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Abstract

Background and Aim: Cardiogenic embolism (CE) is a common complication of feline hypertrophic cardiomyopathy
(HCM), leading to severe clinical symptoms. This study compared the effects of rivaroxaban and enoxaparin combined with
clopidogrel on cats.

Materials and Methods: This was a single-center, prospective, randomized controlled trial. In this study, rivaroxaban
or enoxaparin plus clopidogrel was prescribed to 23 cats for at least one of the following events: Abnormal movement
of the anterior mitral leaflet during systole, enlargement of the left atrium, spontaneous echocardiographic contrast, or
presence of arterial thromboembolism. Oral rivaroxaban (2.5 mg, q24 h) was prescribed to six cats. Subcutaneous injections
of enoxaparin (I mg/kg, q24 h) plus oral clopidogrel (3 mg/kg, PO q24 h) for 60 days were administered to 17 cats.
Renal insufficiency and bleeding complications were observed. Plasma concentrations of D-dimer, prothrombin time (PT),
partial thromboplastin time, and international normalized ratio (INR) were evaluated. We analyzed the relationship between
echocardiography parameters and the effects of coagulation. Blood samples were collected from all cats at baseline and at
1 and 2 months post-treatment.

Results: Rivaroxaban alone and in combination with enoxaparin and clopidogrel significantly affected PT and INR. In cats
treated with 2.5 mg/day rivaroxaban for 60 days, no bleeding or recurrence of thrombus formation was observed. These data
support the use of rivaroxaban for the treatment of HCM-associated thromboembolism in cats.

Conclusion: Treatment of HCM-associated thromboembolism with rivaroxaban alone demonstrated clinical effectiveness
with no clinical complications in cats.
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Introduction cause serious problems or sudden death [4]. Clinical
manifestations of pulmonary thromboembolism are
often non-specific. Common symptoms include dys-
pnea, tachycardia, hypoxia, acute heart failure, and
sudden death. Diagnosis is based on clinical findings,
echocardiography imaging, and laboratory tests [5].
The D-dimer test is clinically used in human medicine
to diagnose pulmonary embolism. Emergency treat-
ment can be performed by administering thrombolytic
drugs [6]. Previous studies have reported that cardio-
myopathy-associated with thrombogenesis has a high
mortality rate, with a 37% survival rate for cats with
deep vein thrombosis. It is essential to prevent the
recurrence of arterial thromboembolism. In addition,
monitoring antithrombin therapy is a valuable tool
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Feline hypertrophic cardiomyopathy (HCM)
usually presents with left ventricular stiffness, abnor-
mal movement of the anterior mitral leaflet during
systoles, diastolic relaxation disorder, enlargement
of the left atrium (LA), and spontaneous echocar-
diographic contrast [1, 2]. Cardiomyopathy associ-
ated with arterial thromboembolism is a significant
cause of thrombogenesis, which can partially or
entirely block blood vessels [3]. The thrombus usu-
ally restricts blood flow to the lower extremities, pro-
voking and causing tissue ischemia and paresis. In
addition, blood clots can also be present in the main
blood vessels of the kidneys, brain, and lungs and can

Veterinary World, EISSN: 2231-0916 796


https://orcid.org/0000-0001-6281-1069
https://orcid.org/0009-0007-2927-9091
https://orcid.org/0009-0001-3734-1357
https://orcid.org/0000-0001-7552-937X

Available at www.veterinaryworld.org/Vol.17/April-2024/8.pdf

at a total dose of 18.75 mg/cat significantly decreased
platelet aggregation [8-10]. Low-molecular-weight
heparin (LMWH) has replaced the use of unfraction-
ated heparin in human and feline medicine because
it can be injected subcutaneously, safely, and effec-
tively for the initial treatment of venous thrombo-
embolism [11, 12] because it is more convenient for
clinical use.

However, the administration of low-molecu-
lar-weight antiplatelet agents in combination with
clopidogrel and appropriate dose adjustment in cats
with symptomatic cardiomyopathy has not yet been
investigated. At present, available LMWH prod-
ucts in Thailand include enoxaparin, dalteparin, and
bemiparin. Various LMWHs have different proper-
ties, especially chemical characteristics. The relative
efficacy and safety of individual LMWH remain to
be determined because few clinical trials have been
performed [13—15]. Rivaroxaban is an oral antico-
agulant that helps prevent and treat blood clots and
is another option for human patients [16]. However,
there is a need for more information on the use of
this drug in cats. Antiplatelet therapy, such as rivar-
oxaban, has been reported to reduce the incidence
of sudden cardiac death and myocardial infarction
in humans [17, 18]. Dual therapy with clopidogrel
and rivaroxaban has been shown to be effective in
cat thromboprophylaxis [19]. The international nor-
malized ratio (INR) test determines the clotting time.
Detection of INR helps to indicate clotting time in
patients receiving anticoagulants or blood-thinning
agents such as enoxaparin [20].

This study aimed to evaluate and monitor the ther-
apeutic response of rivaroxaban alone or clopidogrel in
combination with an LMWH agent in cats with HCM.
We hypothesized that rivaroxaban or LMWH plus
clopidogrel would decrease recurrent thrombus forma-
tion in cats with HCM. The results of this study may
help evaluate and monitor the treatment of cardiomyop-
athy-associated with arterial thromboembolism in cats.

Materials and Methods

Ethical approval

The study protocol was approved by the Ethics
Committee of Kasetsart University (ACKU-62-
VET-059) and written informed consent was obtained
from the owners.

Study period and location

We conducted a retrospective, single-center,
randomized controlled trial from December 2022 to
September 2024. Data were collected by convenience
sampling. Twenty-three cats were recruited from the
Animal Teaching Hospital Kamphaeng Saen, Faculty
of Veterinary Medicine, Kasetsart University, with the
owner’s complete informed consent.

Animals
Cats atleast 1 year old were recruited for inclusion
in this study. Cats with structural heart abnormalities,

hyperthyroidism (total T4 level >3.8 ug/dL), high
blood pressure (systolic blood pressure >160 mmHg),
pregnancy or breast-feeding periods, and cats with
current chronic diseases, such as chronic kidney dis-
ease (CKD), diabetes, or epilepsy, were excluded
from this study.

All cats underwent a physical examination
including sex, breed, body weight, age, and medical
history. The clinical records of each cat were obtained
by transthoracic echocardiography and blood profile
examination. Blood samples were collected from the
cephalic, or medial saphenous veins.

In addition, 2 mL of blood was collected in a
tube containing sodium citrate for coagulation marker
evaluation. D-dimer levels and prothrombin time (PT)
were immediately examined in the collected blood
samples. Cats with significant hematological abnor-
malities, such as anemia, thrombocytopenia, leukocy-
tosis, CKD, or previous anticoagulant therapy, were
excluded. In cats with risk factors or signs indicating
deep vein thrombosis, such as lower limb edema, ultra-
sonography of the inferior limb veins was performed.

A total of 23 cats were divided into 2 groups
to investigate the effects of two drug treatments. Six
cats were given an oral dose of 2.5 mg of rivaroxaban
every 24 hours. Seventeen cats received subcutaneous
injections of 1 mg/kg of enoxaparin every 24 hours,
along with oral clopidogrel at 3 mg/kg every 24 hours
for 60 days.

Echocardiography

Cat presented with clinical signs such as acute
paraparesis of the hind legs, idiopathic lesions on the
pad (Figure-1b), and congestive heart failure were
included in this study. Transthoracic echocardiography
was performed using an ultrasound system (GE, Boston,
MA, USA). We evaluated M-mode, 2D, pulse-wave,
and continuous-wave Doppler measurements. HCM
was assessed based on standard echocardiographic
views described by Payne et al. [21]. Echocardiography

Figure-1: Echocardiographic assessment of left ventricular

wall in hypertrophic cardiomyopathy cat. (a) Right
parasternal long view of the left atrium and short-axis view
of the left ventricle; The spontaneous echocardiographic
contrast in the left atrium of a cat (arrow). (b) the cat’s
paw before and after treatment with 1 mg/kg of enoxaparin
and clopidogrel at 3 mg/kg for 60 days.
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revealed such as an interventricular septum or left ven-
tricular free wall thickening and left atrial enlargement,
spontaneous echocardiographic contrast in the LA, and
echocardiography images are shown in Figures-1a.

Adverse events and endpoints

Adverse reactions include bleeding and other
serious adverse reactions, such as death and renal fail-
ure. The study’s endpoints were bleeding events, renal
insufficiency, or sudden death.

Statistical analysis

Data were presented as mean =+ standard error
of the mean. The data sets were analyzed using one-
way analysis of variance or Student’s t-test to com-
pare continuous variables between the two groups,
and p < 0.05 was considered statistically significant.
Pearson’s correlation test was used to assess correla-
tions among variables. GraphPad Prism software (ver-
sion 9.0, USA) was used for statistical analysis.

Results

Baseline characteristics of study animals

A total of 23 cats (aged 3.39 + 0.59 years and
weighing 4.27 + 0.27 kg) were included in the study.
Sudden death occurred in seven cats treated with
enoxaparin plus clopidogrel and one cat with acute
kidney injury (AKI).
Echocardiographic parameters of the study animals

Table-1 shows the available echocardiographic
parameters for all animals. Echocardiographic param-
eters such as LA, aorta (AO), LA/AQO ratio, diastolic
interventricular septum thickness (IVSd), left ventric-
ular end-systolic diameter, and percentage of frac-
tional shortening (FS) were not significantly different
between the groups. Parameters 1VSd, left ventricu-
lar wall diastolic thickness, systolic interventricular
septum thickness, and left ventricular wall systolic
thickness decreased following treatment. In addition,
pulmonary valve maximum blood velocity and isovo-
lumic relaxation time (IVRT) were reduced compared
with baseline values.

Correlation matrix of D-dimer levels, coagulation
parameters, weight, and age in cats

The coagulation factors PT, partial thromboplas-
tin time (PTT), and INR were positively correlated
with age and weight in cats with HCM (Figure-2).
Interestingly, PT, PTT, and INR were positively cor-
related with age. However, PT, PTT, and INR were
negatively correlated with the D-dimer.

Correlation matrix of D-dimer levels, coagulation
parameters, and echocardiography in cats

In this study, an antiplatelet agent (clopidogrel or
rivaroxaban) for at least 2 months or extended therapy
based on INR measurement provided effective throm-
boprophylaxis. After treatment, cats with thrombosis
had lower plasma D-dimer levels and higher coagula-
tion parameters (Table-2).

A correlation between D-dimer and left ventric-
ular wall thickness was observed. D-dimer is strongly

correlated with the maximum blood velocity of the
pulmonary valve, as shown in Figure 3. Correlation
matrix between coagulation parameters and echocar-
diography response in cats with HCM. PT, PTT, and
INR were strongly correlated with IVRT, interventric-
ular septum, and left ventricular wall thickness during
systole (Figure-4).

Discussion

Myocardial wall stress abnormalities in HCM
lead to mortality and scarring of the myocardium,
eventually resulting in stiffening of the heart muscle,
diastolic dysfunction, increased susceptibility to unsta-
ble electricity, and sudden death [22, 23]. Cardiogenic
embolism is the most common complication in cats
with cardiomyopathy and can lead to thromboembo-
lism. Many factors, such as hypertension, diabetes,
cancer, and cardiovascular disease, contribute to the
occurrence of thromboembolism, including LA dila-
tion. Recent studies have shown that fibrin plays a
role in the growth of cardiomyocytes and cardiomy-
opathy and is stimulated in the right ventricle of rats
during pulmonary thromboembolism [24, 25]. Not all
of these factors can be avoided in cardiomyopathies.

Platelet activation plays a crucial role in throm-
boembolism. Therefore, antiplatelet therapy is cru-
cial for treating cardiogenic thromboembolism (CE).
However, platelet oxidase inhibitors, such as aspirin,
may damage the gastrointestinal mucosa and cause
gastrointestinal injury.

LMWH, such as enoxaparin, is used as a first-
line anticoagulant. Because of its predictable phar-
macokinetics, it is the gold standard for anticoagulant
reduction and thrombosis prevention and has been
widely used in clinical practice [26, 27]. Enoxaparin
was used in the present study because of its action to
prevent thromboembolic events, including therapeu-
tic implications for the management of patients with
myocardial disease. In addition, enoxaparin is avail-
able commercially. In addition, the Food and Drug
Administration used in vitro and ex vivo to ensure
that the enoxaparin product does not increase the
risk of immunogenicity. However, previous studies
have been conducted in healthy cats. Further studies
are required to determine the optimal use in cats that
effectively prevents thromboembolism and reduces
the severity of thromboembolism in cats with car-
diomyopathy [28, 29]. Treatment of cats with cardio-
myopathy with LMWH agents may help prevent CE
formation.

P2Y12 receptor antagonists, such as clopi-
dogrel, also increase the risk of gastrointestinal
bleeding. Along with aspirin, clopidogrel can make
gastrointestinal injury more severe [28]. Previous
studies have demonstrated the safety and efficacy
of clopidogrel along with rivaroxaban in cats with
thromboembolic disease [18]. In this study, one
cat developed AKI during treatment with enoxa-
parin combined with clopidogrel. A previous study

Veterinary World, EISSN: 2231-0916

798



Available at www.veterinaryworld.org/Vol.17/April-2024/8.pdf

Table-1: Echocardiographic parameters.

Parameters

Numbers of cats

Rivaroxaban

Enoxaparin and clopidogrel
IVSd (cm)

Rivaroxaban

Enoxaparin and clopidogrel
LVIDd (cm)

Rivaroxaban

Enoxaparin and clopidogrel
LVPWd (cm)

Rivaroxaban

Enoxaparin and clopidogrel
IVSs (cm)

Rivaroxaban

Enoxaparin and clopidogrel
LVIDs (cm)

Rivaroxaban

Enoxaparin and clopidogrel
LVPWSs (cm)

Rivaroxaban

Enoxaparin and clopidogrel
FS (%)

Rivaroxaban

Enoxaparin and clopidogrel
LA

Rivaroxaban

Enoxaparin and clopidogrel
LA/AO

Rivaroxaban

Enoxaparin and clopidogrel
PV PG (mmHg)

Rivaroxaban

Enoxaparin and clopidogrel
MV E/A

Rivaroxaban

Enoxaparin and clopidogrel
IVRT

Rivaroxaban

Enoxaparin and clopidogrel

Baseline
n==~6
n=17

0.65 = 0.06
0.59 + 0.02

1.37 £ 0.11
1.37 £ 0.08

0.66 + 0.06
0.57 £ 0.02

0.74 £ 0.07
0.70 £ 0.03

0.77 £ 0.09
0.73 £ 0.07

0.74 £ 0.06
0.65 £ 0.02

44,09 + 3.598

46.90 £ 2.94

1.16 +£ 0.07
1.35 £ 0.08

1.48 +£ 0.08
1.95 £ 0.12

3.02 £ 0.32
4.14 +£ 0.59

0.90 £+ 0.07
1.13 £ 0.12

0.06 £ 0.001
0.07 £ 0.01

1 month
n==~6
n=12

0.61 £ 0.05
0.54 £ 0.03

1.44 £ 0.13
1.29 £ 0.08

0.59 £+ 0.06
0.55 + 0.02

0.66 = 0.06
0.65 £ 0.04

0.92 £ 0.11
0.76 + 0.06

0.64 £ 0.03
0.65 £ 0.06

37.31 £ 2.33
42.09 + 2.56

1.22 £ 0.07
1.31 £ 0.07

1.51 + 0.09
1.85 + 0.14

2.53 £ 0.37
3.36 £ 0.67

0.88 £ 0.07
1.01 £ 0.07

0.06 + 0.001
0.06 + 0.001

2 months
n==~6
n=9

0.64 £+ 0.06
0.56 + 0.03

1.41 £ 0.18
1.36 £ 0.11

0.64 £+ 0.06
0.56 £ 0.04

0.68 = 0.07
0.66 = 0.04

0.80 £+ 0.09
0.86 £ 0.06

0.70 = 0.07
0.65 £ 0.03

40.50 £+ 3.57
41.88 + 3.17

1.19 £ 0.09
1.24 £ 0.07

1.67 £ 0.11
1.40 = 0.07

2.30 £ 0.21
2.61 £ 0.37

0.84 £ 0.09
0.94 £ 0.06

0.06 + 0.001
0.05 + 0.001

Data represented as mean % standard error of the mean, IVSd=Diastolic interventricular septum thickness,

IVSs=Systolic interventricular septum thickness, LVIDd=Left ventricular end-diastolic diameter, LVIDs=Left ventricular
end-systolic diameter, LVPWd=Left ventricular wall diastolic thickness, LVPWs=Left ventricular wall systolic thickness,
FS=Fractional shortening, LA=The left atrium, LA/AO=Left atrium and aorta ratio, MV E/A=Mitral valve leaflet E velocity
per A velocity ratio, IVRT=Isovolumic relaxation time

Table-2: The blood coagulation profiles in all cats.

Parameters (Mean * standard Baseline 1 month 2 months Reference value
error of the mean)
D-dimer (ug/mL)
Rivaroxaban 0.31 £ 41.09 0.21 + 20.62 0.16 £ 9.86 0-0.25
Enoxaparin and clopidogrel 0.38 £ 52.18 0.22 + 34.51 0.16 = 22.05 0-0.25
PT (s)
Rivaroxaban 10.40 = 0.32%** 13.75 £ 1.28%** 20.33 £ 1.28*** 15.0-20.0
Enoxaparin and clopidogrel 9.68 £ 0.12%** 10.68 £ 0.20%*** 11.69 + 0.30%** 15.0-20.0
PTT (s)
Rivaroxaban 16.63 £ 0.52 17.35 £ 1.59 22.90 £ 1.07 15.0-21.0
Enoxaparin and clopidogrel 14.13 £ 0.45 15.31 £ 0.64 18.12 £ 0.59 15.0-21.0
INR
Rivaroxaban 0.69 £ 0.02** 0.92 £ 0.08** 1.36 £ 0.09** 1.0-1.3
Enoxaparin and clopidogrel 0.64 £ 0.01** 0.72 £ 0.02%** 0.80 £ 0.04** 1.0-1.3
PTT=Partial thromboplastin time, PT=Prothrombin time, INR=International normalized ratio, **p < 0.01, ***p < 0.001

suggested that anticoagulation may cause glomer-
ular overperfusion and kidney damage. The results
of previous studies suggested that kidney function

should be assessed while starting anticoagulant ther-
apy and during follow-up treatment to determine
renal risk [30].
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Rivaroxaban is a direct factor Xa inhibitor that
has advantages over warfarin in terms of efficacy
and safety in diseases with a high risk of throm-
boembolism. Inhibition of factor Xa by low-dose
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Figure-2: Heatmap of the correlation matrix generated
by the Pearson r correlation coefficient for D-dimer,
coagulation parameters, age, and weight. The scale is set
from O (red) to 1 (blue). The Pearson correlation matrix
shows the distribution and frequency of highly correlated
individuals.

rivaroxaban improves cardiovascular outcomes in
human medicine rivaroxaban has advantages such
as rapid onset of action, predictable efficacy, and no
need for routine coagulation monitoring [31, 32]. In
a previous study, rivaroxaban 2.5 mg once daily plus
clopidogrel was shown to be a feasible treatment
strategy for cats. The results of our study suggest
that rivaroxaban 2.5 mg once daily for 60 days may
provide a new approach for preventing CE in terms
of efficacy and safety.

However, in cats with acute renal insufficiency,
rivaroxaban should be initiated at 2.5 mg daily for
1 week. Dosing should be based on INR measure-
ments, and renal function should be monitored. In cats
treated with enoxaparin with bleeding complications,
it is necessary to rapidly reverse anticoagulation with
PT to adjust the dose of enoxaparin.

D-dimer measurements are increasingly used
in veterinary practice for clinical reasons [33, 34].
Previous studies have compared plasma concentra-
tions of the thrombin—antithrombin complex, D-dimer,
and fibrin degradation products between healthy cats
and cats with HCM [8]. However, further studies are
needed to allow the clinical use of D-dimer in cats
with HCM. This study found that a decrease in throm-
bus size is associated with D-dimer level. The results
of this study are similar to those of a previous study
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Figure-3: The correlation matrix of D-dimer and echocardiography among cats with hypertrophic cardiomyopathy. The
scale is set from 0 (red) to 1 (blue), LA=Left atrium, AO=Aorta, IVSd=Interventricular septal at end-diastole, LVPWd=Left
ventricular free proximal wall diameter at end-diastole, LVIDd=Left ventricular internal diameter at end-diastole,
IVSs=Interventricular septal at end-systole, LVPWs=Left ventricular free proximal wall diameter at end-systole, LVIDs=Left
ventricular inner diameter at end-systole, FS=Fractional shortening, PV Vmax=Pulmonary valve maximum blood velocity,
AV Vmax=Aortic valve maximum blood velocity, FS=Fractional shortening, IVRT=Isovolumic relaxation time.
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Figure-4: The correlation matrix of for coagulation (PT, PTT, and INR) and echocardiography among cats with hypertrophic
cardiomyopathy. The scale is set from 0 (red) to 1 (blue), LA=Left atrium, AO=Aorta, IVSd=Interventricular septal at end-
diastole, LVPWd=Left ventricular free proximal wall diameter at end-diastole, LVIDd=Left ventricular internal diameter
at end-diastole, IVSs=Interventricular septal at end-systole, LVPWs=Left ventricular free proximal wall diameter at end-
systole, LVIDs=Left ventricular inner diameter at end-systole, FS=Fractional shortening, PV Vmax=Pulmonary valve
maximum blood velocity, AV Vmax=Aortic valve maximum blood velocity, FS=Fractional shortening, IVRT=Isovolumic

relaxation time, PTT=Partial thromboplastin time, PT=Prothrombin time, INR=International normalized ratio.

Table-3: Characteristics of cats.

Parameters (Mean % Total Rivaroxaban Enoxaparin and
standard error of the mean) (n =23) (n =6) clopidogrel (n = 17)
Age (years) 3.39 + 0.59 2.83 £ 0.37 3.59 = 0.79
Weight (kg) 4.27 £ 0.27 4,28 £ 0.48 4.26 £ 0.32
Male (n%) 65 66.67 64.71

Open mouth breathing (n%) 65 66.67 64.71

Paresis (n%) 34.78 50 29.41

where plasma D-dimer levels were higher in cats with
HCM [8]. D-dimer levels were elevated in cats with
HCM and CE, and cats with elevated D-dimer levels
had lower FS and cardiac output.

Ultrasonography and D-dimer levels are recom-
mended for confirmation in cats with suspected lower
extremity thrombosis and cats with acute leg throm-
bosis who can walk.

The ages of the cats in our study were close
to those reported in a previous study, which ranged
between 3 and 6 years. Similar to the results of the
previous study, the results of our study also showed a
trend toward male predisposition to HCM (Table-3).
In addition, elevated PT, PTT, and INR were found to
be positively correlated with age and weight in our cat
population (Figure-2).

Heart dimensions, such as left atrial enlargement,
have been reported to be associated with survival

rates in cats with HCM. However, our study found
that an increased left ventricular wall thickness and an
increase in IVRT in cats with HCM were associated
with severe clinical signs of CE. Cats with cardio-
myopathy and CE tended to have lower PT, PTT, and
INR. Similar to previous studies, shortened PT sig-
nificantly increased the incidence of thrombosis [35].
PT is used to evaluate endogenous and general coag-
ulation pathways, and coagulation profile testing is
necessary to evaluate coagulopathy in cats [36]. This
study showed that PT and INR increased significantly
after enoxaparin and clopidogrel administration. In
addition, we found an association between shortened
PT and thrombus size, suggesting that PT may be a
helpful parameter to evaluate the clotting ability and
the risk of venous thrombosis or clot-busting on paws
associated with cardiomyopathy in cats.
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Limitation

A limitation of this study is that only a small
number of cats were included in this research. In
addition, the environment and nutrition in these cat
populations cannot be controlled, which limits our
study. This study is currently under recruitment. In
December 2022, the first cat was included, and the
recruitment will be completed in September 2024. At
present, 44 cats have been recruited and 32 have com-
pleted 6 months of follow-up visits.

Conclusion

This study suggested that rivaroxaban at 2.5 mg
per day or enoxaparin at 1 mg/kg and clopidogrel at
3 mg/kg for 60 days prevented thrombus formation
in cats with arterial thromboembolism. Rivaroxaban
2.5 mg per day significantly decreased cardiac fail-
ure symptoms. The results of this study may provide a
new approach for preventing thromboembolism asso-
ciated with HCM in cats. In the future, the safety or
efficacy of antithrombotic therapy should be further
studied to evaluate indications for clinical applica-
tion, including estimates of survival time for this anti-
thrombotic therapy.
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