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ABSTRACT
Background: Although scientific evidence is limited, clopidogrel is frequently used as
prophylaxis for arterial thromboembolism in cats with hypertrophic cardiomyopathy (HCM).
Objectives: Evaluating effects of clopidogrel therapy in asymptomatic cats with HCM on
(1) conventional whole blood aggregation (WBA), (2) alternative platelet aggregation assessed
with tubes of the Plateletworks� assay and (3) standard coagulation parameters.
Animals and methods: Prospective, randomized, double-blind, placebo-controlled pilot study.
Fourteen asymptomatic HCM cats were randomly allocated to receive placebo (n D 5) or
clopidogrel (18.75 mg/cat q24h, n D 9) as part of a larger study. Aggregation responses
(to 20 mM adenosine diphosphate (ADP) and 10 mg/ml collagen) in WBA and the
Plateletworks� assay and standard coagulation parameters were evaluated at baseline and
after seven days of therapy.
Results: Clopidogrel therapy significantly reduced aggregation responses to ADP and collagen
in the Plateletworks� agonists tubes (ADP and collagen: P < 0.001), but did not significantly
reduce aggregation responses to ADP and collagen in the WBA technique (ADP: P D 0.07,
collagen: P D 0.30). Clopidogrel therapy did not show a significant effect on prothrombin time,
activated partial thromboplastin time, antithrombin, D-dimers and fibrinogen concentrations.
Conclusion and clinical importance: Clopidogrel therapy at a dose of 18.75 mg/cat q24h for
seven days causes a significant decrease in in vitro platelet aggregation evaluated with the
Plateletworks� assay, without affecting standard coagulation parameters in cats with
asymptomatic HCM.
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1. Introduction

Cardiogenic arterial thromboembolism (CATE) is a
common and devastating complication of feline car-
diomyopathies (Laste & Harpster 1995; Rush et al.
2002; Smith & Tobias 2004). CATE originates from dis-
lodgement of left atrial (LA) or left auricular appendage
thrombi. Antiplatelet drugs such as acetylsalicylic acid
(aspirin) and clopidogrel are widely used to prevent
the occurrence or recurrence of CATE in cats with car-
diomyopathies (Rishniw & Pion 2011, Hogan & Brainard
2015). Clopidogrel is an antiplatelet drug that irrevers-
ibly inhibits adenosine diphosphate (ADP) receptors
(P2Y12) on the platelet membrane (Lerner et al. 2000).
In humans, clopidogrel has been shown to significantly
reduce the risk of stroke, myocardial infarction and vas-
cular death compared to aspirin therapy (Hass et al.
1989; CAPRIE Steering Committee 1996). In a small
study, clopidogrel at a dose of 18.75 mg/cat q24h
showed a significant reduction of in vitro whole blood
platelet aggregation responses to ADP and collagen
without adverse side effects in healthy cats (Hogan
et al. 2004a). This has, however, not yet been demon-
strated in cats with cardiomyopathies.

Many different tests are available to evaluate plate-
let function in human patients receiving antiplatelet
drugs. Clopidogrel responsiveness is routinely moni-
tored in humans with ADP-induced aggregation
response tests (Price 2009; Flechtenmacher et al. 2015).
The gold standard is considered to be optical or whole
blood impedance aggregometry. However, these tech-
niques require a well-trained technician and special-
ized and expensive equipment. The Plateletworks�

assay1 is one of the commercially available point-of-
care screening assays to monitor platelet aggregation
in humans receiving antiplatelet therapy. It requires
only standard hematology equipment and it is quick
and inexpensive. This assay evaluates platelet aggrega-
tion by comparing platelet counts between an ethyle-
nediaminetertraacetic acid (EDTA) sample (baseline
count) and a sample in a tube containing a platelet
agonist (ADP or collagen). The agonist will stimulate
platelet aggregation resulting in platelet clumping.
This will cause a drop in platelet count as platelet
aggregates are excluded in platelet enumeration. In
two studies in healthy cats, platelet aggregation
responses in the Plateletworks� agonists tubes were
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significantly decreased after clopidogrel therapy
(Hamel Jolette et al. 2009; Ho et al. 2016). However,
there was no comparison with aggregometry as the
current gold standard and it was not tested in cats
with cardiomyopathies.

There is evidence that suggests that clopidogrel,
besides its antiplatelet effects, has other pharmaco-
logical effects that may contribute to its antithrom-
botic properties. In humans, several circulating
inflammatory and thrombotic markers, such as fibrino-
gen (Fibrinogen Studies Collaboration et al. 2005) and
D-dimers (Di Castelnuovo et al. 2014), have shown
independent associations with the risk of myocardial
infarction. Administration of ticlopidine (the precursor
of clopidogrel) reduced plasma fibrinogen concentra-
tions by 10%–25% compared to a placebo in people
with chronic vascular disease (Mazoyer et al. 1994).
Other hypothesized contributing factors leading to
the antithrombotic properties of clopidogrel are
inhibition of erythrocyte aggregation, stimulation of
nitric oxide production, inhibition of expression of tis-
sue factor on endothelial cells and inhibition of fibro-
nectin synthesis (Cattaneo 2007). Therefore, although
unexpected, an effect of clopidogrel therapy on coag-
ulation parameters in cats cannot be ruled out
completely.

The objectives of this study were to evaluate the
in vitro antiplatelet effects of clopidogrel in asymp-
tomatic cats with hypertrophic cardiomyopathy
(HCM). We hypothesized that clopidogrel therapy
(18.75 mg/cat q24h) in asymptomatic cats with
HCM would (1) significantly decrease whole blood
platelet aggregation responses to ADP and collagen,
(2) significantly decrease platelet aggregation in the
ADP and Collagen Plateletworks� assay tubes, (3)
have no significant effect on standard coagulation
parameters, and (4) be safe and will not induce any
adverse side effects.

2. Materials and methods

This study was approved by the experimental commit-
tee of the author’s institution and signed owner con-
sent was obtained for all cats in the investigation.

2.1. Study population

All cats were client-owned cats that were either
referred for evaluation of a murmur or for screening for
HCM. Fourteen asymptomatic cats presenting with
(focal or global) thickening of the left interventricular
septum and/or free wall above 6.0 mm (Fox et al. 1995;
Kittleson et al. 1999) were included in the study. Exclu-
sion criteria were other concurrent diseases, hemato-
crit <28% (reference interval: 28%–47%), platelet
count < 95 £ 109 ¡1 (reference interval: 156–626 £
109 l¡1), creatinine >164 mmol/l (reference interval:

76–164 mmol/l), plasma T4 levels >45 nmol/l (refer-
ence interval:15–45 nmol/l), systemic arterial hyperten-
sion (average systolic systemic arterial pressure >180
mm Hg) and the use of (prior) drug therapy other than
atenolol in the last month. Atenolol was the only drug
that was not withheld because of ethical reasons, and
because a significant effect on platelet aggregation
was not expected. All physical examinations, blood
sampling and echocardiograms were performed by
the first author.

2.2. Experimental protocol

At baseline (t D 0 h), all cats underwent assessments
in the following order: blood pressure determination
(High-Definition Oscillometry Unit2), a general physi-
cal examination, blood collection from the jugular
vein and an echocardiogram. This order was deter-
mined to reduce the possible influence of stress on
blood pressure measurements and platelet aggrega-
tion. The randomization sequence and drug medica-
tion was provided by the pharmacy of the author’s
institution. Cats were treated with clopidogrel (clopi-
dogrel 75 A, Apothecon B.V., Bunschoten, the Neth-
erlands, 18.75 mg/cat q24h for seven days, orally) or
a placebo (Albochin, Pharmachemie B.V., Haarlem,
the Netherlands, q24h for seven days, orally). On day
seven, general physical examination and venepunc-
ture were repeated. This time point was chosen for
practical reasons (convenience to owners of
patients). This venepuncture was performed approxi-
mately 12 h (range 10–13 h) after the last drug
administration. Blood samples were only collected
from all cats at these two time points (t D 0 h and
t D 7.5 days).

2.3. Echocardiogram

Echocardiographic examinations were all conducted
using manual, rather than chemical restraint in accor-
dance with recommended standards for cats (Thomas
et al. 1993) using an echocardiography machine3

equipped with a 3–5 and 8–12 MHz phased-array
transducers. Standard transthoracic, two-dimensional
(2D), M-mode, color and spectrum Doppler blood flow
measurements were performed with the patients in
right and left lateral recumbency. The LA diameter
and the left atrial to aortic ratio (LA/Ao) were obtained
using the 2D method in the right parasternal short-
axis view at the level of the aortic valve (Hansson et al.
2002). Left ventricular end diastolic wall thickness, LA/
Ao, presence of a dynamic left ventricular outflow
tract obstruction (DLVOTO) and presence of sponta-
neous echographic contrast or a visible thrombus in
the left atrium or left auricular appendage were
recorded.
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2.4. Blood sampling

Blood samples were prospectively obtained. Food was
withheld in all cats for a minimum of 8 h before vene-
puncture. Cats were manually restrained during blood
collection. Blood (8.3 ml) was collected by jugular ven-
epuncture with a 22-gauge needle and a 10-ml plastic
syringe. After collection, blood was immediately trans-
ferred into a 1-ml K3 EDTA, a 1-ml Plateletworks� ADP
agonist (containing 20 mM bacterial ADP and 3.2 mg
sodium citrate), a 1-ml Plateletworks� collagen agonist
(containing 10 mg liquid collagen (equine tendon) in
3.2% sodium citrate), two 2-ml sodium citrate vacu-
tainer (containing 3.8% sodium citrate in a ratio of nine
parts blood to one part anticoagulant) and in a 1.3-ml
Li-Heparin tube. After sample collection, the tubes
were gently mixed 10–20 times to ensure adequate
mixing with the reagent and brought directly to the
laboratory for further analysis.

2.5. Whole blood platelet aggregation

Samples were gently rocked at room temperature for
30 min, and diluted 1:1 with isotonic saline (0.9% NaCl)
solution. One milliliter of the blood–saline solution mix-
ture was then placed in an aggregometer cuvette and
heated to 37 �C in the aggregometer heating block.
Next, the sample was placed in the aggregometer
where it was stirred (1200 rpm) and the baseline value
was established before agonists were added. Platelet
aggregation was induced by adding 20 mM ADP4 or 10
mg/ml collagen5 as agonists. These concentrations
were selected because they are similar to the concen-
trations, ADP and collagen, in the Plateletworks� tubes.
Aggregation curves were recorded until maximum
aggregation was reached and analyzed.6 Primary out-
come was the amplitude of the aggregometry curve,
expressed in Ohms (V).

2.6. Complete blood count and Plateletworks�

assay

After 5–10 min, the EDTA tubes were analyzed using an
automated laser-based blood cell analyzer7 with spe-
cies-specific software adjustments made for veterinary
samples to obtain a complete blood count (CBC). Blood
samples were only evaluated for a manual platelet
count and platelet clumping if the analyzer indicated
platelet clumping or if the platelet count was below
100 £ 109 l¡1. The Plateletworks� ADP and collagen
tubes were run immediately after the CBC in the same
blood cell analyzer to determine platelet counts. The
platelet aggregation was then calculated according to
the following formula: Baseline platelet count ¡ ago-
nist platelet count £ 100%/baseline platelet count D
% aggregation.

2.7. Clotting times, fibrinogen concentration,
antithrombin-activity and D-dimers
degradation product assay

Prothrombin time (PT), activated partial thromboplas-
tin time (aPTT), fibrinogen, antithrombin activity and
D-dimers were determined from citrate plasma with an
automated coagulation analyzer.8 The PT, aPTT and
fibrinogen were measured using the mechanical ball
method, using commercial reagents, according to the
manufacturer’s instructions. PT was measured using a
commercial reagent9; aPTT was measured using com-
mercial reagents10 and fibrinogen concentration was
measured according to Clauss method (Clauss 1957;
Mackie et al. 2003), using commercial reagents.11 The
test was calibrated with a human standard.12 Anti-
thrombin activity was optical (chromogenic kinetic)
measured using a commercial reagent13 according to
the manufacturer’s instructions. The test was calibrated
with a human standard.14 D-dimers were measured
using the turbidimetric method with a commercial
reagent15 according to the manufacturer’s instructions.
The test was calibrated with a human standard.16

2.8. Statistical analysis

SPSS 21.0 for Windows17 was used for statistical analy-
sis. Parameters were tested for normality with a Kolmo-
gorov–Smirnov test. Results are expressed as a mean
C/¡ standard deviation or as median and range when
they were not normally distributed. Differences
between the treatment groups (group characteristics
and platelet parameters at a defined time) were evalu-
ated with Chi-squared test for dichotomous variables,
a two-tailed student’s t-test for normally distributed
continuous data and the Mann–Whitney test for data
that were not normally distributed. To test for changes
between time points within both groups a paired t-test
for normally distributed data and a Wilcoxon signed-
rank test for not normally distributed data were used.
Significance was accepted at P < 0.05.

3. Results

3.1. Study population

Breeds included in the placebo group consisted of
Sphynx (n D 1), Domestic Shorthair (n D 1), Maine Coon
(n D 1), Norwegian Forest cat (n D 1) and Ragdoll (n D
1). Breeds included in the clopidogrel group consisted of
Domestic Shorthair (n D 3), Sphynx (n D 3), Norwegian
Forest cat (n D 1), British Shorthair (n D 1) and Burmese
(n D 1). Male cats were overrepresented in both groups,
but there was no significant difference in proportion of
male and female cats between the two groups. Seven
out of the 14 cats were classified as having hypertrophic
obstructive cardiomyopathy based on the presence of a
DLVOTO (due to systolic anterior motion of the septal
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leaflet of the mitral valve). The systolic pressure gradient
across the DLVOTO ranged from 35 to 154 mm Hg.
None of the cats showed spontaneous echographic con-
trast or a visible thrombus on echocardiogram. Three
cats had been treated with atenolol, the dose ranging
from 6.25 mg/cat q12h to 6.25 mg/cat q24h; the last
dose was given between 14 and 48 h before the
examinations.

There was no significant difference between the
group characteristics regarding sex, weight, age, LA/Ao
ratio, left ventricular end diastolic wall thickness, pres-
ence and severity of DLVOTO, atenolol use, and plate-
let counts at baseline (t D 0 h). Platelet counts at t D 0
h were not significantly different between the clopi-
dogrel group (mean 310 £ 109 l¡1) and the placebo
group (mean 217 £ 109 l¡1; P D 0.09). However, at t D
7.5 days, platelet counts were significantly higher in
clopidogrel group (mean 331£ 109 l¡1) than in the pla-
cebo group (mean 191 £ 109 l¡1; P D 0.04). No signifi-
cant difference in platelet count on CBC was found
between t D 0 h and t D 7.5 days for the two groups.
Table 1 presents an overview of group characteristics.

3.2. Platelet aggregation

The magnitude of platelet aggregation was highly vari-
able between cats and between both tests. At baseline
(t D 0 h), a high percentage of cats showed little or no
aggregation in response to 20 mM ADP in WBA
(Figure 1(a)), while all cats showed aggregation in the
Plateletworks� ADP agonist tube (Figure 2(a)).

3.2.1. Whole blood aggregation
Whole blood aggregation responses to ADP and collagen
are illustrated in Figure 1(a) and 1(b) respectively. At
baseline (t D 0 h), platelet aggregation responses were
not significantly different between the clopidogrel group

and the placebo group for both ADP and collagen-
induced aggregation (ADP mean 9 V vs. mean 15 V;
P D 0.38, collagen mean 32 V vs. mean 22 V; P D 0.06).

At t D 7.5 days, platelet aggregation responses to
ADP were significantly lower in the clopidogrel group
(mean 0 V) compared to the placebo group (mean
13 V; P D 0.01). At t D 7.5 days, platelet aggregation
responses to collagen were not significantly different

Table 1. Summary of group characteristics for placebo and clo-
pidogrel treated cats with asymptomatic hypertrophic cardio-
myopathy at baseline (t D 0 h) and seven days after therapy
with placebo or clopidogrel (18.75 mg/cat q 24 h) (t D 7.5
days).

Characteristicsa
Placebo group

(n D 5)
Clopidogrel
group (n D 9)

Reference
interval

Sex (male/female) 3/2 6/3
Neutered/intact 5/0 8/1
Age (years) 5.8 (3.5) 3.6 (2.7)
Weight (kg) 4.7 (0.7) 4.6 (0.7)
Atenolol use (yes/no) 2/3 1/8
Presence of DLVOTO
(yes/no)

3/2 4/5

Systolic pressure
gradient across
DLVOTO

111.3 (43.0) 80.5 (61.8)

Left atrial aortic (LA/
Ao) ratio

1.4 (0.1) 1.5 (0.3) <1.5

Left ventricular end-
diastolic wall
thickness (mm)

7.0 (0.7) 6.4 (0.3) <6.0

Platelet count;£ 109

l¡1

At time point t D 0 h 217.2 (99.8) 310.6 (86.4)b 156–626
At time point t D 7.5
days

191.6 (46.2) 331.6 (130.4)c 156–626

aData are expressed as mean and standard deviation, except for sex,
neutered status, atenolol use and presence of dynamic left ventricu-
lar outflow tract obstruction (DLVOTO), which are expressed as abso-
lute numbers.

bPlatelet counts at t D 0 h were not significantly different between the
clopidogrel group and the placebo group (P D 0.09).

cPlatelet counts at t D 7.5 days were significantly higher in the clopi-
dogrel group than in the placebo group (P D 0.04). No significant dif-
ference in platelet count was found between t D 0 h and t D 7.5
days within the groups.

Figure 1. Dot plots of the amplitude of the whole blood aggregometry curve (expressed in Ohms), in response to 20 mM ADP (a)
and 10 mg/ml collagen (b) in placebo and clopidogrel-treated cats (18.75 mg/cat q24h) with asymptomatic hypertrophic cardiomy-
opathy before (t D 0) and after (t D 7.5 days) drug treatment. Bars and adjacent numbers represent mean values.�Mean is not sig-
nificantly different from baseline within the clopidogrel group (P D 0.07), but mean is significantly different between groups at t D
7.5 days (P D 0.01). ADP, adenosine diphosphate, N.S., not significant.
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between the clopidogrel group (mean 28 V) and the
placebo group (mean 26 V; P D 0.81).

Within the placebo group, platelet aggregation in
response to ADP and collagen was not significantly dif-
ferent between t D 0 h and t D 7.5 days (ADP mean 15
V vs. mean 13 V; P D 0.69, collagen mean 22 V vs. 26
V; P D 0.39).

Within the clopidogrel group, platelet aggregation
in response to ADP and collagen was also not signifi-
cantly different between t D 0 h and t D 7.5 days (ADP
mean 9 V vs. mean 0 V; P D 0.07, collagen mean 32 V

vs. 28 V; P D 0.30).

3.2.2. Plateletworks�

Aggregation responses to ADP and collagen in the
Plateletworks� assay are illustrated in Figure 2(a) and
2(b) respectively. At baseline (t D 0 h), platelet aggre-
gation responses were not significantly different
between the clopidogrel group and the placebo group
for both ADP and collagen-induced aggregation (ADP
mean 72% vs. mean 87%; P D 0.30, collagen mean
77% vs. 83%; P D 0.70).

At t D 7.5 days, platelet aggregation responses to
ADP were significantly lower in the clopidogrel group
compared to the placebo group in both ADP and

collagen induced aggregation (ADP: mean 4% vs. 75%;
P D 0.002, collagen mean 7% vs. 78%; P D 0.002).

Within the placebo group, platelet aggregation in
response to ADP and collagen was not significantly dif-
ferent between t D 0 h and t D 7.5 days (ADP mean
87% vs. mean 75%; P D 0.07, collagen mean 83% vs.
78%; P D 0.79).

Within the clopidogrel group, platelet aggregation
in response to ADP and collagen was significantly
lower at t D 7.5 days compared to t D 0 h (ADP mean
4% vs. mean 72%; P < 0.001, collagen mean 7% vs.
77%; P < 0.001).

3.3. Coagulation parameters

There were no significant differences between groups
at t D 0 h and t D 7.5 days and no differences between
t D 0 h and t D 7.5 days within groups for any of the
tested coagulation parameters (PT, aPTT, fibrinogen,
AT and D-dimers) (Table 2).

3.4. Adverse effects

None of the cats demonstrated any clinical adverse
effects associated with drug administration.

Figure 2. Dot plots of percentage platelet aggregation in the Plateletworks ADP assay (a) and Plateletworks� collagen assay (b) in
placebo and clopidogrel-treated cats (18.75 mg/cat q24h) with asymptomatic hypertrophic cardiomyopathy before (tD 0) and after
(t D 7.5 days) drug treatment. Bars and adjacent numbers represent mean values. �Mean significantly different from baseline (P <
0.001); ��mean significantly different from baseline (P < 0.001). ADP, adenosine diphosphate; N.S., not significant.

Table 2. Results of coagulation parameters in cats with asymptomatic hypertrophic cardiomyopathy at baseline (t D 0 h) and
7 days (t D 7.5 days) after therapy with placebo or clopidogrel (18.75 mg/cat q24h). Analysis revealed no statistical differences.

Placebo group
t D 0 h

Placebo group
t D 7.5 days

Clopidogrel group
t D 0 h

Clopidogrel group
t D 7.5 days

Reference
interval

Number of cats 5 5 9 9
PT (s) 13.6 (1.3) 13.0 (0.8) 13.5 (1.1) 13.4 (1.0) 10.6–17.0
aPTT (s) 22.7 (10.3) 25.1 (7.9) 26.1 (8.1) 25.0 (9.2) 10.3–66.5
Fibrinogen (g/l) 1.2 (0.3) 1.4 (0.2) 1.3 (0.4) 1.3 (0.5) 1.0–2.7
D-dimers (ng/ml) 292.6 (86.7) 246.6 (98.1) 201.2 (173.9) 219.4 (146.8) <500
Antithrombin activity
(%)

114.0 (112–
145)

117.0 (110–
141)

115.0 (93–128) 112.0 (100–141) 63–194

Note: Data are expressed as mean and standard deviation, except for antithrombin activity that is expressed as median and range.
PT, prothrombin time; aPTT, activated partial thromboplastin time.
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4. Discussion

Veterinary cardiologists regularly initiate an antiplatelet
therapy for primary prevention of CATE in cats when
the LA is moderately or severely enlarged (Rishniw &
Pion 2011; Hogan & Brainard 2015), although scientific
evidence to support this therapy is lacking. Clopidogrel
gained more interest for veterinary use, because it
seemed to be safe and effective in reducing in vitro
platelet aggregation in healthy cats (Hogan et al.
2004a) and healthy dogs (Brainard et al. 2010).
Recently, the results of the Feline Arterial Thromboem-
bolism: Clopidogrel vs. Aspirin Trial study were also
presented. This study showed that long-term therapy
(for at least 146 days) with clopidogrel (18.75 mg/cat
q24h) in cats that were treated after surviving an initial
CATE was tolerated well, and that cats receiving clopi-
dogrel lived longer, with a significant longer time of
recurrence of CATE when treated with clopidogrel
compared to aspirin (Hogan et al. 2015). However, this
is, to our knowledge, the first study to evaluate the in
vitro antiplatelet effects of clopidogrel in cats with
asymptomatic HCM.

In the present study, we demonstrated that platelet
aggregation responses were significantly reduced by clo-
pidogrel therapy in asymptomatic cats with HCM in the
Plateletworks� ADP agonist tube. However, aggregation
responses to 20 mM ADP were not significantly reduced
in the WBA technique. This can be explained by the
absent, or very low, aggregation responses to 20 mM
ADP at baseline, which likely contributed to this result
not being significant. A low aggregation was also
observed in a few cats in the Plateletworks� ADP assay,
however, to a lesser degree and lower frequency. This
finding was unexpected, because generally, healthy cats
would already demonstrate maximal aggregation
responses to 5–10 mM ADP (Hogan et al. 2004a; Cathcart
et al. 2012; Magee et al. 2014). Therefore, we believe
that, despite all the efforts and precautions, this was
most likely caused by sampling or handling problems
leading to platelet clumping, with a significant underesti-
mation of platelet aggregation as a consequence. Conse-
quently, WBA could not be used as a gold standard in
this study and no comparison between both techniques
could be made. It has been demonstrated that stress can
lead to increased platelet aggregation (Pozzi et al. 2009).
In other studies investigating WBA in healthy cats, the
animals were generally anesthetized for venepuncture
(Hogan et al. 2004a; Cathcart et al. 2012). For the present
study, anesthesia was considered not to be in the best
interest of the patients and sampling was, therefore, not
completely without problems. All platelet function tests
need to be evaluated as soon as possible and generally
samples are only stable for a short period of time
(Sweeney et al. 1989; Hamel Jolette et al. 2009; McGlas-
son & Fritsma 2009; van Werkum et al. 2010). Although,
samples were evaluated as soon as possible, some sam-
ples might have been analyzed later than others and

this could also have attributed to lower aggregation
responses in some cats. Furthermore, poor reproducibil-
ity of platelet function tests have been demonstrated in
humans, even lower in light transmission aggregometry
compared to point-of-care tests (Harrison et al. 2008).

In equine (Brooks et al. 2013) and human studies
(Dyszkiewicz Korpanty et al. 2007), collagen-induced
platelet function was not inhibited by clopidogrel.
Although in cats, ticlopidine, another P2Y12 receptor
inhibitor, also could not inhibit collagen-induced plate-
let function (Hogan et al. 2004b); clopidogrel was
found to be able to inhibit both ADP and collagen-
induced platelet aggregation as previously described
(Hogan et al. 2004a) as well as in our study. This is
most likely caused by the fact that ADP plays a major
role in the amplification of platelet aggregation
induced by other platelet agonists when used at con-
centrations requiring released ADP as an amplifier
(Storey 2006). In the present study, clopidogrel therapy
did show a significant decrease in platelet aggregation
in the Plateletworks� collagen agonist tube (contain-
ing 10 mg/ml collagen), although WBA in response to
10 mg/ml collagen was not significantly decreased.
The 10 mg/ml collagen concentration was chosen to
make it similar with the concentration of collagen in
the Plateletworks� tube. Other collagen concentrations
might have a different effect.

Platelet counts between groups were significantly
different at t D 7.5 days. The higher platelet counts in
the clopidogrel group at t D 7.5 days have probably no
significant relevance. They seem to reflect mainly the
marked tendency to higher platelet counts at baseline
in this group.

In humans, the standard recommended daily dos-
age for clopidogrel is 75 mg q24h. An inhibition of
ADP-induced aggregation between 40% and 60% is
considered optimal. In the present study, ADP-induced
platelet aggregation was almost completely absent
after clopidogrel therapy. In healthy cats, ADP aggrega-
tion was inhibited with 93.4% § 9.2% after the treat-
ment with the same dose of clopidogrel (Hogan et al.
2004a). The results of our study suggest that, in accor-
dance with results in healthy cats (Hogan et al. 2004a),
the minimum effective dosage in asymptomatic HCM
cats might also be lower than the currently used dos-
age. However, clopidogrel tablets are only registered
for humans and the tablet with the lowest dose cur-
rently available is 75 mg. Based on practical reasons,
the minimal dose that currently can be given to a cat is
a quarter of a tablet (18.75 mg).

High individual variability in response to clopidogrel
as well as clopidogrel resistance has been demon-
strated in humans (Geiger et al. 2005). Results of a
small study evaluating clopidogrel therapy in horses
also suggested that horses, like humans, have high
individual variability in response to clopidogrel (Brooks
et al. 2013). In the present study, we did not find any
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evidence for clopidogrel resistance or weak responders
in cats. Of course, studies in larger groups of cats
should prove this.

As expected, the results of the present study sug-
gest that clopidogrel at a dosage of 18.75 mg/cat q24h
for seven days does not affect standard coagulation
parameters in cats with asymptomatic HCM, but fur-
ther studies are necessary in a larger number of ani-
mals to confirm these findings.

Major limitations of the present study are the low
number of animals and that the effects of clopidogrel
were measured in vitro. Long-term studies evaluating
the clinical effect of clopidogrel need to be performed
to conclude a significant beneficial clinical effect in
asymptomatic cats with HCM. Further studies investi-
gating and validating platelet function tests and the
variation in clopidogrel responsiveness in cats are
necessary. A validated, inexpensive, practical and
point-of-care platelet aggregation test might be very
useful to assess individual clopidogrel responsiveness
in cats treated with clopidogrel. In this respect, the
Plateletworks� test looks promising.

Notes

1. Helena Laboratories, Beaumont, TX, USA.
2. Chronolog whole blood impedance aggregometer 590

2D; Stago BNL, Leiden, The Netherlands.
3. Philips Healthcare, HD 11 XE, Eindhoven, The

Netherlands.
4. Chrono-par ADP reagent, Stago BNL, Leiden, The

Netherlands.
5. Chrono-par collagen reagent, Stago BNL, Leiden, The

Netherlands.
6. Aggrolink� software, Chrono-log Corporation, Stago

BNL, Leiden, The Netherlands.
7. ADVIA 2120i; Siemens Healthcare Diagnostics B.V., The

Hague, The Netherlands.
8. Amax Destiny plus; Trinity Biotech, Wicklow, Ireland.
9. Triniclot PT excel S 6ml, Tcoag, Wicklow, Ireland.

10. Triniclot Automated APTT 3ml and Triniclot calcium
chloride 0.025 M, Tcoag, Wicklow, Ireland.

11. Triniclot fibrinogen 6 ml and Triniclot imidazole buffer,
Tcoag, Wicklow, Ireland.

12. Trinical reference plasma, Tcoag, Wicklow, Ireland.
13. Trinichrom Antithrombin IIa kit, Tcoag, Wicklow, Ireland.
14. Trinical reference plasma, Tcoag, Wicklow, Ireland.
15. TriniLIA D-dimer kit, Tcoag, Wicklow, Ireland.
16. TriniCAL D-Dimer, Tcoag, Wicklow, Ireland.
17. SPSS Inc., Chicago, IL, USA.
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