae-positive 
but have no detectable 
antigens.

https://cliniciansbrief.com


TOP 5 h PARASITOLOGY h PEER REVIEWED

16  cliniciansbrief.com  March 2022

A combination of antigen (possibly using heat-
treated serum if the patient shows clinical signs 
but results are discordant) and antibody (when 
available) testing is currently recommended, but a 
negative antigen test result does not exclude infec-
tion, and a positive antibody test result only indi-
cates exposure to heartworms (ie, larvae).7 A 
positive antigen test result (before or after heat 
treatment) is a strong indicator of active heart-
worm infection and may warrant supportive treat-
ment (eg, corticosteroids, antihistamines).9 

5 Newly Antigen-Positive
In both dogs and cats, a positive antigen test 
result should be confirmed prior to diag-
nosing heartworm disease and beginning 

treatment. The easiest way to confirm a positive 
antigen test result is with detection of D immitis 

microfilariae; however, microfilariae may not be 
present in a heartworm-positive dog (and are highly 
unlikely to be present in a heartworm-positive cat). 
In these patients, additional antigen testing should 
be pursued for confirmation using a fresh blood 
sample and an alternative testing platform (eg, dif-
ferent manufacturer, reference laboratory). Heat 
treatment is not needed in antigen-positive cats. 
Heat treatment is, however, recommended in 
cats with clinical signs but no antigen detected or 
microfilariae-positive and antigen-negative cats.

Conclusion
Diagnosing heartworm disease can be challeng-
ing. It is critical to use all resources available and 
seek continued education on updates to the AHS 
guidelines. n

Although pentoxifylline is not considered a mainstay 
for management of CAD, limited research suggests it 
may have value as adjunctive therapy.16,17
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Chewable Tablets
For oral use in cats
Caution:
Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.

Description:
CREDELIO CAT (lotilaner) is a chewable tablet for oral administration to cats and kittens 
according to their weight. Each chewable tablet is formulated to provide a minimum lotilaner 
dosage of 2.7 mg/lb (6 mg/kg).
Lotilaner has the chemical composition of 5-[(5S)-4,5-dihydro-5-(3,4,5-trichlorophenyl)-
5-(trifluoromethyl)-3-isoxazolyl]-3-methyl-N-[2-oxo-2-[(2,2,2-trifluoroethyl)amino]ethyl]-
2-thiophenecarboxamide.

Indications:
CREDELIO CAT kills adult fleas and is indicated for the treatment and prevention of flea 
infestations (Ctenocephalides felis) for one month in cats and kittens 8 weeks of age and older, 
and weighing 2.0 pounds or greater.
CREDELIO CAT is also indicated for the treatment and control of Ixodes scapularis (black-legged 
tick) infestations for one month in cats and kittens 6 months of age and older, and weighing 
2.0 pounds or greater.
Dosage and Administration:
CREDELIO CAT is given orally once a month, at the minimum dosage of 2.7 mg/lb (6 mg/kg).

Dosage Schedule:

NA = not applicable.
CREDELIO CAT must be administered with food (see Clinical Pharmacology).
Treatment with CREDELIO CAT can begin at any time of the year and can continue year-round 
without interruption.

Contraindications:
There are no known contraindications for the use of CREDELIO CAT.
Warnings:
Not for human use. Keep this and all drugs out of the reach of children.
Keep CREDELIO CAT in a secure location out of reach of dogs, cats, and other animals to 
prevent accidental ingestion or overdose.

Precautions:
Lotilaner is a member of the isoxazoline class. This class has been associated with neurologic 
adverse reactions including tremors, ataxia, and seizures. Neurologic adverse reactions have 
been reported in cats receiving isoxazoline class drugs, even in cats without a history of 
neurologic disorders. Use with caution in cats with a history of neurologic disorders.
The safety of CREDELIO CAT has not been established in breeding, pregnant and lactating cats 
(see Foreign Market Experience).
The effectiveness of CREDELIO CAT against Ixodes scapularis in kittens less than 6 months of 
age has not been evaluated.
Adverse Reactions:
In a well-controlled U.S. field study, which included 341 cats (228 cats treated with CREDELIO 
CAT and 113 cats treated with a topical active control), there were no serious adverse reactions.
Cats with Adverse Reactions in the Field Study

*Two geriatric cats developed mildly elevated blood urea nitrogen (BUN) (42 to 58 mg/dL; 
reference range: 14 to 36 mg/dL) during the study. One of these cats, which had suspected 
pre-existing kidney disease, also developed a mildly elevated serum creatinine (2.5 mg/dL; 
reference range: 0.6 to 2.4 mg/dL) during the study.
Foreign Market Experience: The following adverse events were reported voluntarily during 
post-approval use of the product in cats in foreign markets: hyperactivity, pruritus, tachypnea, 

dyspnea, lethargy, vomiting, anorexia, hyperthermia, hypersalivation, tachycardia, mydriasis, 
tremors, ataxia, seizures, hepatopathy, anaphylactic reactions resulting in death, pancreatitis, 
immune mediated hemolytic anemia, and glomerulopathy.
Five 3- to 4-week-old nursing kittens (one litter of 2 kittens and one litter of 3) died within three 
days of the queens receiving CREDELIO CAT. Two pregnant cats spontaneously aborted or had 
fetal and perinatal deaths within a few days of receiving CREDELIO CAT.
To report suspected adverse events, for technical assistance or to obtain a copy of the Safety 
Data Sheet (SDS), contact Elanco US, Inc. at 1-888-545-5973. For additional information 
about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS 
or http://www.fda.gov/reportanimalae.

Clinical Pharmacology:
Following oral administration of 26 mg/kg (the maximum labeled dose), peak lotilaner 
concentrations were achieved in most cats at the 24-hour sampling point. Cats 3 months 
of age had a shorter elimination half-life (average of 7.5 days) than at 7 months of age 
(average of 32 days). Due to reduced drug bioavailability in the fasted state, CREDELIO CAT 
must be administered with a meal or within 30 minutes after feeding.

Mode of Action:
Lotilaner is an ectoparasiticide belonging to the isoxazoline group. Lotilaner inhibits insect and 
acarine gamma-aminobutyric acid (GABA)-gated chloride channels. This inhibition blocks the 
transfer of chloride ions across cell membranes, which results in uncontrolled neuromuscular 
activity leading to death of insects and acarines. The selective toxicity of lotilaner 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, CREDELIO CAT began to kill fleas six hours after 
administration, with greater than 98% of fleas killed within 12 hours after administration. 
In another well-controlled laboratory study, CREDELIO CAT demonstrated 100% effectiveness 
against adult fleas 24 hours after administration or infestation for 35 days.
In a 90-day well-controlled U.S. field study conducted in cats with existing flea infestations 
of varying severity, the effectiveness of CREDELIO CAT against fleas on Days 30, 60 and 
90 compared to baseline was 98.5%,100% and 100%, respectively. Cats with signs of 
flea allergy dermatitis showed improvement in erythema, papules, scaling, alopecia, 
dermatitis/pyodermatitis, and pruritus as a direct result of eliminating fleas.
In a well-controlled laboratory study, CREDELIO CAT killed fleas before they could lay eggs, 
thus preventing subsequent flea infestations after the start of treatment of existing flea 
infestations for 30 days.
In well-controlled laboratory studies, CREDELIO CAT demonstrated >97% effectiveness against 
Ixodes scapularis ticks 72 hours after administration or infestation for 31 days.
Palatability: In the U.S. field study, which included 648 doses administered to 225 cats, 
21.1% of the doses were voluntarily consumed when CREDELIO CAT was offered by hand, 
on the floor, or in an empty bowl, an additional 25.8% of doses were voluntarily consumed 
when CREDELIO CAT was offered with food, and 52.6% of doses required placement of the 
chewable tablet in the back of the cat’s mouth.
Owners were unable to administer CREDELIO CAT for 0.5% of doses.

Animal Safety:
In a margin of safety study, CREDELIO CAT was administered orally to 24 (8 cats/group) 
8-week-old cats at 1, 3 and 5X the maximum labeled dose of 26 mg/kg every 28 days for 
eight consecutive doses. The 8 cats in the control group (0X) were untreated.

There were no clinically-relevant, treatment-related effects on physical and neurologic 
examinations or gross pathology. Dry food consumption was reduced in male cats in all 
treated groups compared to control cats. Body weights of male cats in the 3X group 
were less than the control male cats. Vomiting occurred post-dosing in cats in all groups, 
including the control group, but was increased in the 5X group. At multiple time points, 
neutrophil counts were decreased (750-2710/μL; low end of normal: approximately 2800/μL) 
in cats in all treated groups compared to control cats, including in a cat in the 3X group that 
died during anesthesia to obtain the electrocardiogram (ECG). From Days 28 to 92, two and 
three female cats in the 3X and 5X group, respectively, had elevations in blood urea nitrogen 
(BUN) at least at one time point (37-43 mg/dL; high end of normal: 36 mg/dL). Three cats 
each in the control, 1X and 5X groups and six cats in the 3X group had minimal, usually 
unilateral, tubular regeneration of the kidneys. One cat each in the control, 1X and 5X groups 
and four cats in the 3X group had minimal generalized lymphoid depletion of the thymus. 
Four of the five cats in the two high-dose groups (3X and 5X) with the thymus changes also 
had neutropenia at 25% or more of the time points.

Blood concentrations of lotilaner confirmed systemic exposure in all cats administered lotilaner, 
although the exposure was less than dose proportional.
Storage Information:
Store at 15-25°C (59 -77°F), excursions permitted between 5 to 40°C (41 to 104°F).
How Supplied:
CREDELIO CAT is available in two chewable tablet sizes for use in cats: 12 and 48 mg lotilaner. 
Each chewable tablet size is available in color-coded packages containing 1 chewable tablet. 
The 48 mg chewable tablet size is also available in color-coded packages containing 3 or 
6 chewable tablets.
Approved by FDA under NADA # 141-528
Manufactured for:
Elanco US Inc
Greenfield, IN 46140 USA
CredelioCAT.com
Credelio, Elanco and the diagonal bar logo are trademarks of Elanco or its affiliates.
Rev. date 04/2021
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Body Weight

2.0 to 4.0 lbs

4.1 to 17.0 lbs

Over 17.0 lbs

Lotilaner Per Chewable Tablet (mg)

12

48

NA

Chewable Tablets Administered

One

One

Administer the appropriate 
combination of chewable tablets

Adverse Reaction
(AR)

Weight Loss
Tachypnea
Vomiting
Diarrhea
Anorexia

Elevated blood urea nitrogen (BUN)*

CREDELIO CAT Group:
Number (and Percent) of 
Cats with the AR (n=228)

5 (2.2%)
3 (1.3%)
3 (1.3%)
2 (0.9%)
2 (0.9%)
2 (0.9%)

Active Control Group:
Number (and Percent) of 
Cats with the AR (n=113)

2 (1.8%)
0 (0.0%)
1 (0.9%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
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INDICATIONS
Credelio CAT kills adult fleas and is indicated for the treatment and prevention of flea infestations (Ctenocephalides felis) for one month 
in cats and kittens 8 weeks of age and older and weighing 2.0 pounds or greater.

Credelio CAT is also indicated for treatment and control of Ixodes scapularis (black-legged tick) infestations for one month in cats and 
kittens 6 months of age and older and weighing 2.0 pounds or greater. 

IMPORTANT SAFETY INFORMATION
Lotilaner is a member of the isoxazoline class. This class has been associated with neurologic adverse reactions including tremors, ataxia 
and seizures. Neurologic adverse reactions have been reported in cats receiving isoxazoline class drugs, even in cats without a history of 
neurologic disorders. Use with caution in cats with a history of neurologic disorders. The safety of Credelio CAT has not been established 
in breeding, pregnant and lactating cats. The effectiveness of Credelio CAT against Ixodes scapularis in kittens less than 6 months of age 
has not been evaluated. The most frequently reported adverse reactions are weight loss, tachypnea and vomiting. For full prescribing 
information see Credelio CAT package insert.

1Chappell K, Paarlberg T, Seewald W, et al. A randomized, controlled field study to assess the efficacy and safety of lotilaner flavored chewable tablets 
(Credelio™ CAT) in eliminating fleas in client-owned cats in the USA. Parasite Vector. 2021;14:127.

2Little SE, Barrett AW, Nagamori Y, et al. Ticks from cats in the United States: Patterns of infestation and infection with pathogens. Vet Parasitol. 2018;257:15.
3Toutain C, Seewald W, Jung M. The intravenous and oral pharmacokinetics of lotilaner in dogs. Parasite Vector. 2017;10:522

Credelio, Elanco and the diagonal bar logo are trademarks of Elanco or its affiliates. © 2021 Elanco or its affiliates. PM-US-21-2845

• Palatable monthly chewable
with 99.5% successful
administration by cat owners1

• Starts to kill fleas within 6 hours

• Kills Ixodes scapularis ticks,
the most common tick in cats2

• Contains lotilaner, which 
was chosen from 1,000 other 
compounds during development 
for its efficacy and safety profile3

The love between your clients 
and their cats should never be disrupted. 

With an incredibly easy-to-administer 
pill, it doesn’t have to be.

With the first oral isoxazoline flea and 
tick product for cats

Help them stay 
Credelio Close

Talk to 
your Elanco 
sales rep 
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SYSTEMIC HYPERTENSION IN CATS
Andrew Sparkes, BVetMed, PhD, DECVIM, MANZCVS, MRCVS
Simply Feline Veterinary Consultancy 
Dorset, United Kingdom

MEASUREMENT OF INDIRECT SBP IN CATS FOR SCREENING OR DIAGNOSTICS*

INVESTIGATION
Monitor SBP during 
routine examinations
h  Every 12 months in 

patients 3-10 years 
of age

h  Every 6-12 months 
in patients >10 
years of age

INVESTIGATION
Recheck BP typically 1-3 

weeks after presentation; 
may be earlier if 
SBP ≥180 mm Hg

INVESTIGATION
Monitor SBP ± UPC 
every 3-6 months 

or as indicated 

INVESTIGATION
Evaluate for diseases 

associated with hypertension

TREATMENT
Start trial antihypertensive 

therapy (see Indications for 
Antihypertensive Therapy); 

monitor carefully

Signs of TOD improved?

<140 mm Hg 140-159 mm Hg

Clinical signs of active 
ocular or neurologic TOD 

and SBP consistently 
>140-150 mm Hg

Clinical signs of active TOD 
(ie, ocular, neurologic, cardiac, 

renal changes consistent 
with hypertension)?

Underlying condition (eg, CKD, hyperthyroidism, 
hyperaldosteronism, pheochromocytoma, 

erythropoietin therapy) known to be associated 
with hypertension?

160-179 mm Hg ≥180 mm Hg

DIAGNOSIS
Likely normotensive; 
minimal risk for TOD

DIAGNOSIS
Prehypertensive;  
low risk for TOD

DIAGNOSIS
Hypertensive;  

moderate risk for TOD

DIAGNOSIS
Severely hypertensive; 

high risk for TOD

YESNO YESNO

Consider other potential causes 
(eg, infection, inflammation, 

neoplasia, others)

If patient is stable, consider 
stopping treatment to assess 

need for long-term therapy

YESNO

<160 mm Hg ≥160 mm Hg

INVESTIGATION
Monitor SBP every 
3-6 months or as 

indicated 

INVESTIGATION
Evaluate for diseases 

associated with hypertension

TREATMENT
Start trial antihypertensive 

therapy (see Indications for 
Antihypertensive Therapy)

ACEI =  angiotensin-converting 
enzyme inhibitor

ARB =  angiotensin receptor 
blocker

BP = blood pressure

CKD = chronic kidney disease

SBP = systolic blood pressure

TOD = target organ damage

UPC =  urine protein:creatinine 
ratio
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INDICATIONS FOR ANTIHYPERTENSIVE THERAPY†

DIAGNOSIS
Nonemergency hypertension
h  SBP persistently ≥160 mm Hg
h  SBP persistently >140 mm Hg with 

evidence of ocular or neurologic TOD

DIAGNOSIS
 Emergency hypertension (rare)
h  Consider emergency treatment if SBP ≥200 mm Hg 

with severe and worsening TOD
h  Recommendations are based on empiric data only

≥200 mm Hg <200 mm Hg

TREATMENT
h  First choice therapy 

is amlodipine
 –  Consider a higher 

starting dose (1.25 
mg/cat PO every 
24 hours)

 –  Reassess in 1-3 days
h  Adjust therapy as 

needed
 –  Aim for initial SBP 

<160 mm Hg, and 
increase amlodipine 
dose up to 2.5 mg/
cat PO every 24 hours

 –  Add adjuvant 
therapy as needed

TREATMENT
h  First choice therapy is amlodipine (0.625 mg/cat PO every 

24 hours); consider telmisartan 
(2 mg/kg PO every 24 hours) if amlodipine is not tolerated 
(eg, trouble administering tablets, adverse effects)

h Reassess every 7-10 days
 –  Initially aim for SBP <160 mm Hg, and increase amlodipine 

as needed to a maximum of 2.5 mg/cat PO every 24 hours
 –  Add adjuvant (or use alternative) therapy as needed

Reduce SBP
h  10%-25% in first 1-2 hours
h  Down to ≈160 mm Hg in 6-24 hours

Once SBP is stable and <160 mm Hg, 
maintain or switch to oral amlodipine as 

needed to maintain SBP <160 mm Hg

TREATMENT
Common drugs for adjuvant therapy
h  Telmisartan (ARB; 1-2 mg/kg PO every 24 hours)
 –  ARBs often used and helpful for treatment of proteinuric 

CKD; care is needed in dehydrated patients
h  Benazepril (ACEI; 0.5-1 mg/kg PO every 24 hours)
 –  ACEIs often used and helpful for treatment of proteinuric 

CKD; care is needed in dehydrated patients
h  Atenolol (beta-blocker; 1-2 mg/kg PO every 12 hours)
 –  Beta-blockers may be helpful for treatment of tachycardia
h  Prazosin (alpha-blocker; 0.25-0.5 mg/cat PO every 12-24 

hours)
 –  Alpha-blockers may be helpful for treatment of 

pheochromocytoma

INVESTIGATION
Intensive monitoring ideally via direct arterial BP

TREATMENT
h  Amlodipine (0.625-1.25 mg/cat PO, can 

repeat every 4-8 hours to maximum 
dose of 2.5 mg/cat PO in first 24 hours)

h  Hydralazine is a possible alternative  
(vasodilator; 0.2-0.5 mg/kg or 1-2.5 mg/
cat PO or SC every 12-24 hours1)

INVESTIGATION
 Long-term monitoring
h  Long-term SBP goal, 110-150 mm Hg
h  Once patient is stable, reassess at least every 3 months
h  Monitor hypertension and underlying disease (eg, CKD, 

proteinuria, others)

* Using Doppler, high-definition 
oscillometry, or other oscillo-
metric methods with stan-
dard protocol and low-stress 
handling according to Inter-
national Society of Feline 
Medicine2 and ACVIM3 recom-
mendations. SBP values may 
need adjustment depending 
on conditions, equipment 
availability, environment, 
patient, and operator.

† Recommendations for 
monitoring and treatment are 
based on ISFM2 and ACVIM3 
guidelines.
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Novel Rickettsia spp 
in Dogs
Susan Little, DVM, PhD, DACVM (Parasitology)
Oklahoma State University

In the literature
Wilson JM, Breitschwerdt EB, Juhasz NB, et al. Novel Rick-
ettsia species infecting dogs, United States. Emerg Infect 
Dis. 2020;26(12):3011-3015. 

FROM THE PAGE …

Although tick-borne infection is commonly encountered in veterinary medicine, 
identifying the specific pathogen responsible can be difficult. Emergence of 
novel agents that can induce similar and, at times, severe disease increases the 
challenge. Diagnostic tests for tick-borne infection have been developed and 
validated to identify known, established organisms, but a diverse array of 
potential pathogens cycle in nature. 

This study describes a novel spotted fever group of Rickettsia spp that caused 
severe disease in 3 dogs infected in the central and southern United States. 
Although attempts to culture the organism were unrewarding, researchers 
sequenced identical Rickettsia-specific targets from the blood of the 3 patients. 
All sequences were identical to each another and unique from other known 
Rickettsia spp.

The dogs shared a history of tick exposure in a region with heavy tick popula-
tions and were presented in the summer with fever, lethargy, and thrombocyto-
penia, leading to suspicion of tick-borne illness. All 3 patients were seropositive 
for antibodies reactive to Rickettsia spp on immunofluorescent assay (IFA) test-
ing. One dog also had neutrophilic polyarthritis, which is occasionally reported 
in dogs with Rocky Mountain spotted fever. 

One dog had protein-losing nephropathy and was euthanized after developing 
nephrotic syndrome. The remaining 2 dogs recovered after receiving doxycy-
cline, prednisone, and supportive care. The novel organism was identified via 

PCR and sequencing of Rickettsia-specific 
nucleic acid targets from the blood of all 3 
patients. 

Studies like this are critical to understanding 
the diversity of tick-borne pathogens that 
threaten canine health. Spotted fever group 
Rickettsia spp cause cross-reacting antibod-
ies detected on IFA tests, leading to a suspi-
cion that as-yet-unrecognized agents like the 
one described here may be widespread. 

Dogs are important sentinels for tick-borne 
infection risk in humans. The potential 
zoonotic risk posed by this agent warrants 
further consideration. 

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Novel tick-borne agents continue to be 
described. Recognizing classic clinical 
signs may allow for a successful out-
come, even if the disease is caused by 
an unrecognized organism. 

2   Ticks transmit a wide variety of infec-
tious organisms. Focusing on consistent 
tick preventives and avoiding areas with 
intense tick populations can help limit 
risk for disease and protect dogs from 
infections. 

3   Spotted fever group Rickettsia spp also 
infect humans. Novel infections provide 
another opportunity to raise awareness 
among pet owners about the zoonotic 
risk of tick-borne pathogens.

Suggested Reading
Allison RW, Little SE. Diagnosis of rickettsial diseases in 

dogs and cats. Vet Clin Pathol. 2013;42(2):127-144. 
Nicholson WL, Allen KE, McQuiston JH, Breitschwerdt 

EB, Little SE. The increasing recognition of rickettsial 
pathogens in dogs and people. Trends Parasitol. 
2010;26:205-212. 
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NUTRITION EXCHANGE

Multimodal Therapy is the Optimal Approach for 
Managing Patients With Anxious Behaviors

How do you differentiate stress, 
anxiety and fear? Is it important  

to do so? 
“Stress” and “anxiety” tend to be used 
synonymously but from a biological or 

neurobiological standpoint, they’re not the same.
     Stress is a fairly generic term. Most of the time 
we really mean “distress.” There are two arms of 
the physiologic stress response that help animals 
avoid danger: the sympathetic nervous system—
which does things like producing adrenaline, 
helping glucose get to muscles quickly, and 
accelerating heart and respiratory rates to prepare 
for fight or flight. And then there’s another arm 
called the hypothalamic-pituitary-adrenal (HPA) 
system, the major outcome of which is  
cortisol production.
     Anxiety has been taken from the  
human literature and usually refers to 
what is causing the stress, which typically 
isn’t physically present. For example, a  
dog or cat with separation-related distress 
may start feeling anxious any time their 
owner starts walking toward the door;  
or if a pet had a perceived negative 
experience at the veterinary clinic, signs  
of anxiety may be noted in subsequent  
car rides. Anxiety tends to be low-level  
and can be chronic. If an animal is 
panicking, that’s not anxiety.
     Fear is a negative but adaptive  
emotional state that allows an animal to  
survive a perceived threat by mobilizing  
fuel for fight, flight or freeze in the face  
of danger. However, constant exposure to  
fearful stimuli can cause damage to the  
brain and body.

Anxiety/anxious behaviors can 
sometimes be traced to problems with 

socialization early in life. What kinds of 
behavior problems typically result? 

Behavior is a function of both nature and 
nurture. Genetics play a role as does the 

maternal in utero environment. One of the most 
important periods of development is the sensitive 
period for socialization. In dogs, that’s from about 
4 to 14 weeks of age and for cats it’s from 2 to 7 
weeks of age. It’s during this time that pets are 
most open to learning about the world around 
them, including any type of social attachments.
     If cats or dogs have poor early socialization, 
they’re more likely to have generalized anxiety 
problems, meaning their baseline level of anxiety 
stays high. These are often the dogs pacing and 
panting around the house or the cats that are 
always hiding under the bed. The behaviors are 
not necessarily linked to a specific trigger but 
animals whose socialization was inadequate are 
also more likely to have specific fears and phobias.

How do you determine which therapy 
or combination of therapies is 

needed for a pet with anxiety?
I never recommend a pharmaceutical 
or a supplement alone. I recommend 

veterinarians talk with clients about avoiding 
stressors when starting a supplement or a 
medication, and start with a conservative therapy 
if the problem seems mild or the client is unsure 
about prescription pharmaceuticals. If the pet 
has elevated and constant anxiety, starting with 
something like Purina® Pro Plan® Veterinary 
Supplements Calming Care can be a great first 
step. It can also be used in combination with  
other medications, although staggering start 
times will be beneficial to tell which modalities 
may be helping. 

     Veterinarians will achieve the best results  
when they use these therapeutic tools in 
conjunction with behavior modification. 
Decreasing fear opens a pet’s mind to learning 
more positive behavior patterns. For example,  
if a dog panics during a thunderstorm, you need  
to help the dog be less fearful. If you can train  
him or her to think ‘Every time I hear thunder, 
here comes the cheese or here comes the ball,’  
you can change the meaning of what the trigger  
is for that animal. Medications and supplements 
can help facilitate this type of behavior 
modification therapy.
     Additionally, assessment tools such as those 
found under "Research and Resources" here 
(purinaproplanvets.com/assessment-tools) can 
help you proactively detect anxious behaviors in 
your patients and engage clients in the process of 
addressing them.

Q

A

Cats or dogs that experience poor early socialization  
are more likely to have generalized anxiety, meaning 

their baseline level of anxiety stays high.

Q

A

Q

A

www.purinaproplanvets.com/assessment-tools
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From Anecdote to Advice: When  
Managing Pets Displaying Anxious  
Behaviors Hits Close to Home

When a dog or cat experiences  
anxious behaviors, both the pet and 
household are affected. Not only is the 
pet distressed, but the behaviors can 
also stress the pet’s human family.
     I know this from personal  
experience. Three years ago, our  
family adopted two rescue puppies. 
It quickly became clear that one of 
them, Storm, had ongoing anxiety, as 
evidenced by her being situationally 
anxious to new events and sounds in 
our house—particularly with our  
two young children.
     As soon as we became aware of  
her anxious behaviors, we started 
Storm on Purina® Pro Plan® Veterinary  
Supplements Calming Care. Calming 
Care is a probiotic supplement that 
contains a strain of beneficial bacteria, 
Bifidobacterium longum BL 999, which 
has been shown to help dogs maintain 
calm behavior and is supported by  
a blinded crossover design study. 
     After four weeks, we noticed  
improvement in Storm’s anxious  
behaviors and that she seemed less 
nervous. After six weeks, we observed 
further improvement but assumed  
this could be due to the behavior  
modification strategies we had  
implemented and her acclimation  
to our household. 
     To test this assumption, we  
discontinued Calming Care to see  
if things would change—and they  
did. Within a week, we noticed that 
some of Storm’s anxious behaviors  
had resumed. We reinstituted her 
Calming Care routine several days  
later and she soon returned to  
her new calmer baseline. 
     Over the next two years, we  
tried stopping Calming Care two  
more times as we continued Storm’s 
training. Both times, her behavior 
regressed to the point that my wife 
strongly requested we put Storm 
back on Calming Care. She remains  
on the supplement to this day.
     Based on my personal and general 
practice experience, as well as what  
I’ve learned from other veterinarians 
and behavior experts, I recommend  
the following considerations when 
using Calming Care in your practice.  
     

EMPLOY A  
MULTIMODAL  
APPROACH.
Calming Care  
can be part of a 
multimodal program, 

whether it is combined with behavior 
modification, medications and/or a 
wearable (like a snug shirt) for noise 
sensitivities. Consider administering 
Calming Care six weeks in advance of 
stressful periods like thunderstorm 
season as well as prior to starting  
behavior modification, as the ability  
to learn new behaviors improves  
when a pet is calm. 

EMPHASIZE  
THAT IT’S A  
SUPPLEMENT, 
NOT A  
MEDICATION.
Calming Care is  
a nonpharmaceutical,  

noninvasive approach, which is 
appealing to many clients. Even as 
a monotherapy, dogs given Calming 
Care have shown an improvement in 
displaying anxious behaviors such as 
excessive vocalization, jumping, pacing 
and spinning. Improvement has also 
been shown in cats displaying anxious 
behaviors such as pacing. Calming Care 
helps promote positive behaviors in 
cats such as playing and seeking out 
social contact.

CONSIDER  
USING PRIOR  
TO SURGERY,  
REST AND  
REHABILITATION. 
Calming Care can be 

used when there is a prolonged recov-
ery requiring a change in routine and 
location. For example, if a dog has been 
diagnosed with a ruptured cruciate 
ligament and the owner is willing to do 
surgery, I recommend we start Calming 
Care right away. During the recovery 
period from surgery, the dog may then 
be better able to cope with the changes 
in routine. Purina research has shown 
that Calming Care takes up to six 
weeks to reach full effect, so it’s  
important to begin supplementation 
early enough to have an impact. 

ENGAGE CLIENTS  
IN MONITORING 
PROGRESS.
Since some improve-
ments can be subtle 
and may occur over a 

period of several weeks, owners may 
not realize they’re even happening. 
I recommend that clients and other 
family members each fill out a  
behavioral assessment questionnaire 
(purinaproplanvets.com/assess-
ment-tools) before therapy and  
again at the six-week mark to more  
accurately gauge improvement.  

Starting Calming Care prior to surgeries with prolonged recovery 
periods may help dogs cope with external stressors like separation, 

novel sounds, or changes in routine and location.



James Mathews, DVM 
DACVIM (Nutrition) 
Ormewood Animal Hospital
Atlanta, Georgia

Understand Both Patient and  
Client to Effectively Manage Pets  
Displaying Anxious Behaviors

Hardly a day goes by where I don’t  
see at least one patient that suffers 
from anxiety. And while it is pets  
that are directly affected: successful  
management is highly dependent  
on open communication and  
collaboration with owners.
     Identifying anxious behaviors 
in dogs: A veterinary visit can be 
stressful for any patient. If a dog’s 
body language indicates fear, anxiety 
or stress, with signs like tail tucking, 
heightened alertness, raised hackles, 
and either avoidance or constant 
maintenance of eye contact, I want  
to understand if that is simply due  
to the pet’s discomfort with the clinic 
environment or indicative of a larger 
underlying problem. If an owner tells 
me a dog is prone to exhibit anxiety 
either on a more generalized basis or 
when faced with certain triggers— 
like noise or new people—I initiate  
a discussion about intervention.
     Identifying anxious behaviors  
in cats: Cats are more challenging 
because most of them don’t like novel 
environments and experience at least 
some anxiety during veterinary visits. 
With cats, I rely more on what the  
owner tells me about the cat’s home  
behavior to determine if there is an 
issue. Behaviors like urinating outside 
the litter box, being aggressive or 
hiding—or even just not being very 
interactive—can tip me off. I also 
consider the cat’s medical history and 
look for certain conditions that can be 
triggered by stress, like herpesvirus 

flare-ups or feline idiopathic cystitis.
     With both species, the two  
fundamental questions I ask are:  
1) How severe is the problem? and 2) Is 
the problem generalized or brought on 
by specific triggers? For example, a dog 
with thunderstorm anxiety will require 

a different approach than a dog that is 
hypervigilant or has separation anxiety.
     Counseling clients: a step-by-step 
approach. I recommend a behavioral 
consultation with a trusted trainer  
for all patients with anxiety and I  
refer pets suffering from more severe 
issues to a board-certified veterinary  
behaviorist. I find that the  
accountability of a structured  
behavioral management plan can  
help both owner and pet be successful. 
Not every client is willing to put in  
this kind of effort but I always  
recommend it.

Key Takeaways
•  Decreasing fear through behavior 

modification opens a pet’s mind to 
learning more positive behavior 
patterns. Medications and 
supplements can help facilitate 
this type of therapy and ultimately 
help ease anxiety and stress.

• Calming Care can be used as a 
monotherapy or with behavior 
modification and/or medications  
to help dogs and cats maintain 
calm behavior. 

• Owners who are resistant to  
the idea of medical intervention 
for pets with anxiety may be more 
comfortable trying a probiotic 
supplement first.

CentreSquare, an online resource designed by the Purina Institute, offers a variety of patient 
education resources you can use in your clinic. For example, this handout provides clients  
with information about puppy separation anxiety. 

Go to www.purinainstitute.com/centresquare/puppy or scan the QR code.

Purina Institute Offers CentreSquare™ Materials on Pet Anxiety

    Owners are frequently resistant to 
the idea of their pet taking medication 
for anxiety. Some owners mistakenly 
fear it will change their pet’s personali-
ty. The good news is that even clients 
who don’t want to give an anxiety  
medication are typically willing  

to try a product like Calming  
Care from Purina® Pro Plan®  
Veterinary Supplements, because 
it is a probiotic rather than a  
medication that helps pets remain 
calm. It’s effective for many  
animals and easy to administer—
an important factor, especially 
with cats. In addition, for patients 
that are helped by Calming Care 
but need something more, I find 
it’s easier to move on to an  
anxiolytic medication after the 
owner has become used to giving  
a supplement.
     Behavioral medicine is an       
emerging field for veterinarians in 

practice today, with more tools to help 
more patients. Understanding owners, 
as well as pets, is key to implementing  
a successful strategy.

SCAN ME

Because many cats become anxious 
in the clinic environment, discussing 
at-home behavior is essential when 

diagnosing anxiety.



*Kantar Veterinary Tracker, 2021   |    Purina trademarks are owned by Société des Produits Nestlé S.A. 

1-800-222-8387 (8:00 AM - 6:00 PM CST M-F)  | Talk to your Purina Veterinary Consultant

LEARN MORE AT PURINAPROPLANVETS.COM/SUPPLEMENTS

WHAT IF…
A PROBIOTIC COULD HELP PETS 
WITH ANXIOUS BEHAVIORS? 

Improvement shown in 
dogs and cats displaying 
anxious behaviors such 

as pacing

#1 veterinarian 
recommended

probiotic brand to 
support calm behavior*

Through microbiome research, our network of scientists 
discovered how to influence behavior through the gut. 
Purina® Pro Plan® Veterinary Supplements Calming Care 
contains Bifidobacterium longum BL999, a probiotic strain 
shown to help dogs and cats maintain calm behavior.

Helps dogs and cats 
cope with changes 

in routine 
and location

www.purinaproplanvets.com/supplements
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Patient-Side Giardia 
spp Diagnostics
Lindsay A. Starkey, DVM, PhD, DACVM (Parasitology)
Auburn University 

In the literature
Symeonidou I, Gelasakis AI, Miliotou AN, et al. Rapid on-site 
diagnosis of canine giardiosis: time versus performance. 
Parasit Vectors. 2020;13(1):544.

FROM THE PAGE …

Giardia spp can be difficult to visualize on fecal flotation or direct smear, as 
they are very small, may be present only intermittently, and can be confused 
with other material (eg, yeast, pollen). In addition, some flotation solutions 
can cause Giardia spp cysts to distort or rupture, hindering recovery and 
identification. Additional tests (eg, immunoassays, molecular testing) to help 
accurately detect and diagnose infection have been developed. 

This study* compared an in-clinic Giardia spp immunochromatographic strip 
test (IST) with double-centrifugal fecal flotation in zinc sulfate. Both tests were 
then compared with PCR and ELISA testing, which are the gold standards for 
detection. 

Samples from 100 dogs with diarrhea were analyzed. IST detected 50 positive 
and 50 negative results. 

Of the IST-positive samples, Giardia spp cysts were detected via flotation in 34 
samples. Cysts were not microscopically visible in any of the IST-negative sam-
ples. All 50 IST-positive samples also had positive ELISA and PCR results. 

Of the 50 samples that were negative on IST and fecal flotation, 22 had positive 
PCR results and 15 had positive ELISA results; 8 samples tested positive with 
both ELISA and PCR.

Although false-negative results occurred with 
IST and fecal flotation compared with the 
gold standard tests, IST identified more posi-
tive samples than traditional flotation. These 
findings add to the body of evidence that 
patient-side immunoassays are valuable clini-
cal tools for aiding in the diagnosis of Giardia 
spp infection.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1  Giardia spp can be challenging to 
detect, but an accurate patient-side 
diagnostic test can help.

2  Fecal flotation remains an important 
diagnostic tool, as parasites other than 
Giardia spp can cause or contribute to 
diarrhea and will not be detectable with 
a patient-side Giardia spp test.

3  Using a combination of diagnostic tools 
is more likely to produce an accurate 
diagnosis.

Suggested Reading
Saleh MN, Heptinstall JR, Johnson EM, et al. Comparison 

of diagnostic techniques for detection of Giardia 
duodenalis in dogs and cats. J Vet Intern Med. 
2019;33(3):1272-1277.

Tangtrongsup S, Scorza V. Update on the diagnosis and 
management of Giardia spp. infections in dogs and 
cats. Top Companion Anim Med. 2010;25(3):155-162.

*This study was partially funded by Virbac.

https://cliniciansbrief.com


FROM PAGE TO PATIENT

Fresh Frozen 
Plasma Use in Cats
Ashley Allen-Durrance, DVM, DACVECC
University of Florida

In the literature
Lane WG, Sinnott-Stutzman VB. Retrospective evaluation of fresh 
frozen plasma use in 121 cats: 2009-2016. J Vet Emerg Crit Care 
(San Antonio). 2020;30(5):558-566.

FROM THE PAGE …

There are extensive guidelines for appropriate use of fresh frozen plasma (FFP) in human 
medicine, but similar guidelines are not available in veterinary medicine.1-3 Literature 
on use of FFP in cats is limited, and doses have not been reported, with the exception of 
nonspecies-specific recommendations of 6 to 20 mL/kg for treatment of coagulopathy.4,5

This retrospective study reported findings on FFP administration in 121 cats. The goal was 
to document indications for use, doses, and frequency of adverse transfusion reactions. 

Indications for 
FFP use in cats 
parallel those 
in dogs and 
are similar to 
established 
guidelines in 
human medicine.
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Multiple indications for transfusion were recorded in med-
ical records and included suspected coagulopathy (84%), 
hemorrhage (35%), persistent hypotension (25%), and 
hypoalbuminemia (5%). Odds of survival to discharge 
were 2.4 times more likely in cats with improvement in 
coagulation parameters posttransfusion. Most cats receiv-
ing FFP for coagulopathy (58%) and hemorrhage (67%) 
survived, whereas only 26% of cats with persistent hypo-
tension and 14% of cats with hypoalbuminemia survived. 
This was likely due to disease severity. 

The median FFP dose (6 mL/kg) was not associated with 
survival. There was a negative correlation between dose 
and body weight, likely due to the common practice of 
administering 1 unit of FFP per cat, causing larger cats to 
receive a smaller dose. 

Possible adverse transfusion reactions were seen in 16% 
of cats; increased body temperature and tachypnea were 
most common. Occurrence of an adverse transfusion 
reaction was not associated with survival. The rate of 
FFP transfusion was not significantly different between 
cats with and without a reaction.  

Indications for FFP use in cats parallel those in dogs and 
are similar to established guidelines in human medicine. 
Controversies surrounding use of FFP in human medicine 
are common, especially for prophylactic use in patients 
with prolonged clotting times but no clinical bleeding.1,6 
This study highlighted similar discrepancies, as approxi-
mately one-third of cats received FFP due to prolonged 
clotting times without clinical bleeding.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Cats with improved pre- and posttransfusion 
clotting times were 2.4 times more likely to survive. 
Administering an appropriate starting dose (eg, 
6 mL/kg) should therefore be considered in place 
of the common practice of giving 1 unit per cat, 
especially in larger cats.

2   Increased temperature and tachypnea were the 
most common adverse transfusion reactions 
reported in this study. There was no correlation 
between adverse transfusion reactions and sur-
vival, and there was no difference in FFP transfu-
sion rates between cats with and without an 
adverse transfusion reaction. Fear of transfusion 
reaction should not preclude use of FFP in treat-
ment of coagulopathy in bleeding patients.

3   Reduction in hemorrhage has not been consistently 
shown with prophylactic FFP use in human litera-
ture,7,8 and prophylactic use of FFP is controversial 
in veterinary medicine. Further prospective studies 
in cats are warranted.
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Hypokalemia in Cats 
Treated with Topical 
Dorzolamide
Renee Carter, DVM, DACVO
Louisiana State University

In the literature
Czepiel TM, Wasserman NT. Hypokalemia associated with 
topical administration of dorzolamide 2% ophthalmic solution 
in cats. Vet Ophthalmol. 2021;24(1):12-19.

FROM THE PAGE …

Topical carbonic anhydrase inhibitors (CAIs), which do not incite ocular inflammation, 
are common first-line treatments for feline primary and secondary glaucoma. Cats 
are uniquely sensitive to the adverse effects (eg, metabolic acidosis, hyporexia, 
vomiting, lethargy) of systemic CAIs; therefore, use of topical CAIs (eg, dorzolamide, 
brinzolamide) has largely replaced oral formulations.1,2

CAIs reduce intraocular pressure by inhibiting carbonic anhydrase enzyme activity in 
the ciliary body epithelium of the uvea, reducing aqueous humor production. Car-
bonic anhydrase isoenzymes are also present in extraocular sites, including RBCs, 
kidneys, and the respiratory tract.3 Systemic absorption of topical ocular medications 
occurs. Given the important metabolic functions of carbonic anhydrase and case 
reports of clinical signs associated with hypokalemia and metabolic acidosis in cats 
receiving topical CAIs,4,5 the authors of this study reviewed records of feline glaucoma 
patients that received topical CAIs and then prospectively evaluated the effect of top-
ical dorzolamide in healthy cats. 

In the retrospective portion of the study, 8 out of 27 (29.6%) cats developed hypokale-
mia by the first reported screening (median, 67.5 days) after medical treatment was 
initiated. The degree of hypokalemia varied widely. Information on the development 

Cats are uniquely 
sensitive to the 
adverse effects 
(eg, metabolic 
acidosis, hyporexia,
vomiting, lethargy) 
of systemic 
carbonic anhydrase 
inhibitors.

28  cliniciansbrief.com  March 2022

FROM PAGE TO PATIENT

https://cliniciansbrief.com


March 2022  cliniciansbrief.com  29

of clinical signs in cats with hypokalemia was limited, but 
inappetence, anorexia, and vomiting were reported in 4 
cats, and alterations in mentation or energy level were 
reported in 3 cats. Clinical signs occurred in cats with or 
without concurrent systemic disease and with or without 
intraocular pressure control; female cats were more 
commonly affected. The severity of observed clinical 
signs did not coincide with the degree of hypokalemia 
identified on blood work.

Prospectively, 10 healthy cats were treated with dorzol-
amide in both eyes 3 times daily for 6 weeks. Serum 
potassium values were significantly lower than baseline 
at all evaluated time points, and serum chloride was sig-
nificantly increased at weeks 2 and 4; however, all values 
remained within reference ranges. Adverse effects 
(including lip licking, hypersalivation, decreased appe-
tite, and local irritation) were reported in half of the 
study cats. All reported clinical signs were transient and 
lasted <2 weeks. 

In this study, topical dorzolamide applied to the eyes of 
healthy cats resulted in a measurable effect on serum 
electrolytes. Electrolyte changes may be the result of 
impaired secretion of hydrogen from the kidneys, result-
ing in distal renal tubular acidosis.4 Further studies eval-
uating the impact of topical CAIs on systemic health of 
glaucomatous cats and those with concurrent systemic 
disease are needed. 

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Routine electrolyte monitoring is recommended 
for all cats receiving topical CAIs. After initiating 
treatment, electrolyte assessment is recom-
mended at 2 weeks and at 2 to 4 months, followed 
by 6-month intervals for the duration of 
treatment.

2   Systemic clinical signs of hypokalemia can occur 
and often do not reflect laboratory values.

3   Potassium supplementation and discontinuation 
of topical CAIs may be required in some patients.
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Effect of Heat-Treated 
Lactobacilli on Canine 
Atopic Dermatitis
William Oldenhoff, DVM, DACVD
ACCESS Specialty Animal Hospitals 
San Fernando Valley, California

In the literature
Santoro D, Fagman L, Zhang Y, Fahong Y. Clinical efficacy 
of spray-based heat-treated lactobacilli in canine atopic 
dermatitis: a preliminary, open-label, uncontrolled study. 
Vet Dermatol. 2021;32(2):114-e23.

FROM THE PAGE …

Topical application of heat-killed bacteria (ie, Lactobacillus spp, Vitreoscilla 
filiformis) has been reported to help in the treatment of atopic dermatitis in 
humans and mice.1-4 There have been no investigations into the use of a similar 
product in atopic dogs. 

The current study* evaluated use of a spray containing heat-killed lactobacilli 
(ie, L rhamnosus, L reuteri) in 10 nonseasonally allergic pet dogs. The spray was 
applied to the ventrum every 24 hours for 28 days. Clinical scores (ie, canine 
atopic dermatitis extent and severity index 4 [CADESI-04], pruritus visual ana-
log scale [pVAS]), skin barrier function, and pet owner assessment were 
obtained on days 0, 14, 28, and 42. The cutaneous microbiota were analyzed on 
days 0 and 28. There was a significant reduction in CADESI clinical severity 
scores at each time point as compared with those on day 0 and in pVAS on day 
42. Significant changes in cutaneous microbiota and skin barrier function were 
not observed. Owners reported the spray was easy to apply. 

* This study was funded by DRN srl.
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… TO YOUR PATIENTS 
Key pearls to put into practice:

1   A spray containing heat-killed Lactobacillus spp 
may be useful in the treatment of canine atopic 
dermatitis. This product may appeal to those own-
ers with an increased interest in natural and alter-
native treatments. Larger-scale, blinded, 
placebo-controlled studies are needed to confirm 
the benefit of this product. 

2   It is not fully understood why application of a heat-
killed bacterial product helps treat allergic patients, 
but it may be due to an effect on local and systemic 
immune responses. Bacterial populations can have 
profound effects on the host’s immune system that 
may help ameliorate the clinical signs of some dis-
eases (eg, atopic dermatitis). Greater understanding 
of the relationship between bacterial populations 
and disease may yield opportunities for new thera-
peutic options. 

3   Treatment for atopic dermatitis is not limited to 
medication that stops itching. There is a wide 
range of therapies and products available. The 
most successful treatment includes a variety of 
products chosen based on evidence-based ratio-
nale. Therapy for clinical signs, allergen-specific 
immunotherapy, and topical products should be 
included as part of management in allergic 
patients.
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Dogs 2 to 6 months of age had the highest 
number of positive results for any intestinal 
parasite, with Giardia spp, coccidia, and round-
worms being most common. The percent of 
positive tests gradually decreased as age 
increased. Regardless of geographic region, 
Giardia spp were most often detected; hook-
worms were the next most common in all 
regions except in the west, where roundworms 
were second most common.

For every parasite detected, coproantigen 
immunoassay alone detected more positives 
than fecal flotation alone; furthermore, 
combined detection using both diagnostics 
exceeded detection by either diagnostic alone.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1  Intestinal parasitism is an ongoing 
problem. Regardless of patient age, 
testing for intestinal parasites and use 
of year-round parasite preventives are 
recommended.

2  Using a combination of fecal diagnostic 
techniques is more likely to lead to an 
accurate diagnosis.

3  Presence of Eimeria spp oocysts in 
canine fecal samples may be the result 
of coprophagy, illustrating the 
importance of obtaining a thorough 
patient history regarding diet and 
lifestyle.
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Detecting Canine 
Intestinal Parasites: 
An Update
Lindsay A. Starkey, DVM, PhD, DACVM (Parasitology)
Auburn University 

In the literature
Sweet S, Hegarty E, McCrann DJ, Coyne M, Kincaid D, 
Szlosek D. A 3-year retrospective analysis of canine 
intestinal parasites: fecal testing positivity by age, U.S. 
geographical region and reason for veterinary visit. Parasit 
Vectors. 2021;14(1):173.

FROM THE PAGE …

Adequate detection and treatment of intestinal parasites is important in both 
veterinary and human medicine, as several intestinal parasites of dogs can pose 
a zoonotic risk. Proper detection and identification via fecal examination can be 
challenging because flotation technique and solution, examiner expertise, age of 
feces, and presence of pseudoparasites can influence results.

This study* compared parasite recovery from canine feces using centrifugal fecal 
flotation (zinc sulfate) and coproantigen immunoassay for detection of intestinal 
parasites. More than 1.9 million tests were performed over a 3-year period. Results 
were analyzed by age group, US geographic region, and reason for visit (ie, wellness 
vs other).

When combining flotation and immunoassay results from wellness and other veter-
inary visits, Giardia spp were detected most frequently (12.2% and 10.8%, respec-
tively); followed by hookworms (4.1% and 4.2%, respectively); roundworms (2.5% 
and 1.7%, respectively); coccidia (Cystoisospora spp; 1.6% and 1.4%, respectively); 
whipworms (1.1% and 1.4%, respectively); and tapeworms (0.2% and 0.3%, 
respectively). During recovery of coccidian oocysts via fecal flotation, Eimeria spp 
(a pseudoparasite of dogs) were identified more often than Cystoisospora spp.
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Clinical Outcomes in 
Dogs with Localized 
Splenic Histiocytic 
Sarcoma
Sandra Axiak-Bechtel, DVM, DACVIM (Oncology)
University of Florida

In the literature
Latifi M, Tuohy JL, Coutermarsh-Ott SL, Klahn SL, Leeper 
H, Dervisis N. Clinical outcomes in dogs with localized 
splenic histiocytic sarcoma treated with splenectomy 
with or without adjuvant chemotherapy. J Vet Intern Med. 
2020;34(6):2645-2650. 

FROM THE PAGE …

Histiocytic sarcoma in dogs can be localized, disseminated, or hemophagocytic; 
these subtypes and the location of the localized histiocytic sarcoma affect treat-
ment recommendations and prognosis. For example, localized treatment for peri-
articular, cutaneous, and pulmonary histiocytic sarcoma can lead to prolonged 
survival times (ie, one year or longer).1-3 Localized histiocytic sarcoma of the spleen 
in dogs is uncommon, and prognosis after splenectomy with or without chemo-
therapy has not been clearly characterized. 

The objectives of this retrospective, multi-institutional study were to describe the 
prognostic clinical factors and patient outcomes of splenectomy with and without 
adjuvant chemotherapy in dogs diagnosed with localized splenic histiocytic sar-
coma. Fourteen dogs were identified for inclusion, and all dogs had splenectomy 
performed. Two dogs had lymph node metastasis at the time of surgery, and 12 
dogs were administered adjuvant chemotherapy that included either lomustine 
(n = 10) or alternating lomustine and doxorubicin (n = 2). Five dogs developed sus-
pected or confirmed metastatic disease following splenectomy. 

Overall median survival time was 427 days. The 
median progression-free interval was 205 days. 
None of the studied clinical variables were pre-
dictive of survival; however, this study’s sample 
size was small. The role of chemotherapy in 
survival could not be determined, as only 2 
dogs did not receive chemotherapy.  

Although this study was retrospective (result-
ing in variable treatment, staging, and follow- 
up protocols), results suggest that localized 
histiocytic sarcoma of the spleen may have a 
favorable outcome following splenectomy and 
chemotherapy.

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Histiocytic sarcoma in dogs can be 
disseminated or localized. The most 
common sites of localized histiocytic 
sarcoma are periarticular and pulmo-
nary and have a favorable prognosis 
as compared with disseminated his-
tiocytic sarcoma.

2   Localized splenic histiocytic sarcoma is 
typically a component of disseminated 
histiocytic sarcoma. Full staging is rec-
ommended prior to considering sple-
nectomy and should include 3-view 
thoracic radiography, abdominal ultra-
sonography, and fine-needle aspiration 
and cytology of any suspicious lesions. 

3   Localized splenic histiocytic sarcoma is 
uncommon. Splenectomy followed by 
chemotherapy, however, may provide a 
median survival time of one year.
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Research Note:
Ampicillin Use in Healthy & Azotemic Dogs

Ampicillin is commonly used to treat leptospirosis and pyelonephritis in azotemic dogs. Aminopenicillins are 
excreted primarily via renal tubular secretion and partially via glomerular filtration and reach high concentrations 
in the urine of healthy dogs, but drug clearance may be affected in dogs with kidney disease. This study evaluated 
plasma clearance of a single dose of ampicillin (22 mg/kg IV) in healthy dogs compared with azotemic dogs. 
Azotemic dogs were found to have 4.55 times higher peak ampicillin concentration, 6.04 times longer plasma 
half-life, and a significantly lower volume of distribution and clearance as compared with healthy dogs; however, 
glomerular filtration rates and creatinine levels do not correlate linearly, making dose adjustments difficult. 
Ampicillin clearance in azotemic dogs in this study suggests once-daily administration may be adequate for the 
first 48 hours of treatment; however, drug accumulation may occur after 48 hours, increasing the risk for adverse 
effects.

Source
Monaghan KN, Labato MA, Papich MG. Ampicillin pharmacokinetics in azotemic and healthy dogs. J Vet Intern Med. 2021;35(2):987-992.

Research Note:
Effects of Fasting on Serum Markers of Small 
Intestinal & Exocrine Pancreatic Disease

Serum cobalamin, folate, canine pancreatic lipase immunoreactivity (cPLI), and canine trypsin-like immunoreac-
tivity (cTLI) are markers for canine small intestinal and exocrine pancreatic disease. Patients are often fasted prior 
to sampling to avoid theoretical postprandial effects. Guidance on how long food should be withheld is inconsis-
tent, varying from 6 to 12 hours, and recommendations for withholding food are not evidence-based. This study 
compared serum levels of cobalamin, folate, cPLI, and cTLI in healthy dogs (n = 11) after 12 hours of being fasted, 
then 1, 2, 4, and 8 hours after being fed. Median serum cobalamin levels were mildly decreased 4 and 8 hours 
postprandially. Although these results were statistically significant, clinical diagnosis would not be altered. 
Differences in cPLI, cTLI, and folate were not significant. Postprandial lipemia did not affect serum concentrations 
of these markers when samples were adequately centrifuged, but withholding food for ≥8 hours was deemed 
useful for avoiding the centrifugation process required when samples were lipemic. n

Source
Saver AT, Steiner JM, Hetzel SJ, Lidbury JA, Suchodolski JS, Pritchard JC. Effect of withholding food on serum concentrations of cobalamin, folate, 
trypsin-like immunoreactivity, and pancreatic lipase immunoreactivity in healthy dogs. Am J Vet Res. 2021;82(5):367-373.
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Homogeneous Tin (117mSn) Colloid] Veterinary Device for Use in Dogs

NAME: Synovetin OA® 
Tin (117mSn) stannic colloid in ammonium salt. It is supplied as a 2–4 mCi (74–148 
MBq)/mL suspension for intra-articular (IA) injection.

NET QUANTITY 
Vials contain a prescribed dose up to 6.0 mCi (222 MBq) at the date and time to treat 
one dog.

1 mL of suspension contains 2–4 mCi (74–148 MBq) of tin (117mSn) stannic colloid in 
ammonium salt at the date and time of end use.

PRODUCT DESCRIPTION 
Synovetin OA® is a conversion electron therapeutic veterinary device comprising a 
colloidal, sterile suspension with a pH between 6.5 and 9.0 where at least 90% of the 
particles have a size between 1.5 μm and 20 μm (HORIBA light scatter instrument). 
The 117mSn emits monoenergetic conversion electrons (significant energies 127–158 
keV; emission probability 113%) and imageable gamma radiation (159 keV, 86% 
abundant). Accompanying low-energy emissions are Auger electrons (<22 keV) and 
X-rays (<30 keV). The half-life of 117mSn is 14 days. 117mSn decays by isomeric 
transition to stable 117Sn.

Excipients include ammonium carbonate ((NH
4
) 2CO

3
), ammonium chloride (NH

4
Cl), 

ammonium iodide (NH
4
I), iodine (I

2
) and trace tin (Sn) salts.

MECHANISM OF ACTION 
Synovetin OA® is a veterinary device consisting of a homogeneous tin colloid which emits 
discrete (<300 μm) low-energy conversion electrons confined to the joint space. The 
colloid is composed of microparticles (1.5 μm to 20 μm) that are retained in the joint 
space of the dog. The particles are absorbed and retained by synoviocytes and 
macrophages in the synovium, resulting in apoptosis and reduction of inflammatory cells. 
Elimination of the pro- inflammatory cells reduces inflammation of the joint synovium, 
thereby reducing pain associated with synovitis. The data, including radiographic 
evidence, supports use in Grade 1, 2, and 3 osteoarthritis (OA) of the elbow joint.

CAUTION 
Federal law restricts this device to sale by or on the order of a licensed veterinarian 
trained in the use of radioactive veterinary medical products.

Use of this product is restricted to facilities with a compatible Radioactive Materials 
(RAM) license.

INTENDED USE 
Synovetin OA® is intended to reduce synovitis and associated pain of canine elbow 
joints afflicted with osteoarthritis.

WARNINGS 
Do not exceed 6.0 mCi (222 MBq) of radiation activity per dog per treatment. Not for 
use in humans. Keep this and all medications out of reach of children. Consult a 
physician in case of accidental injection or ingestion by humans.

PRECAUTIONS 
Injection should be performed only by a licensed veterinarian skilled in the delivery of 
intra-articular (IA) injections who is located at a facility that has a RAM license.

Rigorous aseptic technique must be ensured during injection.

DIRECTIONS FOR USE 
Use the chart below to determine the appropriate dose. Doses were determined using 
the elbow joint.

For example, a dog weighing 25 lbs. receives an IA dose of 0.9 mCi in each elbow  
to be treated.

 *Dose will be limited to 3.0 mCi/elbow joint when weight exceeds 110 lbs., 
with the total body dose not exceeding 6.0 mCi (i.e., two elbow joints in  

Dog Weight (lbs.) Synovetin OA® Dose per Elbow Joint (mCi)*

10–19 lbs. 0.6

20–29 lbs. 0.9

30–39 lbs. 1.2

40–49 lbs. 1.5

50–59 lbs. 1.7

60–69 lbs. 1.9

70–79 lbs. 2.2

80–89 lbs. 2.4

90–99 lbs. 2.6

100–109 lbs. 2.8

110 lbs. and over 3.0

For intra-articular treatment of elbows (i.e., injected directly into the joint) in dogs only.
Liquid injectable veterinary device containing a radioisotope that emits both low-energy 
therapeutic and non-therapeutic radiation.  The therapeutic radiation reduces inflammation 
within the treated elbow joint.

INFORMATION FOR DOG OWNERS 
Synovetin OA® reduces synovitis (inflammation of the synovial lining of the joint) and 
associated pain of elbow arthritis in dogs.

This sheet contains important information about Synovetin OA®. You should read this 
information before your dog is treated with Synovetin OA® and each time your dog is  
re-treated. This information provides a summary and should not take the place of the 
instructions of your attending veterinarian. Talk to your veterinarian if you do not understand 
any of this information or if you want more information about Synovetin OA®.

Synovetin OA® contains a radioisotope that causes a long-lasting reduction in the 
inflammation and pain associated with arthritis of the injected elbow joint. Control of arthritic 
elbow pain and inflammation may vary from dog to dog. It is important for you to discuss 
your dog’s response to treatment with Synovetin OA® with your veterinarian.  

Infrequently, pain that can last up to 3 days following treatment has been reported. Consult 
your veterinarian if your dog appears uncomfortable after treatment. 

Synovetin OA® treatment can be repeated if needed but no sooner than one year from the 
first treatment. Only one dog can be treated per household during a 12-month period. 
Synovetin OA® should not be administered to dogs less than 1 year of age or weighing less 
than 10 lbs. 

Synovetin OA® can only be administered by state-licensed veterinarians located at veterinary 
hospitals with a federal or state license to use internal radiation-based medical therapies.

Prior to treatment, household members must agree to comply with home-care instructions 
that minimize exposure to radiation emitted from the elbow immediately after treatment.

Following treatment, the attending veterinarian will prescribe the specific period of time, 
typically 2 weeks but potentially longer, in which household members should follow these 
home-care instructions. 

If you have any other questions about Synovetin OA®, talk with your veterinarian or call 
1-833-942-1247. 

Synovetin OA® is a registered trademark of Exubrion Therepeutics, Inc.
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PREPARATION FOR USE 
Synovetin OA® is provided in a 3 mL glass vial within a lead cylinder. Each vial is for use 
with a single dog.

The product should be stored in the cardboard shipping container until needed for use. 
The prescribed dose should be administered on the date noted on the certificate 
accompanying the Synovetin OA®; however, it can be administered the day before or 
after if circumstances require injection on a different day. Always use proper personal 
protection equipment and precautions for handling radioactive medical products, 
including nitrile gloves, splash shield, safety goggles, back-fastening gowns, head 
covers, booties, and surgical masks.

STEP 1: When ready to withdraw the dose into a syringe and prior to removing the 
shrink wrap around the lead cylinder, gently shake the lead cylinder for 
approximately 10 seconds to ensure proper mixing of the product.

STEP 2: Remove the shrink wrap from the lead cylinder and dispose of it appropriately.

STEP 3: Remove the lead cylinder lid, but do not remove the glass vial from the lead cylinder.

STEP 4: Remove the colored flip cap from the vial and retain for placement on the vial 
after the dose is withdrawn.

STEP 5: Attach a plastic syringe (3 mL or other appropriate volume) to a 22-ga. needle. 
Where practical, use a syringe shield to maintain operator radiation doses as low as 
reasonably achievable and to meet existing license conditions.

STEP 6: While holding the container at an approximate 45° angle, insert the needle 
through the septum.

STEP 7: Draw the prescribed volume into the syringe for an individual elbow. 
Under no circumstances should the volume be modified. Repeat immediately 
for the second elbow dose. If both elbows are to be treated, both doses will be 
contained in a single vial. If there are any questions or concerns, contact Exubrion 
Therapeutics® Customer Service at 833-942-1247.

STEP 8: The dose should be resuspended by gently inverting the syringe if more than 
10 minutes has elapsed since dose was drawn into the syringe.

STEP 9: Following use of Synovetin OA®, replace the colored flip cap on the vial, then 
place the lid on the lead container and secure the lid with tape. Mark the vial with a 
tentative disposal date 5 months from the present date. After 5 months, the vial should 
be measured with a handheld rate meter (GM detector) to verify that radioactivity has 
decayed. If the vial is less than or equivalent to background radiation, it can then be 
disposed of as regular trash. All waste disposals should be documented according to 
your radioactive materials license and federal or state regulations. Do not return the 
vial, any packaging components, or supplies to the manufacturer.

The shielded syringe or syringes and needles that are used for administration should 
be placed in shielded sharps containers for radionuclides of similar half-lives (two 
weeks) and disposed of according to local, state, and federal regulations.

ROUTE OF ADMINISTRATION 
Intra-articular injection. The product must NOT be administered by any other route. 
Confirmation of needle placement is recommended, whether by anatomical landmarks, 
fluoroscope, C-arm, ultrasound, or radiography.

DIRECTIONS FOR ADMINISTRATION
Dogs should be appropriately anesthetized or deeply sedated prior to administration to 
prevent vocalization and resistance to dosing. A 22-ga. needle can be used to inject 
Synovetin OA® directly into the elbow joint. Pain during and after treatment may occur.  
Administration of non-steroidal anti-inflammatory agents at the labeled dose may help 
any post-treatment pain.

FREQUENCY OF ADMINISTRATION
If needed, Synovetin OA® can be readministered to a previously treated elbow at least 
12 months after the last treatment.

DURATION OF EFFECT FROM ADMINISTRATION
Effectiveness has been shown to last up to 12 months following a single treatment of 
dogs with naturally occurring OA of the elbow.

MAXIMUM ANNUAL DOSE
Total radiation dose per joint should not exceed 3.0 mCi/joint, with the total body dose 
not exceeding 6.0 mCi (i.e., two elbow joints during a 12-month period).

ADVERSE REACTIONS
Dogs participating in clinical studies to evaluate safety and effectiveness (n=74 dogs, 
97 elbow joints) exhibited no significant adverse reactions when administered Synovetin 
OA®. Discomfort in the treated elbow has been rarely reported in some dogs up to 72 
hours after treatment. If adverse events are observed or suspected, please report them 
by calling Exubrion Therapeutics® Customer Service at 1-833-942-1247.

POST-INJECTION CARE
Following administration of Synovetin OA®, the dog can recover with other post-operation 
animals in the general clinic population. Once the dog has fully recovered from anesthesia, it 
can be discharged to go home with the approval of the facility radiation safety officer or 
authorized user. All treatment site policies and license requirements should be observed.

FACILITY CONTAMINATION ASSESSMENT
Removable radioactive contamination is assessed by using filter paper to wipe a known area 
(typically 100 cm2), then count the number of interactions on the filter paper using a radiation 
detector with a known efficiency for counting the specific isotope in question. Empirical data 
using a Ludlum model 3 rate meter and 44-9 GM probe show the efficiency for 117mSn 
detection to be approximately 20% under 2D geometry. With a background rate of 100 
counts per minute (cpm), this radiation detection system has a minimum detectable activity 
(MDA) of approximately 400 disintegrations per minute (dpm). The standard regulatory 
threshold for removable contamination in an unrestricted area is 2000 dpm for similar 
isotopes. Therefore, a Ludlum rate meter and GM is an adequate instrument to use for 
compliance measurements of removable contamination.

Note, 117mSn has a similar gamma emission as the commonly used medical radioisotope 
99mTc along with several low-energy conversion electron emissions which would only 
aid in the detection efficiency of contamination.

EXPOSURE RATE MEASUREMENTS 

Radioactive materials licenses require daily closeout surveys of all areas where unsealed 
radioactive material was used. These surveys can be completed with any rate meter capable 
of detecting the type of radiation emitted by the radioactivity. Further, license conditions 
require that release exposure rate measurements be completed prior to releasing animals 
who have been administered radioactivity. Most license conditions require the measurement 
taken not exceed 0.5 mR/h at 1 meter from the treatment site. The exposure rate release 
measurement and daily closeout surveys can be completed with either a standard volume ion 
chamber such as the Ludlum 9DP or Victoreen 451P, a Ludlum Model 3 rate meter and 
energy compensated GM probe 44-38, or a Ludlum 26-1 DOSE with energy flattening cover. 
While the ion chamber is the gold standard for exposure rate measurements, the Ludlum 
model 26-1 DOSE is the most practical because it can satisfy both contamination and 
exposure rate measurements (with dose flattening cover).

OWNER INSTRUCTIONS FOR POST-TREATMENT CARE
When the level of radiation is determined to be below the established levels for release, the 
dog can be discharged. The dog will, however, retain a low level of radioactivity in the treated 
joint(s) for a short period of time. Specific written instructions based on the post-treatment 
radiation dosimetry for care and proximity to the treated dog will be provided by the radiation 
safety officer (RSO) or authorized user (AU) of a radioactive materials (RAM)-licensed 
veterinary hospital to the dog owner. These instructions include information on limiting 
proximity to the dog in the post-treatment period. If in the judgement of the veterinarian, the 
dog owners are not likely to comply with the release instructions, the product should not be 
administered. A RAM-licensed veterinary hospital RSO or AU should contact Exubrion 
Therapeutics® if there are specific questions. Apart from the proximity requirements to 
protect people there is no requirement for restraint of the dog itself, and it can resume its 
normal level of activity subject to the distance requirements.

MANUFACTURED BY Theragenics Corporation for Exubrion Therapeutics®

Manufacturer’s contact information:
Theragenics Corporation 
5203 Bristol Industrial Way 
Buford, GA 30518
Customer Service Phone: 833-942-1247 
info@exubrion.com

STORAGE INSTRUCTIONS
Store in the shipping container at controlled room temperature (10°–30°C or 
50°–86°F) until ready to use.

© 2020 Exubrion Therapeutics, Inc.       All Rights Reserved 
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•  Long-lasting relief: Up to 1 full year of OA pain relief

•  Consistent effectiveness: 92% (12/13) in mild to 
moderate elbow OA1, 71% (10/14) in severe2

•  Non-systemic: No systemic adverse effects3

•  Convenient: 1 simple, targeted procedure

To treat or refer, visit 
synovetin.com

This procedure can only be performed by licensed veterinarians at veterinary hospitals permitted  
to use internal radiation therapy. On rare occasions, discomfort in the treated elbow has been seen 
in dogs that can last up to 72 hours after treatment. Short-term home-care instructions must  
be followed after treatment to minimize extended close contact such as co-sleeping. To review  
the full veterinary prescribing information, visit synovetin.com/cpinfo.

A revolution in chronic elbow OA pain management

For easy, enduring relief of  
chronic OA pain, use Synovetin OA.

11 simple treatment
relieves pain 
up to 11 year.

See pages 38 & 39 for product information summary.

www.synovetin.com/cpinfo
www.synovetin.com


Splenomegaly in Cats
Elijah Ernst, DVM
Karyn Harrell, DVM, DACVIM (SAIM) 
North Carolina State University

DIFFERENTIAL DIAGNOSIS h INTERNAL MEDICINE h PEER REVIEWED

h  Infiltrative 
  • Lymphoma
  • Mast cell tumor
  • Multiple myeloma 
  • Leukemia
  • Hypereosinophilic syndrome  
h  Infectious 
  • Cytauxzoonosis 
  • Histoplasmosis
  • Feline infectious peritonitis 
  • Toxoplasmosis 
  • Ehrlichiosis 
  • Bartonellosis
  • Hemotropic mycoplasmosis
h  Congestive
  • Sedation 
  • Right-sided congestive heart failure
  • Splenic vein thrombosis
  • Portal hypertension
h  Reactive/hyperplastic changes (often 

cause focal enlargement)
  •  Extramedullary hematopoiesis (eg, bone 

marrow failure [myelofibrosis, myeloph-
thisis, toxicity, immune-mediated 
disease, radiation], tissue inflammation 
or injury, hypoxia, splenic hematoma, 
splenic thrombosis)

  • Nodular hyperplasia 
  – Splenic
  – Complex
  – Lymphoid 
h  Focal enlargement due to neoplasia 

(eg, hemangiosarcoma) n
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*Splenomegaly refers to diffuse enlargement 
unless otherwise noted.

Following are differential diagnoses for cats presented 
with splenomegaly.*

https://cliniciansbrief.com


The Clinician’s Brief Algorithm Collection o�ers 
100+ easy-to-follow management trees designed 
by veterinary experts to help you arrive at a 
confident diagnosis—as e�iciently as possible. 

Get your peace of mind at
cliniciansbrief.com/algorithms

It’s a quick flip to a more 
confident diagnosis

PEACE OF 
MIND IS 
NOW SPIRAL 
BOUND

https://cliniciansbrief.com/algorithm


CASE IN POINT h OPHTHALMOLOGY h PEER REVIEWED

Clinical History & Signalment
Trigger, a 6-year-old neutered male golden 
retriever, was presented for a 48-hour history of 
blepharospasm, ocular discharge, and excessive 
tearing in the left eye. His owner reported he had 
been pawing at the eye and surrounding region 
over the previous 48 hours. He was lethargic and 
hyporexic and had bumped into objects several 
times at home in the previous 24 hours. 

Physical Examination 
Routine physical examination results were nor-
mal, and a complete ophthalmic examination was 
performed. 

Findings in the Right Eye
Menace response, direct pupillary reflex, palpebral 
reflex, and dazzle reflex were normal. Consensual 
pupillary reflex was absent. Schirmer tear test result 
was 23 mm/minute (normal, 15-25 mm/minute). 
Intraocular pressure was 8 mm Hg (normal, 10-20 
mm Hg via rebound tonometer). Fluorescein stain-
ing was negative for uptake by the cornea.

Ocular Pain & 
Vision Loss in a 
Golden Retriever

Andrew Christopher Lewin,  
BVM&S, DACVO
Louisiana State University

The cornea was intact with a normal tear film during 
magnified diffuse and slit-beam examination. Mild 
conjunctival hyperemia, iridal hyperpigmentation, 
lenticular nuclear sclerosis, multifocal paraxial 
regions of pigmentation in a radial arrangement on 
the anterior lens capsule, and a small amount of visi-
ble free pigmented cells in the anterior chamber with 
mild (trace) aqueous flare (aqueous flare scale, trace 
to 4+) were also present (Figure 1).

Gonioscopy showed a normal, open iridocorneal angle. 
Fundoscopy using binocular indirect ophthalmoscopy 
with a 28-diopter lens revealed a normal fundus.

Findings in the Left Eye
Menace response, direct pupillary reflex (midrange 
pupil [ie, neither miotic nor mydriatic]), consensual 
pupillary reflex, and dazzle reflex were absent. Palpe-
bral reflex was normal. Schirmer tear test result was 
>30 mm/minute (normal, 15-25 mm/minute). Intraoc-
ular pressure was 58 mm Hg (normal, 10-20 mm Hg via 
rebound tonometer). Fluorescein staining was negative 
for uptake by the cornea.
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d  FIGURE 1 Conjunctival hyperemia, lenticular nuclear 
sclerosis, iridal hyperpigmentation, and radially 
arranged pigmentation visible on the anterior lens 
capsule in Trigger’s right eye. Image courtesy of 
Louisiana State University School of Veterinary Medicine 
Ophthalmology Service
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d  FIGURE 2 Conjunctival hyperemia, loss of intraocular detail, and elevation 
of the third eyelid in Trigger’s left eye. Image courtesy of Louisiana State 
University School of Veterinary Medicine Ophthalmology Service

The cornea was intact with a normal tear film 
during magnified diffuse and slit-beam examina-
tion. Evidence of epiphora was present at the medial 
canthus and surrounding facial skin. Marked con-
junctival hyperemia, moderate chemosis, severe 
aqueous flare (3+), mild hyphema obscuring iridal 
detail, and mild enophthalmos attributed to bleph-
arospasm, leading to elevation of the third eyelid, 
were also observed (Figure 2).

Intraocular structures were not visible via gonios-
copy. Fundoscopy examination using binocular 
indirect ophthalmoscopy with a 28-diopter lens 
revealed only the tapetal reflex due to anterior seg-
ment abnormalities.

In the United States, ≈5% to 25% 
of golden retrievers are affected.3 

GRPU = golden retriever pigmentary uveitis

DIAGNOSIS:
BILATERAL GOLDEN RETRIEVER PIGMENTARY 
UVEITIS WITH SECONDARY GLAUCOMA IN THE 
LEFT EYE

Diagnosis
Based on ocular examination findings and signal-
ment, Trigger was diagnosed with golden retriever 
pigmentary uveitis (GRPU) in both eyes and sec-
ondary glaucoma in the left eye. 

Evidence of uveitis (ie, iridal hyperpigmentation, 
free pigmented cells in the aqueous humor, mild 
ocular hypotony, conjunctival hyperemia, aqueous 
flare) was detected in the right eye, and, although 
views of intraocular structures were limited in 
the left eye, most cases of GRPU are bilateral 
(59%-89%).1,2 In addition, because there was no 
evidence of goniodysgenesis in the right eye and 
there were no concurrent physical examination 
abnormalities or concurrent ocular findings in 
the left eye, glaucoma in the left eye was believed 
to be secondary to GRPU. Diffuse hyphema in the 
left eye was attributed to chronic inflammation 
associated with GRPU.

Treatment & Management
GRPU in Trigger’s right eye led to uveitis but not 
glaucoma. Topical and systemic NSAIDs and topical 
and systemic corticosteroids were considered to con-
trol inflammation (see Treatment at a Glance). The 
eye was initially treated with topical diclofenac 0.1% 
ophthalmic solution every 8 hours because inflam-
mation in the eye was mild, and topical NSAIDs are 
typically associated with few adverse effects. 

Topical ocular antihypertensive medications, spe-
cialty glaucoma surgery, and surgical salvage were 
considered for treatment of glaucoma in Trigger’s 
left eye. Restoration of vision was unlikely given the 
lack of menace response, pupillary light reflexes, 
and dazzle reflex. Trigger’s owner decided not to 
pursue medical management due to the associated 
poor prognosis for vision and potential for long-term 
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discomfort. The left eye was surgically removed 
using a closed transpalpebral enucleation technique 
and submitted for histopathology, which confirmed 
the diagnosis of GRPU with secondary glaucoma.

Prognosis & Outcome
The enucleation site healed uneventfully. Vision 
was maintained in his right eye, which remained 
apparently comfortable with normal intraocular 
pressure (10 mm Hg) 6 months later. Topical 
diclofenac 0.1% ophthalmic solution every 12 
hours in the right eye was the only medication 
continued at the 6-month follow-up. In most cases, 
long-term anti-inflammatory treatment is recom-
mended. Long-term anti-inflammatory drugs and 
routine recheck appointments every 3 to 6 months 
were recommended for Trigger.

Discussion
GRPU (ie, pigmentary uveitis, golden retriever uve-
itis) is a common, most likely inherited condition 
in golden retrievers that can vary in severity (see 
Take-Home Messages, next page).3 In the United 
States, ≈5% to 25% of golden retrievers are 
affected.3 The hallmark of the GRPU phenotype 
is radially oriented pigment on the anterior lens 
capsule. Mildly affected patients have a small 
amount of radially oriented pigment deposition on 
the anterior lens capsule. Severely affected patients 
can have radial pigmentation on the lens capsule, 
fibrinous material in the anterior chamber, and 
vision- and globe-threatening complications (eg, 
glaucoma). Affected dogs are most often diagnosed 
between 4 and 8 years of age.

GRPU diagnosis should be made in golden retriev-
ers when radial pigment is present on the anterior 
lens capsule, even in the absence of other findings 
(eg, iridal hyperpigmentation, aqueous flare).3 
GRPU is not the only potential cause of uveitis, 
hyphema, or glaucoma in this breed. Thorough 
physical and ocular examinations should be sup-
ported with appropriate diagnostic testing when 
the diagnosis is not clear. 

Continues h

TREATMENT AT A GLANCE

h Treatment options are limited for GRPU, and the 
underlying disease process is incompletely understood.

h Standard of care for GRPU is topical and/or systemic 
anti-inflammatory medications.

h Long-term treatment is usually required.

h Medications to control glaucoma should be 
administered as needed.

h Salvage procedures (eg, enucleation) should be 
considered for eyes that are permanently blind and 
painful.

Although not seen in this case, uveal cysts are 
commonly found in patients with GRPU and are a 
significant risk factor for development of GRPU in 
golden retrievers.3 Visualization of uveal cysts is 
not necessary to diagnose GRPU, as only 13.3% 
to 42% of eyes with GRPU have this finding on 
examination.3 When ultrasound biomicroscopy is 
used, however, 100% of eyes affected with GRPU 
contain multiple uveal cysts.3,4 This discrepancy is 
because eyes with GRPU are often affected by mio-
sis, which may prevent complete examination of 
the posterior chamber. 

GRPU occurs almost exclusively in golden retrievers 
and is therefore strongly suspected to be inherited. 
Because of the potential for severe visual impair-
ment and ocular pain, breeding dogs affected with 
GRPU is not recommended5; however, late onset (ie, 
4-8 years) has led to difficulties in preventing breed-
ing of affected dogs.

Treatment for GRPU
Treatment is challenging because underlying 
pathophysiology is not completely understood. 
Although it is assumed that GRPU has an inflam-
matory component, histologic confirmation is not 
always possible.2 Regardless, topical or systemic 
anti-inflammatory medications are the standard 
of care.3 
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TAKE-HOME MESSAGES 

h GRPU is a common, inherited ocular disease in golden 
retrievers.

h Radial pigment deposition on the anterior lens capsule 
is the hallmark clinical finding.

h Many cases of GRPU progress to secondary glaucoma 
and vision loss.

h GRPU is most often a bilateral disease.

h There are numerous causes of uveitis in golden 
retrievers, and a thorough systemic and ocular 
diagnostic investigation should be pursued in all 
cases.

h Referral to a veterinary ophthalmologist for further 
assessment is recommended in most cases.

h Early diagnosis and treatment may help prolong 
vision.

See page 75 for references.

Topical NSAIDs (eg, diclofenac, ketorolac, flurbi-
profen) can be used in eyes with mild to moderate 
intraocular inflammation and should be initially 
applied every 12 to 24 hours. Frequency can then 
be tapered to effect. Adverse effects are infrequent, 
but ocular hypertension may occur.

Systemic NSAIDs (eg, carprofen, meloxicam) can be 
used in patients with mild to moderate intraocular 
inflammation. Topical NSAIDs are more often pre-
ferred because adverse effects and contraindications 
are more frequently associated with systemic use.

Topical corticosteroids (eg, dexamethasone, pred-
nisolone) are usually reserved for patients with 
moderate to severe intraocular inflammation and 
should be initially applied every 4 to 8 hours. Fre-
quency can then be tapered to effect. Adverse effects 

include corneal opacification. These drugs are con-
traindicated in eyes with corneal ulceration.

Systemic corticosteroids (eg, prednisone) are typi-
cally reserved for patients with severe intraocular 
inflammation. Dose recommendations vary, but 
anti-inflammatory doses (eg, prednisone, 0.5 
mg/kg PO every 12 hours, then tapered to effect) 
are typically used for severe GRPU and tapered to 
effect. These drugs have numerous adverse effects 
and contraindications.

Treatment for Glaucoma
Secondary glaucoma and vision loss occur in 
≈20% to 45% of eyes with GRPU.1,3,6 Treatment 
options are limited. There is no difference in dis-
ease progression in eyes treated with topical ste-
roids compared with eyes treated with topical 
NSAIDs, but time between examinations is a sig-
nificant factor in disease progression.7 Posterior 
synechiae and fibrinous material in the anterior 
chamber are significant risk factors for glaucoma 
development.3,7

Topical ocular antihypertensive medications can 
be used to treat glaucoma in dogs. Topical dorzol-
amide 2% ophthalmic solution (typically applied 
every 8 hours) is preferred for cases of secondary 
glaucoma. Topical latanoprost 0.005% ophthalmic 
solution (typically applied every 12 hours) is usu-
ally avoided in patients with secondary glaucoma 
because it can exacerbate underlying uveitis. Topi-
cal timolol 0.5% ophthalmic solution (typically 
applied every 12 hours) is usually inadequate for 
reduction of severely elevated intraocular pressure.

Specialty glaucoma surgical procedures are another 
treatment option. Transscleral diode cyclophotoco-
agulation can be used to control intraocular pres-
sure in some cases.1 A surgical salvage procedure 
(eg, enucleation) is typically warranted in painful, 
permanently blind eyes. Elevated intraocular pres-
sure is considered painful. nGRPU = golden retriever pigmentary uveitis
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THE SHORT ANSWER
Even relatively healthy dogs can experience serious complications like PTE 
from adulticide treatment, especially in the 4 weeks that immediately follow 
melarsomine administration. 

BRIAN DIGANGI, DVM, DABVP
Canine and Feline Practice, 
Shelter Medicine Practice
Senior Director of Shelter 
Medicine, ASPCA

 My client’s 3-year-old hunting dog was just diagnosed with adult  
 heartworms. How do I set the boundaries on exercise restriction— 
 especially for a young, active dog like this one?  – Dr. P.

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

AWhen a dog appears otherwise healthy, the owner 
may find it hard to understand that enforcing a rest 

and recovery period while the dog undergoes adulticide 
therapy is still necessary. Gaining understanding with 
this directive prior to beginning treatment is paramount; 
failure to limit the dog’s activity can greatly increase the 
chances of post-adulticide complications. 

Explain the risks. Pulmonary thromboembolism 
(PTE) is an expected consequence of melarsomine 
administration. As adult worms die, they are absorbed 
by the bloodstream before being cleared from the body. 
In the process, the debris from dead and dying worms 
can create emboli that clog the dog’s arteries and lungs. 
Thoracic radiographs can help the clinician assess the 
patient’s cardiopulmonary status, especially in the case 
of severe pulmonary arterial obstruction. However, 
owners should know that even asymptomatic dogs can 
experience post-treatment complications.

Choose the right words. If your client successfully 
controls their dog’s activity, it will greatly minimize 
the risk of serious complications during adulticide 
treatment. This is a case where choosing the right words 

TAKING ON
TOUGH QUESTIONS
FAQs  ABOUT  HEARTWORM  D I A G N O S I S ,  P R E V E N T I O N  A N D  M A N A G E M E N T

Q

to counsel clients is critical. Veterinary behaviorist 
Dr. Deb Horwitz says that words like “confine” or 
“restrict”—especially when you’re talking about weeks 
vs. days—can sound quite onerous to the owner. 
Describing it as “the rest the dog needs for recovery,” 
sounds more positive and proactive.

Educate on enrichment. It’s important to 
balance the physical and behavioral health needs 
of the heartworm patient, so you don’t make the 
treatment and recovery worse that the disease. 
As physical restrictions are imposed for the dog, 
mental stimulation can and should be ramped up. 
(Visit the AHS Youtube page at youtube.com/user/
americanheartworm for more tips on communicating 
with owners of dogs undergoing treatment.) 

Take a tiered approach. While keeping the dog 
calm and quiet throughout treatment is vital, the 
degree of appropriate activity varies (see Figure 1). 
Note that Phase 2 of the therapy—the 4 weeks that 
follow the melarsomine injections—is when most 
worm death is occurs and the risk of complications is 
the greatest.

Figure 1

Phase 1
(Prior to melarsomine treatment)

Phase 2
(0-4 weeks post-injection)

Phase 3
(5-8 weeks post-injection)

DO:
• Short leash walks
• In-kennel or  
  on-leash training
• Provide in-kennel  
  enrichment
• On-leash  
  socialization with  
  dogs & humans

DON’T:
• Participate in  
  playgroups
• Go for a run or  
  long, vigorous walk
• Leave unsuper- 
  vised when not  
  confined to kennel  
  or small room

DO:
• Limit walks to potty  
   breaks only
• Continue training, 
  enrichment & 
  socialization
• Consider anxiolytics 
• Monitor for  
  coughing,  
  panting,  
  difficulty  
  breathing

DON’T:
• Participate in  
  playgroups
• Leave  
  unsupervised    
  when not  
  confined to  
  kennel or small  
  room

DO:
• Slowly re-introduce 
   leash walks
• Continue training,  
   enrichment &  
   socialization
• Allow short periods  
   of unsupervised or  
   unconfined  
   activities 
• Monitor for signs 
   of clinical disease

DON’T:
• Participate in large  
   or rowdy  
   playgroups
• Go for a run or long,  
   vigorous walk

www.heartwormsociety.org


TOP 5 ANTIMICROBIAL 
STEWARDSHIP PRACTICES

1. De-escalation

2. Clinical Guidelines

3. Antimicrobial Tiering

4. Use & Interpretation of Culture & Susceptibility Results

5. Delayed Prescribing

Antimicrobial stewardship is a multifaceted 
approach to responsible antimicrobial use 
that optimizes clinical outcome, minimizes 
adverse effects, and addresses the emerging 
threat of antimicrobial resistance while 
maintaining good patient care. There are 
many practical antimicrobial stewardship 
components that can be used in the clinic. 

Top 5 
Antimicrobial 
Stewardship 
Practices    
J. Scott Weese, DVM, DVSc, DACVIM, FCAHS
Ontario Veterinary College
Ontario, Canada

Following are the author’s top 5 suggested antimicro-
bial stewardship practices. 

1 De-escalation
De-escalation is simple, cost-effective, and based 
on basic concepts of everyday decision-making 
that evaluate diagnostic testing and clinical 

response in order to decrease the number of antimicro-
bials used and/or the spectrum and duration of antimi-
crobial treatment. De-escalation depends on daily (or 
more frequent) reassessment of the patient to deter-
mine when to change or stop antimicrobial treatment. 
For example, broad-spectrum antimicrobials might be 
indicated when a patient is initially presented; however, 
based on additional testing and clinical evaluation, 
treatment could be narrowed by stopping one drug of a 
combination or by selecting a different drug. 

The decision to stop treatment is important, as exces-
sively long treatment durations are common in veteri-
nary patients. This may occur simply because the 
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default is to continue treatment when there is no 
established stopping point. 

De-escalation has many benefits, including 
reduced cost, minimized risk for adverse effects, 
and lowered pressure for antimicrobial resistance 
selection, as well as allowing for easier transition 
from inpatient to at-home care. De-escalation may 
be underused because it is infrequently considered 
or because of lack of culture or other test results, 
lack of clinician confidence in narrowing the spec-
trum, and/or reluctance to change. 

Use of de-escalation can be encouraged via formal 
approaches (eg, mandatory review points), 
whereby inpatient antimicrobial regimens should 
be re-evaluated and treatment orders should be 
reissued after a specified period (eg, 48 hours). 
Making continuation of treatment an active deci-
sion can facilitate reassessment and transition to 
narrower spectrum treatment, as opposed to the 
active step of stopping treatment. Increased dis-
cussion and awareness are likely the most import-
ant components, prompting thought about the 
antimicrobial regimen and exercising confidence 
in making changes. 

2 Clinical Guidelines
Clinical guidelines are increasingly
available and provide guidance on the 
approaches recommended for most 

patients. Available guidelines include those on 
international disease-specific diagnoses and treat-
ment.1-5 National prescribing guidelines are also 
available in many countries. Guidelines can assist 
with key decisions (eg, when to use an antimicro-
bial, which drug[s] to choose, treatment duration). 
Easy-to-access online versions are being developed 
for clinical use.

3 Antimicrobial Tiering
The tiering of antimicrobials raises aware-
ness of the relative importance of different 
antimicrobials in veterinary and human 

medicine and the implications of resistance. The 
emphasis is mostly on the importance of the drug 
in human medicine and the potential impact of 
veterinary use on resistance in human pathogens. 
Antimicrobials can be classified using different 
systems (eg, those described by the World Health 
Organization [WHO]6 or the European Medicines 
Agency [EMA]7; Table). 

Third-generation cephalosporins and fluoroquino-
lones are the most commonly used higher-tier 
drugs in veterinary medicine. Use of higher-tier 
drugs may be appropriate in some patients, but 
tiering classifications should be considered when 
choosing an antimicrobial, with the goal of using 
the appropriate lowest tier drug. 

4 Use & Interpretation of Culture 
& Susceptibility Results
Culture results should be carefully inter-
preted, as they can be important for case 

management, but they can also be misleading, 
with false-positive or false-negative results (see 
Potential Explanations For False-Positive & 
False-Negative Culture Results, page 52). Detailed 
discussion is beyond the scope of this article, but 
relevance of results depends on whether the iso-
lated organism makes sense for the disease process, 
the reported level of growth, other test results, and 
bacteria normally present at the site. 

Not all isolated bacteria need to be targeted. The 
focus should be on treatment, not test results. 
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EMA = European Medicines Agency

WHO = World Health Organization

Resistant organisms 
are not more likely to 
cause disease or require 
a different treatment 
approach (apart from 
drug selection). 
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Resistant organisms are not more likely to cause 
disease or require a different treatment approach 
(apart from drug selection) as compared with their 
susceptible counterparts, so the susceptibility pro-
file only dictates drug selection, not whether the 
organism is relevant or whether treatment is 
needed. Mixed cultures should be interpreted with 
caution, as they likely represent contamination. 

Prudent use of cultures should also be considered. 
Specimens should rarely be submitted for culture 
when there is no realistic need for treatment (eg, 
urine sample from a clinically normal patient) or 
when the sample may not be representative (eg, 
superficial swab of a draining tract).

5 Delayed Prescribing
Delayed prescribing targets situations in 
which antimicrobials are not indicated at 
the time of examination but might be rea-

sonable later based on the course of disease (deter-
mined by clinical signs and/or duration of disease) 
or pending test results. 

Delayed prescribing provides a specified treatment 
approach that goes beyond having the pet owner 
return if there is no improvement. The aim is to bal-
ance antimicrobial stewardship and owner satisfac-
tion by indicating to the owner that antimicrobials 
are not yet recommended but will be made available 
in certain situations without a need for further 

TABLE

COMMONLY USED ANTIMICROBIAL EXAMPLES & CLASSIFICATIONS

Antimicrobial WHO Classification* EMA Classification†

Third-generation cephalosporins (eg, cefovecin, cefpodoxime) Highest priority, critically important Restrict

Fluoroquinolones Highest priority, critically important Restrict

Potentiated penicillins (eg, amoxicillin/clavulanic acid) Critically important Caution

First-generation cephalosporins (eg, cephalexin, cefazolin) Highly important Caution

Tetracyclines (eg, doxycycline) Highly important Prudence

Penicillins (eg, amoxicillin) Highly important Prudence

Lincosamides (eg, clindamycin) Highly important Caution

Macrolides (eg, azithromycin) Highest priority, critically important Caution

Metronidazole Important Prudence

Trimethoprim-sulfonamides Highly important Prudence

Carbapenems (eg, meropenem) Critically important Avoid

Chloramphenicol Highly important Caution

*WHO categories include the following: highest priority, critically important; critically important; highly important; important
†EMA categories include the following: avoid, restrict, caution, prudence
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examination or additional cost beyond that of the 
drug. This can consist of providing a postdated pre-
scription or an indication (ideally written and pro-
vided to the owner) that if the stated criteria are 
met, the antimicrobial can be picked up from the 
clinic or a prescription provided. 

Delayed prescribing has been shown in human 
medicine to substantially reduce antimicrobial use 
without impacting patient outcome or complication 
rates,8 simultaneously leading to greater patient 
satisfaction as compared with not receiving a pre-
scription at the time of the appointment.9 In veteri-
nary medicine, this method can be considered in 
patients with acute diarrhea and upper respiratory 
tract infection. For example, the owner of a dog 
with acute diarrhea that is otherwise clinically 
normal can be instructed to manage the patient 
conservatively (eg, via diet) to provide time for 
the disease to self-resolve and be informed that an 
antimicrobial (eg, metronidazole) will be provided 
if the disease persists for a certain period (eg, >3 
days). 

Delayed prescribing should be used with caution 
or avoided in patients in which the diagnosis is 
less certain, owner observation or follow-up may 
be poor, or the patient is likely at higher risk for 
complications.n
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FALSE-POSITIVE & FALSE-NEGATIVE 
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False-Positive Results

h Presence of resident microbiota at a normally 
polymicrobial site

h Laboratory contamination

h Contamination during sampling and handling

h Use of overly sensitive methods (eg, broth enrichment)

h Sampling incorrect site (eg, necrotic areas, external 
opening of draining tracts)

False-Negative Results

h Nonbacterial cause

h Inadequate or nonrepresentative sample

h Fastidious organism that died during transportation

h Poor sample handling, storage, or transportation

h Organism is not readily grown under routine 
laboratory conditions

h Ongoing or recent antimicrobial therapy

h Poor sampling technique

h Causative agent not identified because of overgrowth 
of contaminants
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Gut Check 
Pro- and synbiotics, which shift the host’s microbiome and 
metabolome to achieve local and far-reaching effects,1-2 are 
being used increasingly to manage GI and extra-GI issues.3-8 
This could reflect client demand for natural or alternative 
management modalities, intolerance of the adverse effects 
of conventional management, and/or failure of said 
management options to optimize patient outcomes.

Common Gastrointestinal Applications
Stress & Self-Limiting Gastroenteritis
Universal support of probiotics in managing stress-related GI signs has not been 
demonstrated. In adequately powered studies, pro/synbiotics decreased feline 
and canine diarrhea in shelter environments9,10; however, similar efficacy was not 
demonstrated in weanling kittens,11 working dogs under quarantine,12 or racing 
Alaskan sled dogs, except during a week-long contagious outbreak.13 

Impact on self-limiting gastroenteritis has been more consistently positive. Probi-
otics decreased the duration of self-limiting diarrhea, alone or with vomiting, by 
32% to 41% as compared with controls in multiple randomized trials.14-17 Probiot-
ics have also been found to significantly decrease hyporexia and vomiting,18 the 
use of rescue antibiotics,15 and study withdrawal for additional medical therapy 
such as antiemetics or antibiotics.16 In addition, resolution of acute diarrhea sig-
nificantly correlated with probiotic administration and dietary modification, but 
not antibiotics, in a large observational study.8 

Infectious Gastroenteritis
Probiotics may reduce the severity of clinical signs of infectious gastroenteritis, 
although adequately powered study results are limited. In a study, dogs with natu-
rally occurring parvovirus enteritis were administered conventional therapy alone or 
in combination with a high-dose, multistrain probiotic cocktail.19 Dogs administered 
the probiotic were significantly less sick on days 3 and 5 of hospitalization and had 
lower mortality than dogs administered supportive care alone. Positive results also 
were identified for dogs with distemper virus-related diarrhea in a lower-quality 
trial.20 Although clinical illness scores differed significantly from baseline 1 day  
earlier in dogs with acute hemorrhagic diarrhea syndrome given probiotics versus 
placebo, scores were not statistically significant between groups.21 Because scores 
were clinically equivalent and all dogs responded well to management, the benefit 
of probiotics in acute hemorrhagic diarrhea syndrome is questionable. 

Non-Food–Responsive Chronic Enteropathy 
Cats with idiopathic chronic enteropathy (CE) administered a multistrain synbiotic 
(Proviable®-DC) had significantly lower fecal scores in an open-label trial.22 In another 
study, 9 out of 10 cats with idiopathic constipation/megacolon administered a  
high-dose probiotic had resolution of clinical signs, with clinically and statistically 

h  Probiotics can be used in the management 
of a number of GI conditions.

h  Probiotics can help alleviate antibiotic- 
associated GI signs.

h  When selecting a probiotic, peer-reviewed 
studies proving efficacy are most import-
ant to consider.

h  Evidence increasingly supports the use of 
probiotics for conditions such as anxiety 
and CKD, but proven safety and efficacy 
will remain critical as future uses are 
explored.  

KEY POINTS

Jacqueline C. Whittemore, DVM, 
PhD, DACVIM
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DEFINITIONS
h  Probiotics: Live microorganisms that 

confer health benefits on the host when 
administered in adequate amounts.1 Most 
probiotics are bacteria, but there is at least 
1 yeast species (Saccharomyces boulardii) 
that qualifies as a probiotic as well. 

h  Prebiotics: Substrates that selectively 
promote the growth of microorganisms 
that confer health benefits2 

h  Synbiotics: A mixture of pro- and 
prebiotics

CN_2022_Nutramax_Mar.indd   1CN_2022_Nutramax_Mar.indd   1 2/16/22   2:57 PM2/16/22   2:57 PM



March 2022  Clinical Notes  2

Sponsored by an Unrestricted Educational Grant from Nutramax Laboratories Veterinary Sciences, Inc.

significant histologic improvement.23  
Clinical activity scores were similarly 
improved in dogs with large-bowel dys-
motility administered probiotics and a 
hydrolyzed, high-fiber diet.24,25 Clinical 
activity scores, defecation frequency,  
and fecal consistency also significantly 
improved in dogs with CE administered  
S boulardii versus placebo in addition to 
conventional management,26 as well as 
in dogs with colonic polyps given a high-
dose multistrain bacterial probiotic.27 

Probiotics may also be useful for man-
aging CE in dogs that fail to respond to 
diet change. In a study, clinical and his-
tologic response rates did not differ for 
dogs treated with prednisone/metroni-
dazole versus the same probiotic cock-
tail, with enhanced T regulatory cell 
function and dysbiosis normalization 
only in the probiotic group.28 A follow-up 
study found no difference between dogs 
administered diet and prednisone alone 
as compared with the probiotic,29 sug-
gesting probiotic effects may be blunted 
by prednisone coadministration. 

Antibiotic-Associated GI Signs 
In the only study assessing the impact of 
probiotics on antibiotic-associated GI 
signs (AAGS) secondary to injectable 
antibiotic use, probiotic administration 
significantly decreased duration of linco-
mycin-induced diarrhea and inhibited it 
from developing when administered 
concurrently with the antibiotic.30 

With regard to oral antibiotics, in one 
feline study, administration of a probiotic 
2 hours prior to administration of 
amoxicillin/clavulanate did not signifi-
cantly decrease AAGS.31 In another study, 
coadministration of a synbiotic with clin-
damycin also did not decrease diarrhea 
in cats,32 although vomiting was less com-
mon in the synbiotic group. In a follow-up 
crossover study, administration of a 
higher-dose synbiotic (Proviable®-Forte) 
1 hour after clindamycin administration 
was associated with significantly 
increased food intake and decreased 
vomiting, and cats receiving the synbiotic 
were more likely to complete the initial 

phase of the study.33 This suggests that 
beneficial effects of the synbiotics per-
sisted for ≥6 weeks after administration. 
Significant differences were also identi-
fied for food intake between the initial 
treatment period and after a 6-week 
washout, a phenomenon known as 
period effects (ie, when the washout 
between treatments is inadequate to 
prevent carryover effects from the initial 
treatment). In this case, food intake 
required to maintain weight was signifi-
cantly higher at the start of period 2 for 
cats initially in the placebo group, which 
was consistent with development of anti-
biotic-induced CE. Several other placebo 
cats had persistent diarrhea at the end of 
the washout period, although period 
effects were not statistically confirmed. In 
another crossover study with an 8-week 
washout period, derangements in food 
intake were significantly lower for dogs 
that received a bacterial/yeast synbiotic 
combination (Proviable®-Forte with 
Mycequin®) 1 hour after receiving enro-
floxacin/metronidazole as compared 
with placebo.34 Although vomiting and 
diarrhea did not statistically differ 
between groups, both were less severe 
during the second phase of the study;  
this suggests support for the synbiotic 
combination against AAGS. Significant 
differences in the microbiome and 
metabolome between groups were also 
found.2,32,35 Based on these results, 
administration of a synbiotic 1 to 2 hours 
after oral antibiotic administration has 
the highest likelihood of minimizing AAGS 
in cats and dogs.

Choosing a Probiotic
The most important criterion in product 
selection is demonstrated efficacy in 
peer-reviewed literature. Product spe-
cies, microbial strains, and total micro-
organisms (colony-forming units) should 
be considered when scientific data are 
lacking. 

Products containing more colony-forming 
units and microbial strains are recom-
mended for the management of 
metabolic and GI disorders based on 
correlations between dose and efficacy 

in humans.36-38 Yeast probiotics are not 
inactivated by antibiotics but can cause 
serious complications in immunocom-
promised patients. Products containing 
pre- and probiotics (ie, synbiotics) are 
often preferred for GI disorders because 
they act synergistically to support colo-
nocyte health. Animal protein flavorants 
can adversely impact patients with food 
sensitivity. Other selection consider-
ations include administration and  
storage requirements. Because pro/ 
synbiotics are not regulated as drugs in 
the United States and less than one-
third of evaluated probiotics have been 
shown to meet or exceed the type and 
quantity of viable organisms listed on 
their labels,39 only probiotics that 
undergo regular evaluations for content 
and viability should be used.  

The Future of Probiotics
Probiotics rarely have adverse effects 
when appropriately administered, but 
an evidence-based approach to product 
selection and administration is essential 
for maximal benefits. Limited but  
moderate- to high-quality evidence sup-
ports pro/synbiotic administration for 
management of shelter-induced diar-
rhea, self-limiting gastroenteritis, par-
vovirus, intestinal dysmotility, and CE in 
cats and dogs. Several randomized, 
blinded placebo-controlled studies sup-
port the use of Proviable®-Forte adminis-
tered alone or in combination with 
Mycequin® (a yeast-based probiotic) to 
mitigate AAGS in patients receiving anti-
biotics. Evidence also increasingly  
supports the use of probiotics for some 
extra-GI issues such as anxiety and 
CKD.4,7 Results for other disorders such 
as canine atopy are mixed,3,5,6,40 with 
positive results found primarily in stud-
ies using probiotics with higher colony- 
forming units.3,5,6 This emphasizes the 
importance of careful product selection, 
administration, and attention to details 
of published research. n

For references, please see 
cliniciansbrief.com/article/

clinical-notes-gut-check
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Resorption normally refers to a process 
in which one part of the body draws in 
or absorbs another part. Tooth and root 
resorption involves parts of a tooth being 
broken down by osteoclasts. Although 
resorption of internal or external parts of the 
tooth is possible, the latter is more common, 
and external root resorption occasionally 
occurs alongside internal resorption. External 
tooth resorption often begins on the external 
surface of the root and progresses inward. 
In addition to partial hard tissue tooth loss, 
inflammation of the gingiva is common if the 
resorption is exposed to the oral cavity. 

Common Resorptions
Surface, external inflammatory, and noninflammatory 
replacement resorption are the most common tooth 
resorptions in dogs and cats.

Surface Resorption
Surface resorption may occur secondary to release of 
osteoclast-activating factors at the site of cementum 
injury triggered by inflammation. Resorption can occur 
at any location on the root surface and progress into 
dentin apically and/or coronally. Surface root resorp-
tion (Figure 1, next page) is radiographically character-
ized by one or more shallow voids that affect the 
cementum, which can extend into dentin located along 
the margins of the root. The periodontal ligament space 
and lamina dura may be locally affected. 

When resorption stops, cells from the periodontal 
ligament proliferate and populate the resorbed area, 

Crown 
Amputation 
for Tooth 
Resorption
Jan Bellows, DVM, FAVD, DAVDC, DABVP
All Pets Dental
Weston, Florida
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depositing reparative tissue. Surface resorption is 
generally self-limiting unless it is exposed to the 
oral cavity; this is often quite painful because 
dentin tubules are exposed to heat, cold, and 
pressure. 

External Inflammatory Resorption
External inflammatory resorption begins in the 
periodontal ligament apical to the cementoenamel 
junction and at furcations where dentin is exposed. 
The etiology is unknown. In early stages, odonto-
clasts resorb and undermine unsupported enamel 
or cementum, which subsequently breaks away. As 
the process continues, deeper and more significant 
amounts of dental tissue are involved. For resorp-
tion that begins near the cementoenamel junction 
and progresses toward the crown, loss of dentin 
and enamel near the gingival attachment exposes 
the defect to the oral environment. Inflammation of 
surrounding tissues occurs, leading to increased 
sensitivity. 

On radiographs, voids (ie, radiolucencies) often 
extend into the pulp cavity and root canal. With 
external inflammatory resorption, the tooth roots 
have similar opacity as surrounding teeth, and 
periodontal ligament space is visible. 

Noninflammatory Replacement Resorption
Noninflammatory tooth replacement of unknown 
etiology occurs in dogs and cats, in which the root 
fuses to the bone (ie, dentoalveolar ankylosis), and 
the tooth is eventually resorbed, becoming part of 
the alveolar bone remodeling process. This process 
can take years to complete and is considered a 
form of healing, as the bone integrates dental hard 
tissue as part of itself, and the tooth becomes 
involved in normal skeletal turnover. Osteoblasts 
form bone in the resorbed area when the resorp-
tive process is complete; thus, dental hard tissues 
are gradually replaced by bone. 

Replacement resorption does not preclude the 
presence of viable pulp; the pulp can be normal in 
affected teeth. Lesions sealed below the gingival 

d  FIGURE 1 Extracted third incisor from a cat with surface 
external root resorption extending to the oral cavity

Surface resorption is 
generally self-limiting 
unless it is exposed to the 
oral cavity; this is often 
quite painful because 
dentin tubules are exposed 
to heat, cold, and pressure.
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STAGES OF TOOTH RESORPTION*

h Stage 1: mild dental hard tissue loss (ie, cementum 
or cementum and enamel) 

h Stage 2: moderate dental hard tissue loss 
(ie, cementum or cementum and enamel with loss 
of dentin that does not extend to the pulp cavity)

h Stage 3: deep dental hard tissue loss (ie, cementum 
or cementum and enamel with loss of dentin that 
extends to the pulp cavity); most of the tooth’s 
integrity is retained

h Stage 4: extensive dental hard tissue loss 
(ie, cementum or cementum and enamel with 
loss of dentin that extends to the pulp cavity); 
most of the tooth’s integrity is lost

 –Stage 4a: crown and root are equally affected
 – Stage 4b: crown is more severely affected than 

the root
 – Stage 4c: root is more severely affected than 

the crown 

h Stage 5: remnants of dental hard tissue are visible 
only as irregular radiopacities, and gingival covering 
is complete

* Adapted from Shope B, Carle D. Tooth resorption in dogs and cats. 
VetBloom website. February 2, 2017. Accessed December 27, 2021. http://
blog.vetbloom.com/dentistry/tooth-resorption-in-dogs-and-cats

TYPES OF TOOTH RESORPTION BASED 
ON RADIOGRAPHIC APPEARANCE*

h Type 1 (T1): focal or multifocal radiolucency in a tooth 
with otherwise normal radiopacity and normal 
periodontal ligament space

h Type 2 (T2): decreased radiopacity in part of a tooth 
with narrowed or absent periodontal ligament space 
in at least some areas

h Type 3 (T3): features of Type 1 and Type 2 in the same 
tooth; focal or multifocal radiolucency in a tooth and 
decreased radiopacity in other areas of the tooth with 
areas of normal and narrow or lost periodontal 
ligament space

* Adapted from Shope B, Carle D. Tooth resorption in dogs and cats. 
VetBloom website. February 2, 2017. Accessed December 27, 2021. http://
blog.vetbloom.com/dentistry/tooth-resorption-in-dogs-and-cats

sulcus may not be painful; however, bacteria can 
invade the pulp if it is exposed to the oral cavity, 
leading to painful inflammation. The resorptive 
process can penetrate the root canal or pulp cham-
ber and, in advanced cases, gradually fill the pulp 
cavity with new bone. External replacement tooth 
resorption radiographically appears as a mottled or 
moth-eaten tooth. 

Resorption Classification
Companion animal tooth resorption is often clas-
sified by stage and type based on anatomic loca-
tion and radiographic appearance.1 Stage refers to 
anatomic loss of dental hard tissue, and type refers 
to radiographic root opacity and the presence or 
absence of periodontal ligament space.

Resorption should also be identified as internal or 
external. Internal resorption takes place in the 
pulp chamber or root canal and progresses out-
ward; external resorption starts on the outside of 
the tooth (ie, enamel, cementum) and progresses 
inward. External resorption should be examined 
for exposure to the oral cavity and to determine 
whether roots are significantly replaced with sur-
rounding bone. 

Classification by Stage 
External tooth resorption stage is a classification 
system based on affected anatomy. Clinical exam-
ination with an explorer and intraoral imaging 
are used to determine stage (see Stages of Tooth 
Resorption). 

Classification by Type
Tooth resorption type is determined via intraoral 
radiography based on root opacity and periodontal 
ligament space (see Types of Tooth Resorption 
Based on Radiographic Appearance and Figure 2, 
next page).

Treatment
Treatment for tooth resorption is largely based on 
stage, type, and internal/external classification 
(Table, page 61). Extraction is the treatment of 
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choice unless resorption appears to minimally affect 
the tooth and is confined subgingivally (ie, not 
exposed to the oral cavity). Intraoral radiography 
has therapeutic clinical significance for diagnosing 
patients and creating a treatment plan because only 
Type 2 resorption should be considered for crown 
amputation (ie, coronectomy) with gingival closure.

Crown Amputation with Gingival Closure
Bone and cementum-like tissue eventually replace 
all or part of the periodontal ligament, dentin, and 

g  FIGURE 2 Radiograph of a left mandibular molar tooth in a cat 
with Type 1 resorption (A) in which focal or multifocal radiolu-
cency can be seen with otherwise normal radiopacity and nor-
mal periodontal ligament space. Radiograph of mandibular 
incisors and canine teeth in a cat with Type 2 resorption (B; 
white arrow) in which narrowing or disappearance of peri-
odontal ligament space is present in at least some areas, and 
part of the tooth demonstrates decreased radiopacity. Radio-
graph of the right maxillary third and fourth premolars in a cat 
with Type 3 resorption (C); the third premolar features Type 1 
resorption of the mesial root (arrowhead) and Type 2 resorp-
tion of the distal root (dashed arrow) with exposure to the oral 
cavity. 

B

C

A

pulp in teeth with Type 2 resorption. Although com-
plete extraction is the generally accepted treatment 
for resorption, intentional crown amputation with 
gingival closure can be effective for cases of Stage 2 
to 5 with moderate to advanced Type 2 resorptions 
or Type 2 resorptions exposed to the oral cavity (ie, 
external noninflammatory replacement resorption).

Crown amputation with gingival closure is an 
advanced dental procedure involving creation of a 
mucogingival flap; use of a water-cooled, high-speed 
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Continues h

TABLE 

CLINICAL RESPONSE TO TOOTH RESORPTION PRESENTATIONS

Presentation Response

Minimal surface external inflammatory resorption not extending 
into the oral cavity (Type 1 resorption)

Monitoring via clinical examination and intraoral 
imaging every 6 months

Noninflammatory replacement resorption (Type 2 resorption) Crown amputation with gingival closure 
or
Extraction 

Noninflammatory replacement resorption affecting only one 
root (Type 3 resorption)

Crown amputation with gingival closure of the root 
undergoing replacement resorption and extraction of 
remaining normal root(s) or those affected by Type 1 
external resorption

Marked external resorption (Type 1 resorption)
or
External resorption extending into the oral cavity
or
Internal resorption

Complete extraction of crown and all roots

Intraoral radiography has therapeutic clinical significance 
for diagnosing patients and creating a treatment plan 
because only Type 2 resorption should be considered for 
crown amputation (ie, coronectomy) with gingival closure. 

delivery system; and closure without tension that 
should only be performed after intraoral radiogra-
phy confirms complete root extraction is not possi-
ble based on marked decrease in root opacity and 
absence of periodontal ligament space. The resorp-
tion is sealed off from the oral cavity, and the root 
continues being replaced by bone. 

In teeth affected by Type 3 resorption, roots 
affected by Type 2 resorption can be treated 
with crown amputation; the remaining roots 

should be extracted. Crown amputation typically 
results in subjectively less trauma and faster heal-
ing compared with complete extraction.2 

Contraindications for crown amputation with 
intentional partial root retention include periodon-
tal disease evidenced by horizontal or vertical bone 
loss, endodontic disease, radiographic presence of a 
root canal, and chronic gingivostomatitis. Crown 
amputation should not be performed if intraoral 
dental radiography is not possible.
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WHAT YOU WILL NEED

h  #11 scalpel blade and blade handle

h  Fine periosteal elevator

h  High-speed delivery system

h  Tapered crosscut fissure bur

h  #2 round or football diamond bur

h  Suture holder 

h  4-0 absorbable monofilament or catgut suture on a P-3 needle

STEP 1
Identify clinical (A) and radiographic (B) evidence of Type 2 tooth resorption.

STEP-BY-STEP
CROWN AMPUTATION WITH GINGIVAL CLOSURE 
FOR RADIOGRAPHICALLY CONFIRMED TYPE 2 TOOTH 
RESORPTION IN A CAT

Author Insight 
This patient has Type 2 resorption of the right mandibular canine with extension into the 
oral cavity. 

A B

https://cliniciansbrief.com


STEP 4
Use a #2 to #8 sterile round or end-cutting cross-
cut fissure bur (A) on a high-speed, water-cooled 
handpiece to remove the tooth crown and 2 to 4 
mm of the coronal root apical to the alveolar 
margin (B). 

STEP 2
Use a #11 scalpel blade to make a caudal incision in 
the gingiva for flap exposure of the coronal root. 

Author Insight 
For premolars and molars, either an 
envelope flap or 1 to 2 vertical and sulcu-
lar incisions should be made to expose 
the root.

STEP 3
Use a fine periosteal elevator (eg, molt elevator) to 
separate attached gingiva from the alveolar juga.

A

B
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STEP 7
Draw the mucoperiosteal flap over the alveolus 
and place single sutures without tension using 
4-0 catgut or absorbable monofilament suture.

STEP 8
Prescribe anti-inflammatory pain relief medica-
tion, and recommend feeding soft food for 2 
weeks. 

Author Insight
Antimicrobial medication is generally not 
necessary. The prognosis for complete 
healing and pain relief is excellent. Surgical 
site healing and suture dissolution are 
expected on recheck examination. n

STEP 5
Remove sharp alveolar margin projections with a 
#2 round or football diamond bur.

STEP 6
Perform postamputation intraoral radiography to 
document the result and confirm all dental hard tis-
sue coronal to the alveolar margin has been 
removed.  

Author Insight 
This patient’s left mandibular canine tooth 
is affected by Stage 5 tooth resorption 
without exposure to the oral cavity. No 
treatment is indicated.
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Flavored chews for dogs.

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

Description:
Each chew is formulated to provide a minimum dose of 11.4 mg/lb (25 mg/kg) body weight.

The chemical name of fluralaner is (±)-4-[5-(3,5-dichlorophenyl)-5-(trifluoromethyl)-4,5-dihydroisoxazol-3-yl]- 
2-methyl-N-[2-oxo-2-(2,2,2-trifluoroethylamino) ethyl]benzamide.

Indications:
Bravecto kills adult fleas and is indicated for the treatment and prevention of flea infestations (Ctenocephalides felis), 
and the treatment and control of tick infestations [Ixodes scapularis (black-legged tick), Dermacentor variabilis (American 
dog tick), and Rhipicephalus sanguineus (brown dog tick)] for 12 weeks in dogs and puppies 6 months of age and older, 
and weighing 4.4 pounds or greater. 

Bravecto is also indicated for the treatment and control of Amblyomma americanum (lone star tick) infestations for  
8 weeks in dogs and puppies 6 months of age and older, and weighing 4.4 pounds or greater.

Dosage and Administration:
Bravecto should be administered orally as a single dose every 12 weeks according to the Dosage Schedule below to 
provide a minimum dose of 11.4 mg/lb (25 mg/kg) body weight.

Bravecto may be administered every 8 weeks in case of potential exposure to Amblyomma americanum ticks (see Effectiveness).

Bravecto should be administered with food.

Dosage Schedule

Body Weight Ranges (lb) Fluralaner Content (mg) Chews Administered

4.4 – 9.9 112.5 One

>9.9 – 22.0 250 One

>22.0 – 44.0 500 One

>44.0 – 88.0 1000 One

>88.0 – 123.0* 1400 One

*Dogs over 123.0 lb should be administered the appropriate combination of chews

Treatment with Bravecto may begin at any time of the year and can continue year round without interruption.

Contraindications:
There are no known contraindications for the use of the product.

Warnings:
Not for human use. Keep this and all drugs out of the reach of children. Keep the product in the original packaging until 
use, in order to prevent children from getting direct access to the product. Do not eat, drink or smoke while handling 
the product. Wash hands thoroughly with soap and water immediately after use of the product.

Keep Bravecto in a secure location out of reach of dogs, cats, and other animals to prevent accidental ingestion or overdose.

Precautions:
Fluralaner 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.

Bravecto has not been shown to be effective for 12-weeks duration in puppies less than 6 months of age. Bravecto is 
not effective against Amblyomma americanum ticks beyond 8 weeks after dosing (see Effectiveness). 

Adverse Reactions:
In a well-controlled U.S. field study, which included 294 dogs (224 dogs were administered Bravecto every 12 weeks 
and 70 dogs were administered an oral active control every 4 weeks and were provided with a tick collar); there were 
no serious adverse reactions. All potential adverse reactions were recorded in dogs treated with Bravecto over a182-
day period and in dogs treated with the active control over an 84-day period. The most frequently reported adverse 
reaction in dogs in the Bravecto and active control groups was vomiting.

Percentage of Dogs with Adverse Reactions in the Field Study

Adverse Reaction  
(AR)

Bravecto Group: Percentage of 
Dogs with the AR During the 
182–Day Study (n=224 dogs)

Active Control Group: Percentage 
of Dogs with the AR During the  

84–Day Study (n=70 dogs)

Vomiting 7.1 14.3

Decreased Appetite 6.7 0.0

Diarrhea 4.9 2.9

Lethargy 5.4 7.1

Polydipsia 1.8 4.3

Flatulence 1.3 0.0

In a well-controlled laboratory dose confirmation study, one dog developed edema and hyperemia of the upper lips 
within one hour of receiving Bravecto. The edema improved progressively through the day and had resolved without 
medical intervention by the next morning.

Post Approval Experience (2019):
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 fluralaner:

Vomiting, lethargy, diarrhea (with and without blood), anorexia, pruritis, polydipsia, seizure, allergic reactions 
(including hives, swelling, erythema), dermatitis (including crusts, pustules, rash), tremors and ataxia.

Contact Information:
For a copy of the Safety Data Sheet (SDS) or to report suspected adverse drug events, contact Merck Animal Health  
at 1-800-224-5318. Additional information can be found at www.bravecto.com. 

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

Clinical Pharmacology:
Peak fluralaner concentrations are achieved between 2 hours and 3 days following oral administration, and the 
elimination half-life ranges between 9.3 to 16.2 days. Quantifiable drug concentrations can be measured (lower than 
necessary for effectiveness) through 112 days. Due to reduced drug bioavailability in the fasted state, fluralaner should 
be administered with food.

Mode of Action:
Fluralaner is for systemic use and belongs to the class of isoxazoline-substituted benzamide derivatives. Fluralaner is 
an inhibitor of the arthropod nervous system. The mode of action of fluralaner is the antagonism of the ligand-gated 
chloride channels (gamma-aminobutyric acid (GABA)-receptor and glutamate-receptor).

Effectiveness:
Bravecto began to kill fleas within two hours after administration in a well-controlled laboratory study.  In a European 
laboratory study, Bravecto killed fleas and Ixodes ricinus ticks and reduced the numbers of live fleas and Ixodes ricinus 
ticks on dogs by > 98% within 12 hours for 12 weeks. In a well-controlled laboratory study, Bravecto demonstrated 100% 
effectiveness against adult fleas 48 hours post-infestation for 12 weeks.  In well-controlled laboratory studies, Bravecto 
demonstrated ≥ 93% effectiveness against Dermacentor variabilis, Ixodes scapularis and Rhipicephalus sanguineus ticks  
48 hours post-infestation for 12 weeks. Bravecto demonstrated ≥90% effectiveness against Amblyomma americanum  
72 hours post-infestation for 8 weeks, but failed to demonstrate ≥90% effectiveness beyond 8 weeks. 

In a well-controlled U.S. field study, a single dose of Bravecto reduced fleas by ≥ 99.7% for 12 weeks. Dogs with signs  
of flea allergy dermatitis showed improvement in erythema, alopecia, papules, scales, crusts, and excoriation as a 
direct result of eliminating flea infestations. 

Palatability: In a well-controlled U.S. field study, which included 559 doses administered to 224 dogs, 80.7% of dogs 
voluntarily consumed Bravecto within 5 minutes, an additional 12.5% voluntarily consumed Bravecto within 5 minutes 
when offered with food, and 6.8% refused the dose or required forced administration.

Animal Safety:
Margin of Safety Study:  In a margin of safety study, Bravecto was administered orally to 8- to 9-week-old puppies at  
1, 3, and 5X the maximum label dose of 56 mg/kg at three, 8-week intervals. The dogs in the control group (0X)  
were untreated.

There were no clinically-relevant, treatment-related effects on physical examinations, body weights, food consumption, 
clinical pathology (hematology, clinical chemistries, coagulation tests, and urinalysis), gross pathology, histopathology, 
or organ weights. Diarrhea, mucoid and bloody feces were the most common observations in this study, occurring at 
a similar incidence in the treated and control groups. Five of the twelve treated dogs that experienced one or more 
of these signs did so within 6 hours of the first dosing. One dog in the 3X treatment group was observed to be dull, 
inappetant, with evidence of bloody diarrhea, vomiting, and weight loss beginning five days after the first treatment. 
One dog in the 1X treatment group vomited food 4 hours following the first treatment.

Reproductive Safety Study:  Bravecto was administered orally to intact, reproductively- sound male and female Beagles at a dose 
of up to 168 mg/kg (equivalent to 3X the maximum label dose) on three to four occasions at 8-week intervals. The dogs in the 
control group (0X) were untreated. 

There were no clinically-relevant, treatment-related effects on the body weights, food consumption, reproductive 
performance, semen analysis, litter data, gross necropsy (adult dogs) or histopathology findings (adult dogs and puppies). 
One adult 3X treated dog suffered a seizure during the course of the study (46 days after the third treatment). Abnormal 
salivation was observed on 17 occasions: in six treated dogs (11 occasions) after dosing and four control dogs (6 occasions).

The following abnormalities were noted in 7 pups from 2 of the 10 dams in only the treated group during gross necropsy 
examination: limb deformity (4 pups), enlarged heart (2 pups), enlarged spleen (3 pups), and cleft palate (2 pups). During 
veterinary examination at Week 7, two pups from the control group had inguinal testicles, and two and four pups from the 
treated group had inguinal and cryptorchid testicles, respectively. No undescended testicles were observed at the time of 
necropsy (days 50 to 71).

In a well-controlled field study Bravecto was used concurrently with other medications, such as vaccines, anthelmintics, antibiotics, 
and steroids. No adverse reactions were observed from the concurrent use of Bravecto with other medications.

Storage Information:
Do not store above 86°F (30°C). 

How Supplied:
Bravecto is available in five strengths (112.5, 250, 500, 1000, and 1400 mg fluralaner per chew). Each chew is packaged 
individually into aluminum foil blister packs sealed with a peelable paper backed foil lid stock. Product may be 
packaged in 1, 2, or 4 chews per package.

Approved by FDA under NADA # 141-426

Distributed by:
Intervet Inc (d/b/a Merck Animal Health) 
Madison, NJ 07940

Fluralaner (active ingred.) Made in Japan. 
Formulated in Austria

Copyright © 2014, 2019 Intervet Inc, a subsidiary of Merck & Company Inc.  
All rights reserved
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* BRAVECTO Chews for Dogs kills fleas, prevents flea infestations, and kills ticks (black-legged tick, American dog tick, 
and brown dog tick) for 12 weeks. BRAVECTO Chews also kills lone star ticks for 8 weeks.

IMPORTANT SAFETY INFORMATION: The most commonly reported adverse reactions include vomiting, 
decreased appetite, diarrhea, lethargy, polydipsia, and flatulence. BRAVECTO Chews for Dogs have not been 
shown to be effective for 12-weeks’ duration in puppies less than 6 months of age. BRAVECTO Chews are not 
effective against lone star ticks beyond 8 weeks of dosing. Fluralaner 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. Please see full product information on 
page 65.
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Millie, a 10-month-old spayed Yorkshire terrier, is presented for evaluation of a suspected congenital 
portosystemic shunt (PSS). She has a history of vomiting and diarrhea, occasional stranguria, 
polyuria, polydipsia, and postprandial lethargy. Millie was recently spayed, and the referral noted a 
prolonged anesthetic recovery, prompting further investigation. 

Physical examination is unremarkable, with the exception of a coarse hair coat and BCS of 3/9. 
CBC reveals a mild microcytic, normochromic, nonregenerative anemia. Serum chemistry profile 
reveals moderate increases in ALT and AST, mild hypoalbuminemia, mildly decreased BUN, mild 
hypoglycemia, and mild hypocholesterolemia. Urinalysis demonstrates a urine specific gravity of 
1.006 and ammonium biurate crystalluria. Fasting and postprandial serum bile acids are significantly 
elevated. 
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Millie is placed on preoperative medical therapy 
and a protein-restricted diet and is referred for fur-
ther diagnostics and surgery.

After 2 weeks, CT angiography is performed, and a 
splenocaval shunt (Figure 1) and multiple cystoliths 
are revealed. Exploratory laparotomy is performed, 
the splenocaval shunt is identified, and an ameroid 
ring constrictor is placed to achieve gradual occlu-
sion (Figure 2). A liver biopsy is obtained, and a rou-
tine cystotomy is performed to remove the 

d  FIGURE 1 Sagittal CT image depicting the relationship 
among the portal vein (PV), splenic vein (SV), caudal 
vena cava (CVC), and splenocaval portosystemic shunt 
(S). Portal blood flows through the shunt into the CVC 
(arrow). 

d  FIGURE 2 Intraoperative view of ameroid ring 
constrictor placement around the splenocaval 
portosystemic shunt. Cranial is to the left of the image.

cystoliths. All samples are submitted for analysis. 

Postattenuation neurologic signs are seen postop-
eratively, and Millie has a seizure. Medical interven-
tion is initiated; neurologic signs resolve. She is 
discharged 2 days postoperatively on continued 
medical therapy and will return for a 2-week  
follow-up to have the incision checked. Additional 
follow-ups to monitor response to therapy are 
planned 1 and 3 months postoperatively for repeat 
blood work. 
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Which of the following drugs would be 
appropriate for this patient?

Based on the information provided, how would you grade the following drugs and why?

Levetiracetam

Lactulose

Metronidazole

Ampicillin

Benzodiazepines

Propofol

Phenobarbital

Carprofen

Omeprazole

S-Adenosyl-Methionine 
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RED = do not use YELLOW = proceed with caution GREEN =  safe

TURN THE PAGE TO  
COMPARE YOUR RESULTS

https://cliniciansbrief.com


Levetiracetam CORRECT RESPONSE |  

Hepatic encephalopathy is a neuropsychiatric syndrome that occurs if >70% of hepatic function is lost.1,2 In veterinary 
patients, common signs include lethargy, depression, stupor, head pressing, blindness, seizures, muscle function abnor-
malities, and coma.3 Because of the hepatic shunting associated with PSS, toxic substances accumulate in systemic 
circulation and can cause neurologic disturbances.2,4 Antiepileptic medications have previously been used to address 
hepatic encephalopathy and seizures. 

Levetiracetam is a broad-spectrum anticonvulsant that appears to inhibit excitatory neurotransmitter release by binding 
to SV2A, a synaptic vesicle protein.5-7 Because protein binding is minimal and levetiracetam is primarily eliminated through 
the kidneys rather than the liver, levetiracetam is safe to use in patients with PSS.8 

The use of levetiracetam to prevent postattenuation seizures is controversial. One retrospective study demonstrated 
that levetiracetam administered preoperatively at 20 mg/kg PO every 8 hours for a minimum of 24 hours significantly 
decreased the risk for postoperative seizures and death in dogs undergoing surgical attenuation of extrahepatic con-
genital PSS with ameroid ring constrictors.6 Other studies, however, demonstrated no significant difference in the inci-
dence of postattenuation seizures in dogs that do or do not receive levetiracetam.9,10 Although levetiracetam may not 
prevent seizures, its liver-sparing metabolic characteristics make it an acceptable antiepileptic medication to use in 
patients with PSS. 

Lactulose  CORRECT RESPONSE |  

Ammonia is produced by GI microbiota and is typically converted to urea and glutamine via the urea cycle in the normal 
liver.4 The abnormal blood flow associated with PSS results in ammonia accumulation. 

Lactulose is an ammonia detoxicant, osmotic, and laxative commonly used as an adjunctive treatment to reduce ammonia 
blood levels associated with hepatic encephalopathy.11,12 Lactulose can be administered orally or via high colonic enemas 
and is metabolized by colonic bacteria, resulting in the formation of carbon dioxide and lactic, formic, and acetic acids.13 
This acidic environment promotes the conversion of ammonia (NH3) to ammonium (NH4

+), which is not readily absorbed 
and becomes ion-trapped and expelled in the feces. 

Free fatty acid production also increases osmotic pressure in the bowel, creating a laxative effect and acidifying the 
colonic microenvironment. Osmotic effects can result in catharsis, reducing fecal transit time and intestinal exposure to 
bacteria and their ammonia products.4 

Did you answer? 
The following represents the best responses based on drug metabolism, pharmacokinetics,  
species, diagnostic differentials, clinical and laboratory data, and other pertinent findings.

PSS = portosystemic shunt 
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Continues h

Metronidazole  CORRECT RESPONSE |  

Metronidazole is a concentration-dependent bactericidal drug commonly used in patients with PSS.11 The goal of antibiot-
ic therapy in patients with PSS is to decrease the intestinal load of urease-producing bacteria.2,4,11 Although metronidazole 
is often included in the medical management plan for patients with PSS, it is extremely important to adhere to appropriate 
administration practices and evaluate for signs of toxicity.14,15 Neurologic toxicity may occur after acute high doses of 
metronidazole, even in healthy dogs, and has been reported at appropriate doses in patients with PSS. Neurologic signs 
related to metronidazole administration may be difficult to distinguish from hepatic encephalopathy.

Ampicillin CORRECT RESPONSE |  

Ampicillin is a time-dependent, bactericidal agent used to decrease intestinal loads of urease-producing bacteria.16 
Although its anaerobic spectrum is not as wide as metronidazole, ampicillin lacks the potential for neurotoxicity. 
Amoxicillin is also effective, but ampicillin has lower oral bioavailability and is preferrable to minimize systemic 
absorption. For appropriate antibiotic stewardship, broad-spectrum, potentiated beta-lactams (eg, amoxicillin/
clavulanate) should not be used in place of their narrower-spectrum analogs.

Benzodiazepines  CORRECT RESPONSE |  

Postoperative seizures develop in 3% to 18% of dogs after shunt attenuation and are most commonly seen in small-breed 
dogs with extrahepatic shunts.4,6,9,10,17-21 The cause of postoperative seizures is unknown; however, potential causes include 
imbalances in excitatory and inhibitory neurotransmitters or decreases in endogenous inhibitory CNS benzodiazepine 
agonist levels.4,22 Benzodiazepines are generally accepted as first-line treatment for postattenuation status epilepticus.1,23 
Intravenous diazepam contains a propylene glycol carrying agent that requires hepatic metabolism; midazolam may be a 
better choice for acute seizure control than is diazepam.4 

Controversy exists regarding the use of benzodiazepines to control seizures in patients with PSS. Intrinsic benzodiazepine- 
like compounds are hypothesized to be involved in hepatic encephalopathy.3 Accordingly, in humans, flumazenil has been 
used to improve mental status24; however, potential for similar improvements have not been evaluated in veterinary 
patients with hepatic encephalopathy. A study also demonstrated elevated concentrations of endogenous benzodiazepine 
receptor ligands in dogs with congenital PSS when compared with control dogs.1 

Although benzodiazepines are clinically effective in patients with PSS that experience seizures, further research is 
required to determine the role of benzodiazepines in treating hepatic encephalopathy. 

Propofol  CORRECT RESPONSE |  

Propofol is a short-acting, injectable sedative-hypnotic agent frequently used for anesthetic induction in patients with 
PSS. Many commonly used anesthetic drugs are primarily metabolized by hepatic microsomal enzymes; therefore, 
hepatic dysfunction with PSS may result in prolonged half-lives and effects of administered anesthetic doses.25 

As propofol may have extrahepatic metabolic sites, it is the most commonly used induction agent for patients with hepatic 
dysfunction25; however, because it is a protein-bound drug, lower total doses may be necessary in patients with PSS that 
have hypoalbuminemia. In addition, boluses and CRI are useful for the treatment of postattenuation seizures.22,26 

Propofol is believed to be beneficial for the treatment of status epilepticus because of its gamma-aminobutyric acid 
activity at a different site from benzodiazepines.23 
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Phenobarbital  CORRECT RESPONSE |  

Phenobarbital is an antiepileptic barbiturate used to treat postoperative seizures22,23 that is hepatically metabolized 
and has been shown to cause hepatic injury after long-term administration in dogs.27 Phenobarbital has a lower lipid 
solubility and may take up to 30 minutes to reach therapeutic concentrations; therefore, benzodiazepines should be 
used instead as a first-line treatment for status epilepticus.4 

Carprofen CORRECT RESPONSE |  

NSAIDs (eg, carprofen) are commonly used to treat acute and chronic pain. All NSAIDs have the potential to cause 
hepatic injury (intrinsically or idiosyncratically) and may impair coagulation and hemostasis by impacting platelet 
aggregation and clot formation.24 NSAIDs are also a risk factor for GI ulceration because of their effect on gastric 
mucosal integrity and prostaglandin synthesis.28 Because GI signs (eg, vomiting, diarrhea, anorexia, pica, GI bleeding) 
occur in ≈30% of dogs with PSS, NSAIDs may worsen these signs.4 

One study found a 38.5% mortality rate in dogs with intrahepatic shunts treated with NSAIDs perioperatively, compared 
with 2.4% in dogs not treated with NSAIDs.28 All dogs in the study that died because of confirmed or suspected gastro-
duodenal ulcerations received NSAIDs postoperatively.28 

NSAIDs should be avoided in patients with hepatic dysfunction and PSS because patients with PSS are predisposed to 
developing gastric ulceration and there are reported increases in mortality. 

After successful treatment, NSAIDs can be considered in patients with an extrahepatic PSS but should be used with cau-
tion in patients with an intrahepatic PSS, even after surgical correction, due to the lifelong risk for GI ulceration.

Omeprazole  CORRECT RESPONSE |  

Proton-pump inhibitors (eg, omeprazole) are indicated in dogs with PSS because of the high prevalence of concurrent GI 
signs. Omeprazole and other substituted benzimidazole proton-pump inhibitors are the most potent antisecretory 
drugs and are reported to reduce gastric acid secretion by 80% to 95%.29 Studies regarding intrahepatic PSS have 
demonstrated that up to 21% of dogs have lifelong risk for GI ulceration associated with significantly shorter survival 
times.30 In dogs undergoing treatment for intrahepatic PSS prior to antacid therapy, 50% of deaths were attributable to 
GI bleeding; lifelong antacid therapy reduced this rate to 4%.30 

Although the reported rates of GI signs in extrahepatic PSS are lower, it is reasonable to use proton-pump inhibitors in 
patients with extrahepatic PSS that also have a history of ulceration, melena, or GI signs. 

S-Adenosyl-Methionine  CORRECT RESPONSE |  

S-adenosyl-methionine (SAMe), an endogenous coenzyme, is composed of an adenosine triphosphate and methionine, 
a sulfur-containing amino acid.12 SAMe is necessary for transmethylation, transsulfuration, and decarboxylation 
reactions, as well as the production of glutathione, which is a crucial hepatic antioxidant.12,31 Because of the hygroscop-
ic nature of SAMe and known variations in product bioavailability, formulations should be obtained from reputable 
manufacturers.31 Although there is minimal veterinary evidence-based information to substantiate efficacy of this 
hepatoprotective supplement, it may be beneficial as adjunctive treatment in dogs with PSS based on its safety profile, 
anecdotal use, and extensive preclinical studies and use in human hepatic diseases. n
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CAUTION: Federal (USA) law restricts this drug to use by or on the order of a 
licensed veterinarian.
INDICATIONS: REVOLUTION PLUS is indicated for the prevention of 
heartworm disease caused by Dirofilaria immitis. REVOLUTION PLUS kills 
adult fleas (Ctenocephalides felis) and is indicated for the treatment and 
prevention of flea infestations, the treatment and control of tick infestations 
with Ixodes scapularis (black-legged tick), Amblyomma maculatum (Gulf Coast 
tick) and Dermacentor variabilis (American dog tick), the treatment and 
control of ear mite (Otodectes cynotis) infestations, and the treatment and 
control of roundworm (Toxocara cati) and intestinal hookworm (Ancylostoma 
tubaeforme) infections for one month in cats and kittens 8 weeks and older, 
and weighing 2.8 pounds or greater.
CONTRAINDICATIONS: There are no known contraindications for the use of 
REVOLUTION PLUS.
WARNINGS: Human warnings: Not for human use. Keep this and all drugs  
out of the reach of children. In humans, REVOLUTION PLUS may be irritating 
to skin and eyes. REVOLUTION PLUS and selamectin topical solution contain 
isopropyl alcohol and the preservative butylated hydroxytoluene (BHT). 
Reactions such as hives, itching and skin redness have been reported in 
humans in rare instances after accidental dermal contact with selamectin 
topical solution. Individuals with known hypersensitivity to selamectin topical 
solution should use caution or consult a health care professional before 
applying this product on a cat. Wash hands after use and wash off any 
product in contact with the skin immediately with soap and water. If contact 
with eyes occurs, then flush eyes copiously with water; if wearing contact 
lenses, rinse the eyes first then remove contact lenses and continue to rinse 
for 5 – 10 minutes and seek medical attention. In case of ingestion by a human, 
contact a physician immediately. The safety data sheet (SDS) provides more 
detailed occupational safety information. For a copy of the SDS or to report a 
suspected adverse reaction, call Zoetis at 1-888-963-8471. Flammable - Keep 
away from heat, sparks, open flames or other sources of ignition.
PRECAUTIONS: Sarolaner, one of the ingredients in REVOLUTION PLUS,  
is a member of the isoxazoline class. This class has been associated with 
neurologic adverse reactions including tremors, ataxia, and seizures. 
Neurologic adverse reactions have been reported in cats receiving isoxazoline 
class drugs, even in cats without a history of neurologic disorders. Use with 
caution in cats with a history of neurologic disorders. The safe use of 
REVOLUTION PLUS has not been evaluated in kittens less than 8 weeks of 
age. The safe use of REVOLUTION PLUS has not been evaluated in breeding, 
pregnant, or lactating cats. 
ADVERSE REACTIONS: In a field safety and effectiveness study,  
REVOLUTION PLUS was administered to cats with fleas. The study included  
a total of 430 cats (282 treated with REVOLUTION PLUS and 148 treated with 
imidacloprid + moxidectin once monthly for three treatments). Over the 90-day 
study period, all observations of potential adverse reactions were recorded. 
Reactions reported in the REVOLUTION PLUS group included those presented 
in the following table. 
Adverse Reactions by Treatment Group

Adverse Reaction REVOLUTION PLUS 
(n = 282)

Imidacloprid + 
moxidectin

(n =148)

Lethargy 12 (4.3%) 1 (0.7%)

Skin lesions*      10 (3.5%) 3 (2.0%)

Anorexia 9 (3.2%) 3 (2.0%)

Pruritus 7 (2.5%) 3 (2.0%)

Conjunctivitis 7 (2.5%) 1 (0.7%)

Sneezing 6 (2.1%) 1 (0.7%)

Administration site hair changes 
(alopecia)

5 (1.8%) 0 (0.0%)

Administration site lesions (scabbing) 2 (0.7%) 0 (0.0%)

*Lesions not associated with application site.

In a second field safety and effectiveness study, REVOLUTION PLUS was 
administered to 124 cats with ear mites. Adverse reactions in cats treated  
with REVOLUTION PLUS included emesis, dermatitis and eczema, and 
pruritus. In a third field safety and effectiveness study, REVOLUTION PLUS 

was administered to 70 cats with hookworms. Adverse reactions in cats 
treated with REVOLUTION PLUS included diarrhea, anorexia, emesis, and 
lethargy. Foreign Market Experience: The following adverse events were 
reported voluntarily during post-approval use of the product in cats in foreign 
markets: ataxia, seizures, and tremors.
To report adverse reactions call Zoetis Inc. at 1-888-963-8471. For additional 
information about adverse drug experience reporting for animal drugs, 
contact FDA at 1-888-FDA-VETS or http://www.fda.gov/AnimalVeterinary/
SafetyHealth.
ANIMAL SAFETY: Margin of Safety Studies: One exploratory and two  
pivotal margin of safety studies were conducted with REVOLUTION PLUS. 
In the first study, REVOLUTION PLUS was applied topically to kittens  
eight weeks of age at doses of 12/2 (selamectin/sarolaner) mg/kg (1X),  
36/6 mg/kg (3X), 45/7.5 mg/kg (3.75X), and 60/10 mg/kg (5X) every 28 days  
for eight consecutive doses. One female cat in the 3.75X group was found 
dead on study day 115. The cause was determined to be hemorrhage in 
multiple tissues secondary to a low platelet count. The role of the drug in 
contributing to this event is undetermined. No significant changes related  
to REVOLUTION PLUS were observed among the remaining cats for physical 
examination, body weight, clinical pathology (hematology, coagulation, and 
serum chemistry), gross pathology, histopathology or organ weights. In the 
second study, REVOLUTION PLUS was applied topically to cats 9 months of 
age at doses of 1X, 3X, and 5X every 28 days for six consecutive doses. 
Cosmetic changes at the application site occurred sporadically in all 
treatment groups and included wet appearance and dried white material.  
Hair loss at the dose site was also noted in two cats in the 1X group and one 
cat in the 5X group within 1-8 days after the fourth dose administered on  
day 84. No significant changes related to REVOLUTION PLUS were observed 
for physical examination, body weight, clinical pathology (hematology, 
coagulation, and serum chemistry). During an exploratory margin of safety 
study, one cat in the 60 mg/kg/ 10 mg/kg (selamectin/sarolaner) group (5X 
dose group) experienced piloerection, tremors, and mydriasis approximately 
24 hours after receiving the third monthly dose of the combination. Signs 
resolved without treatment within 2 hours. This cat completed the study, 
receiving 3 subsequent 5X doses with no abnormal observations. Oral safety 
study: The safety of REVOLUTION PLUS administered orally to kittens was 
tested in case of accidental oral ingestion. Oral administration of the highest 
recommended topical dose of REVOLUTION PLUS to kittens resulted in 
transient lower food consumption and clinical findings of emesis, soft feces, 
and salivation. In one male, mild tremor was observed and resolved within  
3 hours after dosing; the same cat demonstrated reduced activity 
approximately 6 hours after dosing. Heartworm Positive Cat Safety of 
Selamectin: Selamectin is the active ingredient in REVOLUTION PLUS that 
prevents heartworm disease in cats; it has been shown that the addition of 
sarolaner does not interfere with this activity. In a safety study in which 
selamectin topical solution was applied at 4 times the recommended dose  
to patent heartworm infected cats, no adverse reactions were observed.   
Field safety: In three well-controlled field studies, REVOLUTION PLUS was  
used concurrently with other medications, such as vaccines, cestocidal 
anthelmintics, antibacterials, sedatives, anesthetics, opioid analgesics, 
corticosteroids, and non-steroidal anti-inflammatories. No adverse reactions  
were associated with the concurrent use of REVOLUTION PLUS and  
other medications.
STORAGE CONDITIONS: Store at or below 30°C (86°F).
HOW SUPPLIED: Available in three separate dose strengths for cats of 
different weights (see DOSAGE AND ADMINISTRATION). REVOLUTION PLUS 
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1 TOP 5 page 12
 Approximately what percentage of dogs 
with heartworm disease have occult 
infections?

 A. 10%
 B. 15%
 C. 20%
 D. 25%

2  DIAGNOSTIC/MANAGEMENT TREE 
page 20

  The treatment of choice for 
systemic hypertension in cats is  
________________. 
A. Telmisartan 
B. Amlodipine 
C. Prazosin 
D. Atenolol

3  CASE IN POINT page 43
 Which of the following statements 
regarding golden retriever pigmentary 
uveitis (GRPU) is false? 
A.  The underlying pathophysiology of 

GRPU is not completely understood.
 B.  GRPU occurs almost exclusively in 

golden retrievers.
 C.  The standard of care for treatment 

of GRPU is topical or systemic 
anti-inflammatories.

 D.  GRPU is an early-onset disease, 
generally occurring in dogs <3 years 
of age.
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Answer Key:
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4 TOP 5 page 49
 Which of the following statements 
regarding delayed prescribing for 
antimicrobial stewardship is false?

 A.  The aim of delayed prescribing is to 
balance antimicrobial stewardship 
and pet owner satisfaction.

 B.  Patients with respiratory infections 
should never be considered for 
delayed prescribing.

 C.  Delayed prescribing should be used 
with caution or avoided in patients at 
higher risk for complications.

 D.  Delayed prescribing provides a speci-
fied treatment approach that goes 
beyond having the patient return if 
there is no improvement.

5 PROCEDURES PRO page 57
 In which of the following presentations 
would crown amputation with 
gingival closure be acceptable?

 A.  Tooth with noninflammatory 
replacement resorption

 B.  Tooth with external resorption 
extending into the oral cavity

 C.  Tooth with radiographic presence 
of root canal

 D. Tooth with endodontic disease

6 RED LIGHT, GREEN LIGHT page 67
 ________________ is contraindicated 
in dogs with portosystemic shunts. 
A. Phenobarbital 
B. Benzodiazepines 
C. Carprofen 
D. Metronidazole

https://cliniciansbrief.com
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