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Feline arterial thromboembolism (ATE) is an acute and distressing clinical presentation with
high mortality and poor prognosis. ATE may be related to cardiogenic causes such as the underlying
myocardial disease or non-cardiogenic causes. Echocardiography is the routine diagnostic tool to
evaluate cardiac structural changes and myocardial function in cats. Two-dimensional speckle tracking
echocardiography (2D-STE) is a novel ultrasound modality based on 2D echocardiographic images, that
allows multidirectional active deformation assessment and provides comprehensive information on
myocardial contractile properties and function. 2D-STE echocardiography has been used to estimate
the strain and strain rate of left atrial myocardial deformation in humans, dogs and cats with HCM, but
there has been no study in cats with ATE. The objective of this study was to investigate left atrial
myocardial deformation in cats with ATE and normal cats using 2D-STE. This study included twenty-
three normal cats and twenty-one ATE cats diagnosed with fifteen cardiogenic ATE and six non-
cardiogenic ATE. The left atrial stain and stain rate were significantly decreased in cats with cardiogenic
ATE compared with the normal group (p<0.001), but no significant difference between the non-
cardiogenic ATE and normal groups. From the correlation test, the use of left atrial stain during the
reservoir phase assessed by 2D-STE could represent the overall LA deformation. In addition, the intra-
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LASr value of less than 11% was a significant factor for the occurrence of ATE, with a crude odds ratio
of 189.0 (95%Cl: 15.73-2,269.86, p-value<0.001). In conclusion, the left atrial longitudinal strain of
reservoir phase derived by 2D-STE is a repeatable and non-invasive technique to assess LA myocardial
deformation in cats with ATE. By 2D-STE, impaired LA function was detected in cats with cardiogenic
ATE, but not in cats with non-cardiogenic ATE. LASr <11% could predict the risk of occurrence of ATE

in the cat population.
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CHAPTER |
INTRODUCTION

Feline arterial thromboembolism (ATE) is acute and distressing clinical
presentation with poor prognosis and high mortality. The most common clinical sign
is hindlimb paralysis, with the following notable signs: pulselessness, poikilothermia,
pallor and pain of the extremities. The thrombotic material that usually forms in the
cardiac chamber and is associated with underlying myocardial diseases, can be
classified as cardiogenic arterial thromboembolism (CATE). ATE may be related to
non-cardiogenic causes such as hyperthyroidism and neoplasms, particularly
pulmonary carcinoma (Smith et al., 2003; Luis Fuentes, 2012). A previous study has
shown that ATE occurs mostly in cats with hypertrophic cardiomyopathy (HCM) and
is also found in cats with other cardiomyopathies such as dilated cardiomyopathy
(DCM), restrictive cardiomyopathy (RCM) and non-specific myocardial disease (Rush et
al.,, 2002). The prevalence of thromboembolism on postmortem examination has
been found in up to 48% of cats with HCM (Fox et al., 1999). Factors associated with
CATE include left atrial (LA) enlargement, LA systolic dysfunction, increased left
ventricular (LV) wall thickness and diameter, left atrial appendage (LAA) flow
velocities and spontaneous echocardiographic contrast (SEC) (Rush et al., 2002; Payne
et al,, 2015; Schober and Maerz, 2006). The SEC and cardiac thrombi are commonly
seen in LA and the LAA in cats with cardiomyopathy; however, thrombi can also
occur in LV and the ascending aorta (Black, 2000). The pathogenesis of LA thrombus
formation is still unclear (Schober and Maerz, 2006; Peck et al., 2016). Thrombus
formation is thought to be associated with Virchow’s triad, i.e., local blood stasis,
endothelial damage, and hypercoagulability. Left atrial dysfunction may be one of
the causes of thrombus formation in LA. Therefore, assessment of left atrial function

may be useful to identify cats at risk for developing ATE.



Echocardiography is the most important diagnostic tool for myocardial
diseases in cats that can detect structural changes and functional abnormalities of
the myocardium in a non-invasive manner. Conventional echocardiography (two-
dimensional, M-mode, and Doppler echocardiography) is routinely used to diagnose
cardiomyopathy in cats (Payne et al., 2013). Previous studies of HCM in humans have
used techniques to assess myocardial strain, including tissue Doppler imaging (TDI)
and two-dimensional speckle tracking echocardiography (2D-STE) to examine
myocardial function. Both TDI and 2D-STE are more sensitive than conventional
echocardiography (Sitia et al., 2010; Hensel et al., 2014). TDI depends on surrounded
tethering of myocardial motion, cardiac translation and Doppler angle, but 2D-STE is
independent of these factors (Amundsen et al., 2006; Lim et al., 2009; Tidholm et al,,
2009). 2D-STE echocardiography, an ultrasound modality based on 2D
echocardiographic images, allows multidirectional active deformation assessment and
provides comprehensive information on myocardial contractile properties and
function. 2D-STE echocardiography is used to estimate strain and strain rate (SR) of

radial, longitudinal, and circumferential myocardial deformation.

2D-STE is recognised as an accurate technique for assessing myocardial
function and has been used in many studies in humans with HCM and other cardiac
diseases (Gersh et al., 2011; Kauer et al,, 2013). 2D-STE has also been used in dogs,
horses, pigs, sheep, calves, and goats (Lecoq et al,, 2018; Leroux et al., 2020). This
technique is recommended for assessing myocardial function in dogs with several
cardiac diseases, such as myxomatous mitral valve disease and patent ductus
arteriosus (Zois et al.,, 2012; Spalla et al.,, 2016; Caivano et al,, 2018). In cats with
HCM, 2D-STE has been used in many studies to assess left ventricular dysfunction
and can assess contractile function in more details (Sugimoto et al., 2015; Spalla et

al,, 2019; Suzuki et al., 2019).



Preventing ATE is better than trying to treat it. If we can identify the
abnormal myocardial function associated with ATE, it may lead to ways to prevent
ATE. To our knowledge, evaluation of the left atrial function by 2D-STE in cats with
ATE has not been reported previously. Therefore, the aim of this study is to evaluate
the left atrial deformation in cats with ATE and normal cats using two-dimensional

speckle tracking echocardiography (2D-STE).

Objectives of Study

To evaluate the left atrial myocardial deformation in cats with ATE and

normal cats using two-dimensional speckle tracking echocardiography (2D-STE).

Hypothesis

Two-dimensional speckle tracking echocardiography (2D-STE) can be used to
evaluate the difference of left atrial myocardial deformation between cats with ATE

and normal cats.

Keywords (Thai): amzdudenaaduluvaenidonuns wn wlaresuudie adnfa-unsni

Keywords (English): Arterial thromboembolism, Feline, Left atrium, Speckle tracking

Advantages of the study
1. Establishing 2D-STE as a repeatable, non-invasive method for assessing
myocardial deformation assessment method of LA in cats with ATE.
2. Serving as a fundamental knowledge of the LA global longitudinal strain

measurement in cats with ATE.



CHAPTER Il
LITERATURE REVIEW

Feline arterial thromboembolism (ATE) is acute and distressing clinical
presentation with high mortality and poor prognosis. Several retrospective studies
suggest euthanasia cats with ATE at presentation; therefore, natural mortality rates
(28%-40%) are comparable to euthanasia rates (25%-35%) (Laste and Harpster, 1995;
Moore et al., 2000; Smith et al., 2003; Schoeman, 1999). The most common clinical
sign is hindlimb paralysis with the following notable signs: pulselessness, pain,
poikilothermia and pallor of the extremities. Arterial thromboembolism in cats can
be caused by many underlying diseases such as hyperthyroidism, cardiomyopathy,
neoplasia, and other hypercoagulable diseases (Smith et al, 2003; Luis Fuentes,
2012). These thrombotic materials usually form in the cardiac chamber associated
with underlying myocardial diseases, including hypertrophic (HCM), restrictive (RCM),
dilated (DCM), and unclassified/ischemic cardiomyopathy (UCM/ICM), which can be
classified as cardiogenic ATE (CATE). 17% of CATE cases have been reported as
complications of feline hypertrophic cardiomyopathy (HCM) (Atkins et al., 1992). An
analysis of the Veterinary Medical Data Base (VMDB) revealed that CATE occurred
secondary to HCM (6%), DCM (5%), RCM (6%), and UCM (7%) of all ATE cases. (Atkins
et al, 1992; Rush et al, 2002). Smith et al. (2003) reported that 1/175 (0.006%,
n=22,178) of the cat population in their hospital developed ATE. Similarly, Buchanan
et al. (1966) reported the prevalence of 1/142 cats (0.007%) from another center.
The most common breeds with CATE are domestic short hair (84.3%). Some breeds
have an increased risk of developing ATE, such as Ragdoll (0.63%, OR=8.23), Birman
(1.25%, OR=5.08), Tonkinese (0.31%, OR=2.28), Abyssinian (1.57%, OR=2.12), and
Maine Coon (0.94%, OR=1.21) (Smith et al., 2003). Rush et al. (2002) showed that the
most frequent cause of cardiac death was ATE, followed by heart failure and sudden
death. The prevalence of thromboembolism at postmortem examinations was up to
48% of patients with HCM (Fox et al., 1999). HCM cats with ATE had shorter survival
time and were predicted to die within two years of diagnosis (OR=28.58, p<0.001)
(Payne et al,, 2015).



Normally, there is a balance between thrombus formation and dissolution
that allows continuous repair of endothelial injury and prevents uncontrolled
thrombus development. Several signaling pathways are involved in thrombogenesis,
coordinating interactions between platelets, clotting factors, and the endothelium.
Pathological thrombus formation is thought to be related to Virchow’s triad: local
blood stasis, endothelial injury, and hypercoagulable state. Blood stasis may be
associated with dilated cardiac chambers or restricted blood flow. Endothelial injury
may result from an enlarged left atrium, damage to the endothelial layer, or invading
tumors. However, the hypercoagulable state is difficult to diagnose in pets. Clinical
thrombosis in cats is usually associated with increased platelet hypersensitivity,
elevation of factor II, V, VII, VIII, IX, X, XlI, and fibrinogen, and decreased activity of the
antithrombotic proteins antithrombin and protein C. Cats were likely to form
intracardiac thrombus more than dogs. In general, intracardiac thrombi commonly
form in the left auricle and are then transported through the bloodstream as emboli.
These pieces of thrombus can cause embolism, particularly the classic ‘saddle
thrombus’ that blocks at the aortic trifurcation, resulting in loss of blood flow to the

pelvic limbs and causing ischemic neuropathy (Hogan, 2017).

Previous studies using conventional echocardiography revealed factors
associated with ATE including LA enlargement, a low percentage of fractional
shortening of the left atrium (LA-FS%), low LAA velocities, increased LV diastolic
dysfunction, and spontaneous contrast (Rush et al., 2002; Schober and Maerz, 2006).
Payne et al. (2015) showed that ATE is associated with all LA variables, including left
atrium to aorta ratio (LA/Ao), left atrial diameter (LAD), LA-FS%, percentage of
ejection fraction (LA-EF%), LV wall thickness and diameter, and spontaneous
contrast, but not with regional wall motion abnormalities or LV systolic dysfunction.
Spontaneous echocardiographic contrast (SEC), an ultrasound backscatter pattern
with a dynamic, semiorganized, swirling pattern, indicates increased echogenicity of

blood due to aggregation of red blood cell. In cats with HCM, SEC and cardiac



thrombi are commonly seen in LA and the LAA, but they can also occur in LV and
the ascending aorta (Black, 2000). Stokol et al. (2008) found concurrent LA SEC in
46% of cats with ATE. LAA flow velocity, as determined by pulsed-wave Doppler
echocardiography, was useful in predicting SEC related to a risk of thromboembolism
in cats with cardiomyopathy. A low LAA flow velocity may be referred to blood stasis
in the LAA. Cats with an LAA flow velocity of >0.25 m/s are at low risk of developing
SEC (Schober and Maerz, 2006).

Echocardiography is the most important diagnostic tool for myocardial
diseases in cats detecting myocardial structural and functional changes in the
myocardium in a noninvasive manner. Conventional echocardiography (two-
dimensional, M-mode, and classical Doppler imaging as continuous-wave, pulsed-
wave and color-flow) is routinely used as a diagnostic method for cardiomyopathy in
cats (Payne et al., 2013). Previous studies of HCM in humans have used strain rate
assessment methods, including tissue Doppler imaging (TDI) and two-dimensional
speckle tracking echocardiography (2D-STE), to assess myocardial function. Both TDI
and 2D-STE have been indicated for higher sensitivity than conventional
echocardiography (Sitia et al., 2010; Hensel et al., 2014). Moreover, some studies
found that 2D-STE is better at myocardial function than TDI and conventional
echocardiography (Zois et al., 2012; Spalla et al., 2016; Caivano et al.,, 2018). TDI is
dependent on surrounded tethering of myocardial motion, cardiac translation, and
Doppler angle, whereas 2D-STE is more independent of these factors (Amundsen et
al,, 2006; Tidholm et al., 2009; Lim et al., 2009). In cats with subclinical HCM, the 2D-
STE technique was more sensitive in detecting early myocardial diastolic dysfunction

compared with TDI (Sugimoto et al., 2015).

2D-STE, an ultrasound modality based on 2D echocardiographic images,
allows multidirectional active deformation assessment and provides comprehensive

information about the contractile properties and function of the myocardium. The



2D-STE technique analyzes the myocardial motion by frame-by-frame image tracking
of natural acoustic markers referred as speckles. Speckles are generated from
interactions between myocardium and ultrasound within a region of interest
represented by the software on normal two-dimensional images, specifically in the
left apical four- chamber view. Estimates of myocardial deformation along radial,

longitudinal, and circumferential axes independent of angulation.

The LA mechanism acts as a (1) reservoir that receives blood return during LV
systole; (2) conduit that passively directs blood to the left ventricle during early
diastole; (3) contract that LA actively contracts during late diastole. Strain and strain
rate from 2D-STE allow assessment of all three LA phases. 2D-STE has been a widely
used and accepted method for non-invasive assessment of LA function in humans.
Strain is a partial change in the length of a myocardial segment, represented as
myocardial deformation. The strain rate is the rate at which the myocardial
deformation occurs. Therefore, the LA strain curves show the physiological function

of the atrium and are exactly relevant to LV functions.

In many human studies, 2D-STE is an accurate method to assess myocardial
function and has been used to evaluate LA function in several cardiac diseases such
as left atrial fibrosis, atrial fibrillation, primary mitral regurgitation and aortic stenosis
(Yoon et al., 2005; Motoki et al., 2012; Cameli et al., 2013; Pagola et al., 2014; Yang et
al,, 2015; Galli et al,, 2015). 2D-STE can detect early left atrial dysfunction before
structural changes. (Todaro et al., 2012 and Tigen et al.,, 2015). 2D-STE has also been
used in other animals such as dogs, sheep, pigs, calves, horses and goats to assess
myocardial function (Lecoq et al., 2018; Leroux et al., 2020). This technique has been
recommended for use in dogs with various cardiac diseases, such as myxomatous
mitral valve disease (MMVD) and patent ductus arteriosus (Suzuki et al., 2013 and
Spalla et al,, 2016). Recently, 2D-STE has been performed to assess right ventricular

myocardial function in dogs with pulmonary hypertension (Caivano, 2020) and MMVD



(Yuchi et al,, 2021) and myocardial function in dogs with parvoviral enteritis (de
Abreu et al., 2021). In addition, the 2D-STE technique allowed automatic analysis of
time to LA area or volume curve during the LA function cycle, which is beneficial in

humans (Li et al.,, 2014) and dogs (Dermlim et al., 2019).

The study by Sugimoto et al. (2015) showed that 2D-STE could detect
diastolic myocardial dysfunction in LV myocardial segments that were not yet
hypertrophied in cats. 2D-STE has also been used to investigate multidirectional
myocardial deformities in cats with HCM. Although systolic function was still normal
on conventional echocardiography, STE was able to detect a decrease in
longitudinal, radial, and circumferential deformation in cats with HCM (Suzuki et al,,
2017). Asymptomatic cats with obstructive HCM had different layer-specific
myocardial function assessed by 2D-STE compared to healthy cats. (Suzuki et al,,
2019). 2D-STE has been used in many studies to evaluate left ventricular dysfunction
and can assess contractile function in more details in cats with subclinical and
clinical HCM (Sugimoto et al. 2015; Suzuki et al,, 2017; Suzuki et al.,, 2019). 2D-STE
can detect LV dysfunction even without the LA enlargement in cats with restrictive
cardiomyopathy (Saito et al., 2021). In particular, the study by Kiatsilapanan and
Surachetpong (2020) showed that LA dysfunction can be detected earlier than LA

enlargement in cats with HCM using 2D-STE.

The investigation of left atrial function in cats with ATE compared to normal
cats using two-dimensional speckle-tracking echocardiography (2D-STE) may be useful

to indicate the severity of left atrial dysfunction related to the occurrence of ATE.



Conceptual framework

CHAPTER Il
MATERIALS AND METHODS

Feline ATE

|

the presence of SEC

Associated with an increased LA and LV diameters, a low LA appendage velocity and

l

No study focus on the LA myocardial deformation by using 2D-STE in cats with ATE

|

Using 2D-STE technique to evaluate the LA myocardial function in cats with ATE

—

Cats with ATE

Normal cats

Figure 1 Conceptual framework of this study

Animals

Adult cats, age more than one-year-old, with a bodyweight between 2-7

kilograms, any breeds and sex were recruited to the study. The population included

client-owned cats with ATE and normal cats presented to the Small Animal Teaching

Hospital, Faculty of Veterinary Science, Chulalongkorn University during 2019-2021.

This project was reviewed and approved by the Institutional Animal Care and Use

Committee (IACUC) of Faculty of Veterinary Science, Chulalongkorn University with

ethical approval number 2031033 on August 1, 2020.

Data from all cats including age, sex, breed, body weight, body condition

score (BCS), disease history, and clinical findings were collected. A complete physical
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examination, thoracic radiography, conventional electrocardiography, systolic blood
pressure and blood collection were performed in all cats. Complete blood count,
blood chemistry, electrolytes, and total T4 were measured. Cardiac structure and
function were examined by echocardiography. After diagnosis by conventional
echocardiography, ATE cats with cardiomyopathy were defined as cardiogenic ATE
(CATE) and ATE cats without cardiomyopathy were defined as non-cardiogenic ATE
(non-CATE).

Inclusion and exclusion criteria for cats with ATE

Cats with ATE had to have signs of limb paralysis with pulselessness, pain,
poikilothermia and pallor of the extremities. Recruited cats may have concurrent
congestive heart failure or cardiac arrhythmia. Suspected cats with ATE, that were

unstable and could not undergo echocardiographic examination were excluded.
Inclusion and exclusion criteria for normal cats

Normal cats included adult cats older than 1 year (Quimby et al., 2021),
recardless of breed or sex. Cats were required to have a normal physical
examination, specifically normal heart and lung sounds and no previously diagnosed
disease. All tests including conventional echocardiography, ECG, thoracic radiography,
blood pressure measurement, and blood tests (complete blood count, blood
chemistry and total T4) results had to be within the normal range. Cats with systemic

and cardiovascular diseases were excluded.
Sample size calculation

The sample size calculation was estimated from the study by Schober and
Maerz (2006) using the median change in left atrial fractional area change between
HCM cats with LA SEC and HCM without LA SEC, which was approximately 21%
(p=0.01). The calculation was performed using a freeware program (GPower 3.1). For

the calculation, the estimated SD was set to 13, the power was set to 0.95, and Q
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(confidence level or type | error rate) was set to 0.05. The result for the sample size
calculation was 42 cats (i.e., 21 cats with ATE and 21 normal cats). The calculated
sample sizes are similar to those of previous studies (Sugimoto et al., 2015; Suzuki et

al., 2017; Suzuki et al., 2019).

Study protocols

Conventional echocardiography

The conventional echocardiography was performed with an ultrasound
machine (Mindray, M9, Shenzhen, P.R. China) by an investigator. The M-mode
echocardiography was performed to measure the wall thickness and chamber size in
the right parasternal long-axis four-chamber view. M-mode parameters including the
left ventricular internal diameter at the end-diastole and systole (LVIDd, LVIDs),
interventricular septum at the end-diastole and systole (IVSd, IVSs), and left
ventricular posterior wall thickness at the end-diastole and systole (LVPWd, LVPWs)
were measured. The percentage of fractional shortening of the left ventricle (LV FS)
was calculated. Using the Teichholz method, ejection fraction (EF) and LV volumes
were calculated as end-diastolic volume (EDV) and end-systolic volume (ESV) using
the standard formula: LV volume = (7 xLVID3) / (2.4 + LVID) (Boon J, 2011). The
maximum and minimum dimensions of the left atrium were measured on M-mode
echocardiography in the right parasternal outflow tract view. The percentage of
fractional shortening of the left atrium (LA FS) was calculated using the formula

(LADmax-LADmin/LADmax) x 100 (Abbott and MacLean, 2006).

In the right parasternal short-axis view at the level of the left atrium during
early diastole, the dimensions of the left atrium and aorta were measured according
to the Swedish method (Hansson et al., 2002). The ratio of the left atrial to aorta
dimensions (LA/AO) was calculated. The ejection fraction of the left atrium (LA-EF%)
was calculated from the maximum and minimum LA volumes measured in the left

apical four-chamber view (Blume et al,, 2011). Two-dimensional echocardiographic
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images of the left apical four-chamber view with three cardiac cycles were recorded

with maximum 1,000 frames per second (FPS) for 2D-STE offline analysis.

Pulsed-wave Doppler echocardiography was performed to measure
isovolumic relaxation time (IVRT), transmitral flow velocity, aortic flow velocity,
pulmonic flow velocity and pulmonary vein flow velocities. IVRT was measured as
the time interval between aortic valve closure and the onset of the pulsed wave
transmitral flow retrieved at an intermediate position between LV inflow and outflow
tract in the left apical 5-chamber view (Schober and Chetboul, 2015). For transmitral
flow velocity measurements, the pulsed wave sample gate was placed at the tip of
the opened mitral valve leaflets in the left apical 4-chamber view (Boon J, 2011).
The required indices were the peak velocity of the early diastolic wave (E wave), the
peak velocity of the late diastolic wave (A wave), and the ratio between the peak
velocity of the E wave and the peak velocity of the A wave (E/A ratio). Aortic flow
was measured in the left apical 5-chamber view with the sample gate was placed
directly below the aortic valve. In the right parasternal short-axis view, pulmonic flow
was measured with the sample gate placed below the pulmonic valve and
pulmonary venous flow was measured with the sample gate at the pulmonary vein

opening.

Tissue Doppler imaging was performed with the gate placed at the septal
mitral annulus on the left apical 4-chamber view (Boon J, 2011). The peak velocity of
the systolic wave (Sa wave), the peak velocity of the early diastolic wave (Ea wave),
and the peak velocity of the late diastolic wave (Aa wave) were determined. In
addition, the ratio of the peak velocity of the Ea wave to the peak velocity of the Aa
wave and the ratio of the peak velocity of the E wave to the peak velocity of the Ea

wave were calculated.
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Two-dimensional speckle tracking echocardiography (2D-STE)

2D-STE was performed offline in the left apical four-chamber view to analyze
the left atrial function by only one operator. Three sets of two-dimensional
echocardiographic images that stored in DICOM format (Mindray, M9, Shenzhen, P.R.
China) were analyzed. The complete myocardial region of interest (ROI) of the LA
was defined by the endocardial border and the epicardial border. Using the left
apical four-chamber view, ROI tracing started at the mitral annulus, along the
endocardial border, extrapolated across the pulmonary veins and/or the LA
appendage orifice, and ended on the opposite side of the mitral annulus using the
point-and-click method. An adjustable ROI with a width of 2 mm was used. The size
and shape of ROl were then manually adjusted by the operator to account for the
LA wall thickness. The strain was analyzed from three consecutive cardiac cycles.
The strain curve, LA volume including LA EDV, LA ESV and LA EF were automatically

computed by the offline software of the ultrasound machine.

Global longitudinal strain was used to assess LA myocardial deformation as
left atrial longitudinal strain (LAS) and strain rate (LASR) (Badano et al, 2018). LA
deformation can be divided into 3 phases including reservoir, conduit, and contract
phases. LAS and LASR were reported separately for each phase by calculating the
difference between two measurement points on the strain curve. The left ventricular
end-diastole was set as the reference for zero strain. LAS result was expressed as a

percentage, whereas LASR was expressed as 1/5s.
Definitions of LAS in each LA deformation phases (Badano et al., 2018)

1. LASr = strain during the reservoir phase, measured as the difference in strain
values at ventricular end-diastole and at mitral valve opening (positive value)
2. LAScd = strain during conduit phase, measured as the difference of the strain
values at mitral valve opening and at the onset of atrial contraction (negative

value)
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3. LASct = strain during the contraction phase, measured as the difference of
the strain values at the beginning of atrial contraction and at ventricular end-

diastole (negative value)

Definitions of the peaks in the LASR curve in each LA deformation phases

(Badano et al., 2018)

1. pLASRr = peak strain rate during the reservoir phase (positive value)
2. pLASRcd = peak strain rate during the conduit phase (negative value)

3. pLASRct = peak strain rate during the contraction phase (negative value)

"
PLARS pPLASRq

Figure 2 Using two-dimensional speckle tracking echocardiography

(A) The complete myocardial region of interest of the left atrium (B) Left atrial
longitudinal strain curve (C) Left atrial longitudinal strain rate (D) Left atrial

volume measurement
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Statistical Analysis

The commercial software SPSS version 22 (Inc, Chicago, IL, USA.) was used for
statistical analysis. Descriptive statistical analysis was performed for cat characteristics
including breed and sex as percentage (%). Continuous data were tested for
normality using the Kolmogorov-Smirnov test. Initial descriptive statistics included
mean =+ standard deviation (SD) for normally distributed data and median and
interquartile range (IQR) for non-normally distributed data. Differences between the
cardiogenic ATE, non-cardiogenic ATE and normal groups were compared using the
Kruskal-Wallis test. Spearman's rho (r;) was used to test the correlation coefficients of
the association between LASr and other continuous data of entire samples. The
degree of the Spearman's rho correlation coefficient was determined as follows: r
>0.80 means very strong correlation, r=0.60-0.79 means strong correlation; r=0.40-
0.59 means moderate correlation; r <0.40 means weak correlation (Shevlyakov and

Oja, 2016).

Logistic regression was conducted to develop the predictive model for the
occurrence of ATE in the cat population. All categorical factors with a p-value > 0.2
assessed by the univariate logistic regression were submitted. Multicollinearity and
interaction between parameters were assessed. As the multicollinearity increases,
standard errors increase and the likelihood of model convergence decreases.
Parameters with high multicollinearity were excluded. The backward Wald

elimination method was used to generate the final model.

Goodness-of-fit statistics were performed to determine whether the model
adequately described the data. The overall percentage from the classification table,
the Hosmer-Lemeshow test, and the area under the Receiver Operating Characteristic
Curve were used. The Hosmer-Lemeshow statistic indicates poor fit when the p-value

is less than 0.05.
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The area under the Receiver Operating Characteristic Curve of 0.5 indicates
no discrimination, 0.7 to 0.8 is considered acceptable, 0.8 to 0.9 is considered

excellent, and more than 0.9 is considered outstanding.

The model had to meet the majority of the statistical model assumption with
the largest Nagelkerke r%. The goodness of the statistical model assumption for this
study was (1) the overall percentage from the classification table >70%, (2) the
Hosmer-Lemeshow test was not significant (p > 0.05), and (3) the area under the
Receiver Operating Characteristic Curve was > 0.80 (21). A p-value <0.05 was
considered significant. For clinical applicability, we converted LASr to categorical data

to obtain the best cut-off value for LASr.

Reliability of measurements was determined by using data from six randomly
selected cats. The LAS and LASR were used to evaluate the intra- and inter-observer
coefficient of variation (CV = standard deviation/mean). The intra-observer coefficient
of variation was calculated from 3 repeated examinations of each cat on different
days (at least 3 days apart) by the same examiner. The inter-observer coefficient of
variation was calculated from measurements performed by two different
investigators with different levels of experience. The percent CV < 15% was accepted

in this study (Indrayan, 2016).
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Adult cats > 1 year old, 2-7 kilograms

at Small Animal Teaching Hospital, Chulalongkorn University

|

Complete physical examination, systolic blood pressure

measurement, thoracic radiography, electrocardiography and blood

Cats with ATE signs: limb paralysis
with pulselessness, painful,

poikilothermy and pallor extremities

l

Cats with ATE

All normal examination

results

|

Normal cats

|

Conventional echocardiography: record the left apical four-chamber view

in 3 continuing cardiac cycle and stored in DICOM format

|

2D-STE technique: draws interested regions

on entire endocardial wall at least 6 regions for left atrial

!

Statistical data analysis

Figure 3 Experimental design of this study
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CHAPTER IV
RESULTS

Part I: General Information

1.1 Signalment and physical examination findings

Forty-four cats participated in this study, including 21 cats with ATE, classified
as 15 (76.43%) CATE and 6 (23.57%) non-CATE, and 23 normal cats. The general
characteristics of the CATE, non-CATE and normal cats were analyzed descriptively
and presented in Table 1 and Table 2. The CATE group included mainly male (80%)
and DSH (73.3%). The most common cardiomyopathy in the CATE group was HCM
(80%). The body weight of the CATE group was significantly different from that of the
non-CATE group. The vertebral heart score (VHS) of the CATE group was significantly
different from that of the normal group. The heart rate (HR) of the non-CATE group
was significantly higher than that of the normal group. However, age and systolic
blood pressure (SBP) were not different among the three groups. Ten cats (66.7%) of
in the CATE group had congestive heart failure, 7 cats (46.7%) had pulmonary edema
and 3 cats (20%) had pleural effusion. None of the non-CATE cats had SEC and
thrombus. In non-CATE group, 1 cat (16.7%) had pleural effusion. Two cats in the
CATE group had cardiac arrhythmias, one cat with atrial fibrillation and one cat with
ventricular premature complex. SEC was found in 9 cats (60%) and thrombus within
LA were found in 3 cats (20%) of in the CATE group. Two cats (13.3%) of in the CATE

group and 5 cats (83.3%) of in the non-CATE group were alive for more than 7 days.
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Table 1 Descriptive analysis of general characteristics of cardiogenic arterial

thromboembolism (CATE), non-cardiogenic arterial thromboembolism (non-CATE) and

normal groups

Criteria CATE (n=15)  Non-CATE (n=6) Normal (n=23)
Sex
Male 12 (80%) 3 (50%) 15 (65.2%)
Female 3 (20%) 3 (50%) 8 (34.8%)
Breed
DSH 11 (73.3%) 4 (66.8%) 6 (26.09%)
Persian 1 (6.7%) 1(16.6%) 3 (13.04%)
Mixed 2 (13.3%) S -
Maine coon 1 (6.7%) - 1 (4.35%)
Scottish £ 1 (16.6%) 10 (43.48%)
Himalayan - - 1 (4.35%)
Bengal - : 1 (4.35%)
American shorthair - - 1 (4.35%)
Heart disease
HCM 12 (80%)

Normal cardiac
RCM 2 (13.3%) Normal cardiac structure

structure

UCM 1 (6.7%)

Abbreviations: DSH: domestic shorthair; HCM: hypertrophic cardiomyopathy; RCM:

restrictive cardiomyopathy; UCM: unclassified cardiomyopathy
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Table 2 Medians of general characteristics of cardiogenic arterial thromboembolism

(CATE), non-cardiogenic arterial thromboembolism (non-CATE) and normal groups

Cardiogenic ATE Non cardiogenic Normal
Criteria p-value
(n=15) ATE (n=6) (n=23)
Age (years) 5(4, 8) 3.0 (1.75, 4.0) 4(1, 6) 0.08
Weight (kg) 4.65 (4.16, 5.09) 2.5(3.5,3.75) 4.2 (3.4, 5.6) 0.031*
VHS 8.45 (7.88, 9,12)° 7.4(7.0,7.5) 7.5 (6.8, 8.2) 0.009*

SBP (mmHg) 120 (112.5, 148.75) 100 (96.25, 140.5) 130 (119, 137)  0.404
HR (bpm) 203 (181, 230) 226.5(209.0, 251.0)° 196 (185, 208)  0.025*

Abbreviations: bpm: beats per minute; HR: heart rate; kg: kilograms; SBP: systolic blood pressure;
VHS: vertebral heart score

All measurements were expressed as median (Q1, Q3) and compared with the Kruskal Willis test
*The p-value <0.05 represent the significant difference between these 3 groups

“indicates the statistically significant difference of pairwise comparison between the CATE groups
and the normal group.

® indicates the statistically significant difference of pairwise comparison between the non-CATE
group and the normal group.

“indicates the significant difference of the pairwise comparison between the CATE group and the

non-CATE group.
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The medians of the complete blood counts of the CATE, non-CATE and

normal groups are presented in Table 3. The white blood cell count (WBC), platelet

count and total T4 of the CATE group were significantly different from the normal

group. The red blood cell count (RBC), hematocrit (HCT) and total protein (TP) of the

non-CATE group were significantly lower than those of the normal group. In addition,

alanine aminotransferase (ALT) and blood urea nitrogen (BUN) were significantly

increased in both CATE and non-CATE groups compared with the normal group.

Table

cardiogenic arterial thromboembolism (non-CATE) and normal groups

3 Blood results of cardiogenic arterial thromboembolism (CATE), non-

Criteria CATE (n=15) Non-CATE (n=6) Normal (n=23) p-value
Complete blood count

RBC (x10° cell/mm?) 8.2 (7.32,9.72) 6.23(4.98, 6.99) o 9.33(8.81, 10.36)  <0.001*
HCT (%) 35.1(29.7, 39.2) 26.35 (23.68, 28.63)" 36.5 (33, 39.1) 0.003*
WBC (x10° cell/uL) 16.81 (9.62, 17.84)° 12.17 (5.3, 32.94) 7.46 (5.82,10.17)  0.002*
Platelet (x10° cell/uL) 111 (87.5, 129.5)° 102.5 (48.5, 258.5) 143 (108, 226) 0.034*
Blood chemistry

ALT (U/L) 289.5 (129.25, 704.25)*  312.0 (223.25, 443.25)" 59 (47, 71) <0.001*
ALP (U/L) 37 (26.5, 55.75) 58.50 (17.75, 69.25) 26 (22, 46) 0.336

Creatinine (mg/dl) 1.3 (1.15, 1.75) 1.05 (0.90, 1.73) 1.1(1.1, 1.3) 0.113

BUN (mg/dl) 31.3(25.9, 48.25)° 59.65 (23.53, 112.43) b 22.2(18.5, 25.5) <0.001*
TP (g/dD) 8.4 (6.8, 8.8) 6.40 (5.63, 6.55) o 7.5(7.3,7.8) 0.002*
Albumin (g/dl) 2.95(2.78, 3.5) 2.80 (2.40, 3.10) 2.9(2.8,3.1) 0.487

Total T4 (pg/dl) 1.2(0.95, 1.95)° 1.30 (1.00, 3.18) 2.2(1.8,3) 0.023*

Abbreviations: RBC: red blood cell; HCT: hematocrit; WBC: white blood cell; ALT: alanine

aminotransferase; ALP: alkaline phosphatase; BUN: blood urea nitrogen

All measurements were expressed as median (Q1, Q3) and compared with the Kruskal Willis test.

*The p-value <0.05 represents the significant difference between these 3 groups.

®indicates the significant difference of the pairwise comparison between the CATE and normal groups.

®indicates the significant difference of the pairwise comparison between the non-CATE and

normal groups.
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Part Il: Echocardiography

2.1 Conventional echocardiography

The measurements of conventional echocardiography including M-mode,
Doppler and tissue Doppler imaging of CATE, non-CATE, and normal groups are
summarized in Table 4. LA diameter, LA/Ao, LVPWd, MV E/A, PV A dur, LAD, LAS, and
MV E/Ea were significantly increased in the CATE group compared with the normal
group. Ao diameter, LVPW9%, LV FS, LV EF, MV A vel, MV A PG, Pvein S vel, Pvein D
vel, LA FS, LAA PG, LAA FLOW assessed by conventional echocardiography, and Sa,
Ea, and Aa assessed by TDI technique were significantly decreased in the CATE group
compared with the normal group. Whereas LA diameter, IVSs and LVPWs were
significantly higher in the CATE group than in the non-CATE group. LAA flow, LAA PG
and Aa were significantly lower in the CATE group than those in the non-CATE group
(p<0.05). MV Ea/Aa was decreased and MV E/Ea was significantly increased in the

non-CATE group compared to the normal group.

Table 4 Conventional echocardiography results of cardiogenic arterial thromboembolism

(CATE), non-cardiogenic arterial thromboembolism (non-CATE) and normal groups

Criteria CATE (n=15) Non-CATE (n=6) Normal (n=23) p-value

Two-dimensional measurement

LA diameter (cm) 1.52(1.38,2.07) " ¢ 1.18(1.02, 1.27) 1.12(1.02, 1.21) <0.001*
Ao diameter (cm) 0.72 (0.65, 0.79) ° 0.72 (0.64, 0.94) 0.85(0.76, 0.97) 0.019*
LA/AO 2.29 (1.90, 3.15) ° 1.52 (1.30, 1.76) 1.25(1.15, 1.44) <0.001*
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Criteria CATE (n=15) Non-CATE (n=6) Normal (n=23) p-value
M-mode measurement

IVSd (cm) 0.53(0.41, 0.69) 0.45(0.41, 0.52) 0.45 (0.4, 0.5) 0.162
IVSs (cm) 0.88 (0.63, 0.96) 0.63 (0.53, 0.66) 0.69 (0.63, 0.77) 0.012%
LVIDd (cm) 1.37(1.25, 1.59) 1.34 (1.26, 1.37) 1.41(1.31, 1.46) 0.474
LVIDs (cm) 0.78 (0.43, 0.93) 0.66 (0.57, 0.73) 0.57 (0.44, 0.7) 0.206
LVPWd (cm) 0.62 (0.51, 0.67) ° 0.44 (0.36, 0.5) 0.43(0.39,0.46) 0.001*
LVPWs (cm) 0.78 (0.75,0.91) © 0.65 (0.61, 0.78) 0.71 (0.63, 0.8) 0.042%
IVS% 43.17 (27.65, 73.78) 37.84 (32.25, 57.48) 53.27(43.48,71.87)  0.38
LVPW% 43.33 (24.49, 50.0) ° 53.26 (40.01, 79.01) 74.23(59.72, 84.38)  <0.001*
LV FS (%) 46.25 (39.29, 53.5) ° 49.89 (46.14, 56.91) 60.59 (50.83, 66.46)  0.012*
LV EDV (ml) 4.99 (3.74, 7.00) 4.45 (3.87, 4.78) 5.13(4.23, 5.67) 0.466
LV ESV (ml) 1.06 (0.2, 1.71) 0.67 (0.43, 0.86) 0.45(0.21, 0.78) 0.218
LV SV (mL) 4.37 (2.97, 5.88) 3.79 (3.26, 4.09) 4.78 (3.73, 5.17) 0.221
LV EF (%) 81.49 (73.56, 88.41) ° 84.65 (81.25, 89.96) 91.4 (85.41, 95.07) 0.017*
Doppler Measurement

MV E vel (cm/s) 74.34 (47.57,94.21) 92.16 (71.66, 105.48)  75.38 (65.33, 86.39)  0.197
MV E PG (mmHg) 2.21(0.91, 3.58) 3.4 (2.1, 4.5) 2.27(1.71, 2.99) 0.197
MV A vel (cm/s) 36.41 (30.7, 50.46) ° 40.80 (8.76, 64.89) 59.62 (52.31, 68.38)  0.001*
MV A PG (mmHg) 0.58 (0.39, 1.04) ° 1.17 (0.55, 1.79) 1.42 (1.09, 1.87) 0.001*
MV E/A 1.67 (1.35, 2.68) ° 1.81(1.41, 2.04) 1.19 (1.1, 1.38) 0.011*%
IVRT (s) 0.05 (0.04, 0.06) 0.05 (0.04, 0.05) 0.043 (0.04, 0.049) 0.225
AV vel (cm/s) 81.04 (63.72, 105.48) 77.11 (66.04, 101.66)  90.14 (81.59,97.67)  0.629
AV PG (mmHg) 2.62(1.62,4.46) 2.38 (1.79, 4.14) 3.25(2.67, 3.81) 0.629
PV vel (cm/s) 82.44 (56.94, 95.67) 89.38 (83.89, 103.89)  86.45 (75.69, 92.68)  0.352
PV PG (mmHg) 2.72(1.29, 3.66) 3.2(2.82,4.32) 2.99(2.29, 3.44) 0.352
Pvein S vel (cm/s) 35.7 (23.25, 42.84) ° 34.98 (28.74, 46.19) 53.19 (42.84, 59.97)  0.001*
Pvein D vel (cm/s) 28.7 (23.28, 37.13) ° 32.68 (22.31, 39.85) 41.05 (37.84,47.37)  0.01*
Pvein A vel (cm/s) 14.82 (13.15, 21.69) 12.14 (9.36, 22.51) 16.58 (13.57,19.99)  0.472
Pvein A dur (s) 0.06 (0.05, 0.08) * 0.05 (0.04, 0.07) 0.045 (0.043, 0.057)  0.03*
Pvein S/D 1.19(0.87, 1.54) 1.22(1.00, 1.42) 1.32(1.17, 1.46) 0.823
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Criteria CATE (n=15) Non-CATE (n=6) Normal (n=23) p-value
Left atrial measurement

LAD (mm) 18.7 (15.05, 22.95) > € 11.45 (10.63, 14.75) 12.2(10.9, 14) <0.001*
LAS (mm) 16.7 (13.4,21.3) * € 9.00 (8.10, 9.90) 8.5(7.7,9.5) <0.001*
LA FS (%) 9.73(8.24, 13.89) ° 21.79 (20.20, 23.23) 27.17 (25.23, 34.23)  <0.001*
LAA FLOW (cm/s) 18.26 (13.75, 21.25) ™ © 52.86 (42.16, 56.25) 35.88 (31.18,43.13)  0.001*
LAA PG (mmHg) 0.135(0.082, 0.188) > © 1.12(0.71, 1.26) 0.53 (0.39, 0.75) 0.001*
Tissue Doppler Imaging

Sa (cm/s) 5.46 (5.07, 6.86) ° 7.75 (6.96, 8.55) 8.92 (7.75, 10.33) <0.001*
Ea (cm/s) 6.96 (6.26, 8.45) ° 10.63 (8.0, 12.57) 11.78 (10.76, 13.81)  <0.001*
Aa (cm/s) 5.51 (4.65,7.6) € 10.33 (6.63, 13.37) 7.95 (6.56, 9.04) 0.005*
MV Ea/Aa 1.36 (0.69, 1.63) 1.09 (0.70, 1.31) o 1.47 (1.35, 1.78) 0.043*
MV E/Ea 9.01 (6.63, 17.04) ° 8.95 (8.26, 11.09) ° 6.05 (5.07, 7.31) <0.001*

Abbreviations: Aa: myocardial velocity associated with atrial contraction; Ao: aorta; AV: atrial valve; dur: duration; E/A:
mitral inflow peak E-to-A wave velocities ratio; Ea:  early diastolic myocardial relaxation velocity; EDV: LV end-
diastolic volume; EF: gjection fraction; ESV: LV end-systolic volume; FS: fractional shortening; HR: heart rate; IVRT:
isovolumic relaxation time; IVSd: interventricular septum in diastole; IVSs: interventricular septum in systole; IVS%:
percentage of fractional thickening of interventricular septum; LA: left atrial; LA FS: left atrial fractional shortening; LAA
FLOW: left atrial appendage flow velocity; LAA PG: left atrial appendage maximal pressure gradient; LAD: left atrial
diameter in LA diastole; LAS: left atrial diameter in LA systole; LA/Ao: left atrium to aorta ratio; LV: left ventricle;
LVIDd: left ventricular internal diameter in diastole; LVIDs: left ventricular internal diameter in systole; LVPWd: left
ventricular posterior wall in end-diastole; LVPWs: left ventricular posterior wall in systole; LVPW9%: percentage of
fractional thickening of left ventricular posterior wall; SV: stroke volume; MV A: mitral valve peak A wave, MV E: mitral
valve peak E wave; MV Ea/Aa: mitral inflow Ea wave-to-Aa wave of tissue doppler; MV E/Ea: mitral inflow E wave-to-
tissue doppler Ea wave; PG: maximal pressure gradient; PV: pulmonic valve; Pvein A: pulmonary venous A wave;
Pvein D: pulmonary venous diastolic wave; Pvein S: pulmonary venous systolic wave; Pvein S/D: pulmonary venous
peak systolic-to-diastolic ratio; Sa: systolic myocardial velocity; vel: peak velocity; Vmax: maximal velocity

All measurements were expressed as median (Q1, Q3) and compared with the Kruskal Willis test.

*The p-value <0.05 represents the significant difference between these 3 groups.

%indicates the statistically significant difference of pairwise comparison between the CATE groups and the normal group.
® indicates the statistically significant difference of pairwise comparison between the non-CATE group and the
normal group.

“indicates the significant difference of the pairwise comparison between the CATE group and the non-CATE

group.
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2.2 Two-dimensional speckle tracking echocardiography

Values derived from two-dimensional speckle-tracking echocardiography for
left atrial strain, strain rate, and volume values in the CATE, non-CATE and normal
groups are shown in Table 5. LASr and pLASRr of the CATE group were significantly
less positive than those of the normal group. In addition, LAScd and pLASRcd were
significantly less negative than those in the normal group. While LASct and pLASRct
in the CATE group were significantly less negative than those in the CATE group
compared to the non-CATE and normal groups. LA EDV and LA ESV of the CATE
group were also significantly greater than those of the normal group. Moreover, LA EF

in the CATE group was significantly lower than that in the normal group.

Table 6 also shows the values for left atrial strain, strain rate, and volume in
the HCM cats with ATE, non-CATE and normal groups. These results were quite
similar to the results of the CATE group compared with the non-CATE and normal
groups except that the pLASRcd of the HCM with ATE was significantly less negative
than that the non-CATE group, and LA EDV was not significantly different from that of

the HCM with ATE and the non-CATE group.
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Table 5 Left atrial strain, strain rate and volume derived from two-dimensional

speckle tracking echocardiography in cardiogenic arterial thromboembolism (CATE),

non-cardiogenic arterial thromboembolism (non-CATE) and normal groups

Criteria CATE (n=15) Non-CATE (n=6) Normal (n=23) p-value
LASr % 3.30 (2.23, 4.86) 16.10 (3.95, 25.09) 20.72 (18.68, 25.06) <0.001*
LAScd % -1.57 (-3.63, -1.32)* -6.19 (-9.08, -1.46) -12.92 (-15.08, -10.73)  <0.001*
LASct % -1.49 (-2.99,-0.89)* ¢ -7.86 (-14.43,-2.54)  -8.62 (-12.92, -6.30) <0.001*
PLASRr (1/5s) 0.6 (0.48, 1.21)° 1.78 (0.63, 2.53) 2.04 (1.76, 2.64) <0.001*
pLASRcd (1/5) -0.49 (-0.97, -0.30) * -1.85 (-10.57,-0.73)  -4.25(-6.26, -3.35) <0.001*
pLASRct (1/5) -0.19 (-0.61, -0.08)* ¢  -2.49 (-5.60, -0.65) -2.48 (-3.07, -1.66) <0.001*
GS % 0.89 (-1.02, 2.71) 15.30 (1.64, 20.97) 10.94 (-5.18, 21.18) 0.082

LAEDV avg (ml)  7.56 (4.29, 13.27)* € 2.28 (1.55, 3.81) 2.04 (1.28, 2.50) <0.001*
LAESVavg(ml)  7.02(3.7,12.81)° 1.66 (1.24, 3.30) 1.30 (0.84, 1.47) <0.001*
LA EF avg % 7.6 (4.0,9.91)° 19.16 (12.40, 34.72)  35.99 (32.99, 41.04) <0.001*
TPSD (s) 12.74, (3.16, 49.21) 32.29 (9.29, 49.25) 25.99 (8.05, 43.93) 0.751

Abbreviations: avg: average; cd: during LA conduit phase; ct: during LA contraction phase; EDV:

end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; GS%: global strain; TPSD:

total peak systolic dispenser; LAS: left atrial global longitudinal strain; pLASR: peak of left atrial

strain rate; r: during LA reservoir phase

*The p-value <0.05 represent the significant difference between these 3 groups

“indicates the statistically significant difference of pairwise comparison between CATE and normal

group

“indicates the significant difference of the pairwise comparison between the CATE group and the

non-CATE group.
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Table 6 Left atrial strain, strain rate and volume derived from two-dimensional
speckle tracking echocardiography in hypertrophic cardiomyopathy (HCM) cats with
arterial thromboembolism (ATE), non-cardiogenic arterial thromboembolism (non-

CATE) and normal groups

Criteria HCM with ATE (n=12)  Non-CATE (n=6) Normal (n=23) p-value
LAST % 3.18 (2.07, 4.77)° 16.10 (3.95, 25.09)  20.72 (18.68, 25.06)  <0.001*
LAScd % -1.49 (-1.81,-091)"  -6.19(-9.08, -1.46)  -12.92 (-15.08, -10.73) ~ <0.001*
LASct % -1.52 (-2.87,-091)*°  -7.86 (-14.43,-2.54)  -8.62(-12.92,-6.30)  <0.001*
PLASRr (1/5s) 0.58 (0.35, 1.13)* 1.78 (0.63, 2.53) 2.04 (1.76, 2.64) <0.001*
pLASRcd (1/s) -0.43 (-0.63,-0.22)*°  -1.85(-10.57,-0.73)  -4.25(-6.26,-3.35)  <0.001*
pLASRct (1/5) -0.20 (-0.31,-0.09)*  -2.49 (-5.60,-0.65)  -2.48 (-3.07,-1.66)  <0.001*
GS % 0.32 (-1.34, 1.81) 15.30 (1.64, 20.97)  10.94 (-5.18,21.18)  0.082

LAEDV avg(ml)  8.02(4.59, 12.55)° 2.28 (1.55, 3.81) 2.04 (1.28, 2.50) <0.001*
LAESVavg(ml)  7.33(4.04,12.12)° 1.66 (1.24, 3.30) 1.30 (0.84, 1.47) <0.001*
LA EF avg % 6.77 (3.61,12.73)%  19.16 (12.40, 34.72) 3599 (32.99, 41.04)  <0.001*
TPSD (s) 12.06, (2.89, 47.54) 3229 (9.29,49.25)  25.99 (8.05, 43.93) 0.685

Abbreviations: avg: average; cd: during LA conduit phase; ct: during LA contraction phase; EDV:
end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; GS%: global strain; TPSD:
total peak systolic dispenser; LAS: left atrial global longitudinal strain; pLASR: peak of left atrial
strain rate; r: during LA reservoir phase

*The p-value <0.05 represent the significant difference between these 3 groups

“indicates the statistically significant difference of pairwise comparison between CATE and normal
group

“indicates the significant difference of the pairwise comparison between the CATE group and the

non-CATE group.
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Part Ill: Correlation

The correlations between LASr and echocardiographic values assessed by
conventional echocardiography and 2D-STE in entire population are shown in the
Table 7. The correlation analysis of LASr in all cats showed a very strong negative
correlation with LAScd, LASct and pLASRcd (p< 0.01). LASr had a strong positive
correlation with Sa, LA FS, pLASRr and LA EF; conversely, it had a strong negative
correlation with pLASRct, LA diameter, LA/Ao, LAS, LA EDV and LA ESV. LASr showed
a moderate negative correlation with LVPWd, LAD and ALT and a positive moderate
correlation with FS, EF, LVPW%, A wave velocity and pressure gradient, pulmonary
venous S wave and D wave velocities, pulmonary venous A wave duration, Ea, Aa,
LAA flow velocity and pressure gradient. LASr had a weak negative correlation with
age, LVIDs, LVPWs, LV ESV, MV E/Ea and WBC, and also a weak positive correlation

with PV Vmax, PV PGmax and %GS.

Table 7 Correlation between LASr and and echocardiographic values assessed by

conventional echocardiography and 2D-STE in entire population (n=44)

LASr

Parameters

ry p-value
Signalment
Age -0.310* 0.041
Weight -0.238 0.124
Conventional Echocardiography
LA diameter -0.714** <0.001
AO diameter 0.257 0.119
LA/Ao -0.682** <0.001
IvVsd -0.28 0.065
IVSs -0.25 0.101
LVIDd -0.082 0.597
LVIDs -0.304* 0.045
LVPWd -0.574** <0.001

LVPWs -0.353* 0.019
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LASr

Parameter

r p-value
Conventional Echocardiography
IVS% 0.094 0.554
LVPW% 0.570** <0.001
FS 0.424** 0.004
HR -0.187 0.23
LV EDV -0.114 0.461
LV ESV -0.305* 0.044
SV 0.018 0.909
EF 0.409** 0.006
MV E vel 0.123 0.432
MV E PG 0.124 0.427
MV A vel 0.423** 0.008
MV A PG 0.531** 0.001
MV E/A -0.312 0.053
IVRT -0.178 0.253
AV Vmax 0.218 0.182
AV Pgmax 0.218 0.182
PV Vmax 0.346* 0.031
PV Pgmax 0.343% 0.032
Pvein S Vel 0515 0.001
Pvein D Vel 0.447** 0.003
Pvein A Vel 0.105 0.517
Pvein A Dur -0.422%* 0.007
Pvein S/D 0.117 0.465
Sa 0.626** <0.001
Ea 0.536** <0.001
Aa 0.445** 0.004
MV Ea/Aa 0.07 0.663
MV E/Ea -0.330* 0.033
LAD -0.591** <0.001
LAS -0.622%* <0.001
LAFS 0.650** <0.001
LAA FLOW 0.590** 0.001
LAA PG 0.585%* 0.001
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LASr

Parameter

r p-value
Complete blood count and blood chemistry
RBC 0.297 0.056
HCT 0.049 0.759
WBC -0.317* 0.041
PLATELET 0.272 0.081
ALT -0.501** 0.001
ALP -0.199 0.201
Creatinine -0.297 0.056
BUN -0.239 0.128
Total protein -0.159 0.326
Albumin -0.117 0.485
Total T4 0.231 0.204
Two-Dimentional Speckle Tracking
LASr 1
LAScd -0.873** <0.001
LASct -0.885%* <0.001
PLASRr 0.717** <0.001
pLASRcd -0.848** <0.001
PLASRct -0.764%* <0.001
GS % 0.359*% 0.017
LA EDV avg (ml) -0.719** <0.001
LA ESV avg (ml) -0.727** <0.001
LA EF avg % 0.737** <0.001
TPSD 0.044 0.778

Abbreviations (Conventional echocardiography): Aa: myocardial velocity associated with atrial contraction; Ao:
aorta; AV: atrial valve; dur: duration; E/A: mitral inflow peak E-to-A wave velocities ratio; Ea: early diastolic
myocardial relaxation velocity; EDV: LV end-diastolic volume; EF: ejection fraction; ESV: LV end-systolic volume;
FS: fractional shortening; HR: heart rate; IVRT: isovolumic relaxation time; IVSd: interventricular septum in diastole;
IVSs: interventricular septum in systole; IVS%: percentage of fractional thickening of interventricular septum; LA:
left atrial; LA FS: left atrial fractional shortening; LAA FLOW: left atrial appendage flow velocity; LAA PG: left atrial
appendage maximal pressure gradient; LAD: left atrial diameter in LA diastole; LAS: left atrial diameter in LA
systole; LA/Ao: left atrium to aorta ratio; LV: left ventricle; LVIDd: left ventricular internal diameter in diastole;
LVIDs: left ventricular internal diameter in systole; LVPWd: left ventricular posterior wall in end-diastole; LVPWs:
left ventricular posterior wall in systole; LVPW%: percentage of fractional thickening left ventricular posterior wall;

SV: stroke volume; MV A: mitral valve peak A wave, MV E: mitral valve peak E wave; MV Ea/Aa: mitral inflow Ea
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wave-to-Aa wave of tissue doppler; MV E/Ea: mitral inflow E wave-to-tissue doppler Ea wave; PG: maximal
pressure gradient; PV: pulmonic valve; Pvein A: pulmonary venous A wave; Pvein D: pulmonary venous diastolic
wave; Pvein S: pulmonary venous systolic wave; Pvein S/D: pulmonary venous peak systolic-to-diastolic ratio; Sa:

systolic myocardial velocity; vel: peak velocity; Vmax: maximal velocity

Abbreviations (Complete blood count and blood chemistry): RBC: red blood cell; HCT: hematocrit; WBC: white

blood cell; ALT: alanine aminotransferase; ALP: alkaline phosphatase; BUN: blood urea nitrogen

Abbreviations (Two-Dimentional Speckle Tracking Echocardiography): ave: average; cd: during LA conduit phase; ct:
during LA contraction phase; EDV: end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; GS%:
global strain; TPSD: total peak systolic dispenser; LAS: left atrial global longitudinal strain; pLASR: peak of left

atrial strain rate; r: during LA reservoir phase

The significant correlation was assessed by Spearman’s rho correlation coefficient.

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).
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Part IV: Logistic regression

Logistic regression showed that a LASr value of less than 11% was a significant
factor for the occurrence of ATE, with a crude odds ratio of 189.0 (95%Cl: 15.73-
2,269.86, p-value<0.001). The Hosmer-Lemeshow test showed the goodness of fit of
the model to the data (p>0.05), the overall percentage of the classification table was

93.2%, the area under the ROC curve was 0.932 and Nagelkerke r? was 0.77 (Table 8).

The accuracy of using the 2D-STE derived LASr as a predictor of the
occurrence of ATE in cats is presented in the Table 9. LASr < 11% has higher

accuracy compared with other cut-off values.

Table 8 Logistic regression of LASr and arterial thromboembolism occurrence in cats

(n=44)

Overall percentage

Variables Crude OR (95% Cl) ®  p-value %) b AUC  Nagelkerke r?
%
LASr < 4 % 42 (4.443-397.001) 0.001 84.1 0.782 0.470
LASr < 5/6/7/8/9/10 % 87.750 (11.088-649.451) <0.001 90.9 0.899 0.686
LASr < 11 % 189.0 (15.73-2269.86) <0.001 93.2 0.932 0.770

Abbreviations: AUC: area under the ROC curve; Cl: confident interval; OD: odd ratio; LASr: left atrial global

longitudinal strain during LA reservoir phase
® Crude odds ratio derived for Logistic Regression method with Hosmer-Lemeshow test (p > 0.05)

b Overall percentage from classification table
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Table 9 Accuracy of LASr from 2D-STE as diagnostic test for arterial thromboembolism

occurrence in cats (n=44)

LASr < 11 % LASr < 10 % LASr < 4 %
Sensitivity (%) 93.33 86.67 60.00
Specificity (%) 93.10 93.10 96.55
Prevalence (%) 36.36 34.09 22.73
Positive Predictive Value (%) 87.50 86.67 90.00
Negative Predictive Value (%) 96.43 93.10 82.35
Positive likelihood 13.53 12.57 17.40
Negative likelihood 0.07 0.14 0.41
Overall accuracy (%) 93.18 90.91 84.09

Abbreviations: LASr: left atrial global longitudinal strain during LA reservoir phase
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Part IV: The measurement variability

The intra-observer and inter-observer variability in the measurement of LASr,
LAScd, LASct, pLASRr, pLASRcd and pLASRct using 2D-STE in 6 normal cats are
summarized in Table 10. The intra-observer CV were acceptable for all parameters.

However, only LASr was acceptable for the inter-observer CV result.

Table 10 Intra-observer and inter-observer coefficient of variation of strain and strain

rate by using two-dimensional speckle tracking echocardiography (n=6)

Parameters Intra-observer CV (%) Inter-observer CV (%)
LASr 5.25 13.71
LAScd 4.17 21.62
LASct 10.8 23.18
PLASRr 9.47 17.08
pLASRcd 8.12 29.07
pLASRct 12.82 27.01

Abbreviations: cd: during LA conduit phase; ct: during LA contraction phase; CV: coefficient of
variation; LAS: left atrial global longitudinal strain; pLASR: peak of left atrial strain rate; r: during LA

reservoir phase
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CHAPTER V
DISCUSSION

Part I: General Information
1.1 Signalment and physical examination findings

Forty-four cats participated in this study. Male cats and HCM were found
mainly in the CATE group, which is consistent with previous reports that HCM is the
most common cardiomyopathy in cats (Luis Fuentes, 2020), including in Thailand
(Surachetpong et al., 2020). Male cats are predisposed to HCM (Payne et al., 2013). In
this study, domestic shorthair (DSH) cats were the majority of cats with ATE. This
finding has been noted in previous studies (Smith et al., 2003, Surachetpong et al,,
2020, Tosuwan and Surachetpong, 2021), which could simply be due to the large

proportion of DSH in Bangkok (Hunprasit et al., 2019).

The median body weight of the CATE group was significantly higher than that
of the non-CATE group. This was to the participating cat breeds such as Mainecoon, a
bigger size breed, within the CATE group. The vertebral heart score (VHS) of the CATE
group was significantly higher than that of the normal group. This was not surprising,
as VHS measurement is a method that can be used to distinguish cardiomyopathy
from non-cardiomyopathy in cats (Guglielmini et al., 2014, Guglielmini and Diana,
2015). Cats with a VHS greater than 8 are suspected of having cardiomyopathy.
Echocardiography has been recommended to perform in this group of cats to

confirm cardiomyopathy (Sleeper et al., 2013).

The heart rate (HR) of the non-CATE group was significantly higher than that
of the normal group. This could be due to physiological changes resulting from pain,
anxiety and stress (Hernandez-Avalos et al., 2019). The HR of the CATE group was
also higher than that of the normal group, but did not reach the statistical

significance. Age and systolic blood pressure (SBP) were not different between the
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three groups. Two cats from the CATE group had cardiac arrhythmias, which may
affect cardiac function and deformation. However, according to Badano (2018), LA
function can be accurately measured in human patients with atrial fibrillation by

using 2D-STE when left ventricular end-diastole is used as a reference for zero strain.

Approximately two-third of the CATE group had congestive heart failure,
representing a much higher proportion of ATE cats with CHF in the HCM population
of Payne (2015) study. In the non-CATE group, one of cats had pleural effusion
secondary to cranial mediastinal mass that might be associated to FelLV infection. In
addition, SEC was found in 60% of cats in the CATE group. A previous study
suggested that the presence of SEC was the factor related to the occurrence of ATE
in cats (Nokthong et al.,, 2020). None of the non-CATE group had SEC or thrombus
within  the heart. Source of thromboembolism in the non-CATE group was
unidentified in this study. From 7 days after the onset of ATE, the non-CATE cats
seemed to have a higher survival rate than the CATE cats. Previous studies have
identified the presence of heart failure, SEC and increased LA/Ao as predictors of

mortality in HCM cats (Payne et al, 2013; Payne et al., 2015; Peck et al., 2016).

1.2 Complete blood count and blood chemistry profile values

The white blood cell (WBC) count, platelet count and total T4 level of the
CATE group were significantly different from the normal group. The WBC count was
significantly higher than the normal group, but still within the normal reference
values of the laboratory of the Faculty of Veterinary Science, Chulalongkorn
University. The CATE group had slightly increased neutrophils with normal other
lymphocytes, however the neutrophil to lymphocyte ratio (NLR) was 5.68. Related
with previous study, increased NLR was supporting the association between ATE and
inflammation (Fries et al,, 2022). The CATE group may have more physiological
responses to fear, pain, excitement or stress than normal cats. The CATE group had a

lower platelet count than the normal group, which may be due to accelerated
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utilization from vascular thrombosis in the CATE group (Cowell et al., 2008). Total T4
was lower in the CATE group than in the normal group, which could be due to a

non-thyroidal illness syndrome causing low serum total T4 (Peterson et al., 2020).

The red blood cell count (RBC), hematocrit (HCT) and total protein (TP) of the
non-CATE eroup were significantly lower than those of the normal group. The cats in
the non-CATE group had underlying disease affecting RBC, HCT and TP including,
internal  bleeding due to scapular fracture, feline leukemia virus infection,
Mycoplasma infection and post ovariohysterectomy. In addition, alanine
aminotransferase (ALT) and blood urea nitrogen (BUN) were significantly elevated in
the CATE and non-CATE groups compared with the normal group. ALT may be
elevated due to liver injury caused by hepatic vascular embolism (Kang et al., 2015)
and/or severe muscle damage resulting from ATE (Aroch et al,, 2010). The elevated
level of ALT was associated with an increased risk of death in cats with ATE

(Surachetpong et al., 2020).

Part Il: Echocardiography

2.1 Conventional echocardiography

In the comparisons of echocardiographic values between CATE, non-CATE and
the normal group, differences were found only between the CATE and normal
groups. The elevated LA diameter, LA/Ao, LVPWd, MV E/A, PV A dur, LAD, LAS, and
MV E/Ea were increased in the CATE group compared to the normal group. Increased
LA diameter, LA/Ao, LAD and LAS were associated with increased volume; in
addition, decreased LA FS, LAA flow and LAA PG were also presented. This could be
interpreted as impaired LA function in the CATE group compared with the normal
group, which could be results of the increased LA pressure and myocardial
dysfunction of cardiomyopathy (Linney et al,, 2013 and Payne et al,, 2013). The

median LAA flow in the CATE group was 18.26 cm/s. A previous study has
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demonstrated that LAA flow less than 20.0 cm/s is associated with an increased risk
of SEC and ATE (Schober and Maerz, 2006). Increased LVPWd and decreased LVPW%,
LV FS and LV EF are associated with myocardial thickening and impaired systolic
function in cats with HCM (Wess et al., 2010). Diastolic function can be measured by
LA size, mitral inflow and pulmonary vein flow with conventional echocardiography
and TDI (Thomas and Weyman, 1991; Bright and Herrtage, 1999; Gavaghan et al,,
1999; Schober et al., 2003; Wess et al., 2010; Linney et al,, 2013). In the CATE group,
MV A vel, MV A PG, Pvein S vel, Pvein D vel measured by spectral Doppler
echocardiography, and Sa, Ea, and Aa measured by TDI technique were decreased
with LA enlargement suggesting an impaired left ventricular diastolic function

compared with the normal group.

The Increased LA diameter and decreased Aa, LAA flow and LAA PG of the
CATE group demonstrated impaired LA function and increased risk of ATE occurrence
(Schober and Maerz, 2006), which were not found in the non-CATE group; on other
words, the non-CATE group had normal LA function as determined by conventional
echocardiography. Ea/Aa was decreased in the non-CATE group compared with the
normal group because Aa velocity of non-CATE was higher in the result. This related
to the higher heart rate of the non-CATE group. In a previous study, it was found that
Aa could be affected by heart rate. The higher the heart rate was, the higher the Aa
values were (Simpson et al,, 2009). The E wave can be strongly influenced by
decreased preload in cats. The E wave of the non-CATE group was increased, while
Ea was quite similar compared to the normal group. The increased E wave of the
non-CATE could be due to increased preload from fluid supplementation during the

emergency care (Sugimoto et al,, 2019).



39

2.2 Two-dimensional speckle tracking echocardiography

In the CATE group, left atrial strain and strain rate were less positive during
the reservoir phase but less negative during the conduction and contraction phases
compared with the normal group. These results suggest a decrease in LA
deformation in cats with CATE. These findings were similar to those of previous
studies examining LA dysfunction in cats with cardiomyopathy (Abbott and MaclLean,
2006; Linney et al., 2014; Kiatsilapanan and Surachetpong, 2020). However, no
changes in LA deformation were detected in the non-CATE group, suggesting that the
non-CATE group has normal LA deformation and the thrombus formation in the non-
CATE group was not related to LA function. A decreased LA deformation derived
from 2D-STE in the CATE group was associated with increased LA volume and
decreased LA EF similar to previous studies (Smith and Dukes, 2012; Duler et al,
2019). Because ATE cats with HCM represented the largest sample within the CATE
group, the values for left atrial strain, strain rate, and volume comparing of HCM cats
with ATE to the non-CATE and normal groups were quite similar to the results of the
CATE group. The pLASRcd of HCM with ATE was significantly less negative than that
of the non-CATE group and normal group, suggesting a reduction of LA conduit

function similar to human patients with HCM (Popa-Fotea et al., 2021).

Part Ill: Correlation

The correlation analysis of LASr in all cats showed a very strong negative
correlation with LAScd, LASct, pLASRcd, and pLASRct, revealing the relationship in all
3 LA deformation phases. The use of LASr assessed by 2D-STE could represent the
overall LA deformation. In addition, LASr correlated well with conventional
echocardiographic parameters to assess LA systolic function and to determine LA
size, suggesting that LASr can be used as an indicator to assess LA function in cats.
These results are consistent with a previous study (Kiatsilapanan and Surachetpong,

2020).
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Part IV: Logistic regression

Logistic regression showed that a LASr value of less than 11% was a significant
factor for the occurrence of ATE, with a crude odds ratio of 189.0 (95%Cl: 15.73-
2,269.86, p-value<0.001), as shown in Table 7. This was the first study in which LASr
was used to predict the risk of occurrence of ATE. The accuracy of using the 2D-STE
derived LASr as a diagnostic test for the occurrence of ATE in cats was presented in
the Table 8. The result showed that the highest accuracy was found when use the
cut-off of LASr < 11% compared with other cut-off values. on other words, LASr

could predict the risk of occurrence of ATE occurrence in cat population.

Part IV: The measurement variability

Intra- and inter-observer variability in the measurement of LASr, LAScd, LASct,
PLASRr, pLASRcd and pLASRct using 2D-STE in 6 normal cats was summarized in
Table 9. Intra-observer CV were acceptable for all parameters. However, the inter-
observer CV was acceptable only for LASr. This could be related to the tracking
procedure. The variability of tracking procedure may be due to myocardial wall
dropout at the pulmonary vein inlets, the nonadjustable height of the strain and
strain rate curve height analyzed from the STE software and the difficulty of
myocardial tracking of the STE software during rapid heart rate measurements.
However, LASr may be representative of LA function in cats assessed with 2D-STE,
similar to previous studies in cats (Kiatsilapanan and Surachetpong, 2020) and dogs

(Caivano et al,, 2016; Dermlim et al., 2019; Baron et al., 2021).

This study has some limitations. The first is the limitation of the 2D-STE
software. The 2D-STE software was developed for humans, and we adapted it to be
used in cats. Therefore, the curve height was sometimes very short and it was

difficult to clearly distinguish the phases of strain and strain rate. In addition, there
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are some variations of strain and strain rate measured from each software. Second,
high quality images should be obtained for 2D-STE. High heart rate and breathing

pattern of cats may affect the quality of images.

In conclusion, the left atrial longitudinal strain of reservoir phase derived by
2D-STE is repeatable and non-invasive technique to assess LA myocardial
deformation in cats with ATE. By 2D-STE, impaired LA function was detected in cats
with cardiogenic ATE, but not in cats with non-cardiogenic ATE. LASr <11% could

predict the risk occurrence of ATE in the cat population.
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Appendix A: Data of the normal group
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Age | Weight | HR SBP
No. Name Sex Breed VHS
(year) (kg) (bpm) | (mmHg)
1 15@ Mc DSH 1 4.2 186 128 7.1
2 lnines Mc DSH 6 4.9 192 132 7.4
3 | Hirnalayan 7 2.7 192 144 7
4 Harvard M Bengal 1 4.8 192 126 7.1
5 Shanon Fs DSH 10 7.2 196 145 7.3
6 Croissant Mc Persian 6 6.7 185 119 6.8
7 Kanomping | Mc Persian 6 5.6 184 138 7.5
8 Meow Fs Scottish fold 1 3.7 203 141 6.6
9 Lee Minho M DSH 7 6.7 232 101 75
10 Peepo F Scottish fold 1 32 157 130 7.4
11 Brownie F Scottish fold 1 33 215 111 7.4
12 Yelly M Scottish fold 3 4.4 168 137 7.6
13 Den M DSH 2 4.5 203 104 6.9
14 Eclair M Scottish fold 2 4.2 205 124 7.5
15 Shabu M Scottish fold 5 35 185 132 7.1
16 Pudding F Scottish fold 4 2.8 215 118 7.6
17 Seenual F Scottish fold 4.2 4.2 208 128 7.8
18 Hilo M Scottish fold 3.2 3.2 198 140 7
19 Simba Mc Mainecoon 6.4 6.4 183 130 7.5
20 Malai Mc | American shorthair 5.6 5.6 182 119 7.8
21 Jikchow F DSH 4 6.5 200 137 6.8
22 Maru Persian 1 3.7 231 119 75
23 Tanos Scottish fold 1 3.4 216 130 6.8

Abbreviations: bpm: beat per minute; DSH: domestic shorthair; F: intact female; Fs:

spayed female; HR: heart rate; M: intact male; Mc: castrated male; SBP: systolic blood

pressure; VHS: vertebral heart score
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Age Weight HR SBP Pulmonary | Pleural
No. Name Sex Breed VHS SEC
(year) (kg) (bpm) | (mmHg) edema effusion
Cardiogenic arterial thromboembolism
1 fiann Mc DSH 4 a5 250 120 8.5 Yes Yes Yes
2 %ﬂiﬂu Mc DSH 5 4.9 254 120 9.5 Yes No Yes
3 Kola Mc | Mixed breed 2 4.25 198 145 7.8 No No Yes
4 Mavin Mc DSH 5 5.7 228 150 7.8 Yes Yes Yes
5 Sumo Mc DSH 10 5.35 181 112 9.3 No No Yes
6 Neeno Mc DSH 16 4.8 225 150 8 No No Yes
7 Adlen M DSH 4 4.65 196 152 8.6 Yes No No
8 Eltil Mc DSH 7 6.2 238 116 8.5 Yes No No
9 Katty Fs Mainecoon 10 3.6 a5 96 9 Yes No Yes
10 Teelek Mc DSH 4 4.9 181 98 9.7 No No Yes
11 5] Mc DSH 6 5 210 114 8.4 No No No
12 AN Fs DSH 1 4.5 207 158 7.2 No No No
13 AU F DSH 2 2 210 120 7.5 No Yes No
14 Vil Mixed breed 5 43 179 110 9.6 Yes No Yes
15 Money Persian 8 3.9 200 120 7.6 No No No
Non-cardiogenic arterial thromboembolism
1 Aeli Fs Persian 3 39 203 92 7.5 No No No
2 Jibi Mc DSH a4 3.7 222 95 7.4 No No No
3 Boonchoke M DSH 2 2.5 248 100 7.4 No No No
a4 Lucky DSH 1 25 260 154 6.9 No No No
5 Tungtong Mc DSH 3 35 211 100 6.8 No Yes No
6 ‘ljm@ui F Scottish fold 4 35 231 166 8.2 No No No

Abbreviations: bpm: beat per minute; DSH: domestic shorthair; F: intact female; Fs:

spayed female; HR: heart rate; M: intact male; Mc: castrated male; SBP: systolic blood

pressure; SEC: spontaneous echocardiographic contrast; VHS: vertebral heart score
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Appendix C: M-mode echocardiographic value of normal group

M-mode

No. Name

IVSd | IVSs | LVIDd | LVIDs | LVPWd | LVPWs | IVS% | LVPW% FS HR EDV | ESV sV EF LA Ao LA/Ao
1 1533 0.34 | 0.49 1.62 0.86 0.34 0.62 43.48 82.61 46.79 | 186 | 742 | 1.38 | 6.04 | 81.43 | 137 | 0.79 1.74
2 Tmnoes 0.45 | 0.79 1.4 0.62 0.46 0.79 76.67 70.97 5532 | 192 | 5.04 | 0.56 | 4.47 88.8 1.16 | 0.95 1.22
3 ‘wamu 0.39 | 0.63 1.46 0.7 0.28 0.61 60.53 118.52 5211 | 192 | 567 | 0.78 | 4.89 | 86.32 11 0.77 1.43
4 Harvard 052 | 0.78 1.42 0.34 0.55 0.83 51.22 50 76.11 | 192 | 527 0.1 5.17 98.1 1.01 | 0.81 1.25
5 Shanon 0.35 | 053 1.33 0.65 0.39 0.62 51.06 61.54 50.81 | 196 | 443 | 0.64 | 379 | 8541 | 1.19 | 0.83 1.43
6 Croissant 0.51 0.68 1.34 0.44 0.46 0.82 32.22 77.78 67.2 185 | 457 | 0.21 | 436 | 9528 | 1.35 | 0.77 1.74
7 Kanomping | 0.49 | 0.85 1.3 0.57 0.37 0.63 7273 70 56.05 | 184 | 4.18 | 045 | 373 | 89.39 | 1.35 | 0.82 1.65
8 Meow 0.45 0.7 1.13 0.38 0.41 0.72 55.56 75.38 66.46 | 203 | 2.84 | 0.14 27 95.07 | 112 | 0.72 1.56
9 Lee Minho 0.4 0.52 1.66 0.89 0.35 0.62 28.12 76.79 46.56 | 232 | 791 | 149 | 6.42 | 81.09 | 1.39 | 0.99 1.4
10 Peepo 0.44 | 0.65 1.41 0.55 0.42 0.67 46.39 60.44 60.59 | 157 5.2 043 | 478 914 13 091 1.44
11 Brownie 0.35 | 0.65 1.41 0.49 0.4 0.71 83.12 77.27 64.85 | 215 | 513 0.3 483 | 94.28 | 1.08 | 093 1.16
12 Yelly 0.41 0.77 1.41 0.55 0.44 0.81 86.67 84.38 61.17 | 168 | 5.19 | 0.39 a8 9243 | 1.19 | 119 1
13 Den 043 | 0.75 1.47 0.77 0.51 0.61 74.07 18.75 47.83 | 203 | 5.78 1 478 | 8264 | 1.14 | 0.74 1.54
14 Eclair 0.5 0.8 1.39 0.4 0.47 0.88 60.76 86.67 7144 | 205 | 499 | 0.16 | 4.84 | 96.84 | 1.15 | 0.84 137
15 Shabu 0.42 0.7 1.45 0.49 0.45 0.65 67.16 46.48 66.03 | 185 | 561 | 0.29 | 531 | 9459 | 1.25 | 1.06 1.18
16 Pudding 0.45 | 0.69 1.12 0.39 0.41 0.71 53.27 74.23 65.05 | 215 | 283 | 0.18 | 2.64 93.7 1.16 | 0.97 1.19
17 Seenual 0.46 | 0.72 1.35 0.44 0.43 0.8 56.16 86.76 67.24 | 208 | 457 | 0.21 | 4.35 95.3 1.2 0.86 14
18 Hilo 0.4 0.69 1.18 0.35 0.35 0.72 71.87 103.57 7021 | 198 | 323 | 0.11 | 312 | 9656 | 1.21 | 0.77 1.57
19 Simba 0.53 | 0.62 1.92 0.95 0.43 0.86 18.18 100 50.83 | 183 | 115 | 1.77 | 9.74 | 8464 | 1.44 | 1.11 13
20 Malai 0.55 | 0.77 1.62 0.63 0.54 0.71 40 33.33 61.02 | 182 7.4 058 | 6.82 | 92.14 | 141 1.04 1.36
21 Jikchow 0.4 0.61 1.31 0.62 0.43 0.7 51.85 62.07 5227 | 200 | 4.23 | 056 | 3.67 | 86.67 | 1.28 0.7 1.83
22 Maru 0.5 0.63 1.27 0.75 0.49 0.73 26.58 48.72 41.08 | 231 | 392 | 093 | 298 | 76.13 | 1.01 | 0.87 1.16
23 Tanos 0.5 0.73 1.42 0.63 0.45 0.72 45 59.72 5575 | 216 | 527 | 0.58 | 4.69 | 89.07 | 0.99 | 0.96 1.04

Abbreviations: Ao: aorta; EDV: LV end-diastolic volume; EF: ejection fraction; ESV: LV end-systolic
volume; FS: fractional shortening; HR: heart rate; IVSd: interventricular septum in diastole; IVSs:
interventricular septum in systole; IVS%: percentage of fractional thickening of interventricular
septum; LA: left atrial; LA/Ao: left atrium to aorta ratio; LV: left ventricle; LVIDd: left ventricular
internal diameter in diastole; LVIDs: left ventricular internal diameter in systole; LVPWd: left
ventricular posterior wall in end-diastole; LVPWs: left ventricular posterior wall in systole;

LVPWY%: percentage of fractional thickening of left ventricular posterior wall; SV: stroke volume
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2D measurements

Left atrial measurement

TDI Measurement

No. Name LAA LAA MV I\
LA AO | LA/JAo | LAD | LAS | LAFS Sa Ea Aa

FLOW YV | FLOW PG Ea/Aa E/Ea

1 lig 1.12 | 0.69 1.62 14 9.5 31.91 33.38 0.44 8.15 9.14 6.46 1.42 8.4

2 Innes 1.2 | 0.78 153 125 | 77 38.1 31.77 0.40 9.74 | 11.13 | 7.95 1.4 5.07

3 Hrmn 1.16 | 0.81 1.44 114 | 85 25.23 59.31 1.41 7.65 14.11 7.75 1.82 4.83

[ Harvard 1.01 | 0.81 1.25 10.1 6.7 33.75 33.28 0.44 7.55 10.83 | 7.75 1.4 8.47

5 Shanon 0.73 | 0.65 1.12 12 1.7 35.8 30.09 0.36 8.64 | 1212 | 9.24 1.31 7.31

6 Croissant 1.1 1.00 1.10 13 11.2 14.47 32.26 0.42 7.15 13.12 | 7.35 1.78 5.55

7 Kanomping 1.4 | 0.82 1.71 14 11.9 15 44.69 0.8 8.92 7.81 6.92 1.13 7.02

8 Meow 1.00 | 0.85 1.18 115 | 71 3791 39.27 0.62 7.75 10.73 | 8.15 1.32 5.76

9 Lee Minho | 1.31 | 0.86 1.52 14 9.2 34.23 39.1 0.61 10.23 | 1222 | 884 1.38 5.7

10 Peepo 1.12 | 0.98 1.14 11.2 | 89 20.53 49.22 0.98 10.33 16 10.23 1.56 4.71
11 Brownie 1.07 | 0.88 1.21 107 | 8.1 24.36 33.38 0.45 10.73 | 16.69 | 10.04 1.66 5.18
12 Yelly 1.07 | 1.02 1.05 10.7 8 25.236 46.13 0.86 9.04 | 11.33 | 8.15 1.39 7.38
13 Den 0.86 | 0.63 1.35 109 | 7.8 27.94 23.92 0.23 9.94 | 1153 | 556 2.07 6.05
14 Eclair 1.25 | 1.07 1.18 12.5 9 28 35.01 0.49 11.96 | 10.76 | 9.47 1.14 7.31
15 Shabu 1.03 | 1.08 0.96 122 | 9.1 25.77 28.92 0.34 7.65 9.34 6.36 1.47 5.69
16 Pudding 1.03 | 1.01 1.01 11.6 8 31.03 61.03 1.5 7.75 13.12 | 8.64 1.52 4.98
17 Seenual 121 | 091 1.33 127 | 94 25.74 38.2 0.58 12.33 | 21.14 | 9.04 2.34 3.94
18 Hilo 0.86 | 0.74 1.16 11.5 7 38.46 36.95 0.55 9.86 1797 | 17.14 1.05 4.11
19 Simba 1.13 | 0.96 1.18 14.7 | 10.7 27.17 25.35 0.26 10.93 | 1381 7.65 1.81 6.31
20 Malai 121 | 091 1.33 14.7 | 10.2 30.84 28.83 0.33 6.26 7.25 5.37 1.35 7.01
21 Jikchow 1.17 | 0.81 1.44 128 | 9.4 26.74 34.6 0.48 8.55 11.82 | 7.95 1.49 8.14
22 Maru 12 | 0.84 1.42 104 | 7.8 253 35.88 0.53 11.63 | 11.13 | 6.56 1.7 8.02
23 Tanos 1.1 | 0.84 1.31 104 | 81 22.89 41.57 0.7 8.31 11.78 53 2.22 7.01

Abbreviations: Aa: myocardial velocity associated with atrial contraction; Ao: aorta; Ea:

early diastolic

myocardial relaxation velocity; LA: left atrial; LA FS: left atrial fractional shortening;, LAA FLOW: left atrial

appendage flow velocity; LAA PG: left atrial appendage maximal pressure gradient; LAD: left atrial

diameter in LA diastole; LAS: left atrial diameter in LA systole; LA/Ao: left atrium to aorta ratio; MV A:

mitral valve peak A wave, MV E: mitral valve peak E wave; MV Ea/Aa: mitral inflow Ea wave-to-Aa wave

of tissue doppler; MV E/Ea: mitral inflow E wave-to-tissue doppler Ea wave; PG: maximal pressure

gradient; Sa: systolic myocardial velocity; vel: peak velocity; V: peak velocity
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Appendix E: Doppler echocardiographic measurement value of normal group

Doppler Measurement

No. Name MVE | MVE | MVA | MVA AV PV PVein | PVein | PVein | PVein | PVein
MV E/A | IVRT AV PG PV PG

vel PG vel PG Vmax Vmax S vel Dvel | Avel | Adur S/D

1 lig 76.75 | 2.36 56.4 1.27 1.36 0.059 102.1 a.17 95.67 3.66 40.34 | 37.84 | 13.92 | 0.068 1.07
2 Innes 56.43 | 1.27 | 5231 1.09 1.08 0.043 | 88.56 3.14 85.26 291 5355 | 40.37 18.12 | 0.052 1.33
3 vy 68.18 | 186 | 57.12 1.3 1.19 0.039 | 89.96 3.24 91.74 3.37 4391 28.56 17.49 | 0.067 1.54
[ Harvard 91.74 | 337 | 79.25 2.51 1.16 0.047 | 119.23 5.69 86.44 | 3.4576 | 29.99 | 38.55 17.14 | 0.054 0.78
5 Shanon 88.66 | 3.14 | 47.12 0.89 1.88 0.047 | 96.59 3.73 75.69 2.29 57.67 | 4253 | 16.58 | 0.043 1.36
6 Croissant 728 212 | 82.89 2.75 0.88 0.043 | 98.03 3.84 107.04 4.58 3244 | 4541 | 2271 0.057 0.71

7 Kanomping | 54.78 1.2 70.02 1.96 0.78 0.043 | 72.08 2.08 72.11 2.08 35.68 | 23.79 13.7 0.058 1.5

8 Meow 61.76 | 153 | 52.83 1.12 1.17 0.058 | 79.96 2.56 76.39 2.33 42.84 | 5355 12.49 | 0.043 0.8
9 Lee Minho | 69.61 1.94 | 59.62 1.42 1.17 0.03 90.15 3.606 69.25 1.92 59.97 | 41.05 17.14 | 0.034 1.46
10 Peepo 75.38 | 227 | 53.55 1.15 1.41 0.045 | T78.67 2.48 86.5 2.99 55.61 4737 | 18.12 | 0.045 1.17
11 Brownie 86.39 | 299 | 6247 1.56 1.38 0.043 | 90.32 3.26 86.03 2.96 53.19 | 40.34 | 19.99 | 0.043 1.32
12 Yelly 83.62 2.8 68.38 1.87 1.22 0.04 102.15 a.17 102.84 4.23 59.73 | 51.08 | 13.18 | 0.047 1.17
13 Den 7497 | 225 63.9 1.63 1.17 0.046 90.1 3.604 92.46 3.42 48.19 40.7 1535 | 0.054 1.18
14 Eclair 78.67 | 248 | 66.32 1.76 1.19 0.04 90.2 3.608 | 106.68 4.55 80.73 | 59.73 | 29.24 | 0.045 1.35
15 Shabu 53.19 1.13 | 39.98 0.64 1.33 0.043 | 88.89 3.16 75.68 2.29 48.55 | 46.05 14.99 | 0.065 1.05
16 Pudding 65.33 1.71 4784 | 0.92 1.37 0.052 | 106.74 4.56 74.61 2.23 76.75 | 50.33 | 2892 | 0.032 1.52
17 Seenual 83.13 | 277 | 51.76 1.07 1.61 0.034 92.1 3.39 86.39 2.99 79.25 63.9 13.57 | 0.036 1.24
18 Hilo 738 2.18 | 66.93 1.79 1.1 0.031 95.31 3.63 84.6 2.86 69.61 4355 | 2213 | 0.035 1.6
19 Simba 87.1 303 | 8282 2.74 1.05 0.049 | 87.46 3.06 72.11 2.08 38.2 29.27 | 1357 0.06 1.3
20 Malai 50.82 | 1.03 | 61.27 1.5 0.83 0.054 | T76.41 2.34 86.5 2.99 4505 | 31.36 13.34 | 0.051 1.44
21 Jikchow 96.23 3.7 483 0.93 1.99 0.054 | 69.56 1.94 93.35 3.49 56.95 | 4361 | 2595 | 0.043 1.31
22 Maru 89.24 | 3.19 | 81.39 2.65 1.1 0.031 94.24 3.55 87.82 3.08 68.18 | 38.55 11.42 | 0.043 1.77
23 Tanos 82.65 | 273 56.7 1.29 1.46 0.047 86.5 2.99 89.6 3.21 5176 | 36.77 | 12.14 | 0.036 1.41

Abbreviations: AV: atrial valve; dur: duration; E/A: mitral inflow peak E-to-A wave velocities ratio; Ea:
early diastolic myocardial relaxation velocity; IVRT: isovolumic relaxation time; MV A: mitral valve peak A
wave, MV E: mitral valve peak E wave; MV Ea/Aa: mitral inflow Ea wave-to-Aa wave of tissue doppler; MV
E/Ea: mitral inflow E wave-to-tissue doppler Ea wave; PG: maximal pressure gradient; PV: pulmonic valve;
Pvein A: pulmonary venous A wave; Pvein D: pulmonary venous diastolic wave; Pvein S: pulmonary
venous systolic wave; Pvein S/D: pulmonary venous peak systolic-to-diastolic ratio; Sa: systolic

myocardial velocity; vel: peak velocity; Vmax: maximal velocity
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Appendix F: Left atrial strain, strain rate and volume derived from two-dimensional

speckle tracking echocardiography in normal group

LA EDV LA ESV LA EF
No. Name LASr | LAScd LASct | LASRs | LASRe | LASRa | GS % TPSD
avg (ml) | avg (ml) avg %
1 13@ 29.65 | -18.58 -11.08 2.01 -4.37 -4.50 26.48 3.21 1.75 45.59 155.1
2 lnnes 18.68 | -15.14 -3.54 1.69 -6.30 -2.49 11.58 1.87 1.3 30.55 43.93
3 ﬁlﬂﬂﬂu 26.39 | -11.22 -15.17 3.37 -3.35 -4.45 27.68 1.4 0.94 32.99 56.06
4 Harvard 19.81 | -11.19 -8.62 2.83 -2.29 -2.63 -0.21 3.14 1.69 46.04 4.55
5 Shanon 21.37 | -13.10 -8.27 1.58 -5.62 -2.05 22.28 1.97 1.28 35.06 46.35
6 Croissant | 21.63 | -6.28 -15.35 1.74 -3.98 -3.55 7.45 1.28 0.84 34.44 32.65
7 Kanomping | 18.72 -1.97 -10.75 2.49 -1.43 -2.83 -18.49 1.86 1.09 41.78 35
8 Meow 19.13 -6.62 -12.51 2.04 -2.24 -1.66 -1.72 1.11 0.76 33.75 23.60
9 Lee Minho | 15.53 -9.22 -6.30 1.76 -4.00 -2.64 9.47 2.18 1.36 37.67 48.64
10 Peepo 24.25 | -15.08 -9.18 2.23 -6.56 -2.65 -7.755 2.28 1.43 37.165 10.525
11 Brownie 14.44 | -10.70 -3.74 2.02 -2.98 -0.88 11.53 2.2 1.3 41.04 18.85
12 Yelly 26.32 | -13.90 -12.42 2.64 -3.56 -5.11 31.48 2.04 1.31 35.71 32.92
13 Den 14.64 -4.92 -9.72 2.23 -5.94 -0.09 16.05 1.2 0.83 31.29 41.56
14 Eclair 22.57 | -14.87 -7.70 1.99 =331k -2.10 -9.18 3.11 1.5 51.77 8.05
15 Shabu 20.73 | -16.74 -3.98 3.58 -5.40 -1.86 -0.64 1.61 1.18 26.77 4.2
16 Pudding 19.36 | -13.61 -5.75 2.01 -4.25 -1.46 -6.09 25 1.32 47.15 2.8
17 Seenual 17.48 | -10.98 -6.50 3.68 -3.79 1897 19.65 2.36 1.47 37.78 38.94
18 Hilo 38.68 | -19.76 -18.92 3.96 -11.98 -10.00 3.69 1.16 0.81 29.69 2.8
19 Simba 1591 | -12.13 -3.78 1.96 -2.98 -0.81 10.94 4.75 3.44 27.61 59.73
20 Malai 21.80 | -12.33 -9.47 1.13 -5.14 -1.29 21.18 3.1 1.96 36.63 25.99
21 Jikchow 26.64 | -13.42 -13.22 2.29 -6.40 -3.07 29.46 2.19 1.38 34.79 24.35
22 Maru 20.41 | -12.92 -7.49 1.75 -6.26 -2.49 18.52 1.15 0.7 38.56 36.79
23 Tanos 25.06 | -16.71 -8.35 2.25 -7.99 -2.43 -5.18 1.225 0.775 35.995 14.365

Abbreviations: avg: average; cd: during LA conduit phase; ct: during LA contraction phase; EDV:

end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; GS%: global strain; TPSD:

total peak systolic dispenser; LAS: left atrial global longitudinal strain; pLASR: peak of left atrial

strain rate; r: during LA reservoir phase
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Appendix G: M-mode echocardiographic value of cardiogenic and non-cardiogenic

arterial thromboembolism

M-mode
No. Name Lv Lv Lv Lv
IVSd | IVSs | LVIDd | LVIDs | LVPWd | LVPWs | IVS% | LVPW% | FS | EDV | ESV | SV EF LA | Ao | LA/Ao
Cardiogenic arterial thromboembolism
1 fan 041 | 09 1.35 1.35 0.62 077 | 119.61 | 2308 | 2759 | 59 | 455 | 599 | 56.83 | 229 | 096 | 2.38
2 1t 0.37 | 053 | 176 1.27 0.59 0.75 43.48 27.03 | 2818 | 9.2 | 387 | 533 | 57.94 | 261 | 09 291
3 Kola 0.86 | 0.96 | 0.82 0.43 0.72 0.86 11.11 20 47.06 | 119 | 02 | 099 | 8315 | 1.7 | 0.74 2.3
4 Mavin 0.98 | 1.03 | 0.72 0.34 0.67 0.85 5.10 2619 | 5333 | 084 | 0.1 | 0.74 | 8841 | 1.87 | 0.62 3
5 Sumo 0.47 0.8 1.37 0.82 0.54 0.85 70.59 58.97 434 484 | 1.21 | 438 | 7831 | 1.51 | 0.82 1.83
6 NEENO 0.37 | 0.82 1.25 0.3 0.67 0.78 121.74 16.67 75.64 | 3.74 | 0.07 | 3.67 | 98.05 | 1.79 | 0.69 2.6
7 wilen 0.62 | 088 | 1.69 0.78 0.62 1.03 42.86 64.1 535 | 828 | 1.06 | 721 | 87.07 | 1.97 | 0.78 | 251
8 k) 0.53 | 0.67 | 146 0.83 0.51 0.75 27.21 46.88 | 42.86 | 562 | 1.25 | 437 | 77.74 | 224 | 0.72 | 3.11
9 Katty 0.42 | 054 1.39 0.99 0.45 0.67 30.77 50 28.74 | 499 | 2.02 | 297 | 59.54 | 1.43 | 0.72 1.98
10 Teelek 0.67 | 1.23 | 1.73 0.46 0.82 1.11 83.33 3529 | 73.15 | 878 | 024 | 853 | 97.21 | 221 | 0.7 3.14
11 15 0.69 | 09 1.59 0.8 0.61 0.91 30.23 50 4949 | 7 | 112 | 588 | 83.96 | 1.62 | 0.88 | 1.84
12 09y 0.62 | 092 | 1.02 0.42 0.62 0.77 48.98 2449 | 59.26 | 217 | 018 | 1.99 | 91.79 | 1.02 | 0.81 | 1.25
13 nu 0.3 0.48 1.28 0.69 0.29 0.43 57.89 50 46.25 4 0.74 | 326 | 81.49 | 1.36 | 0.66 2.07
14 it 093 | 111 | 132 0.77 0.66 0.97 19.12 47.92 | 4167 | 431 1 | 331 | 7671 | 231 | 069 | 3.36
15 Money 049 | 063 | 154 0.93 0.41 0.59 27.78 4333 | 3929 | 646 | 1.71 | 476 | 7356 | 152 | 1.03 | 1.48
Non-cardiogenic arterial thromboembolism
1 Aeli 0.45 | 0.54 1.42 0.81 0.57 0.82 20 44.44 4336 | 527 | 1.14 | 4.13 | 7834 1.2 0.77 1.55
2 Jibi 0.39 | 065 | 1.32 0.64 0.48 0.64 67.74 34.21 | 5143 | 434 | 061 | 3.73 | 8598 | 1.38 | 0.7 1.96
3 | Boonchoke | 0.43 | 0.56 | 1.28 0.68 0.34 0.61 32.14 80.9 4707 | 401 | 0.72 | 329 | 8222 | 1.01 | 0.68 | 148
4 Lucky 0.41 | 0.61 1.21 0.49 0.42 0.76 47.22 78.38 59.43 | 3.46 | 0.29 | 3.17 | 91.66 | 1.18 | 0.61 1.94
5 Tungtong 0.51 | 0.67 1.35 0.7 0.46 0.65 32.35 41.94 4835 | 462 | 0.77 | 3.85 | 83.31 1.2 0.83 1.45
6 YUY 0.47 | 0.64 1.35 0.59 0.36 0.59 37.84 62.07 56.07 | 456 | 048 | 4.08 | 89.39 | 1.06 | 1.06 1

3

Abbreviations: Ao: aorta; EDV: LV end-diastolic volume; EF: ejection fraction; ESV: LV end-systolic
volume; FS: fractional shortening; HR: heart rate; IVSd: interventricular septum in diastole; IVSs:
interventricular septum in systole; IVS%: percentage of fractional thickening of interventricular
septum; LA: left atrial; LA/Ao: left atrium to aorta ratio; LV: left ventricle; LVIDd: left ventricular
internal diameter in diastole; LVIDs: left ventricular internal diameter in systole; LVPWd: left

ventricular posterior wall in end-diastole; LVPWs: left ventricular posterior wall in systole;

LVPWY%: percentage of fractional thickening of left ventricular posterior wall; SV: stroke volume
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Appendix H: Two-dimentional, left atrial and TDI measurement value of cardiogenic

and non-cardiogenic arterial thromboembolism

2D measurements Left atrial measurement TDI Measurement
No. Name LA LAA LAA MV MV
LA | AO | LA/JAo | LAD | LAS Sa Ea Aa
FS FLOW YV | FLOW PG Ea/Aa E/Ea
Cardiogenic arterial thromboembolism
1 fann 1.92 | 0.87 22 546 | 12.52 5.56 2.25 6.06
2 41tu 301 | 0.76 | 3.96 457 | 417 | 735 | 057 20.1
3 Kola 152 | 0.72 | 2.11 6.16 6.26 a.17 1.5 6.67
a4 Mavin 153 | 0.53 | 2.88 5.07 7.15 5.27 1.36 6.34
5 Sumo 1.42 | 0.66 | 2.17 4.57 8.45 4.47 1.89 6.91
6 NEENO 1.46 | 0.75 1.94 18.7 | 16.7 | 11.11 25.88 0.27 6.56 7.15 5.86 1.22 6.69
7 wAdlen 193 | 0.81 | 238 | 205 | 168 | 17.97 6.86 | 11.23 | 825 1.36 6.49
8 k5] 212 | 065 | 324 | 23.7 | 21.6 | 878 556 | 11.92 | 4.87 | 245 | 13.66
9 Katty 1.52 | 0.77 1.97 14.6 | 135 7.69 11.6 0.06 4.57 6.76
10 Teelek 199 | 0.65 | 3.06 | 227 | 21,5 | 5.63 19.7 0.16 5.37 7.25 4.67 1.55 9.3
11 5] 135 | 0.72 1.89 159 | 133 | 16.16 18.31 0.14 5.17 6.46 a.57 1.41 16.9
12 qaﬁu 1.02 | 0.72 1.43 18.21 0.13 7.75 5.37 8.05 0.67 8.72
13 M 1.37 | 0.58 | 2.38 138 | 122 | 11.63 7.95 6.96 9.94 0.7 17.45
14 1/153.1 222 | 0.68 | 3.29 2300 mldrt 8.88 14.46 0.09 5.24 397 7.45 0.53 22.45
15 Money 1.52 | 091 1.68 155 14 o 7.05 6.76 5.46 1.24 11.31
Non-cardiogenic arterial thromboembolism
1 Aeli 1.03 | 1.01 | 1.01 15.8
2 Jibi 1.21 | 091 1.33 7.45 7.45 5.46 1.36 10.36
3 Boonchoke | 0.86 | 0.74 | 1.16 835 | 855 14.31 0.6 11.81
4 Lucky 1.13 | 0.96 1.18 11.3 9 20.2 55.7 1.240996 | 7.75 | 11.72 | 10.13 1.16 8.06
5 Tungtong 1.21 | 091 1.33 116 | 9.1 | 21.79 44.8 0.802816 | 8.74 | 13.41 8.95
6 ‘UNZ\I: 1.17 | 0.81 1.44 10.4 8.1 22.89 52.86 1.12 6.46 | 10.63 | 10.53 1.01 8.45

Abbreviations: Aa: myocardial velocity associated with atrial contraction; Ao: aorta; Ea:

early diastolic

myocardial relaxation velocity; LA: left atrial; LA FS: left atrial fractional shortening; LAA FLOW: left atrial

appendage flow velocity; LAA PG: left atrial appendage maximal pressure gradient; LAD: left atrial

diameter in LA diastole; LAS: left atrial diameter in LA systole; LA/Ao: left atrium to aorta ratio; MV A:

mitral valve peak A wave, MV E: mitral valve peak E wave; MV Ea/Aa: mitral inflow Ea wave-to-Aa wave

of tissue doppler; MV E/Ea: mitral inflow E wave-to-tissue doppler Ea wave; PG: maximal pressure

gradient; Sa: systolic myocardial velocity; vel: peak velocity; V: peak velocity
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Appendix I: Doppler echocardiographic measurement value of cardiogenic and non-

cardiogenic arterial thromboembolism

Doppler Measurement

No. Name MVE | MVE | MVA | MVA AV PV PVein | PVein | PVein | PVein | PVein
MV E/A | IVRT AV PG PV PG
vel PG vel PG Vmax Vmax S vel Dvel | Avel | Adur S/D
Cardiogenic arterial thromboembolism
1 fian 75.86 23 | 5046 | 1.02 1.5 0.05 | 8175 267 2574 | 2162 | 1407 | 0058 | 1.19
2 41 8389 | 282 | 1999 | 0.16 4.2 0.04 | 5283 1.12 29.63 0.35
3 Kola 41.77 07 | 6925 | 1.92 0.6 107.09 4.59 92.46 3.42 44.98 | 29.27 | 2249 | 0083 | 154
4 Mavin 4534 | 082 | 3177 0.4 1.43 0.04 | 64.61 1.67 4891 0.96
5 Sumo 58.39 1.36 32.87 0.43 1.78 0.059 65.09 1.69 20.76 24.44 14.06 0.083 0.8
6 NEENO 4784 | 092 | 307 0.38 1.56 0.043 | 80.32 2.58 36.05 | 3034 | 14.64 | 0027 | 1.19
7 willen 7282 | 212 | 3927 | 062 1.85 0.057 | 104.95 4.41 116.73 5.45 30.7 | 2856 | 19.28 | 0.079 | 1.08
8 k%] 162,91 | 10.62 0.036 | 92.27 3.41 96.74 3.74 357 | 5033 | 27.49 | 0.054 | 0.71
9 Katty 0.086 | 61.04 1.49 55.69 1.24 16.78 | 13.92 121
10 Teelek 6747 | 182 | 51.05 | 1.04 132 0.047 | 137.3 7.54 71.04 2.02 77.82 | 4212 | 1499 | 0.054 | 1.85
11 15 109.12 | 4.76 0.054 | 117.43 | 552 81.75 2.67 40.78 | 287 | 4078 | 287 | 1095
12 09U 46.76 | 087 | 52.83 | 112 0.89 0.058 | 78.54 2.47 83.13 2.77 4391 | 3213 | 1571 | 0046 | 1.37
13 it 12137 | 589 | 4229 | 0.72 2.87 0.054 60.69 1.47 2677 | 6497 | 1285 | 0061 | 041
14 W 89.24 | 3.19 | 2213 0.2 4.03 0.043 | 102.45 4.2 92.46 3.42 41.77 | 27.13 | 1142 | 0.09 1.54
15 Money 7639 | 233 | 3641 | 053 2.1 0.05 | 6033 1.46 106.38 4.53 207 | 2213 | 821 | 0.054 | 094
Non-cardiogenic arterial thromboembolism
1 Aeli 5426 | 118 | 31.06 | 0.39 1.75 0.054 | 76.39 2.33 29.99 | 2213 | 928 | 0.072 13
2 Jibi 77.46 24 0.047 | 55.69 1.24 79.61 2.53 2749 | 2249 | 17.14 | 0065 | 1.22
3 | Boonchoke | 100.62 | 4.07 0.043 100.92 4.07
4 Lucky 9446 | 357 | 5053 | 1.02 1.87 0.041 | 77.11 2.38 88.17 3.11 3498 | 4534 | 1214 | 0041 | 0.77
5 Tungtong | 120.07 | 5.77 132 132 2.09 0.041 | 98.55 3.88 106.85 4.57 5248 | 3436 | 9.44 | 0038 | 153
6 W 89.86 | 323 | 69.68 | 1.94 1.29 0.047 | 104.76 4.39 89.38 3.2 39.89 | 3268 | 2787 | 0046 | 1.22

Abbreviations: AV: atrial valve; dur: duration; E/A: mitral inflow peak E-to-A wave velocities ratio; Ea:

early diastolic myocardial relaxation velocity; IVRT: isovolumic relaxation time; MV A: mitral valve peak A

wave, MV E: mitral valve peak E wave; MV Ea/Aa: mitral inflow Ea wave-to-Aa wave of tissue doppler; MV

E/Ea: mitral inflow E wave-to-tissue doppler Ea wave; PG: maximal pressure gradient; PV: pulmonic valve;

Pvein A: pulmonary venous A wave; Pvein D: pulmonary venous diastolic wave; Pvein S: pulmonary

venous systolic wave; Pvein S/D: pulmonary venous peak systolic-to-diastolic ratio; Sa: systolic

myocardial velocity; vel: peak velocity; Vmax: maximal velocity
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Appendix J: Left atrial strain, strain rate and volume derived from two-dimensional

speckle tracking echocardiography in cardiogenic and non-cardiogenic arterial

thromboembolism

LA EDV LA ESV LA EF
No. Name LASr LAScd LASct | LASRs | LASRe | LASRa | GS % TPSD
avg (m) | avg (mD) | ave %
Cardiogenic arterial thromboembolism
1 flan 2.68 -1.62 -1.06 0.31 -0.97 -0.23 271 13.81 13.26 [ 62.53
2 Gﬁnﬂu 1.31 -0.71 -0.60 0.21 -0.33 -0.27 1.25 36.82 36.12 1.91 49.21
3 Kola 3.98 -1.48 -2.50 0.59 -0.51 -0.61 -0.14 7.56 7.02 7.11 3.16
[ Mavin 3.30 -1.32 -1.99 0.87 -0.30 -0.20 -1.44 8.48 7.65 9.74 11.39
5 Sumo 3.06 -1.50 -1.56 0.58 -0.45 -0.33 0.55 5.49 5.07 7.6 2.8
6 NEENO 4.87 -1.57 334 2.71 0.90 0.64 -2.64 4.29 3.7 13.73 9.98
7 wAdlen 4.86 -1.87 -3.00 1.77 -0.64 -0.06 -1.02 6.46 6.13 5.59 12.74
8 Eltil 2.71 -1.75 -0.96 1.09 | -050 | -0.04 | 0.89 18.39 16.77 8.83 6.32
9 Katty 4.50 -3.63 -0.86 0.26 -0.59 -0.12 -4 3.32 2.81 15.47 127.98
10 Teelek 2.02 -1.48 -0.54 0.60 -0.20 -0.16 1.03 10.41 10.08 3.21 1.03
11 i 4.73 -3.83 -0.90 0.62 -1.86 -1.04 4.87 6.36 5.8 8.87 49.28
12 qqf&u 11.92 -4.39 -1.53 1.21 -3.78 -1.67 4.19 1.02 0.835 19.315 | 42545
13 EEY 10.84 -6.35 -4.49 1.96 -2.31 -2.30 9.17 3.19 2.87 9.91 31.36
14 ﬁylm 1.82 -0.77 -1.05 0.48 -0.06 -0.08 0.08 13.27 12.81 3.49 2.56
15 Money 2.23 -0.73 -1.50 0.58 -0.41 -0.20 2 8.89 8.32 6.43 33.6
Non-cardiogenic arterial thromboembolism
1 Aeli 3.39 -1.48 -1.91 0.64 -0.68 -0.50 -1.9 3.64 33 9.48 9.41
2 Jibi 4.13 -1.38 -2.76 0.61 -0.75 -0.70 2.82 4.31 33 23.52 44.22
3 Boonchoke 23.71 -15.44 -8.27 1.39 -10.48 -3.45 19.13 1.44 0.93 35.27 8.91
a Lucky 14.40 -6.96 -7.44 231 -2.18 -5.55 15.82 1.58 1.34 14.8 36.44
5 Tungtong 29.24 -6.10 -23.14 3.21 -10.82 -1.53 26.49 1.59 1.38 13.37 28.14
6 ‘Uin 17.80 -6.27 -11.53 2.16 -1.52 -5.75 14.77 2.96 1.94 34.53 64.36

Abbreviations: avg: average; cd: during LA conduit phase; ct: during LA contraction phase; EDV:

end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; GS%: global strain; TPSD:

total peak systolic dispenser; LAS: left atrial global longitudinal strain; pLASR: peak of left atrial

strain rate; r: during LA reservoir phase
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