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Outline
• Basis of pharmacogenetics/genomics

• Utility in human cardiology

• Companion animal pharmacogenetics

• Case Discussions

• Phenotype to genotype discovery – canine HCM family
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Individualized Medicine and Pharmacogenetics

https://precisionmedicine.ufhealth.org/what-is-pharmacogenetics/
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Basic Science 
& Discovery

Preclinical 
Studies

Clinical 
Trials

Clinical 
Practice

The Pathway
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Pharmacogenomics -
The Human Experience

6



6/11/25

3

CYP2C19 – Normal vs. Intermediate vs. Poor Metabolizers

CYP2C19 – Deranged Metabolism = Altered Drug Effects
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CYP2C19 – Recs for CV Disease – Normal - Rapid Metabolizer
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CYP2C19 – Recs for CV Disease – Intermediate Metabolizer
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CYP2C19 – Recs for CV Disease – Poor Metabolizer
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Can Genetics Explain Discrepant RCT Results? 

VETPROOF
24 different breeds; n=124
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Can Genetics Explain Discrepant RCT Results? 

SVEP
100% CKCS; n=229 dogs
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Can Genetics Explain Discrepant RCT Results? 

SVEP
100% CKCS; n=229 dogs

N=73 CKCS – 66% Mutant!

43 of 73 (59%) = Homozygous Mutant
5 of 73 (7%).    = Heterozygous Mutant
25 of 73 (34%) = Wildtype
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Drug (Statin) Side Effects Tied to Genetic Variants
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Can Genetics Explain AEs in Companion Animals? 

4 of 13 cats from a closed breeding colony 
experienced severe facial dermatitis
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Can Genetics Explain AEs in Companion Animals? 

No cat experienced facial excoriations over 15 months of study (0 of 9)
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Pharmacogenomics - The 
Companion Animal Experience
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Cardiovascular Pharmacogenetic Discoveries

Rivas et al. 2023 doi:10.1016/ j.cvsm.2023.05.016
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CASE  - FRANKIE
• 4yr MC DSH
• rDVM ausculted gallop and HCM B2 was diagnosed
• Clopidogrel 18.75mg PO q24 prescribed

• 1 month later
• Acute decompensation – R thoracic limb paralysis & 

respiratory distress
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460 JFMS CLINICAL PRACTICE

lar mitral stenosis have been associated with
ATE, but this is an uncommon cause.1 There is
also a risk of systemic thromboembolism with
septic emboli in infective endocarditis, but
this is also rare.

The most common non-cardiac cause of
ATE in cats is pulmonary neoplasia, although
this is caused by tumour emboli rather than a
true thrombus.1 Rarely, no underlying condi-
tion is found.

Clinical importance

ATE is probably one of the most distressing
conditions encountered in feline practice, par-
ticularly as there is often no advance warning.
Owners experience the initial trauma of find-
ing their cat paralysed and in pain, only to
face the subsequent devastating news of the
poor prognosis. Owners of affected cats are
often advised that their pet may not survive
the initial episode; or, even if it survives to
discharge, may succumb to a future bout of
thromboembolism. While both of these state-
ments may be true, it is also true that some
cats will regain completely normal motor
function following an initial ATE episode,
and ATE survivors are more likely to die of
congestive heart failure (CHF) than ATE.1
Fortunately, only a minority of cats with car-
diomyopathy will go on to develop ATE, but
HCM is sufficiently prevalent that ATE is still
a commonly encountered problem in feline
practice.

The true prevalence of ATE is not known, as
most reports originate from referral institu-
tions. Smith et al reported an overall preva-
lence of ATE of less than 0.6% of cats seen at

R E V I E W / Feline ATE

Figure 2 Echocardiographic image showing a thrombus (arrow) in the left auricular appendage
in a cat with HCM and left atrial enlargement. This is a right parasternal short axis view.
Ao = aortic valve, LA = left atrium

The risk of ATE appears to be greatest with more
severe forms of cardiomyopathy, irrespective of

the specific type of myocardial disease.

the Veterinary Teaching Hospital of the Uni-
versity of Minnesota.1 The reported preva-
lence in cats with HCM varies from 12–21%,4,5

although these are biased population samples
that probably reflect a particularly high pro-
portion of symptomatic cats. Recent studies
of apparently healthy cats suggest that the
prevalence of subclinical HCM may be much
higher than previously thought (potentially
up to 15% of adult cats),6,7 so the prevalence
of ATE in cats with HCM is probably much
lower than 12%, as ATE is usually seen only
in cats with the most advanced cardio-
myopathies. Conversely, many cats present-
ing with ATE in first opinion practice are
euthanased, and are therefore not accounted
for in prevalence estimates based on referral
populations.

Clinical presentation

Cats with ATE typically are presented with
a sudden onset of severe pain and distress.
Affected cats often vocalise, and show unam-
biguous signs of pain. The exact clinical signs

depend on the loca-
tion of the thrombus,
with the most com-
mon presentation
being pelvic limb
paralysis/paresis
associated with
embolisation to the
distal aorta (Figure
3). In some cases,
one pelvic limb is
more severely affect-
ed than the other.
Either forelimb may
also be affected with
embolisation to the
brachial artery. The
presentation is much

more variable with other embolisation sites
(brain, mesenteric arteries), with for example
vomiting, abdominal pain or central nervous
system signs, so that the underlying throm-
boembolic cause may not be recognised.

Most cats presenting with ATE have no
known history of cardiac disease, and
peracute signs of pain and paralysis may be
the very first indication of advanced cardiac
disease.

Figure 3 Typical stance of a
cat with a ‘saddle thrombus’,
showing bilateral pelvic limb
paresis

 at UNIV CALIFORNIA DAVIS on October 13, 2014jfm.sagepub.comDownloaded from 
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FRANKIE

• Normal cat response 
Post-PlavixPre-Plavix

Frankie – on Plavix
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Could understanding Frankie’s 
genetics at HCM diagnosis have 
altered therapy?
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CLOPIDOGREL RESISTANCE?

• Did patient receive recommended dose?

• Compliance is a big issue

• Taste aversion  - always give in gel capsules

• Compounded 
• Clopidogrel resistance associated with on-treatment CV events 

in humans
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Clopidogrel Resistance Discovery

• 18-30% of cat population 
across studies has less 
robust or no measurable 
response to clopidogrel on 
advanced platelet testing

• Aspirin resistance 20-100% 
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SNPs in P2RY1, P2RY12, and CYPC19 for 
Clopidogrel Resistance in Cats
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SNPs in P2RY1, P2RY12, and CYPC19 for 
Clopidogrel Resistance in Cats
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Clopidogrel Resistance – Clinical Trial

• n = 49 HCM cats
• A236G variant in the P2RY1 gene
• Reduced response to clopidogrel
• High prevalence in HCM-affected cats (51% heterozygous, 16.3% homozygous)
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P2Y1-Mediated Clopidogrel Resistance

29

Genotype-Dependent Percent Platelet Inhibition
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P-Selectin Mean Fluorescence
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Could understanding Frankie’s 
genetics at HCM diagnosis have 
altered therapy?
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Could understanding Frankie’s 
genetics at HCM diagnosis have 
altered therapy?
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Ongoing Observational 
Clinical Research

7 cases with atrial thrombus, ATE or smoke 
despite consistent clopidogrel therapy

6 of 7- mutant
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Clopidogrel Resistance – Clinical Decision-Making

Shaverdian & Li Vet Clin Small Anim 2023;53:1309-1323
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Pulmonary 
Hypertension & 

Variable Response 
to Sildenafil

36



6/11/25

13

PDE5A:E90K SNP Affects cGMP in Healthy Dogs
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PDE5A:E90K In Dogs with Pulmonary 
Hypertension
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Consider dose escalation or multimodal therapy in 
PDE5A mutants.  Can we genotype fast enough to 
aid clinical decision-making
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What’s yet to be 
discovered?
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MMVD Dog – PDE5i Super Responders?  

• August 2016
• B2; LA:Ao 2.1
• No obvious c.t. rupture
• Pimobendan initiated

• February 2017
• LA:Ao 1.5

• September 2020
• LA:Ao 1.7
• Non-cardiac COD 16.5yrs 
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Phenotype to 
Genotype Discovery
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A Novel Cardiac Troponin-I 
Missense Variant (c.593C>T) is 

Associated with Familial 
Hypertrophic Cardiomyopathy 

in Golden Retrievers

43

Golden Retriever HCM Cases

?

Case #1
September 2023

• 12mo, intact

Case #2
October 2023
• 14mo, spayed

Case #3
November 2023

• 10mo, intact

Case #4

Full Necropsy
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Hypothesis

Identify the first-ever reported genetic etiology of canine HCM via a Whole-Genome Association 
Study (WGAS)

HCM in this Golden Retriever family is caused by a genetic variant(s) harbored in 
sarcomere-related gene(s)

Aim
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Methods

Autosomal Recessive (PAllelic)

HCM-
Affected Control

Variant 6 1
Wildtype 0 10

PAllelic=0.0237 
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Results: Necropsy

Histopathologic
• Cardiomyocyte hypertrophy
• ↑ interstitial fibrosis
• Myofiber disarray
• Myocytolysis

Gross Pathologic
• Biventricular hypertrophy
• Evidence of L-CHF

Shared Features

Presumed cause of death: Sudden cardiac death following arrhythmogenic event 
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Results: WGAS

• Total Freebayes-called variants: 13,186,318

• Total PAllelic<0.024: 98,268

• ‘MODERATE’ PAllelic<0.024: 225

• ‘HIGH’ PAllelic<0.024: 33

• Segregating ‘MODERATE’ PAllelic<0.024 called: 8

• Segregating ‘HIGH’ PAllelic<0.024 called: 2
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Results: Unique Variants

Validation cohort
• 2,771 unphenotyped dogs (>400 breeds)

• Including 52 GRs

• Additional 42 GRs
• Total of 94 GRs

Cardiac Troponin-I (TNNI3)
• ‘MODERATE’ missense variant

• Chr1:103244333 (canFam4)
• c.593C>T; p.Ala198Val
• Perfect segregation
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TNNI3: In Humans
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TNNI3: In Humans
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TNNI3: In Humans
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QQuestions?

Joshua A. Stern, DVM, PhD, DACVIM (Cardiology)
jastern@ncsu.edu
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MORE POWERFUL 
THAN APPLAUSE
After this session concludes, please use the 
mobile app to complete a session evaluation.

Your feedback helps improve educational programming.
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Joshua A. Stern, DVM, PhD, DACVIM (Cardiology)
North Carolina State University

jastern@ncsu.edu

Questions?
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